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PART A (Answer ALL questions)

QUESTION 1

(a) For each pair of functions in Figure 1, provide the values of the constants 4, tp and

a. The relationship between 4;(f) and hx(f) is ho(t) =4 hi((t-to)/a).

[9 Marks]
[CO1, POL, C2]
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(b) Figure 2 shows the rectangular function. Sketch g(#), if g(r) = rect (t-1)*rect (t/2).

rect (1)

[11 Marks]
[CO1, PO1, C2]

-1/2

Figure 2
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QUESTION 2

@

(b)

Classify each of these frequency responses as lowpass, highpass, bandpass or

bandstop.
. 1
O HO-
.. _ jf
(i1) H(f)———“ij
10w

o o) e
(i Vo) = t00-o + j10w
[9 Marks]

[CO3, PO2, C3]

Given circuit in Figure 3, where V(?) is the input, and V7(?) is the output.
(1) Find the transfer function
(ii)  Determine the type of filter
(iii)  Draw asymptotic magnitude and phase Bode diagrams for the frequency
response.
(iv)  Obtain the cut-off frequency from your answer in (ii1).
[21 Marks]
[CO3, P02, C4]
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Figure 3
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PART B (Answer only TWO question)

QUESTION 3

(a) Given the signal x(¢) in Figure 4.
(1) Find the expression for x(¢) using Complex Exponential Fourier Series up
to the 10" harmonic.

(i1) Plot the double-sided spectrum of x(¢) for magnitude and phase.

[20 Marks]
[CO3, PO1, C4]

x(1)

5.___

Figure 4
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(b) The signal x(¢) in Figure 4 has been subjected to several transformation to obtain
¥(?) as shown in Figure 5. Based on the Complex Exponential Fourier Series of

x(f), find the Complex Exponential Fourier Series of (7).
[5 Marks]

[CO3, PO1, C4]

B30

Figure 5
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QUESTION 4

(2)

(b)

Let Find the Fourier transform (FT) of the signals given. State the properties and
FT pairs involved.
i f@=e’*
i g =wGoH
[7 Marks]
[CO2,PO1, C3]

Find the Inverse Fourier transform for the signals given. State other properties and

FT pair involved.

. . Jw+10
(1) Flw)= (—w2+7 jw+12)

4e—j2w

(i) G(w)=

Jjw
[8 Marks]
[CO2, PO1, C3]
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©)

In the system in Figure 6, m(?) = cos2t, w, = 10. Signal m(f) will be modulated to
get transmitted signal y(#). The transmitted signal is then demodulated to acquire
yA?). Finally, the signal will be filtered with lowpass filter to estimate the original
m(t). _

(1) Plot the frequency response of M(w), Y (w), and Y, (w).

(ii)  Sketch the LPF filter according to Y,(w) to get back the original signal.

[10Marks]
[CO2, POL, C4]
et ya(t) e
— — | —

COS od €os ot
Cal’r!er (carﬂer)
Figure 6
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QUESTION 5

(a)

(b)

(c)

The Laplace transform is a widely used integral transform in mathematics and is

commonly employed in electrical engineering. Explain how the Laplace transform
can be used to simplify the analysis and problem solving in time domain.

[2 Marks]

[CO2, PO1, C3]

Find the Laplace transform of these signals:
Q) SO =C-Dt-1)-ut-2)]
(i) f@O=eTult-7)
[6 Marks]
[CO2, PO1, C3]

A circuit network receives an input signal f(¢) = 2¢™* . The output of the network

is the signal £{¢) which has been delayed by 2 seconds.
(1) Write the equation of the 6utput signal.
(i)  Find the Laplaée transform of the output signal.
[6 Marks]
[CO2,PO1, C3]
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(d)  Figure 7 shows an electrical circuit that drives a motor. The inductor component
represents the rotor and it rotates when the switch is closed. A UMP student
accidently touched the switch which made it open. Assume this accident is

happened at ¢ = 0. You are asked to perform an analysis of the current i(f)

(1) Before the switch is opened.
(ii)  After the switch is opened.

Given
r (—zﬂ—J =re ™ cos(bt + )u(t)
s +2as+c
where
\FC+BZ—2ABa ., Aa-B
= g =tan ————
AJc—-a’
b=
[11 Marks]
[CO2, PO1, C3]
1H 20
— — AN

¥ 50
DCC—P 10V —< 1/5F

A

Figure 7

END OF QUESTION PAPER
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APPENDIX I — Table of Formulas

