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This question tests students’ understanding of signal modelling, some basic mathematically 
representation of signals and the shift theorem. 
 

a) t u(t) is a linearly ramp from 0 with gradient of 1.  Therefore the (t-1)u(t-1) is the ramp 
signal shifted to t = 1. 
(t – 2) u(t – 2) is the same ramp but delay but t = 2.  The subtraction cancels the first 
term and result in the flat part between t = 2 and 4.  Finally, -u(t-4) is a negative unity 
step function delayed by 4, which brings the signal back to zero. 
 

b)  

𝑦(𝑡) =
1
2
(𝑒!" + 𝑒!∗"+ 

=
1
2
(𝑒($%&')" + 𝑒($)&')"+	

= 𝑒$"
1
2
(𝑒&'" + 𝑒)&'"+	

= 𝑒$" cos𝜔𝑡 
 

c) (i)  (𝑡* + 3)𝛿(𝑡) = 𝑡*𝛿(𝑡) + 3𝛿(𝑡) 
 
  𝛿(𝑡) = 1  only when t = 0, and is 0 otherwise. 
 
Therefore the first term must be 0 and only the 2nd term remains. 
 
(ii)  𝛿(𝜔 − 1) is 1 only when 𝜔 = 1. 
  
Therefore, we substitute 𝜔 = 1 to '

"%+
'"%,

, and this gives: +
-
𝛿(𝜔 − 1).  
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This question tests students on their ability to translate a signal equation to a signal 
waveforms, to show how a complex time domain signal can be decomposed to separate 
signals, and how it is mapped to the frequency domain. 
 
a) The signal consists of three components are: a sinewave with a period of 2msec 

(fs=500Hz) and zero phase, with amplitude of 0.5, a Dirac function and a unit step 
function with step of 1.5. 

 
 

b) Since Fourier Transform is linear, we can combine the spectrum of each signal 
component to obtain the spectrum of x(t).  We are only interested in the absolute 
amplitude.   
 
From Lecture 3 slide 14 & 15, we have the following: 
 

 

 
Therefore, the spectrum |𝑋(𝜔)| is 500Hz is the same as 𝜔 = 1000	π rad/sec. 
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This question tests students’ understanding of sampling, sampling theorem, aliasing and 
frequency folding.  The three notes in the cord is taken from the Ring Door Bell chime – 
not relevant to the question, but is where I got the idea from! 
 
a) (When): Aliasing happens when the sampling frequency 𝑓!./0 is less than twice the 

signal frequency 𝑓!12.  
 
(Why): The sampling process results in the spectrum of continuous-time signal 
repeated at the sampling frequency 𝑓!./0 and integer multiple of 𝑓!./0.  Therefore, 
when 𝑓!./0 < 𝑓!12, the signal components centred at 𝑓!./0 extends to the baseband. 
 
(Bad consequence): Corrupt the original signal and cannot be reversed. 
 
(How to avoid): use a lowpass filter to limit the energy of frequency components 
above 𝑓!./0/2 to avoid corruption of the original signal. 
 

b) (i)  
 

 
 

(ii) The aliased frequency component is at 𝑓!./0 − 523 = 477𝐻𝑧.  The chord will 
sound awful!  
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This question tests students’ understanding of 2nd order system, its transfer function and its 
dynamic behaviour. 
 

a)  

𝐻(𝑠) =
𝛼(𝑠)
𝑇(𝑠)

=
1

𝐽𝑠3 + 𝑐𝑠 + 𝑘
=
1
𝑘
D

𝑘
𝐽

𝑠3 + 𝑐𝐽 𝑠 +
𝑘
𝐽
E 

 
b) Compare this with the standard 2nd order system equation in Lecture 7 slide 13: 

 

 
We have: 

Resonant frequency   𝜔! = #𝑎" 	= 	&
#
$
			 

 

Damping factor    𝜁 = 	 %4
&'%5

= (
&

)
'$#

 

 
DC gain    𝐾 = (

#
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This question tests students’ understanding of discrete time systems, transfer 
function in the z-domain, difference equation and the idea of convolution. 
 
a) The transfer function is simply the z-transform of the impulse response h[n]: 

 
𝐻[𝑧] = 4 + 3𝑧)+ + 2𝑧)3 + 𝑧)* 

 
b) The output y[n] is simply: 

 
 𝑦[𝑛] = 4𝑥[𝑛] + 3𝑥[𝑛 − 1] + 2𝑥[𝑛 − 2] + 𝑥[𝑛 − 3] 

 
c) Use graphical method: 

 
  
Therefore: 
 
Y[0] = 4, y[1] = 4+3 = 7, y]2] = 4+3+2=9, y[3]= 3+2+1=6, y[4]=2+1=3, y[5]=1. 
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The closed-loop transfer function is: 
 
 

𝐹(𝑠) =
𝑌(𝑠)
𝑋(𝑠)

=
𝐻(𝑠)𝐺(𝑠)

1 + 𝐻(𝑠)𝐺(𝑠)
 

 

=

𝐾0 + 𝐾6𝑠
1 + 𝜏𝑠

1 +
𝐾0 + 𝐾6𝑠
1 + 𝜏𝑠

 

 

=
𝐾0 + 𝐾6𝑠

1 + 𝜏𝑠 + 𝐾0 + 𝐾6𝑠
 

 

=
𝐾0 + 𝐾6𝑠

(1 + 𝐾0) + (𝐾6 + 𝜏)𝑠
 

 
 
 
 
 
 
 
 
 
 
 
 

[END OF PAPER] 


