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[Three Hours]
[Answer all questions, each question carries 10 marks]

Q1

Q2

b)

a)

State a mathematical expression to determine the energy of a continuous
time signal.

[2 Marks]
An arbitrary real valued continuous time signal is represented by

f) = fo(©) + fo(0)

where f,(t) and f,(t) are the even and odd components of f(t). The signal
f(t) occupies the entire interval —oo < t < oo. Show that the energy of the
signal f(t)is equal to the sum of the energy of the even component
fe(t) and the energy of the odd component f, (t).

[2 Marks]

Consider the interconnection of an LTI system shown in Fig. Q1.
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Fig. Q1

Determine the impulse response of the overall system in terms of hy[n],
h;[n], hz[n] and hy[n].

[3 Marks]
If hn]=uln], hy[n] =u[n+2]—-uln], hsn] =6[n—2] and hyn]=
a™u[n], determine the impulse response of the overall system.

[3 Marks]

Fourier Series (FS), Discrete Time Fourier Series (DTFS), Fourier Transform (FT)
and Discrete Time Fourier Transform (DTFT) are the four distinct Fourier
representations for different classes of signals. State the appropriate Fourier
representations (i.e. FS, DTFS, FT or DTFT) for the following signals with
justifications.
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b)

Q3 a)

b)

i)  f(t) =1 - cos(2nt) + sin(3nt)

[2 Marks]
) fln] = (%) u[n]

[2 Marks]

Consider the LTI system shown in Fig. Q2.
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Fig. Q2

The impulse response of each sub system is h(t) = Ln(’%)- and the two inputs to

the system are x(t) = Z,‘:;lkizcos (k5mt) and g(t) = X2, cos (k8nt).

i)  Determine the Fourier transforms of h(t), x(t) and g(t). Refer the Fourier
transform pairs shown in Table 1.
[3 Marks]
ii)  Using the results obtained in part b) i), determine the overall system output
y(©).
[3 Marks]

The Unilateral Laplace transform of a signal f(t) is given by F(s) .

i) Show that the Laplace transform of f(t)e~% is F(s — a).
[1 Mark]
ii)  Determine the Laplace transform of z(t) = e~*u(t). Show all mathematical
derivations in your answer.
[2 Marks]
iif) Using the results obtained in part a) ii), determine the Unilateral Laplace
transform of y(t) = e *cos (wyt)u(t).

[2 Marks]
Consider the circuit diagram shown in Fig. Q3. Assume that the initial conditions
arei;(0) =1A and v,(0)=3V.

i)  Draw the transformed circuit in s-domain by representing all the voltages
and currents by their Laplace transforms.
[2.5 Marks]
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i ()

2u(t) =H

Fig. Q3
ii)  Determine the output voltage V,(s) in s-domain.

Hint: A capacitor C with an initial condition v.(0) can be represented by an
uncharged capacitor of impedance c_ls in parallel with a current source

Cv(0). Similarly, an inductor L with an initial current i, (0) can be

represented by an inductor of impedance Ls in parallel with current source
iL(0)
=

[2.5 Marks]

Q4 a) i) Briefly explain why discrete-time signal processing is required for
continuous time signals.
[2 Marks]
ii)  Explain why low pass filtering is needed before obtaining samples cof a
continuous time signal.
[2 Marks]
b) Suppose a signal f(t) is uniquely represented by a discrete sequence

fln] = f(nTy)

where T; is the sampling interval. Determine the conditions to be satisfied on the
T; for the following signals.

i) sin (10mt)
f)=—1——
[3 Marks]
ii) f(t) = cos(mt) + 3sin(2nt) + sin (4rmt)
[3 Marks]

Q5 a) i) State a mathematical expression for the z-transform of a discrete time signal
fln] .
[1 Mark]
ii) : I\
Determine the z-transform of (5) u[n].
[2 Marks]
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iii) Sketch the Region of Convergence (ROC) for the part a) ii).
[2 Marks]

The Discrete Time Fourier Transform (DTFT) of a signal f[#] is given by F(Q).

1) Determine the DTFT of the signal G)n uln].
[1 Mark]
ii) Show that f[n] e/*% = F(Q — Q).
[2 Marks]
iii) Use the results in part b) i) and b) ii) to determine the DTFT of the signal

)" s Zutn

a
Hint: The geometric progression for a common ratio & is Z a" = :
n=0 —a

for

la| <1.
[2 Marks]
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Table 1: Common table of Fourier transforms

F(t) F(w)
1
1 e %u(t) _ a>0
a + jw
1
2 e*y(—t) : a>0
2 — jw
_ 2a
3 e alt} m a>0
4  te~%tu(t) . a>0
(a +jw)?
t
n_—at _...._n'_._.. 1]
5 the%u(t) T o a >
6 56(2) 1
7 1 2xé{w)
8 eiwot 216(w — wp)
9  cos wgt nl6(w — wo) + 8(w + wp)]
10 sin wot im[8(w + wo) — §{w — wo)]
11 u(t) r6(w) + L
12 sgnt ;2;
13 cos wot u(t) §6(w = wo) + 6w +wo)] + i
14 sin wptu(t) {;[5(02 — wp) — 6(w +wo)] + L’,g%an
15 e~ % gin wot u(t) (_":"T:)n,‘—f‘;g a>0
16 e~ cos wot u(t) m;‘—:{,"f'_—wz a>0
17 rect (%) Tsine (%)
18 -‘;rz sinc (W) rect (5“5’7)
19 A(%) gsinc? (4F)
20 #sinc? (1) A (5%)
oo o o]
21 Y 6t —nT) wo . b(w— nwp) wo=F
ns=—000 n=-—o00
22 e—t* /307 oV Zre—o @ /2

Page 5 of 5



