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Name:
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I nfor mation

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

e You have 45 minutes.




1. (5 marks) suppose(t) is the signal below

and let

be an impulse train witl" = 5.
(@) Plotp(t) in the time domain.
(b) Find and ploty(t) = p(t) * x(t).



2. (5 marks) The signal
z(t)

' ' ,—1—0‘.5 ' 2 !

-2 -1 -05 1

has a Fourier series representation

x(t) = Z cpelFt
k=—oc0

where

1/2 k=0

C = .

L sin(kr/2) otherwise
Use this information to find a Fourier series expansion ferdignaly(t) = £ z(t), and
plot the magnitude and phase spectruny @) over the rangé = —5to k = 5.



3. (5 marks) An LTI system is driven by the input signdét) = e/3*.
(a) Find the output (¢) if the impulse response of the systenhigt) = §(t — 1).

(b) Find the outpuy.(t) if the impulse response of the systenkig¢) = p;(¢) (the pulse of
unit width centered on the origin).



4. (5 marks) Find the Fourier transform of the sign@él) = 6(¢ — 3) and plot the resulting
magnitude and phase as a functionwofThe values in your phase plot should range
between—m and—.



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 Ive

Time scaling z(at) < 1X(2) a>0

Time reversal z(—t) + X(—w) = X(w)

Multiplication by power oft t"z(t) j”di—nnX(w) n=12...
Frequency shift z(t)ed¥0! & X (w —wp) wo real
Multiplication by cos(wot) z(t) cos(wot) < 2 [X(w+ wo) + X (w — wo)]
Differentiation in time domain %w(t) < (Jw)"X(w) n=1,2,...
Integration JE o z(AN)dA & 75X (w) + 71X (0)6(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 22 z(t)v(t)dt = 3= [ X(w)V(w)dw
Parseval's theorem (special case) [ 22 (t)dt = 5= [ | X ()] dw
Duality X(t) + 2rzx(—w)

Common Fourier Transform Pairs

z(t) = & I X (w)ed“tdw X(w) = [ z(t)e I¥tdt

1 (—o0o <t < o0) 278 (w)

—0.5 4+ u(t) j%

u(t) mo(w) + J%

5(t) 1

5(t—c) e~9¥¢ (¢ any real number

e~ btu(t) o (6>0)

edwot 278(w —wo)  (wo any real number
pr(t) TsincZ¥

Tsinczt 27, (w)

(1= 2) bt gsinc (2)

%sin@ﬁ 27 (1 — @) pr(w)

cos(wot + 6) 7[e 798 (w + wo) + 7?6 (w — wo)]
sin(wot + 6) jrle 798 (w + wo) — e798(w — wo)]

Trigonometric identities

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

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

cos(26) = cos?(8) — sin?(0) = 2cos?(9) — 1 =1 — 2sin?(0)

sin(01 + 62) = sin(61) cos(62) + cos(61) sin(fs) cos(61 + 02) = cos(01) cos(02) — sin(01) sin(02)
e’? = cos(9) + jsin(6)



