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THERE ARE 6 PAGES OF QUESTIONS, EXCLUDING THIS PAGE.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Question 1 (CLO 1, C2, SK3, SP1, SP3, SP4)

(a) Identify whether the system: y(t) = cos(x(t)), are:

i. Causal

(3 marks)
ii. Invertible

(3 marks)
ii. Linear

(3 marks)
iv. Memoryless

(3 marks)
V. Time invariant

(3 marks)

Clarify your answer.

(b) Systems are used in signal processing to modify or extract information. They can be

classified into several categories. List FIVE (5) classification of systems.

(5 marks)
Question 2 (CLO 1, C2, SK3, SP1, SP3, SP4)

(@) Identify THREE (3) properties of convolution.

(6 marks)
(b) Describe the complete response of a system.

(4 marks)
(c) Identify FOUR (4) basic elements required for the synthesis of an LTCI system (or a

given transfer function).

(4 marks)
(d) Identify the THREE (3) steps to generate a transpose of any realization.

(6 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer THREE (3) questions ONLY.
Please use the answer booklet provided.

Question 3 (CLO 2, C6, SK6, SP1, SP3, SP4)

(@) Analyse the circuit shown in Figure 1 if given that i;(t) = 5 cos 4 tA and using the Fourier
transform method, answer the following questions:
i. Determine the source current, I;(w).

(2 marks)
ii. Determine frequency response, H(w).

(2 marks)
iii. Determine output current in frequency domain, I, ().

(2 marks)
iv. Determine output current in time domain, i,(t).

(4 marks)

g | ioft)
2H
io(t) D 100

6Q

Figure 1

(b) A Chebyshev low-pass filter has the specification as below:
¢ Ripple in the pass-band is 1 dB.
e Cut-off frequency is 2 kHz.
e Amplitude attenuation at least 10 dB at 3 kHz.
Given Chebyshev polynomials as shown in Table 1 and Chebyshev low-pass filter

approximation is given as:
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1
[1+£°C(o)]

| He,(J@) |=

where
C,(®) = Chebyshev polynomial.
& = ripple factor

n = filter order

Design a Chebyshev low-pass filter by determine:
i. Ripple factor in decibel, .

(2 marks)
ii. Normalized angular frequency, w.
- (2 marks)
il Minimum order of a Chebyshev low-pass filter as specification given.
(6 marks)
Table 1
C ()
1
@
20° - 1
4w’ -3 o

80’ - 8uw” + 1

16w° - 200° + 50

326 - 48" + 180? -1

Tae' - 1120° + 570° - T |
1280 - 25607 + 1700" - 320
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Question 4 (CLO 2, C6, SK6, SP1, SP3, SP4)

(a) Find the Fourier Transform, X, (w), for the signal shown in Figure 2 using definition of

Fourier Transform.
(5 marks)

x5 (1)

14

Figure 2

(b) Determine the signal corresponding to the Fourier transforms shown in Figure 3 using

definition of inverse Fourier transform.
(5 marks)

Figure 3

(c) Consider a continuous-time Linear Time-Invariant (LTI) system with system function:

3s+7
(s+D(s+2)(s+5)

Create a state representation of the system in matrix form.

H(s) =

(10 marks)
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Question 5 (CLO 2, C6, SK6, SP1, SP3, SP4)

(a) A system given represented by the differential equation:

d
-d—ty(t) + 5y(t) = 5x(¢)

in response to the input x(t) = G) e ?ty(t). Using the Laplace transform method,

determine:
i. output response, Y(s).

(3 marks)
ii. input response, X(s).

(2 marks)
iil. output response, Y(s), when the initial condition on the system is y(0) = -2.

(3 marks)
iv. output response, y(t), when the initial condition on the system is y(0) = -2.

(2 marks)

(b) The circuit parameters for series RLC bandstop filter are R = 2kQ,L = 0.1H,and C =
40pF. Determine:
i. the center frequency.

(2 marks)
ii. the half-power frequencies

(4 marks)
iii. the quality factor.

