
University of Bahrain
Department of Electrical and Electronics Engineering

EENG372

Communication Systems I

Dr. Sana Almansoori

Prof. Mohab Mangoud

Topic 2:

Frequency  Modulation (FM)



10/5/2024EENG 372: Topic 1: Amplitude Modulation   Dr. Sana Almansoori2

This Topic will cover 

Frequency Modulation (FM)

 FM Time Domain

 FM Spectrum



Q: What are the different types of Modulation?

The carrier is usually a sinusoidal signal:

Three things can be changed by the information signal:

1. Amplitude

2. Angle

i. Frequency

ii. Phase

Modulation
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Frequency Modulation 

Q: What is Frequency Modulation ?

Angle Modulation is having the message signal alter the 

frequency of a  carrier signal for transmission.

This will lead to the phase of the carrier changing with time 

( instantaneous phase):

     and
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Examples of FM Waveform
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Examples of FM Waveform
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FM in Time Domain

10/5/2024EENG 372: Topic 1: Amplitude Modulation   Dr. Sana Almansoori7



Q: What is an FM signal?

Assume our carrier signal is:

And our message (modulating) signal is:

A Frequency Modulated signal is when the message varies the 

frequency of the carrier. 

Frequency Modulation (FM)
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Q: What do we get?

The carrier frequency changes with the message signal. So the 

instantaneous frequency is:

Frequency Modulation (FM)
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))(()( tvkftf mfci +=

Instantaneous 

Frequency
Unmodulated Carrier 

Frequency

Message signal

Frequency Sensitivity (Hz/V)

Note that 

the instantaneous frequency 

of an FM signal 

is directly related to 

the Message signal



Frequency Modulation (FM)
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Q: What is the phase (angle) of a FM signal?

Integrating with respect to time and multiplying by 2  to get the 

instantaneous phase:
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the  integral of the 
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Frequency Modulation (FM)

10/5/2024EENG 372: Topic 1: Amplitude Modulation   Dr. Sana Almansoori11

Q: What is a general expression for an FM signal?

We know that:

Substituting:
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Frequency Modulation (FM) 
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Q: What is the expression for an FM signal modulated with a 

single tone? )2cos()( tfVtv mmm =
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Frequency Modulation (FM) 
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Q: What is the instantaneous frequency of an FM signal modulated 

with a single tone? 

Frequency deviation
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Frequency Modulation (FM) 
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Q: What is the instantaneous phase of an FM signal modulated with a 

single tone? 

Modulation index
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Frequency  Modulation 
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Example: Draw the following FM signal? 

)cos(5)( ttvm =

.......==
m

mf

f
f

Vk
mModulation index

.......=cf .......=mf

.......=cV .......=mV
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Frequency  Modulation 
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Example: Draw the following FM signal? 

)cos(5)( ttvm =
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f
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Frequency  Modulation 
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Example: Draw the following FM signal? 

)cos(3)( ttvm =
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f
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Frequency  Modulation 
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Example: Draw the following FM signal? 

)cos(5)( ttvm =
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Frequency  Modulation 
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Example: What do you conclude?



Frequency Modulation: Summary 
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Frequency Modulation (FM)
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Frequency Modulation: Summary 
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Frequency Modulation (FM)

Sensitivity 

Frequency 

deviation 

Modulation 

index

m

mf

f
f

Vk
m =

)(HzfmVkf mfmf ==

)/( VHzk f



Angle Modulation: Summary for Single tone 

modulation 
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Frequency Modulation (FM)

Instantaneous 

Phase 

Instantaneous 

Frequency 
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Frequency Modulation:

Frequency Domain
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Q: What if the modulation index mf is large ? 

We cannot use the approximation:

Using Bessel functions: 

where 

Wide band FM Spectrum
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Q: Expand the expression for WB-FM? 

Wide band FM Spectrum
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Wide band FM Spectrum
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Example: Sketch the spectrum of the following FM signal? 
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Examples of FM (tone modulation)
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Example: Sketch the spectrum for the following FM signal? 

)2cos()( ttvm =

.......== mfVkfFrequency Deviation
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fm=0.5;  fc=20;  Vm=5;  Vc=5;  kf=0.2;

mf=kf*Vm/fm

ts=0.0001

t=-40:ts:40;

vfm =Vc * cos( (2*pi*fc*t) + mf*sin(2*pi*fm*t));

N=length(t);

f = [-N/2:N/2-1]/(N*ts);

z = fftshift(fft(vfm))/N;

plot(f, abs(z))

xlim([fc-fm*10 fc+fm*10])



Examples of FM (tone modulation)
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Example: Sketch the spectrum for the following FM signals? 
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Examples of FM (tone modulation)
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Example: Sketch the spectrum for the following FM signals? 
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1,1,1 === fm mff

2,1,5.0 === fm mff

5,1,2.0 === fm mff

f2

f2

f2



Examples of FM (tone modulation)
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Q: Compare the results on slides 62 and 64 for the same 

modulation index. What do you conclude?
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FM Bandwidth

Q: What is the Bandwidth of an FM signal? 

From Bessel Coefficient Table:

For a given modulation index mf we determine the 

significant sidebands from the table.  

If we have n significant sideband then: 

mfnBW 2=



10/5/2024 ETDA271: Communication Systems   Dr. Sana Almansoori 44

FM Bandwidth

Q: What is the approxiamte Bandwidth of an FM signal? 

Carlson’s Rule:

states that nearly all (~98%) of the power of an FM lies 

within a bandwidth 

)(2 mffBW +

)1(2 + fm mfBW
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FM Total transmitted Power

Q: What is the total power in an FM signal?

Since the amplitude of an FM signal is constant and equal 

to Vc then the total power in an FM wave is equal to: 

Remember that:

2

2

c
T

V
P =

SBCT PPP +=
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FM Total transmitted Power

Q: What is the power in the carrier and side bands?

For single tone modulation, the power is the carrier is:

The power in the nth  side bands is: 

The total power in the sidebands is:
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