Question 1: [20%, Work-out question, Learning Objectives 1, 2, 3]
1. [2%] What does the acronym of LTI stand for?

Consider two DT-LTI systems with impulse responses

(1 ifn=—lorn=4
hnl=<¢2 if0<n<3

0 otherwise

(1 ifn=2
holn)=¢ -1 ifn=3

0  otherwise

\

2. [8%] Is the first system causal? Is the second system causal? These are yes/no
questions and there is no need to justify your answers.

3. [3%] Is the first system invertible? Is the second system invertible? These are yes/no
questions and there is no need to justify your answers.

Suppose we serially concatenate two systems together. Namely, for any input z[n], we
first pass it through the first system and denote the (intermediate) output signal by z[n].
Then we pass z[n] through the second system and denote the final output by y[n].

4. [12%)] Denote the impulse response of the above serially concatenated system by
Rserial[]. Plot hseriai[n] for the range of n = —2 to 8.

Hint: It will be MUCH easier if you can directly plot Rgeriai[] without any mathe-
matical computation.
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Question 2: [20%, Work-out question, Learning Objectives 2, 3, and 4] Consider a CT-LTI
system, for which the input-output relationship is described as follows.

y(t) = @ + [t+2-5 x(s)ds

-4

1. [10%)] Denote the impulse response of this system by h(t). Compute the expression
of A(t) and plot it for the range of —5 < ¢ < 5.

2. [10%] Compute the expression of y(t) when the input being z(t) = e/%.
Hint 1: You can still solve this question even if you do not know the expression of
h(t).

Hint 2: You may want to consider the ﬂt—;ﬂz term separately from the :'42'5 z(s)ds

term.
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Question 3: [10%, Work-out question, Learning Objectives 4, and 5] Consider the following

signal.
2 if0<t<3
a(t) =43 if3<t<4 (1)
periodic with period T' =4
Plot z(t) for the range of =5 <t < 5. And compute the Fourier series representation of

=(t).

Hint: For a signal being

1 if t]| <Th
yt)=1<0 T <<% (2)
periodic with period T
its Fourier series coefficients are by = 2111 and b = ﬂT— for all £ # 0.
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Question 4: [30%, Work-out question, Learning Objectives 4, 5, and 6]

1. [20%] Consider the following signal

ein if 100 < n <199
z[n] =<0 if 200 < n < 499 (3)
periodic with period 400

Compute the Fourier series representation of z[n).

2. [10%] Consider another signal y[n] = sin(%n). Compute the Fourier series repre-
sentation of y[n].

Hint: You may need to use the following two formulas: If |r| # 1, then we have

Zark-—l _ a(l —rX) (4)
- 1—r
If |r| < 1, then we have
= k=1 _ @
gm = (5)
If |7| > 1, then we have
Z ar*! does not exist. (6)
k=1
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Question 5: [20%, Multiple Choices] The following questions are multiple-choice questions
and there is no need to justify your answers. Consider the following two systems:
System 1: When the input is z,(t), the output is

2t W
28)ds ift<0
0 = 21 21 = "
(0 {f_‘wml(s)ds if1>0 @

System 2: When the input is za[n], the output is

|z2[n]|

y2[n] = Z Tz[n]e’*™ (8)

k=0
Answer the following questions
1. [4%, Learning Objective 1] Is System 1 memoryless? Is System 2 memoryless?
2. [4%, Learning Objective 1] Is System 1 causal? Is System 2 causal?
3. [4%, Learning Objective 1] Is System 1 stable? Is System 2 stable?
4. [4%, Learning Objective 1] Is System 1 linear? Is System 2 linear?

5. [4%, Learning Objective 1] Is System 1 time-invariant? Is System 2 time-invariant?
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