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I nfor mation

e The testis closed-book.
e This test hagour questions, totalling 20 marks.
e Answerall the questions.

e You have 45 minutes.

. (5 marks) suppose(t) is the signal below

and let

= S ()

be an impulse train witld" = 5.
(a) Plotp(¢) inthe time domain.
(b) Find and ploty(t) = p(t) * x(t).



2. (5 marks) The signal 3. (5 marks) An LTI system is driven by the input signgt) = ¢/ %,
! =) (a) Find the outpuy (¢) if the impulse response of the systermhigt) = 6(t — 1).
. . e 5 f (b) Find the outpuy.(¢) if the impulse response of the systenhigt) = p; (¢) (the pulse of

-2 -1 -05 1
unit width centered on the origin).

has a Fourier series representation

o0
z(t) = Z cpedkmt

k=—o0

where

1/2 k=0
Cr =
= sin(km/2) otherwise

Use this information to find a Fourier series expansion fersignaly(t) = 4£x(t), and
plot the magnitude and phase spectruny@f over the rangé = —5to k = 5.



4. (5 marks) Find the Fourier transform of the sign@él) = 5(¢ — 3) and plot the resulting INFORMATION SHEET
magnitude and phase as a function.ofThe values in your phase plot should range

between—r and—r. Fourier transform properties
Property Transform Pair/Property
Linearity az(t) + bu(t) 4 aX(w) + bV (w)
Time shift z(t — ¢) & X(w)e Iwe
Time scaling z(at) &> 1X(¥) a>0
Time reversal z(—t) & X(—w) = X(w)
Multiplication by power oft thz(t) <> §" %X(u) n=12,...
Frequency shift 2(t)e?“0t & X (w —wo) wo real
Multiplication by cos(wot) @(t) cos(wot) ¢ 3[X (w4 wo) + X (w — wo)]
Differentiation in time domain ;lit—lw(t) “ (jw)"X(w) n=1,2,...
Integration S aNdA & 75X (w) + 71X (0)8(w)
Convolution in time domain z(t) * v(t) <> X(w)V(w)
Multiplication in time domain z(t)v(t) & =X (w) * V(w)
Parseval’'s theorem S zutydt = £ 22 X (w)V(w)dw
Parseval's theorem (special case) S a?()dt = 5= [0 X (w)]?dw
Duality X(t) & 2mz(—w)

Common Fourier Transform Pairs

z(t) = 5= [ X(w)e!“ dw X(w) = [ z(t)e 7¥tdt
1 (—oo0 <t < o) 276 (w)
—0.5 + u(t) 75
u(t) wo(w) + 75
4(t) 1
S(t—c) e~9%¢ (¢ any real number
e~ Ptu(t) o (6>0)
eJwot 278(w — wo)  (wo any real number
pr(t) Tsincg2
Tsincit 27p, (w)
(1-2)pr ) gsin (32)
Zsind® It o2n (1 - @) pr(w)
cos(wot + 0) 7le 1%8(w + wo) + €798 (w — wo)]
sin(wot + 0) jrle %8 (w + wo) — e?%8(w — wo)]

Trigonometric identities

sin(—0) = —sin(0) cos(—0) = cos(0) tan(—0) = — tan(6)

sin?(0) + cos?(0) = 1 sin(20) = 2sin(6) cos(0)

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

sin(f1 + 02) = sin(01) cos(62) + cos(01) sin(f2) cos(61 + 02) = cos(61) cos(02) — sin(f1) sin(f2)
e’ = cos(0) + j sin(0)



