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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 A, to and


a. The relationship between hl (t) and h2(t) is h2(t) =A hj((t-to)/a).

[9 Marks] 

[COl, P01, C2 

Figure 1 
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(b)	 Figure 2 shows the rectangular function. Sketch g(t), if g(t) = rect (t])*rect (0). 

[11 Marks] 

[COl, P01, C21 

red (t) 

Figure 2
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QUESTION 2 

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

bandstop. 

(i) H(f) = 
l+jf 

(ii)
1+ jf

j1 00) 
(iii) H(j0)) = 100

0)2 + j100)

[9 Marks] 

[CO3, P02, C31 

(b)	 Given circuit in Figure 3, where V1(t) is the input, and VL(t) is the output. 

(i) 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 (iii).

[21 Marks] 

[CO3, P02, C41 

R = 10	 C=1LLF 

Figure 3
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PART B (Answer only TWO question) 

QUESTION 3 

(a)	 Given the signal x(t) in Figure 4. 

(i) Find the expression for x(t) using Complex Exponential Fourier Series up 

to the 10th harmonic. 

(ii) Plot the double-sided spectrum of x(t) for magnitude and phase.

[20 Marks] 

[CO3, P01, C41 

x(t)

Figure 4 
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(b)

	

	 The signal x(t) in Figure 4 has been subjected to several transformation to obtain 


y(t) as shown in Figure 5. Based on the Complex Exponential Fourier Series of 

x(t), find the Complex Exponential Fourier Series of y(t).

[5 Marks] 

[CO3, P01, C41 

y(t) 

Figure 5 

n.
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QUESTION 4 

(a)	 Let Find the Fourier transform (FT) of the signals given. State the properties and 

FT pairs involved. 

(i) f(t) = e_14t 

(ii) g(t) = U, 0
[7 Marks] 

[CO2, P01, C31 

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

FT pair involved.
j(0+10

(i)	 F(o) = (_2+7jW+12) 

(ii)	 G(w) = -
j26)

[8 Marks] 

[CO2, P01, C3] 
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C) In the system in Figure 6, m(t) = cos 2t, w = 10. Signal m(t) will be modulated to 

get transmitted signal y,(t). The transmitted signal is then demodulated to acquire 

yd(t). Finally, the signal will be filtered with lowpass filter to estimate the original 

m(t).

(i) Plot the frequency response of M(w), Y(c)), and Yd (o)) 

(ii) Sketch the LPF filter according to Yd (to) to get back the original signal. 

[lOMarks] 

[CO2, P01, C41 

M(t)
	 y(t) 

cos at
	

COS 

(carrier)
	

(carrier) 

Figure 6
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QUESTION 5 

(a) 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, P01, C31 

(b)	 Find the Laplace transform of these signals: 

(i) f(t) (t—l)[u(t—l)—u(t-2)J 

(ii) f(t) = e t u(t - v)

[6 Marks] 

[CO2, P01, C3I 

(c)	 A circuit network receives an input signal f(t) = 2e° ' . The output of the network 

is the signalJt) which has been delayed by 2 seconds. 

(i) Write the equation of the output signal. 

(ii) Find the Laplace transform of the output signal.

[6 Marks] 

[CO2, P01, C31
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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 t 0. You are asked to perform an analysis of the current i(t) 

(i) Before the switch is opened. 

(ii) After the switch is opened. 

Given

L1 __As + B__ = re ' cos(bt + 9)u(t) 
2 +2as+c) 

where

IA2c+B2-2ABa 
2	

Aa—B 

V	 c-a	
O=tan1 

AJa2 

b=Ja2

[11 Marks] 

[CO2, P01, C31 

1H	 2

Figure 7 

END OF QUESTION PAPER 
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APPENDIX I - Table of Formulas 

MATHEMATICAL FORMULAS 

Trigonometric identities 

sin(-x) = -sin x 
cos(-x) = cos x 
± cos x = sin(x ± 900) 

sin x = cos(x ± 90°) 
 -cosx = cos(x±18O°) 

e±1X = cos x±j sin x 
ejx +e_Jx 

cos x = -
2 

eix _eJX 
slnx =

j2 

COSfl7t = (- 1) 
sinn;r =0 
cos2nr =1 
sin2nui = 0 

Complex numbers 

1 j2i 
I

rejo 

where rL = J2 + y 2 z tan'

Integrals 

sin 	 = --cosax J  
Jcos axdx = - sin ax 

r	 1.	 x 
j 
xsinaxdx -- sinaxCOSaX 

a	 a 
1	 x. 

j 
xcosaxdx=--cosax+S1flaX 

a	 a 
ax 

J e dx =
a

ax 
Jxe°dx=--(ax-1)


a 

J ax  
_2ax+2) 

J e 0x sin bxdx= e 
ax  

2 
(asinbx - bcosbx) 

a 

Jecosbxdx= e 2(acosbx+bsinbx) 
a 

r dx	 1	 1x 
2	

2 tan - 
a+x a	 a 

r	 dx	 i(	 x	 1	 1x 
I	 =—I+-tan - 

(a 2 +x 2 ) 2 2a2 x2 +a 2 a	 a 

11
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FOURIER SERIES 

Exponential form 

f (t) = co +	 c0eJ0t 

moO

an - jb 
where co =a0,c0 = i JTf(t)e&0tdt,	

=	 2 

Fourier Coefficients Table 

Name Waveform C0 C, n # 0 Comments 

I .Square 
Wave

') ,
I _____

0
- . 

