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SECTION A : 40 MARKS
BAHAGIAN A : 40 MARKAH

INSTRUCTION:
This section consists of TEN (10) structured questions. Answer ALL questions.

ARAHAN :
Bahagian ini mengandungi SEPULUH (10) soalan berstruktur. Jawab semua soalan.

QUESTION 1

A continuous-time signal x(t) is shown in Figure A1l. Sketch and label each of the following
signal.

SOALAN1

Rajah A1 menunjukkan isyarat masa selanjar. Lakar dan label bagi isyarat-isyarat berikut.

X7}

| i -
-2-101 23 45 14
Figure Al/Rajah Al
(@) x(t—2)
(b) x(2t)
[4 marks]
[4 markah]
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QUESTION 2

Sketch the even and odd components of the following signals.
SOALAN 2

Tentukan komponen genap dan ganjil bagi isyarat-isyarat berikut.

(a)

x(z}

4
!
Figure A2(a)/Rajah A2(a)
®)
.\‘
x{n)

-

Figure A2(b)/Rajah A2(b)
[4 marks]
[4 markah]
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QUESTION 3

By referring to Figure A3, produce the input-output relationship for the block diagram of LTI
system.

SOALAN 3

Merujuk kepada Rajah A3, dapatkan hubungan masukan-keluaran bagi gambarajah blok

sistem lelurus LTT,

[4 marks]
[4 markah]
»  huln] ho[n]
x/nl .4
—] B—> v
F
»| Hi[n] hyfn]
Figure A3/Rajah A3

QUESTION 4
Solve the convolution from 0 to ¢ if A(2) = e*u(t) and x(t) = u(t).

SOALAN 4
Selesaikan hasil konvolusi bagi 0 sehingga t jika h(t) = e~ u(t) dan x(t) = u(t).

[4 marks]
[4 markah]

QUESTION 5
Solve the Laplace Transform, X(s) of the signal x(t) = e~3tu(t) + e2tu(—t). |
SOALAN 5
Selesaikan Jelmaan Laplace, X(s) bagi isyarat x(t) = e~ 3*u(t) + e?*u(—t).
[4 marks]
[4 markah]
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QUESTION 6
Show the time function x(t) for Laplace Transform.
' s+1
= R > =2
X(s) G+ ; e{s} |
SOALAN 6
Tunjukkan fungsi masa x(t) bagi penukaran Laplace.
s+1
= R > —2
X =gy o Rels)
[4 marks]
[4 markah]
QUESTION 7

Transform the input signal x[n] to the Z-transform and state the region of convergences
(ROCS).
,‘_\‘
, x[n] = 2™u[n] — 3"u[-n—1]
SOALAN 7
Terjemahkan masukan isyarat x[n] kepada jelmaan-Z dan nyatakan kawasan penumpuannya

(ROCs).
x[n] = 2™"u[n} = 3"u[-n — 1]

[4 marks]
[4 markah]
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QUESTION 8

Solve the complex exponential Fourier Series representation for the following signal.
x(t) = sin 3t

SOALAN 8

Selesaikan ‘complex exponential’ sivi Fourier yang mewakili isyarat berikut.

x(t) = sin 3t

[4 marks]
[4 markah)

QUESTION 9

1

X(Q =

1—qe~J¥
SOALAN 9
Tunjukkan Jelmaan Fourier bagi jujukan causal exponential x[n] = a™u[n) adalah
X((2) = —~—1——
1-aej2
[4 marks]
[4 markah)

QUESTION 10

Determine the frequency response H (€2) and impulse response h[n] of the system.
y[rl = 2yln - 1] = 2x[n]
SOALAN 10

Tentukan sambutan frekuensi H(Q)dan sambutan dedenyut h[n] bagi sistem.
1
yln] = 2y[n - 1] = 2x[x]

[ 4 marks ]
[ 4markah]

Show that the Fourier Transform for the causal exponential sequence x[n] = a™u [n] is

SULIT EE605: SIGNAL AND SYSTEM
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SECTION B : 60 MARKS
BAHAGIAN B : 60 MARKAH

INSTRUCTION:
This section consists of THREE (3) essay questions. Answer ALL questions.

ARAHAN:

Bahagian ini mengandungi TIGA (3) soalan esei. Jawab SEMUA soalan sahaja.

