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This exam has three questions (28 points)

Question 1 (5 points)

Let u(t) denote the Heaviside unit step function, and sign(t) the sign-function.

Plot the signals

a) f(t) = u[sin(t)]

b) g(t) = 2u[sin(t)]− 1

c) v(t) = sin[
π

2
sign(t)] .

Consider the signal

x(t) = u(2t+ 1),

where u(t) is the Heaviside unit step function. Its derivative x′(t) can be written as

x′(t) = Aδ(t− τ).

d) Determine the constants A and τ .

Question 2 (12 points)

a) Determine the Laplace transform of the signal

f(t) = t cos(2t)u(t),

and provide its ROC.

Find the inverse Laplace transforms of

b) F1(s) =
s+ 3

s2 + 7s+ 10
, ROC = {s ∈ C; Re(s) > −2}.

c) F2(s) =
1

(s2 + 4)(s2 + 9)
, ROC = {s ∈ C; Re(s) > 0}.

d) F3(s) =
1

(s2 + 4)2
, ROC = {s ∈ C; Re(s) > 0}.

Question 3 (11 points)

The Fourier series expansion of a periodic signal x(t) is given by

Xk =
1

T0

∫

t0+T0

t=t0

x(t)e−jkΩ0t dt, k ∈ Z.

Let x(t) be a periodic signal with fundamental period T0 = 2. On the interval (−1, 1), x(t) is

given by

x(t) = t, t ∈ (−1, 1).
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a) Determine the dc component X0 of the signal x(t).

b) Explain why the Fourier coefficients Xk of x(t) are an odd function of k and purely ima-

ginary.

c) Show that the Fourier components of x(t) are given by

Xk = j
(−1)k

kπ
, k 6= 0.

The Fourier coefficients of a second real-valued periodic signal y(t) with fundamental period

T0 = 2 are given by

Y0 = 3/2 and Yk =
1− (−1)k

(kπ)2
+ j

(−1)k

kπ
, k 6= 0.

d) Determine yo(t), the odd part of the signal y(t).

e) Is the even part of y(t) continuous? Motivate your answer.

A third complex-valued signal z(t) is also periodic with fundamental period T0 = 2 and its

Fourier coefficients are given by

Zk =

{

0 k ∈ Z, k ≤ 0

Xk k ∈ Z, k ≥ 1.

f) Determine Re[z(t)], the real part of signal z(t).
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