Question 1: [Multiple Choices, 10%] Consider the following continuous signals

1(t) = Ep{cos(2mt)U(t — 1)}

Zo(t) = [sin(t — m/3)]°

z3(t) = sin(th)

x4(t) = ej(t_l) +ej(2t—1)

and discrete signals

z5[n] Ey{cos(2mn)U[n|}
zg[n] = sin(7n/3 —w/3)
z7[n] = sin(%nQ)
fljg[n] et ej(n_l) _}_ej(QTL—-].),

where £y{x(t)} means the even part of the signal z(¢).

1. [Outcome 1, 5%] For z1(¢t) to z4(t), determine whether it is periodic or not. If it is
periodic, write down the fundamental period.

2. [Outcomes 1 and 6, 5%)] For 5[n] to zs[n], determine whether it is periodic or not.
If it is periodic, write down the fundamental period.
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Question 2: [Multiple Choices, 20%)] Consider the following systems:

System 1: y(t) = z(t—-2)+z(2—1t)
System 2: y(t) = x(sin(¢))

System 3: y[n] = nzn]
' 0, z[n] <0
System 4: yn] = {x[n] +zn—-2], z[n]>0

1. [Outcome 1, 4%)] For Systems 1 to 4, determine whether the systems are memoryless.

N

. [Outcome 1, 4%] For Systems 1 to 4, determine whether the systems are invertible.
3. [Outcome 1, 4%)] For Systems 1 to 4, determine whether the systems are causal.

4. [Outcome 1, 4%)] For Systems 1 to 4, determine whether the systems are linear.

ot

. [Outcome 1, 4%)] For Systems 1 to 4, determine whether the systems are time-
invariant.
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Question 3:  (15%) A system z(t) — y(t) is linear. The behavior of this system is
described as follows. If the input signal z(t) is an even signal, then the system outputs
y(t) = 3z(t). If the input signal z(t) is an odd signal, the system outputs y(t) = z(2t—1).
Answer the following questions.

1. [Outcome 1, 3%] What do we mean by “even signals”? You can use words to define
an even signal, or you can use mathematical expression.

2. [Outcomes 1 and 2, 10%] If we use z1(t) = cos(t) +sin(2t) as the input signal, what
is the output y; (¢)?

!\ 3. [Outcome 1, 2%] Is the system time-invariant?
/4& even siafm/ ‘s Such that  The 1”/1??@4’ imege
Wer Tz s 5 ?‘ﬁﬁ%‘a&{?
Or ivleatly )= KO B dl £

2 Cos(t) Tg an L£ren ‘ﬁ*?gﬂ%(
= R e 3 ges (1)
Sin(at) Ts an odd e
= Sn(t) —P Sin (2ol )= sinfdt- 2)
= A it) I Bens (¢) 4 Sin (dt-0)
ﬁ%téﬂ)
3‘ N@ e, A g’ﬁ?%ﬂfj ‘f:'@ 0# the  odel ;npw"ﬁ

X






Question 4:

(15%) A practical question. A stock index tracking system is tracking the

moving average y[n| of the stock index z[n] over the last three days including the current
day. A trader says that when the output of the moving average tracking system is 100
points below the current index, namely when y[n] < z[n] — 100, he will purchase 200
shares of Stock P the next day.
Suppose we know that the Dow Jones Industrial Average was 11,000 over the past
three days, i.e., when n = —2, —1,0. And the indices of the following 8 days are
Day n Stock Index z[n]
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1. [Outcomes 1 and 2, 7%] Write down the system description y[n] in terms of z[n].
What is the impulse response h[n| of this system?

2. [Outcomes 1, 2 and 3, 8%] When is the trader going to place the order of Stock P.
Justify your answer.
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Question 5: (25%) Consider a system y[n] = (z[n] + z[n — 1])2 + 0.5y[n — 1], and assume
that the y[n] =0 for all n < 0.

fu—y

. [Outcome 2, 6%)] Find the impulse response h[n).

o

[Outcome 2, 9% If the input is z[n] = U[n] — U[n — 2], find the output y[n).
3. [Outcomes 1 and 3, 8%] Compute z[n] * h[n].

[Outcome 3, 2%)] Is y[ ] [ ] * h[n]? Explain your results.
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Question 6: (20%) Consider a LTI system with impulse response h(t) = U(t) — U(t — 2).
Consider an input signal z(t) = cos(2nt) + sin(mt).

1. [Outcomes 1 and 4, 8%)] Find out the Fourier series coefficients oy, and the funda-
mental frequency w such that z(¢) = Y20 apel®t.

2. [Outcome 3, 12%] Find the output y(t) by the convolution integral. You may want
to use the distributive property of the convolution integral.
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