TN

DA

AR

(NRAN

MY TR

IR EEN

Final Exam of ¥ 8301, ¢ ion 7 ‘BN
¥ A K 4 IO 3 (( f 7
£ s - Section 4 (CHN 17102 4 )
10am. Wednesday, Decanber 12, %1% W1 HEZK) and WK N
y A) 17 ’ AR) BENR VY LRV L)
1. Please make sure that it i 0 Wi XA It Faser v
student 1D number, and sig

v
3.

2.

T

he 5 norsiden on this pagy. NOW!
] < : ’ i
15 4 closex) book LA

e

NIs €xa1m oot ains m VLD U cjisest

) jiest; s ML WAKAPMIE (ks

Chiolce iiesti ¢

ONCE IFstions there , i 5 % 3 c
i WiOls, Lhere 16y 16X} 80O SHBLISY Yonse Ziiswers
COmpiste it The tiick P
mpie I i idertits are sitvoostod tud sewruliveg ¢ g $: ¢
P! The students are suggested wot spending too wmsh time o %

'St i escurd

4 and workizis

Use the back of each

"

e

¢ ¥ b ¢ " ”
King on Uik LAk YOI Kiuow ey 16 shve

1 Pagse Ion 1ongn Work.
ither calosl. ro ricsr b <}
1EDeT calculators nor NP 3RS 316¢ 2rwen)

5 oq -
ROt S L — solcid s #o
v ’<, (~ £y a-E> G v - g
ACHCTNIC CXOCIETMOR. 2 RVERETE J e
= p Z . s
A, cevasndabile #cwotbhoe # -y
'’y Ao s trwet nis g-
BT, L BARRIVELENEARIET Tt SRR e i
: & e
Pt oo
| 9 !




leoltnde  Moduldl
Question £ 0% Wik ot question) //\f"‘('l\ \(“ Ot (\(‘ Yl

\ \
Lo () Wohat does the nevonvine AN DRI st o q h)\\) J(' Y’ '(\‘

S LR WAt s AN ayvnelionons demodulantion’ You e ofthor deseribe how to
mplement an AM asviehronons demodulator or von enne desertbe fhe difforenee
between anasyiehionons vorsis o synehronows demodulntor, Yo will recetve fill

pomes other win ( ? ,.
\- nvelpe ¢ (‘(v(’((\/

Prof Wang wanted to teansiit an AN-SSI il T that ond, heowroto the Tollow g
MATLAR code

% Inttialization

duration=a,

t_sample=d4100,;

L= Q0= 2t mampletO 5) : ((duration=d)+f pample-0.8)) /1 sanple|

% Read two different .wav filea

(X1, t_sample, N]=audioread('xl.vav');
Xlexi®;

(X2, f_sample, Nl=audioread(’x2 wav');

DumwD )
X&=X& ' )

% Step 0! Initialize several parameters

AvaTAGs |
meery
0

L 2=piv3000;
_3=pi 6000,
UL N
S=7PP7?;}

LG=pix12000;
_T=pi*6000;

o it

% Step 1. Make the signala band-1limited,
h=1/(pivt) . w(ain(W_1%t));
x1_newv=ece30lconv(xl, h);
x2_new=ece30lconv(x2, h);

h Step 2: Multiply x1_new and x2_new with a sinusoldal wave,
x1_he=x1_new. *gin(W_2+t);
X2 _h=x2 new.*gin(W_3%t);

A Step 3: Keep one of the two side bands
h_one=1/(pist) *(sin(W_4%t)=gin(W_bxt));

/')n u()/




= —y

h two=1/(pist) *(ain(W_6#t)-sin(W_7+1));
x1_sb=ecel01conv(z1_h, h_one)

%2 8b=ece301conv(%2_h, h_two);

% Btep 4: Create the transmitted signal
y=x1_sb+x2_sb;

audiowrite(’y, wav’, vy, f_sample) [ (=19 H
; ¥ , ¥, f_sample); ’LJW ;!

3. (1.5%] What, is the carrier frequency (Hz) of the signal %1 new?

A, (1A% For the second signal x2.new, is this AM-8SI transmitting an upper-side
band signal or s lower-side-band signal? U/) []3

5. [1.5%] What should the values of WA and W5 be in the MATLAY code, if we :
decide to use o lower-side-band transmission for the first signal %1 new” \/ 4 = v TL

6. [1.5%) What should the values of WA and W.5 be in the MATLAB md:WiF we e TT/ g
decide to use an upper-side-hand transmission for the first signal %1 new? W4_ W

7. (2] Continne from the previous sub-question, Suppose upper-side-band transmis  , .. >
; . 0 ; . " p . -~
sion is used for the first signal 1 new, To ensure that the receiver side can have ” W
the best possible quality, it is important for the transmitter to choose the largest
W_1 value when possible, What is the largest W_1 value that can be used withont
significantly degrading the quality of any of the two transmitted signals?

