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Answer any Five Questions
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Express x(#) in the form of a Fourier series and show that it can be expressed

asx(t) = ZA" cos nkt . (3 marks)
Find the values of kand 4, . (2 marks)

Sketch 4, vs.nk. What is the value of 4, ? For what values of ndoes
A, becomes zero? (2 marks)
What is the distance between two adjacent spectral lines? (2 marks)

What changes will take place in the sketch in (iii) if

(1) T is increased? (2 marks)
(2} T 1s increased? (2 marks)

If x(t)is fed to an ideal lowpass filter that has a cutoff frequency f, = ﬁ

T
find the frequency spectrum of the output signal of the filter and sketch the
approximate output waveform. (3 marks)

-3

A single sideband amplitude modulated signal (SSB/4M) can be expressed as
Xgou (1) = m(t)cos .t —m(t)sinw,r . m(r) is the message signal. m(¢)is the

message signal with a 90° phase shift.



Show that ifxg, (f) is fnultiplied by cosw,t and then lowpass filtered the
message signal m(f) can be recovered. (4 marks)

_ The Fourier Transform of x(t)is X(w). _
Write an expression for the Fourier Transform of y(¢) in terms of X (@) if

@) y@)y==x@—-1) (1 mark)
(i) »(6) =x(t)e™™ (1 mark)
(iii) y(1) = X () (1 mark)
(iv) y(t) = i%@ (1 mark)
(v} y({t)=x(at) (1 mark)

{Proofs of the above expressions are NOT required].

x(t)
A
1
i F1g21
ro, I
2 2
(1) Find y(f) = @ and sketch it. (2 marks)
(i) Find ¥(@). (2 maris)
(iii)  Using the value of Y (@) find X(w). (2 marks)

Find Z(w), the Fourier Transform z(r) for the following:

6] Z()=———"= _w_t] (3 marks)



(1i1)
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(i)

Pulse is symmetric [ ___________ 0.25

about y-axis

% Fig.2.2

(3 marks)
[Hint: You may use the answers to {2} and (b)]

z(¢) in (ii) is passed through an ideal lowpass filter having a cutoff frequency
9 ,
@, = % If the filter output is z'(¢), find Z'(@)and sketch the approximate

shape of z'(r). (3 marks)

A phase modulated carrier signal x,(f) can be written as
x.(f) = Acos(w t + fFsinm, 1)

®

(i)

(1i1)

(iv)

™)

Show that x_(#)1s a periodic signal and can be written as

A Re(e’ g 50y (3 marks)
Find the period T of the periodic signal e//¥" =, (3 marks)
Express ¢’ as a Fourier series and write an expression for C, .
(3 marks)
Show that C, can be written as L J.e*"("’ <) gy (3 marks)
T -7

The integral % Ie’w n578) iy is called a Bessel function of first kind of order
T =T

n and denoted by J, ().

Show that x_(t) = 4 ZJ J(Bycos(w, +now, M - (3 marks)

1=y

d



(vi)  Using the resuit of (v}, find the lowest value of £ at which the total power of

a phase modulated signal is distributed among the side lobes. Use graphs of
Bessel functions of first kind (provided). (5 marks)

x(f)
‘ Fig4.1 R

L)
A 4
.

Fig.4.2
p)

A 4

The signal x(¢)is to be pulse amplitude modulated using the pulse p(f) . As the first
step, x(r) is converted into x_(¢), by multiplying x(¢) with the impulse train s(¢).
Now it is necessary to convert x_(f)into x'(f). The amplitude of the n" pulse (in
x'())is x(nT).

(@) Sketch x_(1). (2 marks)

(b) Express s{¢) as a Fourler series and show that s{t) = Ze‘""""' .

ti=~m

Deduce that S{w) = % > 6w —nwy) (2 marks)
(a) Write an equation for x_(#) in terms of x{¢)}and s{¢). (2 marks)
(b) What is the relationship between X (@), X(@)and S(@)

Find X, (@). (2 marks)

{c) Derive an expression for X'(w)in terms of X{w)and P(w). (3 marks)
(d) Suppose X{(w) is a cosine pulse having a bandwidth B and P(w@) is a Gaussian
pulse as shown in Fig.4.3.
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(D) Sketch X'(w) . (2 marks)
(i)  To extract X(w)from X' (@), X' (@) is lowpass filtered. Using the sketch

of (i) show that %, should not be less than % if the error due to

overlapping of frequency components is to be avoided in the filtered

2y

Fig.4.3

output. _
(3 marks)
(iii)  Frequency distortion is introduced during filtering due to P(@).
How does this happen? (2 marks)
(iv)  Ideally what should be the shape of p(¢f) so that no error is introduced due
to p(#) 7 Justify your answer. (2 marks)

5.
(a) Three signals shown in Fig.5 are used in a TV receiver.

