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3.

Please CAREFULLY read the instructions given in the guestion paper.

This guestion paper has information printed on both sides of the paper.

This question paper consists of TWO (2) sections; Section A and Section B.
Answer ALL questions in Section A. For Section B, answer THREE (3} questions.
Please write your answers on the OMR answer script and answer booklet provided.

Answer all questions in English language ONLY.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL guestions.

Please use the answer booklet provided.

Question 1

An LTI system generates the output,

YO =l =& h(r)

in response fo the input x(f) = e”2tu(t)
(a) Determine the unit impulse response h(f} of the system.

(10 marks)
(b) Sketch the amplitude | H(@w)| and the phase ZH{@) for the unit response from

Question 1(a).

{10 marks)
You are required to use Fourier Transform method to answer this question.

(Course Learning Outcome: 2)

Cuestion 2

(a) Consider the system as shown in Figure 2A:

X(s) =P~ Hs) 1)
Hy(s)
Figure 2A
where
s _b
Hi(S)—m and HZ(S)—-S
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(i) Determine a and b such that the overall transfer function is

hy
HO =0 +9)
[5 marks]
(i) Determine the output y(t} of the system with Question 2(a) transfer function to the
unit-step input x(¢) = u(f).
[8 marks]
You are required to use Laplace Transform method o answer this question.

(Course Learning Outcome: 3)

(b) For an LTl system, we are given the z-transform of the input and output signals:

1 1 1 .4
—_— Y = e
1422477 2 274"

Determine the impulse response hin]. Sketch it.

X(2)=

(Course Learning Outcome: 3}
[7 marks]
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SECTION B (Total: 60 marks}

INSTRUCTION: Answer THREE (3) qtjestions ORNLY.
Please use the answer hooklet provided,

Question 3

(a) Consider a continuous-time system which has input of signals x(f) and output of
y(@) = x(@Bu(r) .

i Is this system time invariant? Justify your answer.

[5 marks]
ii. Is this system linear? Justify your answer.
[5 marks]
{Course Learning Outcome: 1)
(b) Design an FIR filter for N = 9 whose frequency characteristic is given by
= 1 ; 0<w<srn/4T
| H(e™ Y= 0 ; n/4T <e=<Tx/4T
= 1y Tel/dT sw<2x/{T
(Course Learning Outcome: 4)
(10 marks)

Question 4

(a) Consider the circuit shown in Figure 4A. Determine the input-output differential
equation for this circuit in terms of input voltage x(f} and the output voltage y(t).
{Course Leamning Outcome: 1)

(10 marks)
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b
)
N’
'V
./
Q (2)'z
Al
J

Figure 4A

(b) Design a low pass FIR filter with the following characteristics:
Passhand 10kHz,
Stopband 11kHz, with attenuation of 50dB,
Sampling frequency 44kHz
Determine the causal impulse response h[nj. Use a Blackman window o design your
filter.
(Course Learning Outcome: 4)

(10 marks)

Question 5

(a) Compute the convolution of the two signals as shown in Figure 5A using time-domain
analysis method. Write down its analytical form and sketch its piot in the suitable
axes. Show all your work.

(Courserl_eaming Qufcome: 1)

(12 marks)
x(#) v{?)
2

: 1]

t I
v O 1 f gt 1 f
3
b2

Figure 5A
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{b) Determine total energy percentage in the frequency band -4 <@ < 4dradfls if 2Q
resistor has i(f) = 2e " u(f)A.
(Course Learning Oufcome: 4)
(8 marks)
CQuestion &
(a) Analyse the LTIC system that has an input response x(f) = e”'u(f) and unit impulse
response h(r) = 2¢ 'u(?) and determine its zero-state response.
(Course Learning Outcome: 1)
(10 marks)
(b} Fauzi recorded the ocean wave using water level logger to observe wave wake

generated by boat A at waterway behind MIMET. His professor help him to model
the recorded signals info two cases as below:

i. Sinusoid 1: x, =sin(19.97) .

Sinusoid 2: x, =0.05 sin(407).
ii. Sinusoid 1: x, =sin{19.97).

Sinusoid 2: x, = 0.05sin(217).
But he facing problem fo interpret this model. Your task is to help him scive this
problem by compare the measured spectra for that model which consisting of two
sinusoidal components. Note that in both cases the record fength is 10 seconds.

