
EE3101  Tutorial 5 Solutions 
 
 
(1) (a) symbol rate = 100 MSymbol/s, i.e. BW=100M/2=50MHz 

(b) symbol rate = 140/log216 = 35 MSymbol/s, i.e. BW=35M/2=17.5MHz 
 
(2) (a) 6dB bandwidth is the minimum Nyquist bandwidth = 45/2=22.5MHz 
 (b) 100% power bandwidth = 22.5x(1+0.3)MHz = 29.25MHz. 
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In the overlapped region, i.e. ଵ݂ ൑ ݂ ൑   ܤ
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i.e. ܪ௘௤ሺ݂ሻ ൌ 1  for  0 ൑ ݂ ൑
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(b) If there is a sampling phase offset ߳,  where 0 ൏ ߳ ൏ ܶ  
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i.e. |ܪ௘௤଴ழఢழ்ሺ݂ሻ|ଶ ൏  ௘௤ఢୀ଴ሺ݂ሻ|ଶܪ|
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Since there is no overlapped region for raised cosine filter with ߙ ൌ 0, ௔ܲ௩ doesn’t depend on the 
sampling time offset ߳.  
 
 
(c) No, since there is no overlapping region in ܪ௘௤ሺ݂ሻ, |ܪ௘௤ሺ݂ሻ|ଶ becomes independent of ߳, i.e. 

the average sampling power ௔ܲ௩ will be independent of ߳. 
  



**(4) Take “1” and “0” to represent ൅sin	ሺగ௧
்
ሻ and െsin	ሺగ௧

்
ሻ {both from ݐ ൌ 0		to	ܶ} respectively. 

Use discrete impulses with amplitudes +1 and -1 to represent “1” and “0”. The PSD of this 
discrete impulse sequence is:  
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(5) 
(a) On-Off Keying 
 

Unipolar NRZ   Output 
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where “a” is a constant,  i.e.  

 
(b) BPSK 
 

      Bipolar NRZ   Output 
     (NRZ-L)           
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(c) QPSK 
 

The required Pv(f) is equivalent to adding 2 BPSK spectrum together. Since the spectrum of the 
2 BPSK are identical and the 2 BPSK signals are uncorrelated and orthogonal, the final Pv(f) is 
equivalent to the summation of the two BPSK spectrum with T = 2Tb {Tb is the bit duration}, i.e. 
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