First Semester Examination
2022/2023 Academic Session

February 2023

EEE228 — Signal and System
(Isyarat dan Sistem)

Duration : 3 hours
(Masa : 3 jam)

Please check that this examination paper consists of TWENTY (20) pages of printed
material including appendix before you begin the examination.

{Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA PULUH (20) muka
surat yang bercetak termasuk lampiran sebelum anda memulakan peperiksaan ini.]

Instructions : This paper consists of THREE (3) questions. Answer THREE (3)
questions.

fArahan : Kertas ini mengandungi TIGA (3) soalan. Jawab TIGA (3) soalan.] .

In the event of any discrepancies, the English version shall be used.

[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi
Bahasa Inggeris hendaklah digunapakai.]
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2.

A continuous-time signal, x(¢t) is shown in Figure 1(a). Plot f(t) =
2x(—3t —2).

Suatu isyarat masa berterusan, x(t) ditunjukkan dalam Rajah 1(a).
Lakarkan f(t) = 2x(—3t — 2).

x(t)

Figure 1(a)
Rajah 1(a)

(15 marks/markah)

Consider the signal v(t) = x, (t) + x, (t) + x5(t), where:

Pertimbangkan isyarat v(t) = x,(t) + x,(t) + x5(t), di mana:

x:(t) = 4cos 12t

x,(t) = sin 16t

1
x3(t) = 2cos§t

0] Determine whether the w(t) signal is periodic. If the signal is
periodic, find its fundamental period T, = kT;.

Tentukan sama ada isyarat v(t) adalah berkala. Jika isyarat
berkala, carikan nilai pekala utama Ty = kyT,.

(30 marks/markah)
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3.

(if) If signal x,(t) = 2cos(2m ¢t + 12) is added to v(t), determine
whether the signal is periodic or not.

Jika isyarat x,(t) = 2cos(2rnt+ 12) ditambahkan ke wv(t),
tentukan sama ada isyarat tersebut adalah berkala afau fidak.

(10 marks/markah)
The discrete-time shown in Figure 1(b) is known as the unit time delay
element. Determine whether the system is:

Sistem diskret ditunjukkan dalam Rajah 1(b) dikenali sebagai elemen
pelengah masa unit. Tentukan sama ada sistem tersebut:

x[n] ———| Unitdelay [————y[n] =x[n—1]

Figure 1(b)
Rajah 1(b)
(i) Memory or memoryless?
Memori atau tanpa memori?
(5 marks/markah)
(i Causal or noncausal?
Kausal atau tidak kausaf?
(5 marks/markah)
(i)  Time-invariant or time-varying?
Tidak varian masa afau varian masa?

(5 marks/markah)
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4.

d} Sketch the even and odd components of the following discrete-time
function.

Lakarkan komponen-komponen genap dan ganjl bagi fungsi masa
diskret berikut.

xfn] = 2u[n+ 1} — 2u[n — 1] — 4u[n — 1] + 4u[n — 3]

(30 marks/markah)

(i) Figure 2(a) shows a system with input signals x{f) and y({f). Signal
x(t) is given in Figure 2(b) and signal y(f) is given in Figure 2(c).
Rajah 2(a) menunjukkan sebuah sistem dengan isyarat-isyarat
masukan x(t) and y(t). Isyarat x(t} adalah diberikan dalam Rajah
2(b) dan isyarat y(t} adalah diberikan dalam Rajah 2(c).

Draw the output signal z({) given that:
Lukis isyarat keluaran z(t) jika diberikan:
() =u(®) —ult-2)
fo(®) —ult—1) —ult - 2)
(20 marks/markah)

x(t)

f1(t) CﬂD—b 2

¥(t)

fo(t)

Figure 2(a)
Rajah 2(a)

SULIT
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Xt
2
2 | 1 2 .'3 T
Figure 2(b)
Rajah 2(b)

4 . 3

Figure 2(c)
Rajah 2(c)

Based on the system in Figure 3 and given that:

Berdasarkan sistem yang diberikan dalam Rajah 3 dan diberikan
bahawa:

x(t) =2u(t) —ult—2)—ult —4)

Find the expression for signal f(f) to produce an output signal as
follows:

