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Question 1 Continuous Fourier Transform /10
: . : e', 0<t<1
(A) (5 points) Consider that signal x,(t) = :
0, elsewhere

(@) determine its Fourier transform.
(b) using Fourier Transform properties, find the Fourier transform of the function x,(t) shown in
Figure 1.

x1(t)

-1
Figure 1
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(B) (5 points) A causal and stable LTI system S has the frequency response

jo+2
(jo)> +4jo+3
(@) Determine the impulse response h(t) of the system.
(b) If an input signal x(t) =te *u(t) is applied to the input of the system, find the output
signal y(t).

H(jw)=
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Question 2: Discrete-time Fourier Transform /5
Consider a discrete-time system with unit impulse response h[n]= (%j uln]+ %(ﬂ uln]

(@) Find its Fourier transform
(b) Determine a linear constant-coefficient difference equation relating the input and output
of the system.
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Question 3: Modulation and demodulation /4

Let s(t) be a signal whose spectrum S(jw) is depicted in the Figure 2 below. Also consider the

signal p(t) =cosw,t,

(@) Find and plot the spectrum of r(t) =s(t) p(t) (thatis, R(jw)).

(b) The signal r(t) =s(t)p(t) is a modulated signal generated at a transmitter. To recover the
original signal s(t) at a receiver, a demodulation operation is required. Part of the
demodulation operation is to do the multiplication of the two signals of r(t) and p(t) where
p(t) =cosw,t is generated by a local oscillator. Find and plot the spectrum of

g(t) = p(O)r(t).

S(jo)
A

_(1)1 (1)1 w
@
Figure 2
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Question 4 First- and second-order systems

A) (6 points) The following circuitwith L=1mH et R =1 kQ

L

+ +
x(t) R y(®)

Find:

A.1) The Frequency response H ( jw) and the time constant z
A.2) The impulse response h(t)

A.3) The unit-step response s(t)

A.4) The Bode plot (amplitude et phase)
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B) (3 points) A system is characterized by the following differential equation:

d2y(t) dy(t)
35 1.5y(t) =10x(t
2 T35 y(t) =10x(t)

Determine if the system is over-damped or under-damped? (note: v2 ~1.4, +/3~1.7)
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C) (5 points) A first-order discrete-time system:
y[n]-ay[n-1]=x[n]
To be a stable system, it is required that |a| <1.

C.1) Determine for which value of a, the system is a low-pass filter and for which value of a the
system is a high-pass filter? To verify, evaluate the gain ‘H (e j‘”)‘ of the filter at @ =0 and at

o= fora=09and a=-0.9.
C.2) For a=0.9 and for a=-0.9, find the impulse response h[n]. For which values of a, the

impulse response has an alternation versus n? For which values of a, the impulse response does
not have an alternation versus n?
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Question 5 Sampling 7

A) (5 points) A signal x(t) is multiplied by a impulse train p(t) of period T :
Xp () = x(t) - p(t)

P = Y6t—nT)

N=—o0

A.1) Prove that the Fourier transform of p(t) is P(ja))zz_r—7Z Y S(w—kwg) (w5 =

k=—c0

27
?)

A.2) With P(ja))=2_|_—7[ > 8(w—kawg), prove that Xlo(ja))=_|_l > X (j(w-kayg))

k=—c0 k=—o0
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B) (2 points) A complex signal x(t) with a Fourier transform of X(ja)) IS zero everywhere

except for the interval =5 < < 2. Using X (jo) =% > X(j(w—kaws)), determine the
k=—00

minimum sampling frequency wg to ensure a reconstruction of the original signal x(t) without
losing information.
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Question 6 Laplace Transform /5
The Laplace transform of an LTI system is shown below

1
(s+3)(s+1)(s-2)

H (s)

a) Find the 4 possible ROCs (regions of convergence) of the system.
b) Find the ROC that corresponds to a causal system.
c) For the ROC of b) (causal system), find the impulse response h(t) of the system and prove

that the system is causal.
d) Find the ROC that corresponds to stable system.
e) For the ROC de d) (stable system), Find the impulse response h(t) of the system.

f) Determine if H(s) can have a system that is both causal and stable? Explain why if your
answer is yes, give the corresponding ROC.
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