(2 marks)
iv. the bandwidth

(2 marks)
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Question 6 (CLO 2, C6, SK6, SP1, SP3, SP4)

(a) The switch in the circuit of Figure 4 is closed for a long time and then opened
instantaneously at t = 0. Using Laplace transform method, answer the following
questions:

i. Sketch the given circuit in s-domain.

(4 marks)
ii. Determine the total impedance, Z(s).
(2 marks)
iii. Determine the loop current, Y(s).
(2 marks)
iv. Determine the current, y(t).
(2 marks)

Assume that all initial conditions are zero.

1H 20
000 Aan-
——p
v

10u(y g o ;rt=o

Figure 4

(b) Consider a continuous-time LTI system with the system transfer function as following:
3s+7
s+1)(s+2)

Identify a state representation of the system using parallel form realization in matrix

H(s) =

form.
(10 marks)

END OF EXAMINATION PAPER
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)
Convolution Table

No. uy | %(t) C mBrn@ =xnd)xl
1 x(t) 8¢ -T) (¢ —7)
, . . 1M
2 eMulr) u() e u(t)
3 ult) uit) tuft)
- , ettt =gl
4 eMtu(t) eMtu(r) —u(t) M Fk
;9.1 hand 9&2
5 eu(r) uir) 1eMulr)
: M it Ky (63 1, a
6 te ult) eMul(t) 724 e u(t)
_ _, NieM oONS
7 G Hult) Fg. ult) — Z T lQ)
. : MIN| ,
s My s Nyl v o g MENH
8 uit) 7 ulr) (M+N+,l)€z u(t)
LU ST e S ahit
9 teMul(t) e*'u(r) wliohs - i - rate? u(t)
.(A] -—J\:;; u
. N . MINY 3
M, N pAf ; : MEAN AT A g
19 Mo (1) e u(r) Wr D AT M ()
11 t‘“ei‘"u(‘?—) N ghat R M (-QI)XM!(.N + &) M-kt -
R * R~ B — Ay 1O
E=0
— (—IANUM + k)1 F ekt
e * = FUN ~H)1(hy — MR B
B e YR g e f)
12 e~ cos (Bt + ) e~ u(t) s E ,_.e_ff.sg.l +0 Q&} uit)
Vie+i32+ g
¢ = tan [~ B/l + M)]
) . Ad g fs A2f et
13 i) P ui-1) < w(t) +.e‘ Sl -1} Reis > Red,
A = Ay
Ml .. phat
14 (-1 e Ry (=1) =t u{=1}

JF VR
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)
Laplace Transform Table _

No.. x(D) S X(s)
1 (@) ” 1

2 w(r) -
3 11(1).
4 ity ——
5 (e st
6 ter el . PR =~
7 et ul) , ot
s (i *i‘.)”"{
A
S': 4 i;?
[
§4 4 b2

5 4u
(s 4 ag)? % b

£a wos Brull)
8h sin brulr)

Ya & cos bt ulr)

i
(v +a) 4+ b

Y 4 i =61 {7 cox B 4 (ar cox # —br sin )
L i A u(’s{ ] .é.. £ ; H f} BUSE— e ke sy
' ¢ 824 das + e’ + 1)

9b e sin b u(t})

0.5re" 05re

POV T ——

§ 4 d - Gh

Hty re” ¥ cos thr -8y nifh b e
s4-a+ jb

10 rem i gas (bt +Fyuy)

JA%c+ B~ 2ARa

¥ § \A‘»«.—m—‘v—-—-..—.m:m.. PR -
v

o Au ~ By
L
’iw‘?(“ el 2§

kS

%

.
b o -t

; B~da . )
10d e L Acos B b e sin BEE HUTY e
) . R Ty S

g

b adree
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)

Summary of Laplace Transform Operation

Operation z{f) X1s)

U

Addition Xl 4 xa(t) X5y + Xals)
Scalar multiplication kxin kX9

dx
dr
d'x
.
d'x
d'x ' ol e
g ;(,X{_j.)w Zgn %Xu a,(g ;

