
ECE 545 Communication Theory Midterm 
 Problem # 3 

 
Let the transmitted signal be: 
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where }{ ka is a WSS sequence of random real-valued symbols with a 
correlation function )(kRa , T is the symboling interval, and g(t) is the 
symboling pulse with a Fourier transform G(f), and the correlation function 
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Note that s(t) is not stationary but cyclo-stationary with a correlation 
function )}()({),( tstsEttRs ττ +=+  
(a) Compute the average correlation function of s(t) in terms of 
previously defined functions as follows: 
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(b) Express the power spectral density of s(t), )( fSs in terms of 
previously introduced functions. 
(c) Plot )( fSs for a white sequence ka  and g(t) = p(t) = 1 for Tt ≤≤0 and 
0 otherwise. 
(d) Assume a white sequence ka and a band limited power spectral 
density: )( fSs =1 for )2/(1)2/(1 TfT ≤≤− and 0 otherwise, compute: 
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(e) Assume r(t) = s(t) + n(t) where n(t) is AWGN with spectral density 
2/0N and the conditions under (d). Compute the conditions (given 

transmitted symbols ka ) covariance matrix of the vector Tdd ][ 10  where  
 

                               ∫
∞

∞−

−= dtiTtgtrdi )()(    for    }1,0{∈i  

 
 
 



Solution 
 
(a) Compute the average correlation function of s(t) in terms of 
previously defined functions as follows: 
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Solution: 
                               )}()({),( tstsEttRs ττ +=+  
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(b) Express the power spectral density of s(t), )( fSs in terms of 
previously introduced functions. 
Solution: 
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Substituting (2) in (1):                                             
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(c) Plot )( fSs for a white sequence ka  and g(t) = p(t) = 1 for Tt ≤≤0 and 
0 otherwise. 
Solution: )( fSs = (1/T) 2|)(|)( fGfSa   
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)( fSa  is a constant having a non zero value only at m=0, say L. So then 
we can plot 22 )/()(sin)/()( fftTLfSs ππ= as follows: 

 
(d) Assume a white sequence ka and a band limited power spectral 
density: )( fSs =1 for )2/(1)2/(1 TfT ≤≤− and 0 otherwise, compute: 
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(e) Assume r(t) = s(t) + n(t) where n(t) is AWGN with spectral density 

2/0N and the conditions under (d). Compute the conditions (given 
transmitted symbols ka ) covariance matrix of the vector Tdd ][ 10  where  
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