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ECE 373 Fundamentals of Communication 

 

Lecture-15 

 

Phase Modulation 

 

For the modulating signal, i.e., message signal, 𝑚(𝑡), the phase modulated (PM) is 

obtained as 

𝑠(𝑡) = 𝐴𝑐 cos (2𝜋𝑓𝑐𝑡 + 𝑘𝑝𝑚(𝑡)) 

 

Frequency Modulation 

 

For the modulating signal, i.e., message signal, 𝑚(𝑡), the frequency modulated (FM) 

is obtained as 

𝑠(𝑡) = 𝐴𝑐 cos (2𝜋𝑓𝑐𝑡 + 2𝜋𝑘𝑓 ∫ 𝑚(𝑡)𝑑𝑡
𝑡

0

) 

 

Narrowband and Wideband FM 

 

For message signal 𝑚(𝑡), narrowband FM is generated as 

 

𝑠(𝑡) = 𝐴𝑐 cos(2𝜋𝑓𝑐𝑡) − 𝐴𝑐𝜃(𝑡) sin(2𝜋𝑓𝑐𝑡) 
 

𝜃(𝑡) = 2𝜋𝑘𝑓 ∫ 𝑚(𝑡)𝑑𝑡
𝑡

0

 

 

For narrowband modulated signals we have  

 

𝛽 =
Δ𝑓

𝑊𝑚
≪ 1 

 

and for wideband modulated signals we have 

 

𝛽 =
Δ𝑓

𝑊𝑚
> 1. 

 

For the message signal 𝑚(𝑡) having bandwidth 𝑊𝑚, the bandwidth of the 

narrowband modulated signal 𝑠𝑁𝐵𝐹𝑀(𝑡) equals to 2𝑊𝑚. 
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Case Study:  

 

The bandwidth of FM modulated signal for sinusoidal message signal 

 

For the message signal  

𝑚(𝑡) = 𝐴 cos(2𝜋𝑓𝑚𝑡). 
 

FM modulated signal is calculated using the formula 

 

𝑠(𝑡) = 𝐴𝑐 cos (2𝜋𝑓𝑐𝑡 + 2𝜋𝑘𝑓 ∫ 𝑚(𝑡)𝑑𝑡
𝑡

0

) # 

as 

 

𝑠(𝑡) = 𝐴𝑐 cos(2𝜋𝑓𝑐𝑡 + 𝛽 sin(2𝜋𝑓𝑚𝑡)) (1) 

 

where 𝛽𝐹 is the modulation index defined as 

 

𝛽 =
Δ𝑓

𝑊𝑚
→ 𝛽 =

𝐴𝑘𝑓

𝑓𝑚
. 

 

The Fourier transform of (1) can be calculated as 

 

𝑆(𝑓) =
𝐴𝑐

2
∑ 𝐽𝑛(𝛽)

∞

𝑛=−∞

[𝛿(𝑓 − [𝑓𝑐 + 𝑛𝑓𝑚]) + 𝛿(𝑓 + [𝑓𝑐 + 𝑛𝑓𝑚])]. (2) 

 

The graph of 𝑆(𝑓) consists of impulses at locations  

 

𝑓 = 𝑓𝑐 + 𝑛𝑓𝑚 
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The spectrum expression  

𝑆(𝑓) =
𝐴𝑐

2
∑ 𝐽𝑛(𝛽)

∞

𝑛=−∞

[𝛿(𝑓 − [𝑓𝑐 + 𝑛𝑓𝑚]) + 𝛿(𝑓 + [𝑓𝑐 + 𝑛𝑓𝑚])] 

 

Can be plotted as in Figure-1 to 3. 
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Figure-1 
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Figure-2 

 
Figure-3  Carrier frequency is 𝑓𝑐 = 200𝐻𝑧   𝑓𝑚 = 12𝐻𝑧 
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The graph of Bessel function 𝐽𝑛(𝛽) is depicted in Figure-4. 