£
don

Time differentiation s X¢s) — {07}

$7 X5y~ s5x10 'y — %00 )

$ X5 =570 ) - sk — 207}

Tume integration L x(rydr ;X{s;

dr

128 | O i

/ xitvdr -~ X{s} + *'f x{rpdi
P . ¥ LI ey

&

pa::a’tiéii_ . ) | X(s)

Time shifting B A YT R Y Xighe IR0
Frequenyy shiftiag e S § R Y
dXis;

Freguency ~ixit}

diffecentiation N
= 5 xir) : ' .
Frequency integration — / Xigyds
* i
Scaling st e 2 0 SX{ -1
a waj
Time convoiulon CATY & Xatd) X531 X045)

1
o Xzl s Az
¥

Frequeaoy convoluton X AL

¢ H

¥
Ldd

w

{ninad value 20 s im s X{x) o i}
T

Final value i) fimaXis: [poles of sX (s} in LHP]

£t
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)
Fourier Transform Table

No.  x(® X@)
. = |
i@l f. . y ~ £}
1 e u(t) pprom a>0
2 e u(~t) - — a>0
' g~ jo
: it — :
3 ¢ pr a>0
1
4 »'.-‘df i{t _ 4%
te”u(t) @t jor a>0
5 e ult) ....w...fﬁ........._ >0
i @+ joy é
6 8t 1
7 1 2né(w)
8 et 2ndlw — wy)
9 cos wyl n[6w — wp) + 8w + wp)]
10 sin @yt Jr[8(w + ay) — 8@ — wp)]
_ 1
11 u(t) w8(w) + —
. Jo
12 sgnt -2—
gn jo
, T o)
13 cos aytu(i) gta(wumwa(mwﬂm;iﬁ
w; -
14 sinatu®) 6@ — ) — 8@ + ol + s
2] wp = W
15 e~ sin wot u(t) . w" 5 a>0
(@ + jwy + o5
. _ , a4+ jo
16 e~ cos wyt ult . 1 >0
| Py . “
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17

18

19

20

22

Table of formulae for LEB22503 Signals and Systems
(For use during examination only)

"% cos wyt uit)

(update: 05/06/2022)

a4+ jo
(@ + jo) + o5

T sing (%{)
Y
m(zw)

2 4
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Table of formulae for LEB22503 Signals and Systems

(For use during examination only)

Summary of Fourier Transform Operation

=9

Scalar multiplication

kx(1)
xi (1) + x2(1)
x*(t)
X

xlat)

x{t — 1)

{0

kX ()

X (@) + Xa(w)
X*(~a)
2nx(~w)

X (w)e~ieo

. I. x(;} ‘

Time convolution
Frequency convolution

Time diffcmnﬁaﬁm

Time integration

(update: 05/06/2022)

X1(0) % x3()

xy(t)xa(1)

p
f | x(u)du

X(w)

X1 (@) X2 (w)

1.

5 X (@) * X3(w)
{(ju)'X (@)

X@ | 2x©)b@)
Jo
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)

Z- Transform Table

No. x[n] X[z]
1 8[n —k) 2k
2 u[n] z
z—1
3 nuln] N
(z-1)?
4 n?uln] z(z+1)
(z—-1)
5 n3uln] z(z2+4z+ 1)
(z-1)*
6 Y uln] z
z-y
7 y*tuln—1] 1
z—y
8 ny™uln] Yz
(z—-v)?
° n?y"u[n] yz(z +7)
(z-v)
10 nn-(n-2).a-m+1) _ Z
ymm! vuin] (z—yp)m+t
11a ly™| cosBn uin] z(z — ly| cosf)
z2 — (2lyl cos B)z + v |?
11b lyi™ sin fn ufn] zly|sin 8
22 — (2lylcos )z + Iy
12a rly|™ cos(Bn + 8) u[n] rz[zcosO — |y| cos(B — 6) ]
' z2 — (2lylcos Bz + |y1?
12b rly|™ cos(yn + ) uln] y = lyle/® (0.57e/%)z N (0.5re7%)z
z—-y z—y*
12¢ r|y|™ cos(yn + S)u[n] z—(Az+B)

_ JAzlylz + B2 — 2AaB

ly|? - a
— -1-¢
B = cos™
0 = tan™? dg B
Ayly|? — a?

