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FM

Distortion is more likely to impact the amplitude of 
tx signal than the frequency

The message signal is represented by variation in the 
frequency of the carrier

The amplitude of message signal is recovered from 
the frequency of the carrier

The frequency of message signal is recovered from 
the rate of change in the frequency of the carrier

FM radio, Audio portion of TV, Point-to-point radio 
systems
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FM

c(t) = Ac cos wct
m(t) = Am cos wmt
y(t) = Ac cos (t)

d(t)/dt = 2fc + km(t): instantaneous frequency
k: modulation sensitivity
How much instant frequency varies per unit of the input 
message signal

Angle of y(t): (t) =  [wc+km(t)]dt
= wct +  kAm cos wmt dt
= wct + (kAm/wm)sin wmt
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FM

y(t) = Ac cos (t)
= Ac cos [wct + (kAm/wm)sin wmt]

Modulation index:  = kAm/wm = kAm/2fm = f/fm

k: radian frequency/volt
f: maximum frequency deviation of the carrier by the 
amplitude of message
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FM

Example
y(t) = Ac cos [wct + sin wmt]
Let k = 2(10K/sec)/v, fc = 10MHz,  Ac = 10v, 

fm = 4KHz,  Am = 2v
Then
 = f/fm = 20K/4K = 5
y(t) = 10 cos [2(10M)t + 5 sin 2(4K)t]
Frequency range of the carrier:
[fc - f,  fc + f] = [10M – 20K,  10M + 20K]

= [9.98M,  10.02M]
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Frequency analysis of FM wave

An FM signal with a carrier frequency wc and a 
message frequency wm contains an infinite number 
of spectral components at wc  nwm

The amplitude of each sideband is determined by the 
Bessel function

f
fc-fm fc+fmfc fc+2fm fc+3fmfc-2fmfc-3fm

Relative
Amplitude
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Frequency analysis of FM wave
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BW requirements for FM

The BW of FM depends on the number of significant
sidebands

Carson’s Rule:  BWFM = 2 (+1) BWBB
= 2 (+1) BWBB
= 2 (f + fm)

f
fc-fm fc+fmfc fc+2fm fc+3fmfc-2fmfc-3fm

Relative
Amplitude
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Broadcast FM

FM broadcast band: 88 - 108 MHz
100 channels with 200kHz bandwidth
Maximum frequency deviation f = 75kHz
Message frequencies: 50Hz - 15kHz
FM bandwidth requirement 

BWFM = 2 (+1) BWBB
= 2 (f + fm)
= 180 kHz

A 10kHz guard band above and below to prevent 
adjacent channel interference


