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Q1 a) tests student’s understanding on signal modelling and transform operation using shift, 
scale, stretch and compress. 

(i)  
 

(ii)  
 
 

(iii)  
 
 

(iv)  
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Q1 b) tests student’s understanding of the sampling property of the unity impulse 
function. 
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Q1 c) tests student’s ability to derive stuff from first principle. This also tests students 
understanding the difference between power and energy of a signal. 
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The second term integrates to zero. Therefore: 
 

P! =
𝐴%

2
 

 
The energy of the signal is infinite because it is an everlasting sinusoidal and not 
time limited. 
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Q2  tests student’s understanding of Euler’s formula and Fourier spectrum derived from a 
time-domain mathematical representation. 
 
(a) 
 

(i) DC value = 0.5V, Frequency = 31.83Hz, Phase = 30 degrees. 
 
 

(ii) 
𝑦(𝑡) = −1.25𝑗 >𝑒)%((*+

,
- − 𝑒')%((*'

,
-@ + 0.5 

 
 
 
 
(b) 
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Q3 tests student’s understanding of sampling theorem, spectrum of a sampled signal, 
aliasing and frequency folding. 
 
The reference for mosquitoes’ wing-flap frequencies can be found here: 
https://news.cornell.edu/stories/2009/01/study-mosquitoes-beat-out-love-song-mating 
 

a) Sampling Theorem dictates that the minimum sampling frequency is 2 x 600Hz or 
1,200Hz.  2,000 Hz is therefore a reasonable choice. It is sufficiently beyond the 
minimum sample frequency that no aliasing should occur.  As can be seen later, this 
turns out not to be sufficient.  Nevertheless, given the constraints provided in part a), 
the choice of sampling frequency is good. 

 
b) Arbitrary amplitude values. 

 
 
c) 
 

 
 



     of 10 7 

 
 

a)  
 

 
b)  

 
 

c) Since 

, 
 
𝐾% = 44 = 𝜔(%  𝜔( = 6.633	rad/sec,  hence resonant frequency is 1Hz. 
 
𝐾. = 987 = 2𝜁𝜔(, therefore, the damping ratio is 74.4. 
 
The simplified equation given in the question as a dc gain of 1.  However, this system 
has a dc gain of − .

/!
 = -0.227. 
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This question tests student’s understanding of a discrete-time system and signal, z-
transform representation of a digital IIR filter, and graphical method of convolution. 
 
a) 

 
[3] 

 
b) 

 
[3] 
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c) 

 
[6] 

 
d) 

 
 [8] 
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Q6 tests student’s understanding of basic feedback control and the PID controller. 
 
 (i) 𝐻!"(𝑠) =

#$%!
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(ii) 

 
 

(iii) Bookwork.  The derivative term acts as “brake” to the system. As the error E(s) is 
reduced, the derivative term is negative. This reduces the drive to the process 
(i.e. braking) and therefore prevents overshoot.  The derivative term can also 
make the system more tolerant to external disturbances. 

 