2% + 2az + [y|?

{update: 05/06/2022)
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)
Summary of Z-Transform Operation

Operation x[n] X[z]
Addition x,[n] + x,[n] X;[z] + X;{z]
Scalar multiplication ax[n] aX[z]
Right-shifting x[n — mufn — m] iX[z]
zm
x[n — mlu[n] 1 1 —
-ﬁX[z] + z_’"z x[-n]z"
x[n — 1uln] %X[z] + x[~1]
x[n - 2Juin] -Z%-X[z] + %x[—l] +x[-2]
- 1 1
x{n — 3Juln] Z%X[z] + ;ix[—l] + Ex[—Z] + x[—3]
Left-shiting x[n + m]u[n] sty
zmX[z] - z™ Z x[n]z™"
n=0

x[n+ 1lun]

zX[z] —- zx[0]

x[n + 2Jun]

z2X[z] — 2*x[0] — zx[1]

x[n + 3lu[n]

23X[z] — z3x[0] — z2x[1] — zx[2]

Multiplication by y™ yx[nluln] X [f]
4
e d
Multiplication by n1 nx[n]ufn] —z2—X[z]
dz
Time convolution x,[n] * x;[n] X, [2]X,[2]

Frequency convolution x; [n]xz[n] 1 zZ1
. 3( X, [u}X, [E] uldu
Time reversal x[-n] X [1/2]
Initial value x[0] lim(z — 1)X[z] poles of z(z - 1)X[z]
V-md

inside the unit circle

(update: 05/06/2022)
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Table of formulae for LEB22503 Signals and Systems

Series Resonance
Resonance frequency,

1
Wo = —= rad/s
0= = /

Half-power frequency,

__R . (R)2+1
@DL="or7 \2z) TIc

_ R (R )2 L1
P2=or7 J\ar) I
Quality factor,

(.l)oL 1
Q = —
R wOCR
Bandwidth,
B = R _Wo
1=
For Q@ = 10,
B

I~ Ml B
wlzwo—? w2=w0+?

Parallel Resonance

wg = — rad/s
0 ‘\/ZE /

Half-power frequency,

1. (1)2+1
“1="2r¢ " J\2rC) T IC

1 N ( 1 )2+ 1
“2=9RC 2rC) T IC
Bandwidth,

1

B=w2—w1=EE

Quality factor,
W, R
Q= =wRC =—

wol
ForQ = 10,
N B - B
w1=‘w0—? (1)2=w0+;,

{update: 05/06/2022)
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Formulae
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Table of formulae for LEB22503 Signals and Systems

PASSIVE FILTER
Highpass filter
JjwRC

Bandpass filter

R
H(w) = 1
"R+ j(wl — R)
1

W, =
¢ VJRC
Bandstop filter
. 1
J(WL ——7)

H(w) = 1
R +j(0)L —ZJE)
1

W, =
Cc ’\/L_C
ACTIVE FILTERS

First-order Lowpass filter

R 1
H(w) = —-ZL
1

%z&ﬁ

First-order H_ighgass Filter

JwCiRy

- R;C;
Bandpass filter

"R 1+ jwCeRs

(For use during examination only)

jwCyR

H(w) = _Rf 1

w2=ﬁ;

1
" RC,
Rf Wy
T Riwq + wy
(update: 05/06/2022)

W,

R;1+ jwC,R1+ jwC,R
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)

Noftch filter
H(@) = = T 7joCR 1+ jwGR
1

(UZ = R_Cl

_ 1
“1 =G,

_ Rr 2w,
Ri W + W2

OTHER TYPES OF FILTER
Butterworth Filters (BF):