W =3 omiC




Knowing that Prof. Wang decided to use an upper-side-band transmission for the first
signal x1_new and he chose the W_I value to be Wy = 2000 x 7. He then used the code in
the previous page to generate the “y.wav” file. A student tried to demodulate the output

waveform “y.wav” by the following code.

% Initialization

duration=8;

f_sample=44100;
t=(((0-4)*f_sample+0.5) : ((duration-4)*f_sample-0.5))/f_sample;

% Read the .wav files
[y, f_sample, N]=audioread(’y.wav’);

o

% Initialize several parameters
W_8=7777;
W_9=777?7;
W_10=777?7;

% Create a low-pass filter.
h_M=1/(pi*t).*(sin(W_8*t));

% demodulate signal 1
y1=2xy . *sin(pi*W_9%t);
x1_hat=ece301conv(yl,h_M);

sound(x1_hat,f_sample)

% demodulate signal 2
y2=2xy . *sin(pi*W_10%t) ;
x2_hat=ece301conv(y2,h_M);

Wg;mm

8. [2%] Continue from the previous questions. What should the value of W.8 be in the
MATLAB code? When answering this question, please assume that the first radio
x1_new was transmitted using the upper side-band and W, = 2000 x 7.

sound (x2_hat,f_sample)

9. [2%)] The student did not know how to choose the Wy value. Instead, he/she played
with different nine choices: i.e., Wy = 0, 10007, 20007, 30007, 40007, 50007, 60007,

70007, or 80007r. One of them gave him/her perfect results. Namely, when playing
x1_hat, the resulting sound is identical to playing the original signal x1_new.

Wq=3to0




10.

11.

Question: Which choice of Wy is the one that gave the perfect result?

2%)] The student did not know how to choose the Wi value. Instead, he/she played
with different nine choices: i.c., Wy, = 0, 1000, 20007, 30007, 40007, 50007, 60007,
70007, or 8000. Unfortunately, none of these nine choices gave him/her the perfect
result when playing x2_hat. That is, when playing x2_hat, the quality of the resulting
sound is always significantly worse than playing the original signal x2_new.

Question: Please use one sentence to describe what kind of sound quality problem
that the student is experiencing when playing x2_hat?

[3%] It turns out that some important commands are missing when the stud
wrote the demodulation MATLAB code.

Question: What are the missing commands when demodulating x2_new? (Hint: If
you do not know how to write the MATLAB code, you can also describe by words

what “function block” is missing in the above MATLAB code. You will receive 2
points if your answer is correct.)

. [1%] In addition to adding new commands, the W;, value also needs to be carefully

chosen.

Question: What is the value of W)y needed for perfect demodulation?

Hint: If you do not know the answers of Q1.3 to Q1.12, please simply draw the
AMSSB modulation and demodulation diagrams and mark carefully all the param-
eter values. You will receive 11 points for Q1.3 to Q1.12.
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Question 2: [9%, Work-out question]

1. [6%] Consider a discrete time signal x[n]

3 fn=10tn=-1
AR if =0 or ni=2 (1)

periodic with period 4

Find the DTFS of z[n] and plot the DTFS coefficients a; for the range of £ =0 to

3.
. : PIEE
2. [3%] Find the DTFT of z[n] and plot the DTFT X (e’*) for the range of —?Tl’ <
w<qn
s

Hint: If you do not know the answer to the previous subquestion, you can assume
ar = 23in(":—2”). You will receive full credit if your answer is correct.
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Question 3: [12%. Work-out question]

IS

(¥

[2%)] Suppose w(t) = sin(3t) + cos(5t). Question: According to the sampling theo-
rem, what is the smallest sampling frequency (Hz) needed in order to for perfectly

reconstruct w(t)? £
x5 g {'
== 7 ! S

[1.5%] Consider the following continuous time signal o U

i) 2sin(7t) 2)

it

Plot z(t) for the range of —4 <t < 4.
[1.5%] Plot the CTFT X (jw) of z(t) for the range of —5m < w < 5m.

[3%)] If we perform impulse train sampling on z(t) with the sampling frequency 2Hz
and denote the impulse train sampled signal by z,(t). Plot its CTFT X,(jw) for
the range of —57 < w < 5.

