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1. You are designing an electronic system to measure breathing of a patient with a breathing 
frequency of up to 40 breaths/minute.  However, the diagnostic technique measures 
turbulence in the flow that would be up to 100 times faster than the breathing frequency. 
Furthermore, the medical team told you that they need your system to have a 
measurement accuracy of 0.05%.  You are required to pick an analogue to digital converter 
(ADC) to turn your transducer measurements, which ranges from 0 to 3.3V, to digital 
samples. 
 
(i) What would you choose as the sampling frequency for the ADC? Why? 

[4] 
(ii) How many bits must the ADC have as converted values? Why?  What is the 

resolution of the ADC in volts? 
[4] 

(iii) You were also told that the transducer could pick up interference of unknown 
frequencies from its surrounding.  State with justifications and assumptions how you 
may avoid your captured signal being corrupted by such interference.  

[4] 
 
 

2. A signal 𝑥(𝑡) can be modelled mathematically as: 

𝑥(𝑡) = cos(62.8𝑡) + 0.5	sin(125.6𝑡 +
𝜋
2
) 

 
(i) Sketch the waveforms cos(62.8𝑡) and 0.5	sin(125.6𝑡 + !

"
) for 0	 ≤ 𝑡 ≤ 0.2. Hence 

sketch the signal 𝑥(𝑡) for 0	 ≤ 𝑡 ≤ 0.2. 
[8] 

(ii) Rewrite 𝑥(𝑡) in exponential form. (There is no need to simplify the equation.) 
[5] 

(iii) Sketch the amplitude spectrum |𝑋(𝑗𝜔)| of the signal. 
[3] 

 
 
 
3. In designing a real-time electronic system, you are given the choice of using polling or 

interrupt to handle some external events. 
 
(i)  State the limitations of polling when compared with using interrupts. 

[2] 
(ii) Describe the sequence of action that a microprocessor takes when an interrupt 

occurs.   
[4] 

(iii) What guidelines must you follow when writing an interrupt service routine?   
[4] 
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4. The following differential equation describes the relationship between the output y(t) and 
the input x(t) of a linear system: 
 

7
𝑑"𝑦
𝑑𝑡"

+
𝑑𝑦
𝑑𝑡
10 =

𝑑"𝑥
𝑑𝑡"

+ 2
𝑑𝑥
𝑑𝑡
− 4𝑦(𝑡) 

 
(i) What is the order of this system? 

[2] 
 

(ii) Given that Y(s) and X(s) are the Laplace Transforms of y(t) and x(t) respectively, 
write down the transfer function H(s) = Y(s)/X(s) for the system.   

[4] 
 
 
 
 
 

5. A system H consists of two circuits A and B connected in series with each other as shown 
in Figure Q5. The transfer function for circuit A is P(s) and for circuit B is Q(s), and they 
are known to be:  

𝑃(𝑠) =
1

0.5𝑠 + 1
														𝑄(𝑠) =

100
𝑠" + 2𝑘𝑠 + 100

 

where k is a constant. 
(i) Derive the s-domain equation for the transfer function H(s) of the entire system? 

 [5] 
 

(ii) What is the natural or resonant frequency of the system? 
[3] 

 
(iii) It is known that when k = 10, the system is critically damped. Sketch the step 

response of the system.  Explain your answer. 
 [4] 

 
(iv) If k is 1, sketch the step response of the system.  Explain your answer.  

[4] 
 

 
Figure Q5 
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6. The block diagram of a discrete-time shift-invariant system G is shown in Figure Q6.  The 
input to the system is 𝑥[𝑛] and the output is 𝑦[𝑛], where 𝑛 = 0,1,2,3, …  etc.  The system 
is assumed to be casual, i.e. 𝑥[𝑛] = 𝑦[𝑛] = 0,  for 𝑛 < 0. 
 
(i) Derive the difference equation for the system. 

[4] 

(ii) Derive the output sequence 𝑦[0], 𝑦[1], ……… , 𝑦[9] given that a = 0.8, b = 0.2, 
𝑥[0] = 0 and 𝑥[𝑛] = 10 for 𝑛 ≥ 1. 

[4] 

(iii) Find the transfer function 𝐺[𝑧] of the system given that a = 0.8, b = 0.2.   
[4] 

 

 
Figure Q6 

 
 
 
 
 
 
 

7. For the group project, you used an IMU to derive the pitch angle of the mini-segway 
vehicle. 

 
(i) Explain the principle used by the accelerometer to measure the pitch angle. 

[4] 
(ii) Why is it not sufficient to rely on the accelerometer alone to provide the pitch angle 

measurement?  
[4] 

(iii) What does a gyroscope measure, and how can the gyroscope reading be used to 
measure the pitch angle?  What is its limitations? 

 [4] 
(iv) How did you combine the two types of measurement to provide a better estimate of 

the pitch angle? 
[4] 
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8. Figure Q8 shows a proportional -derivative (PD) controller with a transfer function of C(s) 
controlling the behaviour of a first order system with a transfer function of P(s) in a close-
loop feedback arrangement.  It is known that: 

𝑃(𝑠) =
1

1 + 0.1𝑠
 

 
(i) Write down the transfer function of C(s) in terms of the proportional gain Kp and the 

derivative gain Kd of the controller. 
[3] 

(ii) If Kd = 0, derive the close-loop transfer function H(s) of the system where                    
H(s) = Y(s)/R(s). 

[5] 
(iii) Explain the effect of the proportional gain Kp and the derivative gain Kd of the 

controller on the close-loop response of the system. 
[4] 

 

 
Figure Q8 
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