
Narrowband FM



• FM wave is a nonlinear function of the modulating wave. This 
property makes the spectral analysis of the FM wave a much more 
difficult task than that of the corresponding AM wave.

• spectral analysis described

• above provides us with enough insight to propose a useful solution to 
the problem.



• Consider then a sinusoidal modulating wave defined by



• the angle of the FM wave is obtained as





For the FM wave of to be narrow-band the modulation 
index must be small compared to one radian

Remember that :























Wide-Band Frequency 
Modulation



• how can we simplify the spectral analysis of the wide-band

• FM wave defined in Eq. (4.15)? 

• The answer lies in using the complex baseband representation of a 
modulated (i.e., bandpass) signal, which was discussed in Section 3.8. 
Specifically, assume that the carrier frequency is large enough 
(compared to the bandwidth of the FM wave) to justify rewriting Eq. 
(4.15) in the form



the complex envelope of the FM wave s(t)









PROPERTIES OF SINGLE-TONE FM FOR 
ARBITRARY MODULATION INDEX







Bessel function

FM signal is 

From properties of the FM signal we can present it as 



















Transmission Bandwidth of FM Waves
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