
1

1

FM- Frequency Modulation
PM - Phase Modulation

EELE445-14
Lecture 30

DSB-SC, AM, FM and PM
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FM and PM
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FM and PM

Relationship between mf(t) and mp(t):
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Figure 5–8 Angle modulator circuits. RFC = radio-frequency choke.
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Figure 5–8 Angle modulator circuits. RFC = radio-frequency choke.
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FM and PM differences

radianstmDt p )()( =θ

PM:  instantaneous phase deviation of the carrier 
phase is proportional to the amplitude of m(t)
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FM and PM differences
FM: instantaneous frequency deviation from 
the carrier frequency is proportional to m(t)
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FM and PM differences
FM: instantaneous frequency deviation from 
the carrier frequency is proportional to m(t)
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PM and digital modulation
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Figure 5–9 FM with a sinusoidal baseband modulating signal.
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Figure 5–9 FM with a sinusoidal baseband modulating signal.

FM from PM and PM from FM
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FM/PM  s(t) waveforms

FM and PM with m(t)=cos(2πfm
Let 

For PM

For FM

Define the modulation indices:
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FM and PM Signals

Define the modulation indices:

FM and PM Signals
Then 
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Spectrum Characteristics of FM

• FM/PM is exponential modulation
Let
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Spectrum with Sinusoidal Modulation

u(t) is periodic in fm
we may therefore use the Fourier series

)2sin()( tfj metg πβ=

Jn Bessel Function
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Jn Bessel Function

TABLE 5–2  FOUR-PLACE VALUES OF 
THE BESSEL FUNCTIONS Jn (β)
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TABLE 5–3  ZEROS OF BESSEL FUNCTIONS: 
VALUES FOR β WHEN Jn(β) = 0
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Figure 5–11 Magnitude spectra for FM or PM with sinusoidal modulation 
for  various modulation indexes.
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Figure 5–11 Magnitude spectra for FM or PM with sinusoidal modulation for
various modulation indexes.

30

NBFM- Narrowband Frequency Modulation
WBFM - Wideband Frequency
Modulation Carson’s Bandwidth Rule

EELE445-14
Lecture 31
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Narrowband FM
•Only the Jo and J1 terms are significant
•Same Bandwidth as AM
•Using Eulers identity, and φ(t)<<1:

Notice the sidebands are “sin”, not “cos” as in AM 

Narrowband FM as a Phaser

AM

NBFM
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Frequency Multiplication:
Wideband FM from Narrowband FM

(s(t))n
si(t)
ωc
βFM

so(t)
n x ωc
n x βFM

•The Output Carrier frequency = n x fc
•The output modulation index = n x βfm
•The output bandwidth increases according to Carson’s Rule
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•Bc is linear with fm for PM
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Figure 5–11 Magnitude spectra for FM or PM with sinusoidal modulation for
various modulation indexes.
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Figure 5–11 Magnitude spectra for FM or PM with sinusoidal modulation for
various modulation indexes.
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Figure 5–11 Magnitude spectra for FM or PM with sinusoidal modulation 
for Various modulation indexes.

When m(t) is a sum of sine 
waves
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When m(t) is a sum of sine waves

Sideband  Power
Signal Amplitude: Ac 1V:=

Modulating frequency: fm 1KHz:=

Carrier peak deveation: Δf 2.4KHz:=

Modulation index: β
Δf
fm

:=
β 2.4=

Reference equation: x t( )

∞−

∞

n

Ac Jn n β,( )⋅ cos ωc n ωm⋅+( ) t⋅⎡⎣ ⎤⎦⋅⎡⎣ ⎤⎦∑
=

Power in the signal: Pc
Ac

2

2 1⋅ Ω
:= Pc 0.5 W=

Carsons rule bandwidth: BW 2 β 1+( )⋅ fm⋅:= BW 6.8 103
×

1
s

=

Order of significant sidbands predicted by Carsons rule: n round β 1+( ):= n 3=

Power as a function of number of sidebands: Psum k( )

k−

k

n

Ac Jn n β,( )⋅( )2

2 1⋅ Ω∑
=

:=

Percent of power predicted by Carsons rule: 
Psum n( )

Pc
100⋅ 99.118=
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Power vs Bandwidth
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Sideband  Power β=0.1

j 0 5..:= β 0.1:= n 1:=

Vj Jn j β,( ):=
Uj Vj( )2
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Sideband  Power β=0.6
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Modulation_index 7.9=Bandwidth 18=

f fc n 1+( ) Fm⋅− fc n Fm⋅−( ), fc n 1+( ) Fm⋅+⎡⎣ ⎤⎦..:=B f( ) δ f fc n 0+( ) Fm⋅+,⎡⎣ ⎤⎦ δ f fc n Fm⋅−,( )+:=

Si f( ) Ac J0 M( )( ) δ f fc,( )⋅

1

n

k

Jn k M,( ) δ f fc k Fm⋅+( ),⎡⎣ ⎤⎦⋅ 1−( )k Jn k M,( )⋅ δ f fc k Fm⋅−( ),⎡⎣ ⎤⎦⋅+⎡
⎣

⎤
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=

+
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⎢
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⎤
⎥
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⋅:=

Modulation_index M:=n 9=
Bandwidth 2 n⋅ Fm⋅:=

2 * n is the number of significant sidebands per Carsons rulen round M 1+( ):=

M
x

10
:=

Modulating frequency- single sinewaveFm 100
:=

fc 0 104
⋅:=

Ac 1:=
79

FM/PM modulation index: set to π/2 for peak 
phase dev of π/2
set to Δf/fm for frequency modulation.  spectrum
is the same for sinewave
modulation.
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β=.4, Sideband Level =β/2 for Narrowband FM
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β=.9, Sideband Level =β/2 for Narrowband FM
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β=2.4, Carrier Null
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β=3.8, first sideband null
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β=5.1, second sideband null
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Power vs BW, β=0.1

second term includes power in  +Jn 
and power in -Jn, i.e the upper and 
lower sideband pairs
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Power vs BW, β=2.4
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