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FM Modulation 

Introduction: 

         In Frequency Modulation (FM), the frequency of the carrier signal is 

varied according to the instantaneous value of the modulating signal, while 

the amplitude and phase remain constant. To generate a frequency-modulated 

signal, the carrier's frequency is adjusted based on the amplitude of the 

incoming audio signal. As the voltage of the modulating signal increases, the 

carrier frequency rises; as the voltage decreases, the carrier frequency lowers. 

 
Figure. Frequency Modulation (FM) 

 

                          When the audio signal is modulated onto the carrier wave, the new 

carrier frequency oscillates up and down. This change in frequency is called 

frequency deviation, typically measured in kilohertz (kHz). For instance, if the 

deviation is ±3 kHz, the carrier frequency shifts up by 3 kHz or down by 3 kHz 

from its original frequency. We can write an FM wave in the form: 
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FM and PM Explanation 

1. Phasor and Angular Frequency 

In communication systems, a sinusoidal signal can be represented by a phasor, 

which is a rotating vector. 

• The angle of the phasor is called the phase angle 𝜽(𝒕). 

• The rate at which the phasor rotates is called the instantaneous angular 

frequency. 

The relationship between them is: 

𝝎𝒊(𝒕) =
𝒅𝜽(𝒕)

𝒅𝒕
 

This means: 
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Instantaneous frequency = derivative of the phase with respect to time. 

Also, 

𝜽(𝒕) = ∫ 𝝎𝒊

𝒕

𝟎

(𝝉)𝒅𝝉 + 𝜽𝟎 

 

So: 

Phase = integral of the instantaneous frequency. 

Phase = integral of the instantaneous frequency. 

Where: 

• 𝜽𝟎= initial phase at 𝒕 = 𝟎 

2. Phase Modulation (PM) 

In Phase Modulation (PM), the phase of the carrier signal changes according 

to the message signal 𝑓(𝑡). 

The phase equation is: 

𝜃(𝑡) = 𝜔𝑐𝑡 + 𝑘𝑝𝑓(𝑡) + 𝜃0 

 

Where: 

• 𝜔𝑐= carrier angular frequency 

• 𝑓(𝑡)= message (information) signal 

• 𝑘𝑝= phase modulation constant 

This means: 
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The phase varies linearly with the message signal. 

Instantaneous Frequency in PM 

To find the instantaneous frequency, we differentiate the phase: 

𝜔𝑖 =
𝑑𝜃

𝑑𝑡
 

𝜔𝑖 = 𝜔𝑐 + 𝑘𝑝
𝑑𝑓(𝑡)

𝑑𝑡
 

 

This means: 

In PM, the instantaneous frequency depends on the derivative of the message 

signal. 

Frequency Modulation (FM) 

In Frequency Modulation (FM), the instantaneous frequency changes 

according to the message signal. 

The instantaneous frequency is: 

𝜔𝑖 = 𝜔𝑐 + 𝑘𝑓𝑓(𝑡) 

 

Where: 

• 𝑘𝑓= frequency modulation constant 

This means: 
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The frequency varies directly with the message signal. 

Phase in FM 

Since phase is the integral of frequency: 

𝜃(𝑡) = ∫ 𝜔𝑖

𝑡

0

(𝜏)𝑑𝜏 

 

Substituting the FM equation: 

𝜃(𝑡) = 𝜔𝑐𝑡 + 𝑘𝑓∫ 𝑓(𝑡)𝑑𝑡 +
𝑡

0

𝜃0 

 

This shows that: 

In FM, the phase depends on the integral of the message signal. 
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Modulation-index: 

              In modulation systems, the modulation index represents the extent to which 

the modulated parameter deviates from its unmodulated state. Specifically, in 

Frequency Modulation (FM), the modulation index measures the variation in the 

carrier frequency relative to its unmodulated frequency. It is mathematically 

defined as: 
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The spectrum of FM: 

                 Any modulated signal generates sidebands. While determining sidebands 

for an amplitude-modulated (AM) signal is straightforward, analyzing sidebands in 

frequency modulation (FM) is more complex. The sidebands in FM depend not only 

on the frequency deviation but also on the modulation index (𝛽), which represents 

the ratio of the deviation to the modulating frequency. 

                         The total spectrum of an FM signal comprises an infinite series of 

discrete spectral components, described mathematically using Bessel functions of 

the first kind. Based on Bessel functions, the signal 

𝑠(𝑡) can be expressed as a series expansion: 
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                         A summary of the Bessel function of the first kind, for order 𝑛 and 

discrete values of the argument 𝛽, is provided in Table 5.1. Additionally, a graphical 

representation of the function is shown in Figure 2. It is important to note that for 

very small values of 𝛽, 𝐽0(𝛽) approaches unity, while through 𝐽1(𝛽) to 𝐽𝑛(𝛽) 

approach to zero. 
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Fig. 3: Frequency Spectrum of FM Signal Showing Carrier and Sidebands at 

Different Harmonics. 
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Narrowband FM (NBFM) and Wideband FM (WBFM):  

            An FM signal with a low modulation index (𝛽 ≪ 1 𝑜𝑟 ∆𝑓 ≪ 𝑓𝑚) is 

referred to as a narrowband FM (NBFM) signal. For most practical 

purposes, the contributions of higher-order Bessel functions can be ignored, 

allowing its spectrum to be approximated as follows: 

 

 

 

 

 

 



 

Email (البريد الالكتروني للتدريسي) 

Al-Mustaqbal University / College of Engineering & Technology 
Department of Communications technology Engineering) 

Class(Second) 
Subject (Analog communication) 

(UOMU0207041) 
Lecturer (Ayat Ayad Hussein) 

2nd term – Lecture No 4(FM Modulation) 
 

  

 

 



 

Email (البريد الالكتروني للتدريسي) 

Al-Mustaqbal University / College of Engineering & Technology 
Department of Communications technology Engineering) 

Class(Second) 
Subject (Analog communication) 

(UOMU0207041) 
Lecturer (Ayat Ayad Hussein) 

2nd term – Lecture No 4(FM Modulation) 
 

  

 

 



 

Email (البريد الالكتروني للتدريسي) 

Al-Mustaqbal University / College of Engineering & Technology 
Department of Communications technology Engineering) 

Class(Second) 
Subject (Analog communication) 

(UOMU0207041) 
Lecturer (Ayat Ayad Hussein) 

2nd term – Lecture No 4(FM Modulation) 
 

  

 

 



 

Email (البريد الالكتروني للتدريسي) 

Al-Mustaqbal University / College of Engineering & Technology 
Department of Communications technology Engineering) 

Class(Second) 
Subject (Analog communication) 

(UOMU0207041) 
Lecturer (Ayat Ayad Hussein) 

2nd term – Lecture No 4(FM Modulation) 
 

  

 

 

 

 

Common Application:  

                     Frequency Modulation (FM) is widely used in radio and television 

broadcasting. The FM spectrum is allocated for various applications. Analog 

television channels (0 to 72) occupy frequencies between 54 MHz and 825 MHz, 

where FM is used to transmit audio signals. 

Additionally, FM radio operates within the 88 MHz to 108 MHz band. Each FM 

radio station utilizes a 200 kHz bandwidth, with approximately 38 kHz dedicated 

to audio transmission, while the remaining spectrum is used for stereo and auxiliary 

signal. 
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