...6l-
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Tentukan ekspresi untuk isyarat f(t) untuk menghasilkan suatu
isyarat kefuaran seperti yang berikut:
y(t) = 4u(t — 1.5) — 2u(t — 2) — 2uft — 3)

x(t) > YY)

ft)
Figure 3
Rajah 3

(20 marks/markah)

b) Rectangular wave, f{f) in Figure 4(a) is fed into a Linear Time Invariant
(LTI) system as shown in Figure 4(b). '
Gelombang segiempal tepat f(t) dalam Rajah 4(a) adalah dimasukkan ke
dalam sebuah sistem Linear Time Invariant (LTI) seperti yang
ditunjukkan dalam Rajah 4(b). o

(i) Determine mathematical expression for g(t).
Tentukan ekspresi matematik bagi g(f)

(5 marks/markaf)

(i} Visualize g(t) in time domain graphical representation.

Visualisasikan g(t) dalam persembahan grafik domain masa.

(5 marks/markah)

-
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(i)  Express mathematical equation of output signal, h{f) and
determine all transformation processes involve in this system.
Nyatakan persamaan matematik bagi isyarat keluaran, h(f) dan
fentukan semua proses-proses transformasi yang terlibat di

dalam sistem tersebut.
(10 marks/markah)

(1)

W

- - —

Figure 4(a)
Rajah 4(a)

g(t)!

f(t) >< »

Bt

s(yy=2cos(2rt-n) 1

Figure 4(b)
Rajah 4(b)
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C) Find the Trigonometric Fourier series coefficients for #{t) as shown in

Figure 5 below.

Dapatkan pemalar-pemalar siri Fourier Trigonometrik bagi f(t) seperti

yang ditunjukkan di dalam Rajah 5 di bawah.

(20 marks/markah)

i
A {1
201
10
4 3 2 A
{ 1 ! ! 5,
i ] 1 1 =
1 2 3 4 t
10
—1--20
Figure 5
Rajah 5
d) Figure 6 shows a periodic signal of f(t):
Rajah 6 menunjukkan isyarat bertempoh bagi f(t):
f(t) m
10
t(ms)
1 2
=10
Figure 6
Rajah 6

.9/~
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(i) Sketch v(t) = f(—t).
Lakar v(f)=f(-t).
(10 marks/markah)

(i) Write the complex exponential Fourier Series for v(f) up to the 5"
harmonics.
Tuliskan Siri Fourier Eksponen Komplek sehingga ke harmonik
ke 5.
(10 marks/markah)

(i) By using the definition of Fourier Transform (FT), find the FT of
aperiodic signal given by:

Dengan menggunakan definisi Jelmaan Fourier (FT), cari FT bagi
isyarat tidak berkala berikut:

x(t) = e *u(t—-1)

(15 marks/markah)

(i) By using the modulating signal of f(f) and the carrier of
cos(we)t, describe briefly the Double Sideband, Suppressed Carrier
(DSB-SC) Modulation with the aid of related formulae and block
diagrams of modulation and demodulation process.

Dengan menggunakan isyarat dimodulat f(t) dan pembawa
cos{we)t, terangkan secara ringkas apakah Modulasi Jalur Sisi
Berganda Pembawa Tertindas dengan banfuan formula yang
berkaitan dan blok diagram am bagi proses modulasi dan
demodulfasi.

(15 marks/markah)
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If the system is described by the differential equation given by:

Jika sistem diungkapkan oleh persamaan pembezaan seperli berikut:

d? d ., d
Loy +52y(0) + 6y(t) = 22 x(8) + x(8)
By using Fourier Transform, find the frequency response of the system.

Dengan menggunakan Jelmaan Fourier, cari sambutan frekuensi
sistem.

(25 marks/markah)

For the following baseband signal,
Bagi isyarat jalur dasar berikut,

m(t) = cos(1000t)cos(3000¢t)

0] Sketch the spectrum of m(t).
Lakarkan spektrum m(f).
(5 marks/markah)
(if) Sketch the spectrum of the DSB-SC signal, m(f)cos (10,000¢).
Lakarkan spektrum isyarat DSB-SC, m(l)cos (10,000%).
(10 marks/markah)
(ii)  Identify the upper sideband (USB) and the lower sideband (LSB)
spectra.

Kenalpasti spektrum jalur sisi atas (USB) dan jalur sisi bawah
(LSB).

(10 marks/markah)
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d) Find the inverse z-transform of this function and evaluate the first four
value of x[n].

Cari Jelmaan z songsang bagi fungsi berkut dan tentukan nilai 4
ungkapan pertama x[n].