Sketch also the spectra given in Question 6(b)i and Question B(b)il.
(Course Learning Oufcome. 4}

(10

END OF EXAMINATION PAPER
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Tabhie of formulae for LEB30503 Signals and Systems

(For use during examination only)

Convolution Table

%1 (£)

x1(8) % 22(F) = x2(f) * 2 {F)

MNeo. x2(8)
1 x(t) 8¢ —T) x(¢—1)
1M
2 eMu(s) ut) —u(®
3 u(t) wit) tu(s)
e.ht s il
4 () et () vecye u(t) Xy 5t Ay
1= A2
5 eulr) e u(t) re™ult)
6 reMult) &M ult) -})—tze’” u(f)
: Nte¥ T NN
7 t”u(t) e“u(t) -—}:—ﬁ%u(t) e Zm&(x‘-)
fed :
1A
8 tMu(t) tNu(t) W%'V%ZM+N+1HG)
Al pht —_ At
9 1" u(t) e'u(r) = ;ﬁ 0: y 2
vl T AT
10 TMEJ'IH(A‘?) tVeMu(r) -W%"F IM+N+IEMHU)
M
~1¥MUN + k) Mkghit
11 Mgty (r) tN er T u(e) 2 ;(;I — Ic()!(;_ —)?L )N_::H u{t)
e~ K g — A2
N
(—D*NYM + &) Nk ghat
ke + D =BG = e O
k=0
) __, Mo gt -
12 e~ cos Bt + Gulr) e u(?) cos @ QS)HI +é=9) u{z}
[+4 A =
¢ = tan~' [—B/{a + 1)]
EXH Vo hate f
13 Mu() p— e ”(’; T‘: M1 Red, > Red
2 ™AL
elﬂ — glzf
14 (1) % u(~r1) T“ru(—f)
7= A
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Table of formulae for LEB30503 Signals and Systems

(For use during examination only)
Laplace Transform Table _

No. x(# X{s}
i 5() !
2 {r 1
u(f) 5
1
3 tulr) 52
e
m!
4 Pulr) gntl
5 Mu(r) 1
e u 5o A
6 iy f) 1
: te™ul (5 — A)°
? !
n L
7 mettu(r) (s — Al
b -
Ra cas brulr) <2+ 2
8b inb ’
sin bru(r) 52 4+ B2
9 —ar b . j ! +a
a e~ cos bru(t (s +a)? + b2
=9 gin Hf uir) °
9b €9 sin brulr) (5 +a)? + b2
_ {r cos B)s + (arcos 8 — brsin €)
. ~t e wle :
10a re ¥ cos (bt + G)ulr) 57+ 2as + (a2 + bY)
it o (Bt 6 ult) O5re” O3re 7
10b re” cos (bt +-0yult’ st+a-—jb  s+a+jb
it b Q AS + B
10c re @ cos (br + 8 u{) s> 2as 4 ¢
_ JA%c+ B~ 2ABa
re= c—a
g mant { L8
- AJe—a®
b oo O (1?'
~al | A b —Aa briu(t) ___..:iij__g—_
10d ¢ cos bl + h SID ' C gt 2as +¢

b= +r—al
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Table of formulae for LEB30503 Signals and Systems
(For use during examination only)

Summary of Laplace Transform Operation

| st}

Operation x{f)

Addition x, (0 + (i) X (s)+ X}

Scalar muliplication Ex(r) kE ()

Time diﬁ@mnﬁazi;m %’;— sX sy~ x1073
ié 5EX{sy 507y ~ 2 {07}
7
dx ; e A e
e X (s) =32 (0 — 5k (07 — {07}
%—i X (s — 5 gm0
g

Time irtegration

j{ xiryde
-
/ﬂ x{r)dr

[ £

2 x(5)
£

i i
Zxtsy 4~ f w1y di
5 £ S s

x2(t)

Operation X(s)
Time shifting alr = tayuli — o) X(s)e» fo = 0
Frequency shifting x{rye K (s 50}

dX{s)

Frequency ~ix{r) —

differentiation j
- : . x{r) T i
Frequency integration - / X(zydz

Scaling

Time convolution
Frequency convolution
Imitig] velue

Final value

x(u),az 0
2y = xa ()
RIS
2073

x(o0)

ig(£>
a &

Xi(s)Xa(8)

H
— X {5) * Xals)
LR}

Lim s X (3)

£ i

ms X (5}
gl

(> )

ipoles of sX (s} in LHP)

Page 3 of 10



Table of formulae for LEB30503 Signals and Systems

(For use during examination only)
Fourier Transform Table

No. x(8 X{(w)
1 e~ u(t) : : a>0
a+ jw
2 e*u{—1) 1 - a>0
a-—jow
» 2a
3 g~ R a>0
1
—af ettt
4 te" " ult) @i o) a>0
5 it ,—at nt 4]
e u(t) m a >
6 §() 1
7 1 28 (w)
8 gl 2 é{w — wo)
9 cos wyf 7 [8(w — wp) + 8{w + wp)]
10 sin gl jrld{w + wp) — 8w — @)
1
11 u(t) nd(w) + —
jo
12 ont :
Sg T
13 cos o u(d) T (5w — o) + (0 + wo)] + =
y Wy — W
i
4 sinwotult) T 18(0 — wo) - 8(0+ o)} + -
2j wy —
. Wy
15 e~ % sin wot u{t a>0
of 4(0) (a+ jo) + o
a+ jow
16 -at tult 0
e~ cos wyt ult) (a+jw)-"-+m% a>

