Midterm #2 of ECE 301-004, (CRN: 17102)
8-9pm, Tuesday, October 19, 2021, FRNY G140.

1. 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 first working on those that you know how to solve.

4. The instructor/TA will hand out loose sheets of paper for the rough work.

5. If you need additional sheets to write down your answers, please let the
instructor/TA know. We will hand out additional answer sheets then.

6. Neither calculators nor help sheets are allowed.

Name:

Student ID:

As a Boiler Maker pursuing academic excellence, I pledge to be
honest and true in all that I do. Accountable together — We are
Purdue.

Signature: Date: 202 / o/ |8
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Question 1: [20%, Work-out question]
Consider a DT-LTI system for which we know that if the input is

2 ifn=1
= 1
ziin) {o ifn+£0 @
then the output is
2 ifl1<n
== - 2
win) {2e"“1 ifn<0 @

1. [6%] Find the impulse response h[n] of this system.

Hint 1: If you do not know the answer to this question, please write down (i) What
is the definition of impulse response; (ii) what does “LTI” stand for? If your answers
are correct, you will receive 3 points; (iii) Plot z4[n] for the range of —2 <n < 2.

Hint 2: Your answer to (i), (ii), and (iii) in the above hint plays an important role
when solving Q1.1 as well.

2. [14%) If the input to this DT-LTI system is z,[n] = e™U|[n|, find the corresponding
output y2[n|.

Hint 3: If you do not know the answer of the impulse response in Q1.1, you can
assume h[n] = y[n] (even though it is not true) and use h[n| = y1[n] when solving
this question. You will receive full credit if your answer (under this false assumption)
is correct.

Hint 4: You may need the following formulas:

if |r| <1, th k1o S

if [r] < ,tenga T (3)
K a-(1—17rK)

if r # 1, then Za-r""1=————— (4)

k=1

1 —7r
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Question 2: [14%, Work-out question] Consider a CT system with the following in-
put/output relationship:

2 .
y(t) = / 2(t — s)e~*e*ds. (5)
—4
Find the expression of the impulse response h(t).
2 :
Answer ZL*) = J S__qY('t-s)@-s@JSO(S

C)‘a'*j vonable, lt T= t-< 2 g=t- T

~(t-9_j(t-v
Yo = —5-t—2:c=-(& X(z) e e @eJ de

+ (—I-*\)(-t't)
: J t+4 7((“')6 J d'Z/
T=1-2
h(@: eH*)\H (u(tﬂ@-u(t—z{]
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Question 3: [14%, Work-out question]

Consider a CT-LTI system with the impulse response being h(t) = e(~7+5U(—t). Let
y(t) denote the output when the input is z(¢) = e7#*. Find the absolute value of y(3), i.e.,
find |y(3)|, and also find the angle of y(3), i.e., find Zy(3).
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Question 4: [18%, Work-out question] Consider a periodic CT signals

—247 if 5 <t <25
o) = 0—2j if 25 < ¢ < 35 ©)
1 if 35 < ¢ < 45

periodic with period T = 40

We denote the Fourier series of z(t) by (ax,wo) where wp = 2.

1. [6%] Find the value of ao.

2. [6%) Find the value of 3 o, ax.
Hint: We know that the CTFS synthesis formula is z() = Y 5 _, axe’™".

3. [6%)] Find the value of Y po _ |a|®.

Answe r:

,:) K WoT
4. Qg = —'_'r—' 5‘1_ xX(e dv

Qo= i‘; J:rg'\c(r/) dv

e {L’l*j) x (25-0) (—23)(3&—»*)
+ M(H’—;s)]
e o2

4 > 8) +he gjn-}lﬁuis Q,%vdk«'tion,
+ T)K,Wot

Xlt) = %._OOO(K e
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When 4= 0, Xt = S Ok = X(4o)
R.=-to

=4
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Question 5: [14%, Work-out question] Consider a DT periodic signal z[n]. We know that
., T
zn] = sm(-%n) (7)
Define ai as the DTFS coefficients of z[n].

1. [8%) Find the period N and the DTFS coefficients ax of z[n).

Consider another signal y[rn]. We do not know the values of y[n| explicitly. But we do
know that y[n] has period 6 and its DTFS coeflicients are by to bs being b, = k. Namely,
b0=0, b1= 1, b2=21 b3=3) b4=4> a‘ndb5=5 Deﬁnez[n] =:1:[n] y[n]

2. [6%)] Find the DTFS coefficient ¢, of z[n]. Namely, you do not need to find the value
for general ¢i. Instead, we only need to find the ¢, when k = 2.
Hint 1: You would need the multiplication property of DTFS.

Hint 2: If you do not know the answer to the previous question, you can assume
az = a4 =3, and ap = a1 = az = as = 0. You will receive 5 points if your answer is

correct.
Answer
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Hint 2 Ca= 320+ 34 = 2.
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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 the following two systems:

System 1: When the input is ;(t), the output is

t) = [P e t=9ds if g;(t+1) >0 ®)
i et =9ds if zy(t+1) <0

System 2: When the input is z5[r], the output is
waln] = cos(k — 1)zs[2n — K] (9)
k=0

Answer the following questions

1. [4%] Is System 1 memoryless? Is System 2 memoryless?

2. [4%] Is System 1 causal? Is System 2 causal?

3. [4%)] Is System 1 stable? Is System 2 stable?

4. [4%)] Is System 1 linear? Is System 2 linear?

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