MATHEMATICAL FORMULAS

Trigonometric identities Integrals

sin(—x) = —sinx 1

cos(—x) = cos X jsin axdx = ——cosax
a

+ cos x = sin(x £ 90°) 1

T sin x = cos(x +90°) jcos axdx = ;sm ax

—cos x = cos(x £180°) 1 x
Ixsmaxdx:—zsmax——cosax
_ a a

e =cosx+ jsinx

J’ osaxdy= +Zsi
; _ xcosax =—Cc0Sax+—Ssinax
e +e 2

COSX = 5 a a
eax
0 e“dx=
sinx :e__'_ze___ -[ a
J ax .
jxe“"dx=fa—2~(ax—1)
cosnz = (-1)" oo
sinnzr =0 j.xze‘”‘a?xzalT(azx2 —2ax+2)
cos2nm =1 : o
sin2n7 =0 je‘”‘ sinbxa’x=aze+b2 (asin bx — bcos bx)
Complex numbers je‘“ cosbxdx = 2e % (acosbx + bsinbx)
a +
1 ’ dx 1, x
=7 i =—1 =—tan —
j S J.az+x a a
z=x+jy=r4¢=rej¢ j dx = L ( x +ltan‘1£
y (a* +x%)? 24’ x*+a’ a a
where rZ¢ =+/x* +y* Ztan™ =

X

11
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FOURIER SERIES

Exponential form

« ” 1 ¢7 ot _q,-
f) =c,+ n;wcnef @ where ¢, =d,,c, = }—L e "™dt, c, =
n=0

Fourier Coefficients Table

Name Waveform C, C,,n=0 Comments
1.Square =04 0 _.2X, C,=0,
Wave " Xo J m neven
T H
-Xo
2. Sawtooth x(0) 4 X, X,
W Xo 2 J 271?’1 )
-7s To 2T, ?
3. Triangular 4 X, -2X, C,=0,
Wave X 2 (im)* neven
T To 1
4. Full-wave 0 2X, -2X,
rectified X T z(4n® —1)
2Te -To Ty 2Ty 1
5. Half-wave x(1) X, -X, C,=0,
rectified J\ Xv{/L/\ /\ T z(n® -1 n odd, except for
-To To 2T, T C :__.- _J ﬁ
. ) ! 4 ,
and C, =J —4°~
6. Square - EOYY 7X, o Tnw, | Tno, nln
Wave sinc =
Xo T, T, 2 2 T,
g -2l 2 =1
7. Impulse (N 4 X, X,
=270 -To To 2T r

12
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FOURIER TRANSFORM
Properties of the Fourier Transform
Property F(f) F(o)
Linearity af,®O+a,f,t) | aF(0)+a,F(0)
1
Scaling f(at) — F(ﬂ}
lal \a
Time shift ft-a) e " F(w)
Frequency shift e’™ f(¢) F(o-w,)
Modulation cos(,t) f(t) %[F(a) +w,)+ F(o-a,)]
[ wF'
Time differentiation % jok(@)
a'f (jo)" F(w)
dt”
t Flo
Time integration J_m f(@®)ar j(CO) +7F(0)5(w)
Duality F(?) 27f (—w)
Fourier Transform Pairs
SO F o) SO Fo)
5(t) 1 e 24
a +o
1 276(w) e /o 276(w— @)
1 j - -
u() 75 (w) +— sin oyt jr[d(w+wy)—o(w—a
@
ut+t)—u(t-7) |2 S cos,t 5@+ @)+ 0(0 =@y
a) .
2 2
7] -— sgn(t) —
®
“u(-t) 1 1t/ 7 sinc
e u a— jo rect(t/7)
e 'u(t) 1 trit/ rsine? | 25
u it ri(t/1) >
tn —at (t n! -at _: ¢ (t) a)O
e sinwytu
e u®) (a+ jo)™ ° (a+ jo) + o}
wt at+ jo
e " cos wtu(t) @+ o) + o

13
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LAPLACE TRANSFORM

Definition of Laplace Transform

F(s)=L{f (O} = [ f@0)e™ar

Properties of the Laplace transform

BEC/BEE/BEP 14151/BEE2143

Laplace transform pairs

Property §i0) F(s) yi0s) F(s)
Linearity afi)+a, f,(O) | aF(s)+a,Fy(s) 5(1) 1
1 1
Scaling f(at) — F(.S_ u(t) =
a \a &)
Time shift f-ayu(t—-a) | e F(s) e :
+
Frequency shift | e f(7) F(s+a) Sn' g
Time df sF(s)— f(07) rr o
differentiation dt !
d’f SF@E)-s/() || 1" (s+a)"”
ar AR sin wt s
d'f s"F(s)-s""£(07) 52+ @’
dr” —s"2f1(07) ~... cos wt - > .
_ £ 0" s +®
_ SO0 sin(at +6) ssin 8 + wcos
Time [l fr LF(s) s +0°
integration ° S scos@ —wsin &
Frequency " £(0) " d"F(s) cos(ar +6) JERp
differentiation =D do" R
Frequency R0} r F(s)ds e st (sia) + o
integration t s 1o
Time F(s) 1 e“cosat | 7T 22
= = +
periodicity f@®)=f@+nT) e (s+a) +w
Initial value f(0) }1_1)2 sF(s)
Final value f(e0) ll_I)I(} sF(s)
s-domain equivalents
7 (0 _
IL(S): L(S)+ZL( ) Vc(S)Z—l‘]c(S)+Y—C—(0—)
sL s sC s
or or

V,(s)=sLI(s)—Li (07)

I.(s)=sCV.(s)—-Cv.(07)

14
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