QUESTION 1
SOALAN 1

(a) With an example, define the following terms:
Dengan beserta contoh takrifkan terma-terma berikut:

i) Even Signal
Isyarat genap

iy,  Odd signal
\  Isyarat ganjil
[4 marks]
[4 markah]

(b) A Continuous-time signal x(?) is shown in Figure B1. Sketch the signals.

Isyarat masa berterusan x(?) ditunjukkan seperti Rajah B1. Lakarkan isyarat yang berikut

0 x@u®)-ut-3)]
i) x@8(t+2)

X{t)

A
2
1
3 2 1 o0 1 2 3 &
. . | [6 marks]
igure B1/Rajah B [6 markah]

7 SULIT

CLO1
Cl

CLO2
C3

SULIT ' EE605: SIGNAL AND SYSTEM

(c) Proof that

() x[n]*8[n]=x[n]

(i) x[n] * 3[n-ng] = x[n-n,]
(c) Buktikan

(®  x[n]*[n] =x[n]

(i) x[n] * 8[n-ne] = x[n-n,]
[3 marks]
[3 markah]

(d) Solve y[n]=x[n]+h[n] where x[n] and h[n] are given, use an analytical technique.
x[n}= 8[n}+8[n-1]+5[n-2]+ 8[n-3].
h[n]= 8[n}+8[n-1]+5[n-2]

(dJ Selesaikan y[n]=x[n]*h[n] di mana x[n] and h[n] diberi, gunakan teknik analitikal
x[n]= 8[n]+8[n-11+8[n-2]+ 8[n-3].
‘h[n]= 8[n]+8[n-1]+8[n-2]

[7 marks]
[7 markah]
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QUESTION 2
SOALAN 2

(a) Find the following Z-transform:

i x(n] = -a™*u[-n —1]
ii. xfn] = a T u[-n—1]

Dapatkan Jelmaan Z yang berikut:

I x(n] = -a™u[-n—1]
Ii. xfn] = a "u[-n —1]

[12 marks]
[12 markah]
(b) Compute the inverse Z-transform of the signal ,
X@) = ———— iflz]> |l
: (1—-az~%)Z °
\
Dapatkan Jelmaan Z songsang bagi isyarat berikut:
X@ = _(l—az‘1)2 JiE |2 I > I a I
[8 marks]
[8 markah]
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QUESTION 3
SOALAN 3

(a) The RC circuit in Figure B3(a) is described by
Litar RC dalam Rajah B3(a) diterangkan oleh

dy(t) , 1 v
dt t RC )= ch(t)'

(o]

_m
+
k
()

x(1) R § W

Figure B3(a)/Rajah B3(a)
i. Compute the system function H(w) of the system.
Kirakan fungsi sistem bagi H(w) sistem ini.
[5 marks]
[5 markah]

ii. Compute the output of y(t) when the input x(t) is a unit impulse, §(¢).
Dapatkan keluaran y(t) apabila masukan x(t) adalah unit denyut, §(t).

[3 marks]
[3 markah]

(b) Determine the Fourier transform X (2) of the signal x[n] shown in Figure B3(b).
Tentukan jelmaan Fourier X (2) bagi isyarat x[n] pada Rajah B3(b).
[4 marks]

10
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x[n]

2

[ 11

. —o—0—>
-5-4-3-2-11 121345
Rt

n

2

Figure B3(b)/Rajah B3(b)

B_y using DTFT, compute the output, y[n] of this system.

Der}_:gan menggunakan DTFT, dapatkan keluaran y[n] bagi sistem ini.

SOALAN TAMAT

11
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[4 markah]

(c) Given an LTI system with h[n] = (0.2)™ u[n] and the input x[n] = (0.8)™ u[n].

X
Diberi sistem LTI dengan h[n] = (0.2)" u[n] dan masukan x[n] = (0.8)" u[n].

