Signals and Systems
16/04/2009, Thursday, 9:00-12:00

: 2 Fourier series/transform

(a) Consider the signal
_ sin®(4t) — sin®(2t) — sin®(t)
= 3

1)

(i) Find and \its Fouricr transform.
W\ (ii) Compute the integral

/ " ft)ain(ut) de.

(b) Let z(¢) have Fouricr transform X (w) and let y(£) be piccewise smooth periodic with fun-
damental frequency wg and absolutely convergent Fourier scrics representation

o
¥ = D petoh
k=-—00

~a— (i) What is the Fouricr transform of z(t)y(t)?
(ii) Supposc that X(w) = trian; (w) and y(t) = cos(2t) — cos(t). Skctch the spectrum of

z(t)y(t).

2 Generalized Fourier transform

Let F(w) be the generalized Fourier transform of the signal f(#). Verify that the differentiation
rule
F{f' (1)} = iwF(w)
holds for the signals
(a) 1t —2)
(b) sgn(t) ﬁl

>
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3 : Laplace transform

(a) Let f(t) be a causal signal with
fE+T)=f@)
for all £ > 0 and for some 7' > 0. Show that its Laplacc transform is given by

T —st
Fla)= %ﬁ Re(s) > 0.

(b) Determine the inverse Laplace transform of

1+e2"

F(s) = FoRrg| Re(s) >0
\,\_) G(s)zs(lT“—Ee—:Eﬁ 0 < a <band Re(s) > 0.
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4 Linear differential systems

(a) Consider the system

&1 =azy +bxry +u
Fq = —bxy + azy
¥z =cr3+u

Y=+ 3.

N
~ (i) Find the transfer function of the system.
“~-J(ii) For which valucs of (a, b, c) is this a BIBO-stable system?

(b) Let
A=[$ ﬂ.

Find e#t.

5 ' Butterworth filters

(a) Show that the transfer function of the 3rd order Butterworth filter is given by

\J Ha(s) = :

(s+1)(s2+s+1)

(b) Find the corresponding impulse response for Hy(s).

Hints

e The triangular pulse is defined by

1-4 ip<a
triang(t) = C &
sl % i |t] > a

where a is a positive real number. Its Fourier transform is
sin” (%)

F(W} = 4?‘

e The Laplace transform of the function

F(t) = sin(wt)

is given by
w
i3 82+ w?
for Re(s) > 0.
w



