
Midterm #2 of ECE301, Section 2
8–9pm, Monday, October 19, 2015, ARMS 1010.

1. Please make sure that it is your name printed on the exam booklet. Enter your
student ID number, and signature in the space provided on this page, NOW!

2. This is a closed book exam.

3. This exam contains multiple choice questions and work-out questions. For multiple
choice questions, there is no need to justify your answers. You have one hour to
complete it. The students are suggested not spending too much time on a single
question, and working on those that you know how to solve.

4. Use the back of each page for rough work.

5. Neither calculators nor help sheets are allowed.
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I certify that I have neither given nor received unauthorized aid on
this exam.

Signature: Date:



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

h1[n] =


1 if n = −1 or n = 4

2 if 0 ≤ n ≤ 3

0 otherwise

h2[n] =


1 if n = 2

−1 if n = 3

0 otherwise

2. [3%] 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 x[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
hserial[n]. Plot hserial[n] for the range of n = −2 to 8.

Hint: It will be MUCH easier if you can directly plot hserial[n] without any mathe-
matical computation.





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) =
x(t+ 1)

3
+

∫ t+2.5

t−4

x(s)ds

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

2. [10%] Compute the expression of y(t) when the input being x(t) = ej2t.

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 x(t+1)
3

term separately from the
∫ t+2.5

t−4
x(s)ds

term.





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

x(t) =


2 if 0 ≤ t < 3

3 if 3 ≤ t < 4

periodic with period T = 4

(1)

Plot x(t) for the range of −5 ≤ t ≤ 5. And compute the Fourier series representation of
x(t).

Hint: For a signal being

y(t) =


1 if |t| ≤ T1

0 if T1 < |t| < T
2

periodic with period T

(2)

its Fourier series coefficients are b0 =
2T1

T
and bk =

sin(k 2π
T

T1)

kπ
for all k ̸= 0.





Question 4: [30%, Work-out question, Learning Objectives 4, 5, and 6]

1. [20%] Consider the following signal

x[n] =


ejn if 100 ≤ n ≤ 199

0 if 200 ≤ n ≤ 499

periodic with period 400

(3)

Compute the Fourier series representation of x[n].

2. [10%] Consider another signal y[n] = sin(8π
3
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

K∑
k=1

ark−1 =
a(1− rK)

1− r
. (4)

If |r| < 1, then we have

∞∑
k=1

ark−1 =
a

1− r
. (5)

If |r| ≥ 1, then we have

∞∑
k=1

ark−1 does not exist. (6)





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 x1(t), the output is

y1(t) =

{∫ 2t

2t−1
x1(2s)ds if t ≤ 0∫ t

−∞ x1(s)ds if t > 0
(7)

System 2: When the input is x2[n], the output is

y2[n] =

|x2[n]|∑
k=0

x2[n]e
j2πk (8)

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?



Discrete-time Fourier series

x[n] =
∑

k=〈N〉
ake

jk(2π/N)n (1)

ak =
1

N

∑

n=〈N〉
x[n]e−jk(2π/N)n (2)

Continuous-time Fourier series

x(t) =
∞∑

k=−∞
ake

jk(2π/T )t (3)

ak =
1

T

∫

T

x(t)e−jk(2π/T )tdt (4)

Continuous-time Fourier transform

x(t) =
1

2π

∫ ∞

−∞
X(jω)ejωtdω (5)

X(jω) =

∫ ∞

−∞
x(t)e−jωtdt (6)

Discrete-time Fourier transform

x[n] =
1

2π

∫

2π

X(jω)ejωndω (7)

X(ejω) =
∞∑

n=−∞
x[n]e−jωn (8)

Laplace transform

x(t) =
1

2π
eσt

∫ ∞

−∞
X(σ + jω)ejωtdω (9)

X(s) =

∫ ∞

−∞
x(t)e−stdt (10)

Z transform

x[n] = rnF−1(X(rejω)) (11)

X(z) =
∞∑

n=−∞
x[n]z−n (12)
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