Hint: If you do not know the answer to the previous sub-questions, please write
down the relationship between X (jw) and X,(jw). You will receive 1.5 points if
your answer is correct.

[3%] We use Zpand(t) to represent the reconstructed signal using “band-limited re-
construction”. Plot Zpanq(t) for the range of —4 <t < 4.

Hint: if you do not know the answer of z[n], you can assume that z[n] = d[n —
6] — 6[n + 6] and the sampling frequency is 2Hz. You will receive full points if your

answer 1s correct.

[1%] Write down the exact expression of Bhand (L )s
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Question 4: [10%, Work-out question]
Consider a continuous time signal

t—2 if2<t<0
rt)=¢2—-t f0<t<2 (3)

0 otherwise

1. [3%] We sample z(f) with the sampling frequency 2Hz and denote the sampled
values by z[n]. Plot z[n] for the range of 40 < n <A0.

5 g
[2%] We use xy, (t) to represent the reconstructed signal using “linear interpolation”.
Plot a;,(t) for the range of —4 < t < 4.

o

3. [5%)] Suppose we pass z[n] through a discrete-time LTI system with h[n] = d[n] +
8[n — 4]. Denote the new discrete-time array by y[n]. We then again apply linear
interpolation to y[n] and construct the corresponding yn(t). Plot i, (#) for the
range of —4 <t < 4.
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Question 5: [10%, Work-out question|
Consider the following continuons time signals

g f-Buht<d ;
z(t) = i , (4)
0 otherwise
3 if -3<t<3
h(t)=<6(t-8) if3<t<10 (5)
0 otherwise

1. [2%)] Plot h(t) for the range of —10 < ¢ < 10.

2. [8%] Plot the signal y(t) = x(t) * h(t) for the range of —10 <1 < 10.

g “H) 3 [¥ DO




Question 6: [14%, Work-out question)]
Consider the differential equation.

d d? :
t) +3—y(t) + 2—y(t) = 2x(t (6)
y(t) +3y(t) + 25y(1) )
1. [7%] Find the impulse response h(t) and the corresponding frequency response

H(jw).
2. [7%)] Suppose the input is z(t) = Zi:l edk=2)7t  Find the expression of y(t).
Hint: If you do not know the answer to the previous question, you can assume that

: 2 ]
h(t) = (M) . You will receive full credit if your answer is correct.
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Question 7: [10%, Work-out question]

1. [5%] Consider the following discrete time signal.

1t >3
)] = = ! 7
ylnl {O otherwise (7)

Derive the Z-transform expression of y[n] and derive the corresponding region of
convergence. Please carefully write down your reasonings. If you use the table
without explanation, then you will receive 3 points instead.

Hint: You may need the following formulas

Y artl= 1: if [r| < 1 (8)

k=1

iakrk"l S g ] <1 9)
(1—1r)2

k=1

2. [2%)] Continue from the previous question. Plot the region of convergence of y[n] in
the complex plane. (Le., the horizontal axis is Re(z) and the vertical axis is Im(z).)

3. [3%] Consider the following discrete time signal.

9 if 10 < n > 59
e if 60 <n > 79 &
s 1) 80 <n>109

periodic with period 100

Let ay denote the DTFS of z[n]. Find the value of 3,7 ) ax(—1)

09
@iy = 15
X0 _ e
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Question 8: [15%, Multiple-choice question] Consider two signals

sin(2t) if sin(t) > 0
]l,l(/) = .
0 if sin(t) §/ 0

ind ( ‘,ﬁ ) )

—N VA 7
ho[n] = (1 + j)" sin(0.757n) + (/J ¢ sin(0.757|n|) (12)

Hint: you should treat hy(t) as [e”")| where .1,'(1?? = eft, /,l } éL) }\> D/L]
1. [1.25%)] Is hy(t) periodic? @ \T{;;S

. [1.25%] Is ho[n] periodic? NO

3. [1.25%] Is hy(t) even or odd or neither? Nc&(’(le?/

4. [1.25%] Is ho[n] even or odd or neither? UQ (\’\L/\@/()/

[S)

5. [1.25%)] Is hq(t) of finite energy? MO

6. [1.25%] Is hs[n] of finite energy? @ \(
1.259%] 15 hal i

Suppose the above two signals are also the impulse responses of two LTI systems:

System 1 and System 2, respectively.
1. [1.25%)] Is System 1 memoryless? N D "
2. [1.25%] Is System 2 memoryless? N )
3. [1.25%] Is System 1 causal? ND
4. [1.25%] Is System 2 causal? \(95

5. [1.25%)] Is System 1 stable?

6. [1.25%)] Is System 2 stable? @ % T
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