2X0 
M7

C0 = 0, 

n even 

I 1.

2. Sawtooth x(t) A2Xo1z,t2 

X" . xo 
J;; 

-TO	 To	 2To 

3. Triangular x(i) X –2X0 C =0, 
Wave 2 (m)2 neven 

-To TO 

4. Full-wave x(t) 2X0 –2X0 
rectified .

fvWV\
–1) -

- 

-2T0 -70 T0 2T0 

5. Half-wave x(r) X –X0 C0 =0, 
rectified xo /\ f\ r(n2 –1) n odd, except for 

_A
c, =–j9., -To	 To	 2TO

and C1 =ji9 

6. Square 
Wave

XM + TX0 
T0

TX0 .	 Tnw0 
—sine

2
Tno. 0	 ,rTn 

2 

-172	 T/2	 T0	 I 

7. Impulse x() X0 
train

_M 

xo
T.

-2T0 -T0	 To 2T0

12 



Properti_ f the Fourier Transform 

Property F(t) F(w) 

Linearity a1f (t) + a2f2 (t) a1 F (w) + a2F2 (co) 

Scaling f(at) -- FiJ 
at	 _a 

Time shift f(t — a) e'°F(a)) 

Frequency shift e'°°tf(t) F(w - w0) 

Modulation cos(co0t)f(t) [F(co + w0 ) + F(o) - w0)] 

df coF(co)j 
Time differentiation — 

dt 
d'f (jw)'1F(co) 

dt'  

Time integration J' f(t)dt + F(0)8(w) 
j CO 

Duality F(t) 2rf(—w) 
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FOURIER TRANSFORM 

D....iUu1iI	 .L.a11.,1L,.... 

fit) COF() fit) F(a) 

8(t) 1
2a 

a 2 + 

1 27r,5(w) e icoot 22r8(0) - coo) 

Izt[8(o + con ) — 5(w —
U(t) ,rS(w) + - - jsn co0t 

jco ______________  

u(t+v)—u(t—r)
2S1IICOT cosco0t 

CO 

itt
2 - 

2 
— jsgn(t) 

ear u(—t)
1 

_____ rect(t/r)
coT 

rsinc
2 a—jw 

etu(t)
1

tri(t/T) r sinc (  
2 a+jw 

—at tn e	 u(t)
n! 

(a +
e_ai	 co0 t u(t)

coo ____________ 

(a + jw) 2 + 

e' cosco0 tu (t)
a+jco  

(a + jw) 2 +

13 



Properties of the Lanlace transform
Property fit) F(s) 

Linearity a1f (t) + a2f2 (t) a1 F (s) + a2F2(s) 

Scaling f(at) I F) 
a	 a,i 

Time shift f(t—a)u(t—a) e--F(s) 

Frequency shift ef(t) F(s + a) 

Time df sF(s)—f(0) 
differentiation cIt 

d 2 f s2F(s)—sf(0) 

dt 2 —f'(0) 

df snF(s)_slf(0) 

dt —s2f'(0)—... 

- f	 (0) 

Time L f(t)dt F(s) 
integration 

Frequency  tf(t) (-1)	
dnF(s) 

differentiation da 

Frequency L2 JF(s)ds 
integration t 

Time f(t) = f(t + nT)
(s)	 -1 _____  

- periodicity l_e_ST 1_e_ cT 

Initial value f(0) urn sF(s) 

Final value f(cc) lim sF(s) 
s-*O

s-domain equivalents 

= VL (s) + 'L(0)

sL	 5 

or 

VL (s) = sLIL(s)—LiL(0)

VC (S) =-1-I(s)+ 'C
 (0-) 

SC	 S 

or 

I, (S)= sCV(s)—Cv(0) 
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Laplace transform pairs 
F(s)  

1

I U(t)
5

1 
e-at

s+a 
n! 
n-fl 

tne_at
(s + 

sin cot
+ 
5 

Cos cot 2 + 02 

s sin	 +w cos 6 
sin(wt+O)

S 2 +ü2 
s cos 9—w sin O  

cos(a)t+9) S 2 +C 

-a! e	 sin cot (s+a)2 +co2 

s+a  
Cat (s+a)2 +w2

LAPLACE TRANSFORM 

Definition of Laplace Transform 

F(s) = £{f(t)} = Jf(t)edt 

14 
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