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Fourier Methods in Digital Signal Processing 
Mid-Semester Exam ME 579, Fall 2006 
Monday, Nov 3rd, 10:30-11:30 Room ME 116. 
 

Instructions:  
One hour long. Closed book. No calculators.  

Answer ALL questions. 

Show workings so that I can understand how you came up with your answer. 

All sketches and plots should be labeled with as much relevant detail as possible. 
Also, they should be as neat as possible, use a straight edge if you are not good at 
drawing straight line freehand. 

Notation:   
X(f) is a short form of X(j2πf) and is the Fourier Transform of x(t).  

fs is the sample rate in samples per second. 

Δ is the sampling interval in seconds. 
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PROB 1 20  

PROB 2 20  

PROB 3 20  
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1. Analysis of Periodic Signals  

(a) One period of a square wave is defined by: 

x(t) = -1 Volt  when -1 ≤ t < 1 seconds; 
x(t) = +1  Volt when 1 ≤ t < 3 seconds;  

and x(t) = x(t+qTp), where q is any integer and Tp is the period. 

(i) Sketch the signal and determine the period and fundamental 
frequency (in Hertz) of the signal?  

(ii) Determine the complex Fourier series coefficients (Ck), and 
describe how signal symmetries affect the Ck. 

(iii) How are these Fourier series coefficients related to that of a square 
wave of the same period that is 0 for half the period and 2 for the 
other half of  the period? 

(b) If x(t) is sampled at 32 samples per second, explain why the computation 
of the Ck, by using a scaled Discrete Fourier Transform of the 128 points 
starting at t=0, will not work very well. 

2. Multiplication and Convolution of Signals 
 The spectrum of a signal is: 
  X(f) = 10 m/Hz for |f|< 200 Hz; and  X(f) = 0 m/Hz elsewhere. 

(a) What is the signal? 

(b) What is the inverse Fourier transform of X(f)*X(f) where * denotes 
convolution? 

(c) What is the inverse Fourier transform of X2(f)? 

A signal defined by:        

! 

y(t ) =10exp( j2"30t )  
is windowed with:     

! 

w(t ) =1, | t |< T / 2 , and     

! 

w(t ) = 0, | t |" T / 2 . 

(d) Sketch the real part of the spectrum of the windowed signal.  

3. Sampled signals and systems 

A causal, discrete system’s difference equation is given by:  

     

! 

yn = "0.64yn"2 + xn " xn"2  

(a) Derive the transfer function of the discrete system: H(z). 

(b) Plot the pole-zero map and shade in the region of convergence. 

(c) Write down the frequency response of this digital system (fs = 100 
samples/second), and sketch its magnitude. 

(d) A signal, x(t),  is of finite duration (0 ≤ t < T ) so that when it is sampled, 
there are only non-zero samples, x(nΔ), in the range n=0,1,….N-1.  In this 
case, explain the relationship between the Fourier transform of x(t), the 
Fourier transform of the sampled signal xs(t), and the Discrete Fourier 
Transform of the N non-zero samples. 