ZZ

DD

X(z) =

(20 marks/markah)
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APPENDICES
LAMPIRAN

e Trigonometric Fourier Series:

fty=a, + Z (a,cosnot+ b, sinnwt)

n=t

Where the Fourier Coefficients are:

a, —%If(z)dr
C) a, =Ej-f(t)cosna)zdl

2
b = ?j f()sinnwrdt

» Spectrum frequency form can be obtained from this equation:

- '
SO =a,+>(a,’ +b) cos(nat +86,)
I

Where € = tan™' (——*)
o

#

TABLE 1: COMPLEX FOURIER COEFFICIENTS

)
C JADUAL 1: PEKALI COMPLEX FOURIER
Name Waveform C, C.n#0 Comments
1. Sguare 0 2X C =0.
x(() _ n i
Wave , J
T neven
Xo
To ?
‘XD

131
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2. Sawtooth X, X,
{1} EY J Do
Xo
-To l T 2%t
3. Trlangutar X, -2X, C, =0,
Wave xt) 2 (7m)* 1 even
Xo
-To | To ?
4. Full-wave 2X, -2X,
o Wm e
Xo
-2 T Ta 2T Y
5. Half-wave it} X, -X, C, =0,
N AN
A\ X,
Ta ‘ T Mt Cl -/ 4’
. X
and C,—J o
4
6. Rectangular xit) 4 X, X, sine Tha, | Thw, =ln
Wave X T, T, 2 2 T,
S R S
7- Impulse ) X X,
I I Xﬂ T I I ’ ’
2T T 1 T I e
- Jnaq!
e General Exponential Fourier Series n=—00

nz0

. 14/-
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e Parseval's Theorem

Poe=Ci +> 2 (a2 +5])
1
= C +2i|cn|u
1

2

O Fwe™ ;|Cn

. 15/-
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THE EXPONENTIAL FUNCTION

FUNGSI EKSPONENTIAL
& 2  lim (l + i)
N—D0 it
o el
o L
e = Z 7!
=gy
% = cos(f) 4 jsin{f)
efnt = COS(H({}) + 4 sin{nf)
. i —
sin(f) == 27
ed? . g7
C e
' e = 2.7182818284090 ...

TRIGONOMETRIC IDENTITIES

IDENTITI TRIGONOMETRI
sin{~f} = - sin(f)
cos(~0) = cos{f}
sinfA 4 B} = sin{A)cos(B) + cos(A}sin{B)

cos(l + B)

sin”(6)

{?052( &

() sin{A) sin(B)
cos{A) cos(3)
sin{ ) cos{ B)
cos{A)sin{ B)
sin{A) 4 sin{53])

cos( ) + cos( B)

= Dsin ("1 ;
A+ L3 A-B
= ~2cos 5 CON 5

= cos{aA) cos({ 3} — sin{A}sin(B3)

1 cos{26)
9

1+ cos{ 26
2
cos{A o 1) = cos(4 - )
9
eos{A + B) + cos(A —- )
2

sin{A + B) -+ sin{d ~ 13)
2
sin{A 4 B) -~ gin{Ad ~ B)

2

ool 57)

sin(A) — sin{3)
cos{ ) — cos(3}

Sin{A) —sin*(B)
cos?{A) ~ cos ()

cos?(A) - sin?(B)
tan{)

van{ Y -+ tan{ 8}

tan{A 4 )

g (A BY g (A B
—Z 5l 2 =333 .2

sin{ -+ B)sin{A -~ 13}
—sin(A 4+ B)sin(A - B}

cos(A -+ Beos(A — I7)

sin{d)
cos{ 0}

sinl(s -+ B}
cos{AY cos(3)
tan{A 4 1)
1 — tan{A){an(3}

16/,
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A Short Table of Fourler Transforms

f{t)
—~af 1
1 e %uly} —— a>0
¢+ juw
2 eStu(—1) : , a>0
a = juw
9
3 gt -4 a>0
a* +w*
4 te”®ufs) - 1, a>0
. (a + jw)?
at nl
§  tPeT%ult) (a7 joy a>0
6 &) 1
71 2w d{w)
§  edwet 2né{w — wy)
9 cos wot w{6{uw — wp) 4+ 8w + woll
10 sin wot Frl6{w + wo) — 8{w — wo)]
11 u{1) m(w) + £
12 sgnt 3%;
13 cos wolult) 2[8(w ~ wo) + Elw + wo)] + s
14 sin wotu{t) %[é(w - wg) — §{w + wo)} + ;gy_‘f;;f
-l o ’ 4 :
15 ¢~ sin wet uft) e a>0
—~at . +7 .
16 e~ cos wot u{t) z;;j—w%? e >0
17 rect (£) 7 Sinc ("”-—2—")
w - =
18 - sinc(Wt) rect { %)
19 A(L) §sine® ()
20 X sine? (%) A (%)
- ) o
21 Z 6(t — nT') wo Z §(w — nwg) wo = ?'T’E
fpe==—o . " n=—oo
22 o—t7/20° o V2= 1