 

 
Figure-4 The graph of Bessel function 𝐽𝑛(𝛽) 

 

Properties of the Bessel function 𝑱𝒏(𝜷) 
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To determine the bandwidth of the modulated signal, we can limit the summation 

limits of the expression  

 

𝑆(𝑓) =
𝐴𝑐

2
∑ 𝐽𝑛(𝛽)

∞

𝑛=−∞

[𝛿(𝑓 − [𝑓𝑐 + 𝑛𝑓𝑚]) + 𝛿(𝑓 + [𝑓𝑐 + 𝑛𝑓𝑚])] 

as in 

𝑆𝑁(𝑓) =
𝐴𝑐

2
∑ 𝐽𝑛(𝛽)

𝑁

𝑛=−𝑁

[𝛿(𝑓 − [𝑓𝑐 + 𝑛𝑓𝑚]) + 𝛿(𝑓 + [𝑓𝑐 + 𝑛𝑓𝑚])] 

 

where 𝑁 value is determined considering modulation index value 𝛽 as in 

 

𝐽0
2(𝛽) + 2 ∑ 𝐽𝑛

2(𝛽)

𝑁

𝑛=1

≥ 0.99. 

 

And the bandwidth of the modulated signal is determined as 

 

2𝑁𝑓𝑚 . 
 

Example: The signal 𝑚(𝑡)  =  10𝑐𝑜𝑠(2𝜋 × 400𝑡) is to be transmitted using FM 

techniques. Find the practical bandwidth for 𝑘𝑓 = 200 𝐻𝑧/𝑉. 

 

Solution: The modulation index is calculated as 

 

𝛽 =
𝑘𝑓𝐴𝑚

𝑓𝑚
→ 𝛽 =

10 × 200

400
→ 𝛽 = 5. 

The equation  

𝐽0
2(𝛽) + 2 ∑ 𝐽𝑛

2(𝛽)

𝑁

𝑛=1

≥ 0.99 

 

can be solved using Table 1 for 𝑁 considering the calculated 𝛽 = 5 as 

 

𝑁 = 6 

 

and the bandwidth of the modulated signal is calculated as 

 

𝑊𝑠 = 2𝑁𝑓𝑚 → 𝑊𝑠 = 12 × 400 → 𝑊𝑠 = 4800𝐻𝑧. 
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Table 1 Values of 𝑱𝒏(𝜷) 

 
 

Radio Broadcast 

Here are some of the major applications for AM and FM 

 
Figure 5 
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Figure 6 The electromagnetic spectrum. 

 

 
Figure 6 The electromagnetic spectrum used in electronic communication. 
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AM Broadcasting 

 
Figure 7 Frequency spectrum of AM broadcast band. 

 

An AM broadcast station has a total bandwidth of 10 kHz.  

 

In addition, AM broadcast stations are spaced every 10 kHz across the spectrum from 

540 to 1600 kHz.  

 

This is illustrated in Figure 7. The sidebands from the first AM broadcast frequency 

extend down to 535 kHz and up to 545 kHz, forming a 10-kHz channel for the signal.  

 

The highest channel frequency is 1600 kHz, with sidebands extending from 1595 up 

to 1605 kHz.  

 

There are a total of 107 10-kHz-wide channels for AM radio stations. 

 

FM Broadcasting 

 

For AM: 10kHz bandwidth from 540-1600 kHz for 107 possible bands. 

 

For FM: 200 kHz bandwidth from 88.1-108.1 MHz from 100 possible bands. 
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Figure 8 

 

The FM radio broadcast band is allocated the frequency spectrum from 88 to 108 

MHz.  

 

There are 100 channels spaced 200 kHz apart. The first channel center frequency is 

88.1 MHz; the last, or 100th, channel center frequency is 107.9 MHz.  

 

The channel center frequencies are centered as  

 

88.1, 88.3, 88.5, 88.7, ⋯ ⋯ , 107.7, 107.9. 
 

Each 200-kHz channel has a 150-kHz modulation bandwidth with 25-kHz “guard 

bands” on either side of it.  

 

The FM broadcast band permits a maximum deviation of ±75 kHz and a maximum 

modulating frequency of 15 kHz. 

 

Note: FM radio was assigned the 42–50 MHz band of the spectrum in 1940. In 1945, 

the FCC (Federal Communications Commission | The United States) moved FM to 

88–108 MHz, obsoleting all existing receivers. 

 

 


