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Fourier Methods in Digital Signal Processing 

Mid-Semester Exam ME 579, Spring 2016 

March 9th, 2016 In Class 
 

Instructions:  
50 minutes long. Closed book. No calculators.  No Crib Sheets. 
Use only 1 side of the paper, ask for more paper if needed. 
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 lines 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. 
 

NAME____________________________________________ 
 

 Max  

PROB 1 20  

PROB 2 20  

PROB 3 20  

Total  60  

% 100  
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1. Analysis of Periodic Signals  
A repetitive pulse signal is defined as:  
 
x(t) = 2 Volts for -1≤ t <1 seconds,   and x(t) = 0  Volts for 1≤  t <  9 seconds.   

and x(t) =  x(t + q.10),  where q is any integer. 
 
(a) What is the period of the signal? 
(b) What is the fundamental frequency (in Hz). 
(c) Sketch the signal. What type of symmetry does it have? 
(d) Calculate the complex Fourier Series coefficients: Ck.  
     What characteristic do they have that relates to your answer in part (c).  
(e) Sketch the one-sided power spectrum of the signal from 0 to 1 Hz.   

Solution: 
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Problem 1 Solution (continued) 
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2. Fourier Transforms, Multiplication and Convolution 
 

(a) What is the inverse Fourier transform of a rectangular frequency domain window defined by: 
 
 X(f) = 1  for | f | ≤ 0.5 q   and X(f) = 0 for | f | > 0.5 q. 
 

(b) If x(t) =
sin(π f0t)
π f0t

 what is y(t) = x(t)*x(t) where * denotes a convolution. 

(c) Calculate the Fourier Transform of the product of two sinc functions:       

                                          sin(πAt)
(π t)

−∞

+∞

∫  sin(πBt)
(π t)

e− j2π ftdt ,  where A =2B. 

(d)  Use your result in (c) to evaluate: sin(πAt)sin(πBt)
(π t)2−∞

+∞

∫ !dt  

 

Solution: 
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Problem 2 Solution (Continued)
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3. Sampled Signals, Spectra and Systems 
 

(a) Two, finite-length sampled signals, xn and hn are defined below.  

 xn  = 5  for n = -3 to 1, and is 0 for all other values of n. 
 hn  = 2  for n = 0, 1, 2, and is 0 for all other values of n. 

Plot xn and hn.  
What is the result of convolving of these two signals:  yn = hn * xn  where * denotes convolution.  
Your answer can be an annotated plot of yn where the values of yn and times at which they occur 
are clear. 

(b)  If one signal is Nx points long and another is Nh points long, how long is the signal that is the 
result of convolving these two signals? 
 
 Nx = Nh =256 points. A student decides to do the convolution by transforming into the 
frequency domain (by using N-point Discrete Fourier Transforms), multiplying the two DFTs 
and then doing an N-point Inverse Discrete Fourier Transform and taking the real part of the 
result.  What should N be? 

(c) A delta train in time is: i(t) = δ(t − n
n=−∞

∞

∑ Δ) , 

and its Fourier transform is:  I ( f ) = 1
Δ

δ( f − k. fs
n=−∞

∞

∑ ) . 

 
Use this to derive the relationship between Xs ( f ) and X ( f ), where Xs ( f ) is the Fourier 
Transform of the sampled signal and X ( f ) is the Fourier transform of the continuous signal. 

Solution 
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Problem 3 Solution (continued) 
 


