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Question 1 (6 marks) 
 
1. Using the differentiation and shifting properties of Fourier Transform to calculate the Fourier 

Transform of the signal )(tx  shown in Figure 1 (Do not use the direct definition of Fourier 
Transform to calculate the Fourier Transform of )(tx ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 
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Question 2 (6 = 3 + 3) 
 
The input and the output of a stable and causal LTI system are related by the differential equation 
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(a) Find the impulse response of the system. 
(b) What is the output response if an input )()( 2 tuetx t−=  is applied to the system? 
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Question 3 (6) 
 
Find the frequency response )( ωjeH  and the impulse response [ ]nh  of the system having the 
output )(ty for the input )(tx . 
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Question 4 (7 = 2 + 2 + 2 + 1) 
 
Consider a discrete-time LTI system described by the following difference equation: 
 

[ ] [ ] [ ]( )1
2
1

−+= nxnxny  

(a) Determine its transfer function )( ωjeH  and impulse response [ ]nh . 

(b) Find the expression for the magnitude response )( ωjeH . 

(c) Sketch its magnitude response. 
(d) Based on the magnitude response plot, determine if the filter is a low-pass, high-pass or band-

pass filter. 
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Question 5 (8 = 3 + 3 +2) 
 
Consider an RLC circuit shown in Figure 2 with input )(tx  and output )(ty . 
(a) Write the differential expression for this system. 
(b) Find the frequency response )( ωjH . 
(c) If 10=L  mH, FC µ100=  and Ω= 1R , determine if the system is over-damped, critically 

damped or under-damped. 

 
Figure 2 
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Question 6 (4) 
 
Sketch the amplitude response as a Bode diagram (straight line approximation) for the LTI 
system described by the transfer function. 
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Question 7 (6 = 3 + 3) 
 
Determine the Nyquist rate for each of the following two signals )(tx  and )(ty . 
(a) )200cos()100cos(1)( tttx ππ ++=  

(b) )()( 2 txty =  with the same )(tx  in (a). 
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Question 8 (7 =2 +2+ 3) 
 
Consider a continuous-time LTI system for which the input )(tx  and )(ty  are related by the 
differential equation 
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(a) Determine the system transfer function )(sH . 
(b) Sketch the pole-zero pattern of )(sH . 
(c) Determine )(th  for each of the following cases: (i) The system is stable. (ii) The system is 

causal, (iii) The system is neither stable nor causal. 
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Table of Formulas 

Convolutions: 
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Continuous-time Fourier series: 
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Discrete-time Fourier series: 
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Orthogonal function decomposition: 
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Continuous-time Fourier transform and inverse 
Fourier transform: 
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Periodic signals: 
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Continuous-time first and second order 
lowpass systems in standard form : 
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Discrete-time Fourier transform and inverse 
Fourier transform 
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Impulse-train sampling: 
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Laplace transform 
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