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Question 1: [17%, Work-out question] Consider the following signal:

x[n] = e−4·|n−3.25| (1)

We use x[n] to construct another signal

y(z) =
∞∑

k=−∞

x[n]z−n (2)

1. [17%] What is the value of y(1 + j)?

Hint 1: 1 + j =
√
2ej

π
4 and 1

1+j
= 1√

2
e−j π

4 .

Hint 2: If you do not know the answer to Q1.1, you can answer the following question
instead: Is x[n] an even signal? If your answer is correct, you will receive 4 points
for Q1.1.

Hint 2: If |r| < 1, then we have the following formulas for computing the infinite sum of
a geometric sequence.

∞∑
k=L

ark−1 =
arL

1− r

where L is the lower limit of the summation; and

∞∑
k=1

kark−1 =
a

(1− r)2
.
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chihw
Callout
The numerator should be a*r^{L-1}.  Students will receive full credit as long as they used the given (incorrect) formula properly. 

chihw
Callout
This a typo. The summation should be over n, not over k. 
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Question 2: [15%, Work-out question]
Define two CT signals:

x(t) =

{
ej0.5πt if t ≥ 4

0 otherwise
(3)

and

h(t) =

{
e−2t if t ≥ 5

0 otherwise
(4)

Compute the expression of the following summation

y(t) =

∫ ∞

s=−∞
x(s)h(t+ 2s)ds (5)

Hint: You can leave your answer to be something like e−t · e
(2+0.5j) 3+t

4

2+0.5j
+eπt. There is no

need to further simplify it. The most important part is for you to find the right “cases”.
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Question 3: [18%, Work-out question] Consider a system that takes a continuous time
signal x(t) as the input, and outputs the odd part of x(t), i.e., y(t) = xodd(t).

1. [4%] Is such a system invertible? Please write down 1 to 2 short sentences to justify
your answer. A correct answer without justification will receive only 2.5 points.

2. [14%] Suppose we feed the above system with the following input:

x(t) =

{
2e(1+j)t if 1 ≤ t ≤ 2

0 otherwise.
(6)

and denote the corresponding output by y(t).
Find the total energy of y(t).

Hint: If you do not know how to solve Q3.2, you can solve the following question
instead. Suppose

w(t) =

{
3t cos(2t+ π) + j3t sin(2t+ π) if 1 ≤ t ≤ 2

0 otherwise
(7)

Find the total energy of w(t). If your answer is correct, you will receive 11 points
for Q3.2.
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Question 4: [18%, Work-out question] Consider a discrete-time input x[n] as follows.

x[n] =


0 if 0 ≤ n ≤ 9

1 if 10 ≤ n ≤ 29

2 if 30 ≤ n ≤ 49

x[n] is periodic with period N = 50

(8)

We construct another signal X(k) by

X(k) =
1

50

29∑
n=−20

x[n]e−jk 2π
50

n (9)

1. [15%] Find the value ofX(10). For this question, you will need the following formula.
However, after correctly using the formula, you do not need to further simplify it.

You can leave your answer to be something like e30+j
√
2−e−30+j

√
2

e0.75jπ+2
.

If r ̸= 1, then we have the following formula for computing the finite sum of a
geometric sequence.

U∑
k=L

ark−1 =
aL(1− rU−L+1)

1− r

where L and U are the lower and upper limits of the summation, respectively.

2. [3%] Please simplify your answer of Q4.1 to the most basic / simplest form. For
example, you may need to recognize ej7π = ejπ = −1, etc. This question may take
some time to solve if you are not familiar with ejθ. Since it only has 3 points, you
may want to come back to this question later after you have finished the rest of the
questions.
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Callout
The numerator should be a*r^{L-1}*(1-r^{U-L+1}).  Students will receive full credit as long as they used the given (incorrect) formula properly. 
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Question 5: [12%, Work-out question] Consider a discrete-time linear system. Suppose
we know that if the input is

x1[n] =

{
1 if −6 ≤ n ≤ 3

0 otherwise
(10)

then the output of the system is

y1[n] =

{
n if 0 ≤ n ≤ 2

0 otherwise
(11)

Suppose we also know that if the input is

x2[n] =

{
1 if −3 ≤ n ≤ 6

0 otherwise
(12)

then the output of the system is

y2[n] =

{
n− 3 if 3 ≤ n ≤ 5

0 otherwise
(13)

Please answer the following question: Suppose we feed the following signal

x[n] =

{
1 if 4 ≤ |n| ≤ 6

0 otherwise
(14)

to the system as the input, and denote the corresponding new output signal by y[n]. Plot
y[n] for the range of −8 ≤ n ≤ 8.

Hint: If you do not know how to solve this question, you can plot x1[n], x2[n], and
x[n] for the range of −8 ≤ n ≤ 8. You will receive 8 points if your plots are correct.
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chihw
Text Box
This question was designed incorrectly.  Students will receive full credit as long as they completed the plots of x1[n], x2[n], and x[n] correctly.
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Question 6: [20%, Multiple Choices]
The following questions are multiple-choice questions and there is no need to justify

your answers. Consider two continuous-time signals:

x1(t) =
3∑

k=1

−ej
t
k + e−j t

k (15)

x2(t) =

∫ |t|

s=0

cos(3s)ds (16)

and two discrete-time signals:

x3[n] =

∫ n+2

n−2

sin(2t)dt (17)

x4[n] = cos(πn) + cos(πn2) + cos(πn3) + sin(πn) + sin(πn2) + sin(πn3). (18)

1. [10%] For x1(t) to x4[n], determine whether it is periodic or not, respectively. If it
is periodic, write down the fundamental period. Please state explicitly which signal
is periodic and which is not.

2. [10%] For x1(t) to x4[n], determine whether it is even or odd or neither of them,
respectively. Please state explicitly which signal is even, which is odd, and which is
neither.
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