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Lecture 28-29
FM- Frequency Modulation

PM - Phase Modulation

EE445-10
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FM and PM

Dp is the phase sensitivity or phase modulation constant
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FM and PM

for FM:

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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FM and PM
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Figure 5–9 FM with a sinusoidal baseband modulating signal.
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FM and PM
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FM and PM differences
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FM from PM
PM from FM

10

FM from PM
PM from FM
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FM and PM Signals
Maximum phase deviation in PM:

Maximum frequency deviation in FM:
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Example
Let 

For PM

For FM

Define the modulation indices:
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Example

Define the modulation indices:
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Sine Wave Example
Then 
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Spectrum Characteristics of FM

• FM/PM is exponential modulation
Let 
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u(t) is periodic in fm
we may therefore use the Fourier series
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Spectrum Characteristics of FM

• FM/PM is exponential modulation
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c(t) is periodic in fm
we may therefore use the Fourier series
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Spectrum Characteristics with 
Sinusoidal Modulation

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

19

Jn Bessel Function
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Figure 5–11 Magnitude spectra for FM or PM with sinusoidal modulation for
various modulation indexes.
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Lecture 29
FM- Frequency Modulation

PM - Phase Modulation
(continued)

EE445-10
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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 
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Narrowband FM as a Phaser

AM

NBFM
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Wideband FM from Narrowband 
FM

(s(t))n
s(t)
ωc
βFM

s(t)
n x ωc
n x βFM

•The Output Carrier frequency = n x fc
•The output modulation index = n x βc
•The output bandwidth increases according to Carson’s Rule
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Effective Bandwidth- Carson’s Rule 
for Sine Wave Modulation

Where β is the modulation index 
fm is the sinusoidal modulation frequency

•Notice for FM, if kfa>> fm, increasing fm does not increase Bc much
•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.
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When m(t) is a sum of sine waves
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When m(t) is a sum of sine waves
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Sideband  Power
Signal Amplitude: Ac 1V:=
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Sideband  Power
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Sideband  Power
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Sideband  Power
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Sideband  Power
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Modulation_index 7.9=Bandwidth 18=
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M=.4, Sideband Level =M/2 for Narrowband FM
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M=.9, Sideband Level =M/2 for Narrowband FM
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M=2.4, Carrier Null
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M=3.8, first sideband null
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M=5.1, second sideband null
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Power vs BW, M=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, M=0.9
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Power vs BW, M=2.4
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Figure 5–16 Angle-modulated system with preemphasis and deemphasis.
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Figure 5–16 Angle-modulated system with preemphasis and deemphasis.
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AM vs FM
• FM capture effect: A phenomenon, associated with FM 

reception, in which only the stronger of two signals at or 
near the same frequency will be demodulated. 
– The complete suppression of the weaker signal occurs at the 

receiver limiter, where it is treated as noise and rejected. 
– When both signals are nearly equal in strength, or are fading 

independently, the receiver may switch from one to the other. 
• Bandwith:  BAM=2 x fm   BFM >= 2 x fm use Carson’s Rule
• The Receiver IF amplifier is change to a Limiting 

Amplifier for FM
– FM rejects amplitude noise such as lightening and man made 

noise
• The FM demodulator may be a PLL, Ratio Detector, 

Foster Sealy Discriminator, or slope detector.


