EEE2035F: Si gna|s and &/Sterns | 1. (5 marks) supposg(t) is the signal below

x(t)
Class Test 2 t
-2 -1 3
p(t)= Y ot —nT)
SOI— UTI ONS be an impulse train witll" = 5.
(a) Plotp(¢) in the time domain.
(b) Find and ploty(t) = p(t) = x(t).
Name:
(a) Plot as follows:
Student number: o o o o @O @
trtrtr
-5 0 5 10 15 20
I nformation (b) The signal is
e The test is closed-book. y(t) = ( S - nT)) ca)= 3 6t - nT) v 2(0)
e This test hasour questions, totalling 20 marks. n=—o0 n=—oc
o Answerall the questions. = Y at-nT)= > a(t—5n).

e You have 45 minutes.
Plot as follows:
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2. (5marks) The signal 3. (5 marks) An LTI system is driven by the input signét) = 75,

! =8 (a) Find the outpug; (¢) if the impulse response of the systenhigt) = §(t — 1).
> T os o5 1 5 t (b) Find the outpuys(¢) if the impulse response of the systenhigt) = p;(t) (the pulse of
_ _ o ' unit width centered on the origin).
has a Fourier series representation
o0
x(t) = cpel
k;oo (a) The system delays the input by one time unit, so the ouwtglLive
where n(t) =21 (t—1) = eI 5 (1)
1/2 k=0
C — .
% sin(k/2) otherwise (b) The output will be
Use this information to find a Fourier series expansion fersignaly(t) = £x(t), and Yo (t) = /oo ho(T)m(t — 7)dr = /OO pu(r)eFEdr
plot the magnitude and phase spectruny @ over the rangé = —5to k = 5. —o0 —o0
B (/ plme‘ﬁ%) o3 = Pi(m/2)e' ",
We can write whereP; (w) = F{p1(t)}. But from Fourier tables (or otherwise) we know that
d —~  d
y(t) = —a(t) = e eIt “sine(“) = 24
dt k;m dt P (w) S|nc<27r) o sin(w/2),
s . so the output is
= Z ijkﬂ'ejkﬂt. - 4 e
k=—o00 yg(t) = P1(7T/2)6]2 = el2t,

V21
This is in the form of a Fourier seriegt) = > 2o dre/*™ with dy, = jkmcy, the

values of which can be obtained from the expressions giviets Bs follows:
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4. (5 marks) Find the Fourier transform of the signél) = §(¢ — 3) and plot the resulting

magnitude and phase as a function.ofThe values in your phase plot should range

between-m and—.

The Fourier transform is

X(w) = /oo z(t)e I dt = /Oo §(t—3)e It = /oo 5(t — 3)e 3 dt

—0o0 —0o0

= e*~"'w3/ 5(t — 3)dt = 793,

—0o0

—00

This is already in polar form sgX (w)| = 1 andZX (w) = —3w. Plots as follows:
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INFORMATION SHEET

Fourier transform properties

Property Transform Pair/Property

Linearity az(t) + bv(t) « aX(w) + bV (w)
Time shift z(t — ¢) — X(w)e Iwe

Time scaling z(at) — 1X(2) a>0

Time reversal

Multiplication by power oft
Frequency shift

Multiplication by cos(wot)
Differentiation in time domain
Integration

Convolution in time domain
Multiplication in time domain
Parseval’s theorem
Parseval's theorem (special case)
Duality

a(—t) = X(-w) = X(@)

t"x(t) — j"di—nnX(w) n=12,...
z(t)ed¥0t — X(w — wp) wo real

2(t) cos(wot) — F[X(w+ wo) + X (w — wo)]
A a(t) & (jw)"X(w) n=1,2,...

J! o 2NN 22X (@) + X (0)5(w)
z(t) * v(t) — X(w)V(w)

z(t)v(t) < 5= X (w) * V(w)

S22 ztv(t)dt = & 22 X (w)V(w)dw
I et = = [ X (@)]Pdw

X (t) « 2rz(—w)

Common Fourier Transform Pairs

o(t) = 3= [ X(w)e!“ dw

X(w) = [, x(t)e It dt

1 (—oo <t < o0)
—0.5 + u(t)
u(t)

5(t)

§(t—c)

e~ Ptu(t)

eJu/ot

pr(t)

Tsinczt
(-2 e
Zsinc It
cos(wot + 0)
sin(wot + 6)

276 (w)
1

a]ns(w) + 4

1

e~9%c (¢ any real number

soms (b>0)

278 (w — wo) (wo any real number
TsincE2

27pr (w)

Fsine (52)

27 (1 - @) pr(w)

e 798(w + wo) + 79 8(w — wo)]
jmle™98(w + wo) — e798(w — wo)]

Trigonometric identities

sin(—0) = — sin(0) cos(—0) = cos(8) tan(—0) = — tan()
sin?(0) 4 cos?(0) = 1 sin(20) = 2sin(0) cos(0)

cos(20) = cos?(#) — sin?(0) = 2cos?(0) — 1 =1 — 2sin?(0)

sin(01 + 02) = sin(61) cos(02) + cos(01) sin(02) cos(01 + 02) = cos(01) cos(02) — sin(0;) sin(02)

e9% = cos() + j sin(6)