A7
SULIT
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Fourier Transform Operations

M et —
Operation F{t) F(w)
" Addition £1(8) + fale) Fi{w) + Falw)
Scalar multiplication Ef(t) EF{w)
Symmetry Ft) 2n f{—w)
. 1 )
Sealing (a real) i) i (Z)
Time shift F{t —tg) Fw)e™Fto
Frequency shift {up real) F(t)edwot Fw — we)
Time convolution F1(2) * fal2) Fy(w)Falw)
1
Frequency convolution Fi1(2) falt) EFI (w) » Falw)
—— . . d"f .
Time differentiation e (jw)*F(w)
N : Flw)
Time integration f(z)dz ~L 3+ w F(0)8(w)
—co Juw
...18/-

SULIT



-18-

(Unilateral) z-Transform Pairs

£1k) i)
1§k -7 2~
2 [ :
ulh} z—1
3 rulk —
uf ] (z - 1)2
4 k= ufk) (e 1)
(z —1)3 '
5 kPulk] e i)
G-Iy
6 P tufk 1] -
=7
7 rulE) -
z=7
8  kvtulk —
7 u(k} {z -2
¢ k2yFufk . 2Hety)
[k} (z — )3
k-1 (k—-2) - (k-m+1) 2
10 *
ey, St uik} (Z _ .T)m-i-l
i cos B ulk z(z — {y|cos )
| u (k] 22 = (2y[cos B)z + [+]2
. - zlylsin 8
Ir]™ sin Bk ufk] 22 — (2]y| cos B)z + |y[*
12a  riyi¥ cos (B + 0)ulk r2[zcos 6 — |y|cos (8 — 6)]
iy 1% cos (Bk + 0)u[k] 2% =~ (2]y]cos B)z + |12
" — il
1% f'f'?lk cos {8k + H)u[}c] y = h]efﬁ (0.5re")z + {0.5re J. )z
z= o
12 ke b+ Oulk SICALI
¢ 7]y cos (B Jul ] 22 4 20z - lv]?
. [ATNB+BT-2AaB
r= /AR
8= cos"lﬁ, § =tan~! " A;i_?ﬁa*

... 19/-
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Z- Transform Operations

— s ——————————————— —
Operation F{#] &5
Addition H{k] + Sl Fy[z] + Falz]

Scalar multiplication

Right-shift

Left-shift

bMultiplication by -y"

Multiplication by &

Titme Convolution

Fregquency Convolution

Initial value

Final value

afik]

flk = mjulk — mj

Ik — m]ulk]
flk — 1ulk]
Sk~ 2Julk]

1k = 3Julk)

fIk + mlulk)

fik + uik]
Flk + 2Julk]

Sk + 3Julk]

v~ flk]ulk]

kf (khulk]
Nlk] « fa[k]
filklf2l¥]
H

My o f{V]

aFz}

;%FM

LFl+ =3 fl-HE*
ket
1Pl + £

S Flal+ L f[-1) + (=)

1 1 1 -
';51‘"[3] + z—gf[—ll + ;f[-ré‘} + f1-3
m-l

T[] - 2T Z Flkjz~*

zFlz] — 2 £[0}
22 Flz} - 2 £[0) — 2 /(1)

() - 2110 - 271 - /12

o

uZ%F[z}

Fi[z]Falz]

727 § Fifu]F2 [2) 2~ du
Hims oo Fl2)

lim:—1{z — 1}F[2] poles of

{z — 1)F[z]inside the unit circle.

...20/-
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Course Qutcomes (CO) - Programme Qutcomes (PO) Mapping

Penetaan Hasil Pembelajaran Kursus — Hasil Program

Questions CO PO
Soalan

1 CO1 PO1

2 CO3 rO2

3 CO4 PO1