Amplitude




00051,

\ ' (iii)
< > >
5 15.71 ms
Fig.5
Each waveform is divided into two different parts P,Q; R,S and X,Y

(1) Explain the role of each waveform. (3 marks)

(i)  Explain the functions of P, Q, R, S and Y. (3 marks)

(iii) X consists of a top part and a bottom part. Explain the function of each of

these parts. (3 marks)

(iv) A certain black and white picture consists of a pure black dot D,and a
pure white dot D, . Select the correct waveform from the above and
redraw it, marking Dyand D, onit. . (3 marks)

(v) Calculate the number of lines per frame. Deduce the number of lines per
picture. (4 marks)

(b) What are the advantages of digital TV system over analog TV system?
(4 marks)

6.
x(f)1s a random process with an autocorrelation function R, (r)and a power spectral

density function P_(w). x(¢) is passed through a lowpass filter whose time constant
7 = RC = k shown in Fig.6 (a).

y(£)

Fig.6(a)

(a) Find the transfer function { H, (@) ) of the filter. (3 marks)
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Now y(t)is differentiated and fed to a summer circuit together with y(f) as shown in
Fig.6(b). (Two systems given in Fig.6(a) and Fig.6(b) are cascaded)

(0 | ;@_, (1)
1] Fig
o :
H,(w)
(b) Find the transfer function H, (@) . (4 marks)

The Power spectral density function of x(¢)is given by P_(w)=coswT , where Tisa

constant.
(c) Find the power spectral density function P_ (@) of the random process z(¢) .
(6marks)

(d) Find the auto correlation function R, (z)of z(t)if k=1. (7 marks)
7.
(a) A binary transmitter transmits either a ‘1’ or a *0”. Thus the transmitter output

signal s(f)can take one of the following values:

‘1" —a posttive d.c. signal having an amplitude +5+0.5 Volts
*0° - a negative d.c. signal having an amplitude -5+ 0.5 Volis

The probability density function of s(¢)is given below in Fig.7.1.

x=0.5 Volts p..(s) Fig.7.1
1 X, X! 'X X
i A
: 0.5k -1- :
/[\ ' ». 5(t) (Volts)
-5 0 +5 :
)] Find the value of &. What is unit of /77 (2 marks)
(1)  Find the average power of the signal. (4 marks)



(b)  Uncorrelated channel noise is added to s(#) during the transmission. The

probability density function of the noise signal is given in Fig.7.2

2 Pu(m)

0.1 Fig. 7.2

-5 0 5 0

(1) Find the joint probability density function p_, (s(£),n(t)).
' (3 marks)

(i) Find the average value of channel noise. (3 marks)

(iii) If the received signal (at the receiver input) is r(¢), find the power of
r(t). Note that r(¢) consists of data and noise. (4 marks)

(c) If p,, (M= ké(n(t)), recalculate the power of the received signal.

(4 marks)
8.
(a) What is an isotropic antenna? Draw the radiation pattern of it.
(3 marks)
(b)
Ao
o~ , AB=d
Bé
7
X

When an isotropic antenna is placed at O (the mid-point of 4B) the field
strength at a distant point X (at a distance r(>> d) ) is E, .

Now the above antenna is moved to A and another identical antenna is placed
at B.



(©)

1) Find the resultant field strength at X due to the antenna array in terms
of E,, 8, dand r. (4 marks)
- (i) Plot the radiation pattern and calculate the beam-width of the antenna
if d = %. | (4 marks)
Briefly explain the following:
(i) Principle of pattern multiplication . (3 marks)
(il)  Entropy of a memoryless source. (3 marks)

(ifi)  Quadrature component and in-phase component of narrowband noise.
(3 marks)

CCI > R -
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