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1) (10 Marks)

a) (2 Marks) Evaluate the following integral

/OO sin(27 fi,(t — 7)) ir

— 0 T

b) (2 Marks) What is the complex envelope of the AM sigmal(t) sin(27 f.t)
where m(t) is given to be real-valued and bandlimited fte W, W] with
fe>W?

c) (2 Marks) What is the output of the envelope detector if imput is
x(t) sin(27 f.t) where x(t) is given to be real-valued and bandlimited to
[—W, W] with f.> W?

d) (2 Marks) Why is the single sideband (SSB) modulation sehepectrally more
efficient than the double sideband suppressed carrier sP®B-SC)?
e) (2 Marks) When is the vestigial sideband transmissioresehused instead of

the single sideband scheme ?

Answer:
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2) (6 Marks) Consider the use of a first-order Phase LockedplL@®LL) for

demodulation a FM signal with message signglt).

Consider the message phase with a constant message sighaE A,,. Assuming
that the message phase starts at time 0, find an approximate expression for the
critical time ¢, such that for all time > ¢. the outputv(t) > 0.9 If—f Ap,. Here Ky

and K., are the frequency sensitivity of the FM modulator and the f€€pectively.

You can assume an ideal synchronization phase before theageghase. You
can also assume that the loop parameters are such that thasPdlile to lock
successfully, and that the phase error between the input igNalsand the VCO

output i.e.,¢.(t) is small for allt > 0 (i.e., sin(¢p.(t)) = @ (1)).

Answer:
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3) (5 Marks) A wide sense stationary (W.S.S.) real-value-reean white Gaussian

random proces$V(t) has a power spectral density (PSBY(f) = Ny/2.

N(t) is firstly passed through a low pass filter (LPF) followed byiféecentiator. The
LPF has impulse responggt) and a corresponding frequency resporggf) = 1
for | f| < W and zero whenf| > W. Let W (t) be the output of the LPF. The output
W (t) of the LPF is then input to a differentiator whose output igegi by

dW (1)

Z(t) = K—

where K > 0 is a constant.
Argue thatZ(t) is also a W.S.S. Gaussian random process and find its PSDzeDeri

a closed-form expression fdt[Z>(t)].

Answer:



Answer for question 3



Fig. 1. Low Pass Filter

4) (5 Marks) Let the input to the low pass filter in Fig. 1 be
x(t) = A.cos(2mft) + w(t)

wherew(t) is additive white Gaussian noise having power spectraliten§,/2.

Derive a closed-form expression for the signal-to-noism rat the output of the low
pass filter, i.e.y(t).

Answer:
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5) (5 Marks) (Intermodulation in non-linear receivers)

Let the input signal at the receiver be
r(t) = m(t) cos(2nf.t) + cos(2m(f.+ 2W)t) + cos(2n(f.+ 3.5W)t)

wherem(t) is a real-valued baseband signal bandlimitegHdl” , W] with f. > W.
Note that the useful signal isi(t) cos(27 f.t) whereas the other two terms in the
summation above can be considered as out-of-band intaderd’he output of the

non-linear receiver is given by
y(t) = ar(t) + bri(t)

wherea andb are positive constants.

The outputr(t) is then passed through a real-valued band-pass filter wieigltts
all signals outside the bandg. — W, f.+ W] and[—f.— W, —f.+ W].

Derive an expression for the output of the band-pass filteerpret your result.

Answer:
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Fig. 2. Using an envelope detector for FM demodulation

6) (4 Marks) (Using an envelope detector for FM demodulation

Consider a frequency modulated (FM) signal given by

t
Spy(t) = Accos (27rfct + 27ka/ m(x) dx)
0

wherem(t) is the real-valued baseband message signal band-limit¢d\to, W].

The carrier frequency ig,. and it is assumed that. > W.

Fig. 2 describes a circuit to be used for FM demodulation.ngysmathematical
analysis, describe how this circuit performs FM demodatatiYou will need to
assume that iprfRC' < 1 for any f inside the band occupied b¥gy(t), ii)

the envelope detector does not load the RC-filter beford)it/i; > 0 is such that

Ky|m(t)| < f. forall ¢,

Answer:
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