Page 4 of 10



16

17

18

19

20

21

Table of formulae for LEB30503 Signals and Systems
(For use during examination only)

e~ ¢os cpf ul{t)

s (2

E sinc {(W1i)
T

H
2 (3)

T

EK— sinc’ Wt
2 2z

o

Z 8(t —nT)

A= —00

2 M
e~! 2a

a4 jw
{a + jw) + o

. itz
T 830c (“‘5")
‘ 41
ret (55 )
T, 5 fwT
75 (7))
&
2(5%)
w
wp Z 8{w — )

- 00

o .,fzﬂ.e-aalwlﬁ
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Table of formulae for LEB30503 Signals and Systems

(For use during examination only)

Summary of Fourier Transform Operation

Operatios x{f) X{w)
Scalar multiplication kx(t) EX ()
Addition xi () + x3(1) X (o) + Xy (w)
Conjugation X {1 X*(—w)
Duality X(t) 2 x ()
Scaling (o real) x{at) wi»X (E>
lal  \a
Time shifting x{t — tg) X (w)e e
Frequency shifting {ay real) x{t)ele! X (o — ¢0g)
Operation x(H X (é?)-
Time convolation X1 (B % x2(0) X ()Xo ()
Frequency convolation x1{1)x(2) E%X {ew) = XH(w)
Time differentiation % (Jw)' X ()
2L
Time integration [ xfu) du 3;%}%2 4 7t X (06 (w)
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Tabie of formulae for LEB30503 Signals and Systems
(For use during examination only}

Z- Transform Table

3 kulk] ﬁ%
£ Klufk] H
5 Klulk] z(zz:f;f )
6 o lufk~1] — -
T Fulk] - - -
5kl (2 iz'?)”
8 kZyFulE] jé%‘“%
g HE-DE _ji - (=m+1) oy — ;m+1
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Table of formulae for LEB30503 Signais and Systems
(For use during examination only)

1la |v{*cos Bk ulk] z? —Z((;i"; i’;i{%;;ﬂj“ 72

. sin B
116 |y|*sin Bk ulk] 22— (2;{293 8)z + 12

rz{zcos 8 — |y} eos (B — 8)]
z% = (2|y] cos Bz + |72

(0.5re7%)z N (0.5re =90z
2= z -yt

122 rivl® cos (Bk + 8)ulk]

126 rly|*cos (Bk + Q)ulk] v = |vje?P

2(Az 4+ B)

12¢  riy]* cos (8% + 6)ulk] 22 + 2az + |72

- | AAHE+B2-2468
r= P—a

Ag—B

ﬁ COSs m, g = tan m
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Table of formulae for LEB30503 Signals and Systems
(For use during examination only)

Summary of Z-Transform Operation _

(jpér#tion HL3 Flz}

Addition filk} + falk] Filz] + Falz]
Scalar multiplication  af[k] | aF|z]
Right-shift Flk — mlulk - ;};F{z]
flo—mul]  Fl 4 Y fHE
k=]
fle-Tuldl  ZFl+ £
fe=2ufdl  SFE+ A1+ 2
-3l PR+ A1+ 2 A2+ 1)
m—1
Left-shift Ik + miulk) "l -2y flK
k=0
£l + 1Julk] 2F{z] - zf[0]
STk -+ 2Julk] 2 F[z} - 2°F[0] - zf{1]
flle -+ SJulk] P Fe]— 2 f10] — 22 f]1) - 2£[2]
Maultiplication by v* % #[k]u[k] F {-ﬂ
Multiplication by & kf[kJulk] —z%F{zl
Time Convolution Filk] = falk) Filz]Fal2)
Frequency Convolution fi[k]f2[k] 57 § FyjulFy [-f;} ™t du
Initial value £10] MM ese0 F[2]
Final value Bm oo FN] limz.i{z ~ 1}Fj{z]  poles of

(z — 1)F{z}inside the unit circle.
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Table of formulae for LEB30503 Signals and Systems
(For use during examination only) '

Formulae

Butterworth Filters (BF):

Roots of the Butterworth polynomial,

s, =—sin|(2m — )/ 2n))+ j cos[(2m -1}z / 2n)l=0,+ jo,; m=12,.2n

Chebyshev Filters {(CF):

Minimum value of ripple (dB),

dB(y)=10log, (1 + &%)

Roots of the Chebyshev polynomial,

o =-{f oo G ()
2n n &
. T 1Y. -1 1
+ jl cos| (2m—~1) — | | |cosh| | — |sinh™| —
2n 7 £
Transfer function of CF for normafized frequency,
H,, (8)= K ] K = specified gain.

oy f [i—l

m=1\

Transfer function of CF for denormalized frequency,

ch (S) - £
il
m=1\ 8,0,

FIR FILTER:

Hye) = H@) ="

H(z) = h(0) + i BTy (b +27%)
£=1
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