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1. The inputz(¢) and the impulse responégt) of a continuous time LTI system are given by
x(t) = u(t) and  h(t) = e *u(t), a>0.

(a) Compute the outpyt(t) usingy(t) = [°_ z(7)h(t — 7)dr.

(b) Compute the output(t) usingy(t) = [ h(r)z(t — 7)dT.

Information
The exam is closed-book.
There aresight questions totalling 80 marks. You must answer all of them.

The last page of this exam paper contains an informationt stiestandard Fourier
transforms and transform properties.

You have 2 hours.

(10 marks)
2. Letz(t) andw(t) be the signals
z(t) = u(t) and () = e *u(t), a>0.
Sketch the following:
(@ z(t—Nv(A\)fort=1,¢t =3, andt = 0.
(b) Hence findw(0), w(%) andw(1) if w(t) = z(t) * v(t).
(c) Also sketchz(t — A)§(A) fort = —1 andt = 1.
(10 marks)

3. Consider a LTI system witstep response
g(t) = e tu(t).

(a) Determine and sketch the response to

(1)I ( I
t

(10 marks)




4. Find the trigonometric form with real coefficients of theufier series for the following 7. The signal(t) has the Fourier transform
Jw

signal:
. X0 A E TR
‘ ‘ Find the Fourier transform of
"o T T @) g(2t)
(10 marks) (b) g(3t —6)
(© g(=1)
5. (a) Show that the Fourier transformef!*l is 2/(1 + w?), and find the Fourier transform of (d) d“jd_(;)
the following signals: (€) =100t g(¢).
(10 marks)

z1(t) = 21" zo(t) = e~ sin(t) z3(t) = te™ 21,

8. The signals with the frequency spectra shown below inrfd)(n) are sampled using an

(b) (4 marks) Use duality to find the Fourier transform of tigmal
ideal sampler withw, = 200rad/s. Sketch the frequency spectra of the sampled signals.

1
z(t) = ——.
(141¢2) 1
(10 marks) @
100 100 “
6. Find the transfer function of the system determined byrthet/output relationship
1
d*y dy dx (b)
S T+ 12y = — 4+ 2
g Tl TS g T
w
and determine its impulse response. -150 150
(10 marks)

(10 marks)
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Fourier transform properties

Property Transform Pair/Property
Linearity ax(t) + bo(t) ¢ aX (w) + bV (w)
Time shift 2(t—c) < X(w)e Iwe

Time scaling z(at) © 1X(2) a>0

Time reversal

Multiplication by power oft

z(—t) > X(—w) = X(w)
tha(t) ¢ "I X(w) n=1,2,...

Multiplication by complex exponential z(t)e?*0t 3 X(w —wp) wo real

Differentiation in time domain

Integration

Convolution in time domain
Multiplication in time domain
Parseval’'s theorem

Duality

Aa(t) ¢ (ju)"X(w) n=12,...
' 2 WA & L X (w) + 71X (0)5(w)
) *v(t) & X (W)V(w)

(t)v(t) < 3= X (W) * V(w)

S w®u(t)dt < 5 [7 X (w)V (w)dw

X(t) ¢ 2rz(—w)

x

T

Common Fourier Transform Pairs

x(t) X(w)

1 (—oo<t<o0) 2m6(w)

—0.54 u(t) ]%}

u(t) mo(w) + ]%

3(t) 1

3t —c) e~J«¢ (¢ any real number

e Ptu(t) ﬁ (b>0)

eJwot 276 (w — wo) (wo any real number
p- (%) TSIiNcG

(1 - @)pT(t)

Zsinc (32)




