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1.

Answer ALL questions in the Answer Booklet.
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ii. DOUBLE-SIDED Question Booklet.

Universiti Teknologi PETRONAS




EEB1063/EFB1043

a. The impulse response of a linear time-invariant (LTI) system is given by
h(t) = e ?'u(t — 3). Determine the output of the system, if a periodic

signal, x(t) = 10 + 14 cos(5t — n/3) is input to the filter.

[8 marks]
b. A causal LTI system with frequency response given by
. 1
H(jw) = 1+jw

Determine the input to the system, x(t), if the system is observed to

produce the output
y(t) = e 3tu(t) — e *u(t).
[8 marks]

c. A signal z(t) is to be processed by a demodulator as shown in
FIGURE Q1c(i). The magnitude spectrum of m(t) is given in
FIGURE Q1c(ii) and z(t) = m(t) cos 2000t.
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FIGURE Q1c
I.  Sketch the magnitude spectrum of z(t) and x(t).
[7 marks]

ii.  Given that the output of filter, h¢(t) is y(t) = m(t), sketch the

magnitude response of the filter that will satisfy this requirement. In
your sketch, label the filter gain and the cut-off frequency.

[3 marks]
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Determine the overall impulse response of a cascaded connection of two

discrete-time LTI systems, h,[n] and h,[n] given, by

hy[n] = =38[n+ 2] + §[n—1]
hy[n] = 46[n+ 2] + 26[n + 1] — 0.58[n — 1].

[6 marks]

The impulse response of an LTI system,
h(t) =6(t—1)+36(t—2).
and the plot of the input, x(t) is shown in FIGURE Q2b

x(t)

FIGURE Q2b

I. Determine and sketch the output of the system.
[8 marks]

ii. Evaluate whether the system is causal and/or stable.

[5 marks]
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An interconnection of four discrete LTI systems is shown in FIGURE Q2c.
Determine the overall impulse response, hr[n], of the system

[10 marks]
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hz[n] = (n+ Duln], haln] = 8[n—4].

FIGURE Q2c



a.

EEB1063/EFB1043

Given the continuous-time signal, x(t), in FIGURE Q3a sketch
m(t) = x(—0.5t + 6)
[10 marks]
x(t)

FIGURE Q3a

Determine whether the discrete-time signal, x[n] as given below is periodic.

12mn +e —ji3mn

x[n] = sin

[5 marks]

Given x(t) in FIGURE Q3c,
i. determine the energy value of k(t) = x(t)[u(t + 1) —u(t —1)],

[5 marks]
i sketch the odd component of m(t) = x(t)u(t).
[6 marks]
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A continuous-time LTl system is represented by the following differential

equation:
d?y(t)  3dy(t)
+ + 2y(t) = x(t
o 29(1) = x(®)
I Determine the transfer function, H (s) and sketch its pole-zero plot.

[5 marks]

i, Determine h(t) if the LTI system is not stable and not causali.

[3 marks]

An LT! system with impulse response, h(t) = —e " u(t) + §(t — 2) has
input signal, x(t) = —te ?*u(t). Using Laplace transform, determine the

output, y(t) of the system.

[6 marks]

In practical applications, such as control system stability analysis, the Final
Value Theorem (FVT) and Initial Value Theorem (IVT) of the Laplace Transform
are essential for analyzing the short-term and long-term behavior -of dynamic

systems. Given the system's output

_(25 +5)
(s2+35+2)

Y(s) =

determine its initial value and steady-state response using these theorems.

[6 marks]

— END OF PAPER -



Continuous-Time Fourier Series
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APPENDIX |

1 .
a; = —fx(t)e"’“"otdt
T

APPENDIX II

TABLE 2. Properties of Continuous-Time Fourier Transform

x(t) = ;;f_:x(iw)e"“" dw,

X(jw) = [*_x(t)eTotdt

Property

Aperiodic Signal

Fourier transform

Linearity
Time-shilting
Frequency-shifting
Clonjugation
Time-Reversal

Time- and Frequency-Scaling
Convolution

Multaplication

Differentiation in Time

Integration

Differentiation in Frequency

Conjugate Symanetry for Renl
Signals

Symmetry for Real and Even
Signals
Symmetry for Real and Odd

Signals
Even-Odd Decomposition for

Real Signals

x{€)

yit)

az{t) + by(i)
x(t — tp)
ﬁjwutz“‘-}
*{t)

z(—t)

x(t) » y(t)

x(t)ylt)

2(2) real

z(t) real and even
x{t) real and odd

zo(t) = E{z(t)} 'ia"(f) real]
z,(t) = Od{z{t)} [z(2) real]

X (ju)
Y (jo)

aX (ju) + Y ()
M0 X ()
X(jlw —wo))
X(~j)
X{—jw)

1 x{3)

la| a

X ()Y (je)

S X () + Y ()

Ju X (jw)
L X(jw) + X (0)5(w)
o

d ,
J—wX(JW)
K i) = X*(=ju)
RefX(ju)) = Re{ X ()
Ym{X (jw)} = —Qm{X(—jw)}
| X (w)| = | X (—jw)|
JX(w) = =9 X(—jw)

