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Complete the following: 
 
Nyquist Pulse-Shaping Criterion or Nyquist Criterion for Zero ISI: The necessary and sufficient 
condition for 𝑥(𝑡) to satisfy 𝑥(𝑛𝑇) = �1 𝑛 = 0

0 𝑛 ≠ 0
� 

 
is that its Fourier transform 𝑋(𝑓) satisfies…∑ 𝑋 �𝑓 + 𝑚

𝑇
� = 𝑇∞

𝑚=−∞ .. (2 points) 
 
For modified duobinary 

𝑥 �
𝑛

2𝑊
� = 𝑥(𝑛𝑇) = �

1 𝑛 = −1
−1 𝑛 = 1
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

� 

Complete the following table 
 

𝐷𝑚  1 1 1 0 1 0 0 1 
𝐼𝑚 +1 +1 +1 -1 +1 -1 -1 +1 
𝐵𝑚 1 0 -2 0 0 -2 +2 1 

(2 points) 
 
 
Sketch the time domain waveform and spectrum for the raised cosine for roll-off factor of  
  𝛽 = 0 𝑎𝑛𝑑 𝛽 = 1.    ( Show all important difference)    (3 points) 
 

 
 
 
A 4-kHz band-pass channel is to be used for M-ary transmission of data at a rate 9600 bits/s. If we use 
a signal pulse with a raised cosine spectrum having an excess bandwidth of at least 60%, what is the 
value of M ? what is the used roll-off factor with the chosen M?    (3 points)
  
For Baseband 𝐵𝑊 = 𝑅

2
+ 𝛽𝑅

2
 but for band-pass 𝐵𝑊 = (1 + 𝛽)𝑅, where R is the symbol rate. We can 

also write 𝐵𝑊 = (1+𝛽) 𝑅𝑏
𝑘

   where 𝑘 = log2 𝑀 

By substitution 4000
9600

 𝑘 = 1 + 𝛽,  which means that 4000
9600

 𝑘 > 1 + 0.6, the min value of 𝑘 that satisfies 
the requirements is 𝑘 = 4, which means 𝑀 = 24 = 16. If we substitute in the original equation we get 
𝛽 = 0.6667. 
________________________________________________________________________________ 
  Good Luck, Dr. Ali Muqaibel 
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