[8 marks]
[8 markah]
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e

Energy and Power of Signal

T2 T2
E,= [ x@x*@)dr= [1x@p ar
~-TI2 =772
T2 .
p TL2 1 , df:_l.E
Po== | xx*@dt=1 Jlx(r)! —E,
-T/2 =Trz

Trigonometric of Signal in terms of Complex Exponential of Signal

x{f)=cosat = =
ot o= iont

x() =sin @,/ =

x(0) =sin 0yt = ——

Complex Exponential Fourier Series

2 noy o 1 T - jnwt
fity = 2, C, ™ Co =3[, Fe et
[ cos atdt = -l—sin at
J a
- 1
sin afdt = ——cos ai
: a

r ‘ 1 1 .
fcos atdt = —-cos at + —tsin at
. o o4a a

.. 5 1

Isin atdt = —-sin at — —¢COS at
. a a

_al

= a‘ e
e “dt =
’ -a



Fourier Transform Pair

Properties Of Fourier Transform -
ulse
Theorem Jika F [f(t)] = F(o), maka: RO = A .(. +§) A u{,_;_) A A asin (mz_a)
Deﬁniﬁoﬂ F{m)"“‘"‘ -[: f('[) e-jﬂi dt - ; -
f) = 5[ Fe)e™ do S e

: 8t -
Linearity : F [afi(t) + bfa(t)] = aFi{e) + bF2(02) ‘ (t-to) | I it
Symmetry F(w)=2[ fcosatdt : ft)even -

F(o)=-2j [ fsinatdt : R)odd

F flat) = —~ F —

Time Scaling { m)

\ ymmetric decaying
Magnitude Scaling Fafiy=aF(®) - exponential 2 aA
. A e-a it 1 8.2 + &)2
Frequency Shifting (or F Rt)e™' = Flo- ®,) :
Amplitude Modulation)

- Decaying exponential A
A e™ u(t) ‘ A
Time Shifting “F f(t - 8) = F(a)e™ | : a +jo
]
A
0

N
AVARVAF

Ffcosa,t = = [Fo - 8,) + Fo + 0,)]
Ffitysinw, t = % j[F(o - @,) - Flo + ©,)] Zot%burst (gated cosine)
: : e - ; COS Mol s [sinc (@ -e,) + sinc (@ +w,)]
Time differentiation F [g,t,s. f(ﬂ} - Gm)" F(o) | /\ / 2
Convolution in/ F![R©)B®)] = [ 6@ 60 - 0d A
lution i 1 SEEeH A a sinc? (E)
Cosvohsionn @ F6060] = = [ RO R (e - M dh 2
Reversal F f{-) = F¥e) =F(-0) -a a
. A
Duality F)= 2nf(-o) Step input 1
Time Cocfficient . . 4° Flw) A u(t) Al md@) + T
Fofy =0 —55 ]
0
1




Fourier Transform Pairs

Properties of the Laplace Transform

Property §40) F{s)
Linearity a fi(0)+a, (1) a Fi(s) +a,F5(5)
Sealing Sflat) l F (_’_ )
a a
Time shift J(t—au(t-a) e F(s)
Frequency shift e f{1) Fls+a)
Time differentiation daf sF(s)—-f(07)
dt
af ()= (0) = F(07)
dr?
rea SR -8 fO) = 0= 0
dr’
d'y S F@E) =5 07 =" [0 == (0
&ﬂ
| Time integration }: fO)ar _ 1 F(s)
s
Frequency A0 d
differentiation _E;F Q)
Frequency {
integration LE'! f F(s)ds
Time periodicity SO =f+nT) F{s)
1 _e—:‘r
Initial vatue 109 lim sF(s)
Final value J (=) Ix_ﬁ sF(s)
Convolution FAOLENG)] F(s)F,(s)

S Fw)
o(t) |
1 2n5(w)
Hee) ) 4 —
jar
u(l +t)y—u(t —7) 2sincm'
@
r -2
wl
sgn(r) 2
Jjo
e~ u(t) L
a+ jow
e u(—1) 1
a— jo
1"e™u(r) n
| ' B (a+ jao)™!
P o 2a
a’ + ot
e 2n8(@ — w,)
sin @, (@ + @) — 5{w — @)}
COS Wyl z{S(@ + @y) + S{@w — @y)]
sin(at +8) ssin@+wcosé
52+ ot
coslwt + 6) scosf —wsind
s* +o°
e~ sinwytu(t) ay
(a+ ja)? +a,
e™™ coswytuft) a+ jo
(a+ jo)? + o}




