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1. a) (i) Sketch in the answer book the signal  𝑥!(𝑡) = 𝑢(𝑡) − 𝑢(𝑡 − 2). 
[2] 

 
(ii) Sketch in the answer book the signal 𝑥"(𝑡) = 𝑡 × [𝑢(𝑡) − 𝑢(𝑡 − 2)]. 

[4] 
 
(iii) State the equation that describes the signal 𝑦(𝑡) shown in Figure Q1. 

[6] 
 

 
Figure Q1 

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

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

[3] 
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2.  A signal 𝑦(𝑡) is mathematically modelled by the following equation: 

𝑦(𝑡) = 2.0	 × cos 7628.32𝑡 +
𝜋
2
< + 1.0 

 
a) Rewrite 𝑦(𝑡) in exponential form. 

[3] 
b) The signal is sampled at a sampling frequency of 400 Hz.  What are the 

amplitude values of 𝑦[𝑛] for 𝑛 = 0 to 5?  
[4] 

 
c) Write in the answer book the equation that models the discrete signal 𝑦[𝑛] at 

the sampling frequency of 400 Hz. 
[4] 

d) A rectangular window is applied to the signal 𝑦[𝑛] to form a new signal 𝑤[𝑛] 
such that: 

𝑤[𝑛] = ?𝑦[𝑛]			for		0 ≤ 𝑛 ≤ 5
0																otherwise

. 

 
Write in the answer book the equation that describes the windowed signal 
𝑤[𝑛]. 

[4] 
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3. Figure Q3a shows an electronic circuit that produces an output 𝑦(𝑡) from two input 
signals 𝑥"(𝑡) and 𝑥#(𝑡), where 𝑥"(𝑡) = 1 + sin	(2𝜋𝑓"𝑡) and 𝑥#(𝑡) = sin(2𝜋𝑓#𝑡).  
Furthermore, it is known that  𝑓" ≪ 𝑓#. 

 
(a) Assume that the electronic circuit is a summing amplifier that adds the two input 

signals to produce the output.  Sketch in the answer book the two-sided 
exponential Fourier spectrum of the output signal 𝑦"(𝑡).  That is: 
 

𝑦"(𝑡) = 𝑥"(𝑡) + 𝑥#(𝑡). 
[4] 

(b) Assume that the electronic circuit is a multiplier that multiplies the two input 
signals to produce the output.  Sketch in the answer book the two-sided 
exponential Fourier spectrum of the output signal 𝑦#(𝑡). That is: 

𝑦#(𝑡) = 𝑥"(𝑡) × 𝑥#(𝑡). 
 

(Hint: Multiplication in the time domain is convolution in the frequency domain.) 
 

[6] 
 
(c) The input signal 𝑥"(𝑡) to the multiplier is replaced with a signal source whose 

spectral profile 𝑌"(𝑓) is as shown in Figure Q3b, where the maximum frequency 
component of the signal is 𝑓$. The other input 𝑥#(𝑡) remains unchanged.  
Sketch in the answer book the two-sided exponential Fourier spectrum of the 
output signal 𝑦#(𝑡). 

[6] 
 

(d) The output signal 𝑦#(𝑡) from part (c) is to be sampled into discrete signals at a 
sample frequency 𝑓%&$'.   

Assume that 𝑓$= 4kHz and 𝑓# = 20kHz, what is the minimum value of  𝑓%&$' to 
ensure that no aliasing occurs?  Briefly justify your answer. 

 
[4] 

 
Figure Q3a 

 

 
Figure Q3b 
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4. The denominator of the transfer function of a simple second-order system is given by: 

𝐷(𝑠) = 𝑠# + 2𝜁𝜔!𝑠 + 𝜔!# . 

A simplified one-dimensional model of an automobile suspension system is shown in 
Figure Q4. The input is the displacement 𝑥(𝑡) of the road surface from a reference 
ground elevation. The output is the distance 𝑦(𝑡) of the car body from the same 
ground reference.  𝑀 is the mass of the vehicle, 𝐾 is the spring constant and 𝐵 is the 
damper constant. 

If the differential equation relating the output 𝑦(𝑡) to the input 𝑥(𝑡) is given by: 

𝐾𝑦(𝑡) + 𝐵
𝑑𝑦(𝑡)
𝑑𝑡

+ 𝑀
𝑑#𝑦(𝑡)
𝑑#𝑡

= 𝐾𝑥(𝑡) + 𝐵
𝑑𝑥(𝑡)
𝑑𝑡

 

a) Derive the transfer function 𝐻(𝑠) = 𝑌(𝑠)/𝑋(𝑠). 

[10] 

b) What is the system’s DC gain? 

[2] 

c) What is the natural frequency of the system? 

[4] 

d) What is the damping ratio of the system? 

[4] 
 

 
Figure Q4 
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5. A digital filter has an impulse response ℎ[𝑚]		as shown in Figure Q5a.   
 
 

a) What is the transfer function 𝐻[𝑧] of this filter? 
[3] 

 
b) A signal 𝑥[𝑛]	shown in Figure Q5b is applied to the input of the filter.  Write down 

the difference equation which relates the output signal 𝑦[𝑛] of the filter to its input 
𝑥[𝑛]. 

[4] 
 

c) Derive the output 𝑦[𝑛] for 0 ≤ n ≤ 7. 
[8] 

 

 
Figure Q5 
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6.  Figure Q6 shows an open-loop process with transfer function:  

. 
 

(a) Sketch in the answer book a diagram showing the system in a feedback control 
loop by adding a proportional-only controller to the system with a proportional gain 
of 5. 

 
[5] 

 
 

(b) Derive the closed-loop transfer function with input  𝑅(𝑠) and output 𝑌(𝑠). 
 

[5] 
 
 
 

 
(c) Explain how the controller design can be improved. State the benefit and 

drawbacks that such modifications may bring to the system’s dynamic and static 
behaviour. 

 
[5] 

 
 
 

 
Figure Q6 
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