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Chapter 7
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Channel

𝑥 𝑡 𝑦 𝑡
CH7 CH7𝑚 𝑛 𝑚 𝑛

 Start with a discrete-time signal (a sequence of numbers 
).

 Goal: Convert into an analog signal that 
 has no inter-symbol interference
 uses small bandwidth.
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7.1 Analog Pulse Modulation



ASCII in MATLAB
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>> str='I love SIIT';
>> real(str)

ans =

73    32   108   111   118   101    32    83    73    73    84

>> dec2base(str,2)

ans =

1001001
0100000
1101100
1101111
1110110
1100101
0100000
1010011
1001001
1001001
1010100

text string

(decimal) ASCII representation of the text string

binary (base 2) 
representation of the 
decimal numbers
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7.2 PAM



PAM: Example 7.11 (Figure 57)
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PAM: Example 7.11 (Figure 57)
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PAM: Example 7.11 (Figure 57)
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PAM: Example 7.11 (Figure 57)
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PAM: Example 7.12 (Figure 58)
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PAM: Example 7.12 (Figure 58)
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Review: Spectrum of PAM signal
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XPAM(f) (2/4)
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Important Properties of 
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XPAM(f) (3/4)
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A revisit to an earlier OOK Example
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A revisit to an earlier OOK Example
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7.3 ISI and Pulse Shaping



Section 7.3
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Channel

𝑥 𝑡 𝑦 𝑡
CH7 CH7𝑚 𝑛 𝑚 𝑛

 Start with a discrete-time signal (a sequence of numbers 
).

 Original Goal: Convert into an analog signal that 
 has no inter-symbol interference
 uses small bandwidth.



Section 7.3
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Channel

𝑦 𝑡
PAM CH7𝑚 𝑛 𝑚 𝑛

 Start with a discrete-time signal (a sequence of numbers ).
 In Section 7.2, we choose to convert into an analog signal 

by using PAM:

𝑥PAM 𝑡 𝑚 𝑛 𝑝 𝑡 𝑛𝑇

 Current Goal: Choose the pulse shape so that 
 has no inter-symbol interference
 uses small bandwidth.

𝑥PAM 𝑡



Section 7.3
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Channel

𝑦 𝑡
PAM𝑚 𝑛 𝑚 𝑛

 Start with a discrete-time signal (a sequence of numbers ).
 In Section 7.2, we choose to convert into an analog signal 

by using PAM:

𝑥PAM 𝑡 𝑚 𝑛 𝑝 𝑡 𝑛𝑇

 Current Goal: Choose the pulse shape so that 
 has no inter-symbol interference
 uses small bandwidth.

𝑥PAM 𝑡
𝑡 𝑛𝑇



Section 7.3: Conditions for good pulse
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 Start with a discrete-time signal (a sequence of numbers ).
 In Section 7.2, we choose to convert into an analog signal 

by using PAM:

𝑥PAM 𝑡 𝑚 𝑛 𝑝 𝑡 𝑛𝑇

 Current Goal: Choose the pulse shape so that 
 has no inter-symbol interference: 𝑚 𝑛 𝑚 𝑛 for all 𝑛
 uses small bandwidth.



Conditions for good pulse
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[7.17]Two conditions: 

(a1) for all .

(b) is band-limited (with small BW).



Conditions for good pulse
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[7.17]Two conditions: 

(a2)

(b) is band-limited (with small BW).

These two conditions are in two different domains.



Nyquist’s (first) Criterion for Zero ISI
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 Two equivalent definitions for Nyquist pulse:

 In the time domain,

 In the frequency domain,
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The sum on the left is always periodic with period . So, it 
is sufficient to check the criterion only on this interval.
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Nyquist criterion
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[Blahut, 2008, Fig 2.9]



Raised Cosine Pulses

29

-3 -2 -1 0 1 2 3
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Time [T]

Roll-off = 0
Roll-off = 0.5
Roll-off = 1

-1 -0.5 0 0.5 1

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

Frequency [1/T]

m
ag

ni
tu

de

Roll-off = 0
Roll-off = 0.5
Roll-off = 1

For fixed nonzero , the tails 
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Although the pulse tails persist 
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