Midterm #2 of ECE301, Section 3 (CRN 17102-004)
6:30-7:30pm, Thursday, October 11, 2018, PHYS112.

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 vour 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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Question 1: [22%, Work-out question, Learning Objectives 1, 2, and 3]
1. [4% What is the definition of impulse response?

2. [12%] Consider a DT-LTI system with the input/output relationship being

n—2

yln] = Y xlklen (1)

k=—00
Find the impulse response h[n].
3. [6%)] Is the above system causal? Please carefully write down your reasons. A yes/no

answer without reasons will not receive any point.

Hint: If you do not know the answer to the previous subquestion, you can assume
hin] =3 —=Uln] —2U[n — 2]. You will receive full points if your answer is correct.
However, please indicate carefully if you are solving the alternative question.




Question 2: [15%, Work-out question, Learning Objectives 1, 2, and 3]

Consider the following theee-signals:
+wo
z1(t) = el (2)
(3)

To(t) = &7

L. [15%] Compute the convolution y(t) = x1(f) * xo(1).
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Question 3: [15%, Work-out question, Learning Objectives 2, 3, and 4]
Consider a CT-LT1 system with impulse response

gt <t
hit) =
() {et it <o

Find the output y(f) when then input is z(f) = /3 + e=/097¢,

Hint: There is no need to greatly simplify your answers. Some expressions of the form
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Question 4: [20%, Work-out question, Learning Objectives 4 and 5]
L. [12%] Consider a periodic CT signal
x(t) = cos(3.57t + 1) + sin(2.57t). (5)

Find the Fourier series representation of z(t).

Hint: The following formula may be useful:

T

cos(f) = % (6)
. el — g=3°

sin(f) = —2 (7)

2. [8%)] Continue from the previous question. Consider another CT signal y(t) = £z (t).
Find the Fourier series representation of y(f).

Hint: If you do not know the answer to the previous question, you can assume
y(t) = sin(0.57t). You will receive 4 points if your answer is correct.
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Question 5: 8%, Work-out question, Learning Objective 4] Consider a DT signal

27 H0<n<2
z[n)=¢0 f3<n<49.

z[n] is periodic with period 50

Find the DTFS representation of z[n].
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Question 6: [20%, Multiple Choices, Learning Objective 1]

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 imput is z(#), the output is

t—2
ylft) — / e lzus)l=ls g o (9)
System 2: When the input is zs[n], the output is

= e . 10
) e Sds ifn>0 =

s=za[n

22 sl ifn<0
gl = {f .

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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Discrete-time Fourier series

z[n] = Z e * 2T/ N)m

k={N)
ey S0 . —7k(27/N)n
U = 5 Z x[nle
n={N}
Continuous-time Fourier series
55
z(t) = Z L.Lkeﬂcww/f)z
k=—oc
1 —jk(2m/T)t
ap = ? .T(t)e AT dt
JT

Continuous-time Fourier transform
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Discrete-time Fourier transform

1 f ;
zln] = o / X(jw)e*™dw
X(e) = Z z[n)e 7"

Laplace transform

Z transform



206 Fourier Series Representation of Periodic Signals Chap. 3
TABLE 3.1 PROPERTIES OF CONTINUQUS-TIME FOURIER SERIES
Property Section Periodic Signal Fourier Series Coetficients
x(r)} Periodic with period T and a
y(n ! fundamental frequency wp = 2T by
Linearity 35 Ax(t) + Bylt) Aay -+ Bbg
Time Shifting 2 x{t — ro) ape 1 = aye” H#2 T
Frequency Shifting eiMant (1) = e M@TTI k(1) ay-m
Conjugation 356 x(1) a’,
Time Reversal 353 x(—1) a-
Time Scaling 354 x(wt), @ > 0 (periodic with period T/e) ag
Periodic Convolution J @ — 7T Tayby
T
Muliiplication 355 (N > abie
J=—re
: i dx(t E i
Differentiation _d,}) Jhawgae = jk %ﬂk ._I
‘ b (finite valued and i 1
Integration J xndt i — == =
- periodic only ifag = 0) Jkwq JkQa/TY
a, =a.,; ':_
Refai} = Rela i) L
Conjugate Symmetry for 35.6 x(r) real Smfa,} = —9mias) :
Real Signals laxl = la-l H
Yap = — %l
Real and Even Signals 35.6 x(1) real and even a, real and even
Real and Odd Signals 35.6 x(1) real and odd a, purely imaginary and odd
Even-0dd Decomposition {xu(n = Byi{x(n} [x(r) real] Relar)
of Real Signals ¥, (1) = 0d{x(n} [x(®) real) jdmiai}
Parseval's Relation for Periodic Signals
1 Fan]2 < 2
L[ opdr = 3 o
T et D
L
three examples, we illustrate this. The last example in this section then demonstrates b¥ !
propetties of a signal can be used to characterize the signal in great detail. '

Example 3.6
e S50 |
Consider the signal g(t) with 2 fundamental period of 4, shown in Figure 3-'1[;
could determine the Fourier series representation of g(r) directly from t_he ﬂﬂ:él)‘f‘f o
tion (3.39). Instead, we will use the relationship of g(¢) to the symmetric Pcrwd!:- T
wave x(r) in Example 3.5. Referring to that example, we s€¢ that, with T ="
T, =1, '

g = x(t— 1) — 12,




Chap. 3 Sec. 3.7

Properties of Discrete-Time Fourier Series

3.7 PROPERTIES OF DISCRETE-TIME FOURIER SERIES

221

Thus, in general, rone of the finite partial sumns in eq. (3.52) yield the exact values of x(r),
and convergence issues, such as those considered in Section 3.4, arise as we consider the
problem of evaluating the limit as the number of terms approaches infinity.

There are strong similarities between the properties of discrete-time and continuous-time
Fourier series. This can be readily seen by comparing the discrete-time Fourier series
properties summarized in Table 3.2 with their continuous-time counterparts in Table 3.1.

TABLE 3.2 PROPERTIES OF DISCRETE-TIME FOURIER SERIES

Property

Periodic Signal

Fourier Series Coefficients

Time Shifting
Frequency Shifting
Conjugation

- Time Reversal

Time Scaling

. Periodic Convolution

fﬂ%?s Multiplication
|
h . First Difference

x[n}} Periodic with period N and

y{n] ] fundamental frequency wy = 27/N

Ax[n] + By[n)]

.r[n - ngl
IMQuiNI

x"[n]

x[—n]
x[n/m], ifnisa multiple of m

Komld = { 0, if n is not a multiple of m
(periodic with period mN)

> xlryln—r]

r=(n
xinlyln]

x[n] = x[n— 1]

S siig (.ﬁmte valued and periodic on]y)
ifay =0

==
x[n] real

x[n] real and even
x[n] real and odd

[ xe[n] = &/{x[n]} [x[n] real]
xo[n] = @d{x[n]} [(x[n] real]

Parseval’s Relation for Periodic Signals
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