X{(jw) real and even

X {(jw) purely imaginary and odd

Re{X (jw)}
79m{X (jw)}

Parseval’s Relation for Aperiodic Signals
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TABLE 3. Basic Continuous-Time Fourier Transform Pairs

Fourier series coefficients

Signal Fourier transforim (if periodic)
o =
;: agpe’ ook oy E apdiw — kwp) ag
Ry — oo oot o
oJuxid 2w — wi i
i 2md ; \ )
HE — o) a, = 0, otherwise
T
. ‘ gy =0 =5
o8 wot wlo{w — w dw + w £
=B gt 0) + 3w + wo)] ap =, otherwise
T
. .. . ap = —d.] = 57
sin wol —|#lo —wn) — d{w +wy e
i (g 0) = 4 ) a; =0, otherwise
ag=1 a,=0, K£O
xft) =1 27d(w)

resentation for anv choice o

(t.ltis is the Fourier series vep-

T=>0
Periodic square wave
L it <1y 400 A : 1 ; .
:s{t}:{ oL T Zsinkwoly o woly . {hweTyY  sinkwpT)
0, Ty<t|<% Z 0w — kwo) | = sine = =0
and k=—oc
2t +T) = =(t)
T T
) wk
E » &Mt —nT}) —2;: 8 (w - g%—) ap = % for all &
”:—Q_L ls:'—-&
o | L i< 2sinwTy
=) —{ o, |t|>T v
sin Wt oon 1wl e W
it X(jw) = { 0, |wi>W
5(t) 1 -
u{f) i + wé{w)
Jw
) e 7
) 1
- Faft), Relal > 0
& *ut), Refa) e
T
te " Muft), Re{a) > 0 -
- TEST:
e 1), 1
Re{a} >0 (a+ jw)"




TABLE 4. Properties of Laplace Transform

o0

X(s) =f x(t)e stdt,

x(t) = =—;

o—jw
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otjw
> j X(s)estds

DProperty Signal Transform ROC
x(t) X(s} R
1 (t) Xi(s) e
ro(t) Xs(s) Ity
Linearity ar1{#) + bza(t) | e Xi(s) +bXofs) | At leasl 8 (3 R

Time shifting

Shifting in the s-Domaimn

Time scaling

Clonjugalion
Convolation

Differentiation in the Time Domam
Diflerentiation in the s-Domain

Integration in the Thne Domain

;]T(_t d f())

7o (1)

z{(at}

w*{t)
ag(t) * xy{t)
2 2t
—~tx{£)

[j‘x‘ z(r)d(7)

e e X (s)

JY(S = S{)}

1 . s

o (2)
X(s%)
X1} Xofs)
d Erm

Ex’\(b}

8

R
Shifted version of R [i.e, sis
in the ROC if (s — sg) 1s 1n
R]

“Sealed” ROC (ie., s is in
the ROC if {s/a) is in R)

R

At least 17y M Ro

At least R
R

At least RN {Re{s} > 0}

Imitial- and Final Value Theorems

If z(#) = 0 for t < 0 and .c{#) contains no impulses or higher-order singularities at ¢ = 0, then

{07) = him,_, ., sX{s)

If 2(t) = 0 for t < 0 and z(1) has a finite limit as ¢t — oo, then

limy o0 2(2) = limy g s X (s)
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TABLE 5. Laplace Transforms of Elementary Functions
Signal Transform | ROC
L. &(1) 1 All s
2. ult) —1— Re{s} =0
3
3. —u(—=t) i Re{s} < 0
US| :‘;
. = Relst >
4. == “!u_.(!) = Re{s} >0
Fale 1 ‘ 1
I8 ———— = — A o o
5. g l'_)!”( t) — Re{s} <0
1
ST i ) N )
6. e Mult) s Relst > —Rela}
1
7. —e Mu{—t Re{s} < —Re{a
e Myu(—t) o e{s} < —Re{a}
II;n---l iy, 1 ‘
_—at ., O |
8. e ”!e‘ ult) Grap Re{s} > —RNefo}
r"., 1 l
9. — —e My —t —_— Re{s} < —Refa
(”- . I)!( u( ) (‘) + (_.t.)‘n P{b} E{{t}
10. &6(t — T) e All s
1L fcoswotjult) = ;wg Re{s} >0
12. [sinwgt]u(t) = {iﬂwg Re{s} >0
13. [e7 cos wpt]u(t) G _i_i:)_;:_ . Re{s} > —Refa}
w

4. e sinwgt|ult)

L d"a(t)
15, uy(t) =
5. un(t) o
16, w_n(f) = ult) * - - x ult)
ni;;{nas

(s +a)? +wd

10

Re{s} » —Re{a}
All s

Re{s} >0



TABLE 5. Useful Formula
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Continuous time Discrete time
= 2 =
Energy lx(t)] dt le[n]l2
1 (T2 R .
Power %ﬁﬁj_Tlx(t)l dt ,{,Ti T 1ZN:|x[n]|
Convolution | x(t) * h(t) = f x(t) h(t — 1)dt | x[n] x h|n] = Z x[k]h[n — k]
—_— k=—co
Even x(t) 4+ x(—t)
Xe(t) = ————
component 2
Odd x(t) —x(—t)
Xp(t) = s
component 2
Trigonomet B
g’ = cos 20 = 2cos*0 —1 =1—2sin? @
identity
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