Roots of the Butterworth polynomial,
Sy = —sin[(2m - 1)(7r/2n)]+ jcos|(2m - 1)(7:/2;1)] =0, +jo,; m=12..2n
The magnitude function of the nth order Butterworth filter:

1

5 X n = positiveint eger ; w, = cut-off frequency
[1+(w/w,) 7

|HBn(j0))|=\/

Normalizing magnitude function of the nth order Butterworth filter is

|Hpn(jw)| = W

List of polynomials Butterworth Filters (BF) up to n=7:

n Polynomial

1 (s 4 1)

2 (s*+ 14145 + 1)

3 (s+ D+ s+ D

4 (% + 0.76545 + 1) (57 #1.8478s + 1)

5 (s + 13 (57 +0.6180s + 1) (s +1.6180s + 1)

6 | (4051765 + 1) (7 + 141425 + 1) (& + 1.939s + 1)
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Table of formulae for LEB22503 Signals and Systems

(For use during examination only)
Chebyshev Filters (CF):

Minimum value of ripple (dB),
dB(y)=101og o (1 + £%)

ool
oz o )

Normalizing magnitude function of the nth order Chebyshev filter is
1

| He,(Jo)|= JW

Transfer function of CF for normalized frequency,

H, (s)= ad
1 [1_1]
m=1 Sm

Transfer function of CF for denormalized frequency,

H, ()= 3

il
m=1\ §, @,

List of polynomials Chebyshev Filters (CF) up to n=8:

, K = specified gain.

C ()
3
w
26° - 1
40° -3 @

8¢ - 80 + 1

160° - 200° + 5w

32a" - 48 5 180° ~ 1

g - 1120° + 570° - To
128¢° - 2560 + 1700 ~ 3207,

O w1 N LA B e R e DN

(update: 05/06/2022)
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Tabie of formulae for LEB22503 Signals and Systems
(For use during examination only)

FIRFILTER:

Hde) = H@) 70"

N-1
H(z) = h(0) + E R(eT) (2t +279)
t=1
IR FILTER :

Bilinear z-transform characteristic:

2 1-2z71
T T1+4z1

_ 2 ¢ (wdCT)
Wae = - tan {—

S

log(A%-1 . log A
= ﬂm—l or since usually A>>1, n ~ —J
Zlog(m—c lo ( )

Wc

STATE-SPACE ANALYSIS — Continuous-Time Systems
Q(s) = p(s)q(0) + p(s)BX(s)

¢(s) = (sI —A4)~*

Y(s) = CQ(s) + DX(s)

H(s) = CH(s)B + D

et = Bol + PLA+ BoA% + -+ + By AV

Bo
|

et

1 4 A3 AVt
e

1 2, A3 A2
where : PF e d
B l1 A e A e
q(t) = e*tq(0) + e** * Bx(t)
y(t) = Ce4tq(0) + [Ce“tB + DS(t)] * x(t) = e**q(0) + h(t) * x(t)
h(t) = CoB + DS (L)
w=Aw+Bx, y=Cw+Dx
A=PAP™1, B=PB, (=CP™, w=Pq
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Table of formulae for LEB22503 Signals and Systems
(For use during examination only)

z=Az+Bx, Y=Cz+Dx

A= PAP

STATE-SPACE ANALYSIS — Discrete-Time Systems

q[n] = A"q[0] + A" Yu[n — 1] * Bx[n]
y[n] = Cq + Dx = CA™q[0] + CA™ *u[n — 1] * Bx[n] + Dx
"= Bol + B1A+ BpA? + 4 By AN

1 a4 A2 AT

B e

8, 1 2, A3 A |G

where | 1 |=]: : :.. : 2
- _ AN

BN 1 1 AN AIZ\I'" A-IIYI 1 N

Qlz] = (U — z7*A) 'q[0] + (2l — A)'BX[z]
Y[z} = C(I - z7*A)"1q[0] + H[z]X][z]

H[z] =C(z1—A)"*B+D

(update: 05/06/2022)
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