
 
 

 



 
 
If we consider first the case when the cosine function is entirely inside of the rectangle 
during convolution we can use the following integral: 
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As we expect, this area remains constant as long as f is in the range: 
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It is also obvious that if the rectangle and cosine do not overlap at all the convolution 
integral is zero.  This occurs for f in the range: 
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The final case to examine is when only part of the rectangle overlaps the cosine function.  
Since this area will change with frequency, we expect our integral to result in a function 
of f. 
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As we expect, this convolution is a function of frequency, f.  Note also that this integral 
was only calculated for the lagging edge of the rectangle function, f-W.  However, since 
the cosine function is odd symmetric we can use the same function for the leading edge 
of the rectangle function by cleverly defining the frequency range.  The frequency range 
for the lagging edge is: 

f-W f+W -rW rW 
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0 < r < 1 



 

( ) ( )rWfrW

rWWfrW

+<<−
<−<−

11
 

 
Due to the cosine symmetry we can use the same convolved formula above with the same 
frequency range by simply taking the absolute value of f. 
 

The final step is to notice that we need to normalize our equations by 
rW4

π
, as our 

spectrum has a maximum height of unity.  Our spectrum equation is thus: 
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The final step is to transform this to the time domain.  We have a rectangle function 
convolved with a frequency limited cosine function.  The limited cosine function can be 
created by multiplying the full cosine with an appropriate rectangle function, shown 
below, remembering to add in our normalizing factor. 
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Our transform now consists of one multiplication and one convolution.  The remaining 
steps are as follows. 
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We thus arrive at the final time domain solution. 
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Problem 2 
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Part b 
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Part c 
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The modified duobinary signal has two times more energy than the perfect Nyquist 
signal. 


