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1. a) For the signal 𝑥(𝑡) shown in Figure Q1a, and given that 𝑢(𝑡) is the unit step function, 
sketch each of the following signals in your answer book.  The diagrams must show 
the values of 𝑥(𝑡) when 𝑡 = 0. 
 

(i) 𝑥(𝑡)𝑢(𝑡) 

(ii) 𝑥(𝑡)𝑢(−𝑡) 
(iii) 𝑥(𝑡 − 2) − 1 

(iv) 2𝑥 +!
"
+ 1- 

 
Figure Q1a 

[8] 

b) A signal 𝑥(𝑡)	is mathematically modelled by the following equation where 𝛿(𝑡) is the 
unit impulse function.  Plot in your answer book the signal 𝑥(𝑡). 

𝑥(𝑡) = 3	𝛿(𝑡 + 1) + 𝛿(𝑡) − 2𝛿(𝑡 − 1) + 5𝛿(𝑡 − 3) 
 

[3] 

c) The power of a periodic signal 𝑥(𝑡) is given by the formula: 
 

P# = lim
$→&

'
$
	∫ 𝑥"(𝑡)𝑑𝑡$/"
)$/" . 

 
 Derive from first principle the power of the signal if 𝑥(𝑡) = 𝐴 𝑐𝑜𝑠(𝜔*𝑡 + 𝜃). 

[5] 

What is the energy of the signal 𝑥(𝑡)? 
[2] 
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2. a) A signal 𝑦(𝑡) is mathematically modelled by the following equation: 

𝑦(𝑡) = 2.5 sin +200𝑡 +
𝜋
6
- + 0.5 

(i) What is the dc value, frequency in Hz, and phase in degrees, of 𝑦(𝑡)? 
[3] 

(ii) Rewrite 𝑦(𝑡) in exponential form. 
 

[5] 

b) The Fourier series of a signal 𝑓(𝑡) is given by the equation: 
 

𝑓(𝑡) = 16 + 12 cos +3𝑡 − +
,
- + 8 cos +6𝑡 − +

"
- + 4cos	(9𝑡 − +

,
). 

 
Sketch in the answer book the two-sided exponential Fourier spectrum 𝐹(𝜔) of 
the signal 𝑓(𝑡). 

[9] 
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3. Scientists discovered that the wing-flap frequency of mosquitoes for female and 
male are 400Hz and 600Hz respectively.   

 
a) A device is designed to detect mosquitoes by capturing in digital form the sound 

produced by mosquitoes’ wing-flap with a sampling frequency of 2kHz is 
chosen.  With justifications, comment on this design decision.    

[4] 
 
b) The device captures the wing-flap signal of a female and a male mosquito. 

Sketch the frequency spectrum of the captured signal between the frequency 
of 0Hz to 2kHz. You must show in your sketch the frequencies at which the 
signal has substantial energy, but with some arbitrary amplitude values. 

[6] 
 
c) Later, scientists discovered that when a male and a female mosquito conduct 

mating duet, their wing-flap frequency increases to around 1,200Hz.  
 

Sketch the frequency spectrum of the captured signal with two pairs of male-
female mosquitoes when one pair is performing mating duet while the second 
pair is not. You should sketch the spectrum between the frequency of 0Hz to 
2kHz. 

[8] 
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4. The general transfer function of a simple second-order system is given by: 

𝐻(𝑠) = !-.

".#$%!-"#!-.
 . 

 
The system in Figure Q4 shows the block diagram of a second-order continuous-
time system in the Laplace domain.   
 

a) Derive the transfer function 𝐻(𝑠) = !(#)
%(#)

  for the system. 
[5] 

 

b) Using a), or otherwise, derive the relationship between input 𝑥(𝑡) and output 
𝑦(𝑡) as a differential equation. 

[5] 

c) Given that K' = 987 and 𝐾" = 44, derive the DC gain, natural frequency in Hz 
and the damping factor of the system. 

[5] 

 
Figure Q4  
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5. The z-domain transfer function H(z) of a first-order digital filter is given by: 
 

𝐻(𝑧) =
𝑏' + 𝑏"𝑧)'

1 + 𝑎"𝑧)'
 

 
a) Sketch a function block diagram for this filter using constant multipliers, 

adder/subtractors and sample delay blocks. 
 

b) Derive the difference equation for this digital filter. 
[6] 

 
c) Given that 𝑏' = 0.9, 𝑏" = 0	𝑎𝑛𝑑	𝑎" = 0.1,	sketch the impulse response ℎ[𝑛] of this 

filter for 0 ≤ n ≤ 3 .   
[6] 

 
d) A causal signal 𝑥[𝑛]	shown in Figure Q5 is applied to the input of the filter.  By 

assuming that ℎ[𝑛] = 0	for	𝑛 ≥ 4,	derive the output 𝑦[𝑛] for 0 ≤ n ≤ 5. 
[8] 

 
 

Figure Q5 
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6. Figure Q6 show a simple proportional feedback system to control the motor speed 
𝑦(𝑡) in response to the set-point 𝑟(𝑡) in the s-domain. 

 
a) Derive the closed loop transform function of the system 𝑌(𝑠)/𝑅(𝑠). 

[4] 
 

b) Modify the system block diagram in Q6 to include a derivative term.  
[4] 

 
c) Explain the impact on the dynamic response of the system by adding a 

derivative term to the controller in the feedback system. 
[4] 

 
 

 
Figure Q6 
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