Laplace Transform Pairs

Z-Transform Pairs

x(t) Xis) X@)
1 t=0
1. 8(r) = ! 1 1
) {o r=kT, k%0
1 t=kT ;
2. 81— kT) = { ’ g =
U=k =10 (= 4T
1] if z
3. u(f). unit step ts 7 —1
Tz
4, i 1’83
=1y
. T*z(z + 1)
5. @ 2 1
(ge1y
1 b4
—ar
6 ¢ s+a g=e*,
-8
7.1—¢ - ok
s(s + a) (z— 1z —eT)
1 Tze™?
8. (14 ———a
- It" {5 g R)z (Z — —-nT)z
:{Qe-dfz z + e--nT
9, e — 3 "_‘“(_ﬁ—l
{s+a) gy
(b —a)s 2|z{b — a) — (be™7 — ae™7)|
10. be™® — ge™ e = =5
(s + a)s + b) (E=g )l =gy
11. sin ot = L2
LS S+ o 22— 2z cos wT + 1
. 5 Zfz — COs wn
AL cos wi sz+w1 z’——chosz-Fl
13, ¢ si 2 e im0 )
3. ¢ T et {s+a)l+ & 77— 2267 cos wT +e™7
s st+a 2 —ze™ cos T
L (s + a) + ' £~z Tomwl +¢ ¥
1 +b2 ,,‘-'(AZ + B)
5.1~ '"‘( + = si ) e
e cos bi + 3 sin by dis +ay +bY (z — 1) 22 = 26 (cos bT)z + e

A=1=eTcoshT — %e-" sin bT

Bo=g4 4 %ﬁ"r sin b7 — ¢ TcosbT

S{) F(s)
50 1
u(?) l
5
e™™ L
s+a
r 1
32
" n
Sm-!
te"" 1
(s+a)
t"e""" il
(s+a)™
sin @t @
5% + 0’
cos ot s
s’ v+’
sin{wt +6) ssind + wcosé
| s*+a°
cos{t +6) scosf - wsind
s24+0®
e™ (sin wt) @
(s+a)* +o°
e (cosat) s+a
(s +a)’ +o°
sinh{a?) a
s’-a’

*Defined for £ 20, F{£)=0 for £1{0




Properties of the Fourler Transform

Property Sequence Fourier transform
xinl) x(n)
x[n) X, ()
J';!ﬂ] X,(m
Periodicity xin) X(0 + 27) = X(£1)
Linearity a,x[n] + azxyin] 0, X () +a, X,(M)
Time shifting i - ny) e~ X ()
Frequency shifting e gl X0 -01,)
Conjugation x°[n] X*(-0)
Time reversal £ ~n] X(~Q)
- z . [sln/m] if n=km
Time scaling x . in) { 0 —_—— X(mQ)
dx()
Frequency differentiation rxin] i o0
First difference xin}—xin - 1] (1 =" "™MxN)
. g
Accumulation Y k) = X(0)8() + e X(£1)
ke -w I~ "
Rl w
Conwvolution * z{n}= x,(n] X (D)X
) i
Multiplication xyinlx,in] ?;X,(Q)OX,(Q)
‘Real sequence xin}=xin}+xtn] X(0) = A(D) + jBEY)
X(=01) = X6
Even component xln} Re{x(0) = 4(0)
Odd component x Jn) F Im{ X(D)) = jB(£1)
Parseval's relations

] ’ l
PN sx[ul’--z-;j; (XX d0

|
L xnlinl= o [z 'x.(mx,(-mm

d..

-a"ul-n- thial > |

tn 4+ Da”ufnllal< )

xin] =

Common Fourier Transform Pairs
xln) X0}
& nj 1
8ln—n,l g "It
xln}=1} 2as(QLid < w
ofih 2w -0 10LIN s 7
cos fl,n w600 = 0,1+ 6(02 + QNIOLH, s »
‘ln il"" ‘fﬂﬂn = Q"] = 6(0 + n"}l‘ “]L lnul <7
|
ll[!!l ws{f)) + -I-—_—-‘-'—_;ﬁ.!ﬂisrr

|
~ul-n- 1} -w6(f)) + [—:_—;,-;.IﬁiSu

| —ae-'®
i

1 -ae™®
I

(! —ac"")z

a"tn}lal < |

gl < | -’
S 1 - 2acos (L +a’
L Inis A, sin] (1N, + 1)}
a0 inl>N, sin({1/2)
sin Wn ‘ 1 O<is W
Je<W< & =
et L X(n {0 oy
= ® 2w
L dln- kN, Q, T 8#0-k0) 0= —
b--= k== Ny




