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FREQUENCY/PHASE MODULATION
GENERALLY CAN FORMULATE AS ANGLE MODULATION

Frequency Phase
(FM) (PM)
Both are important and used in practice, let’s do FM first.

Instantaneous frequency is

Equating (a) & (b) above
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And then integrating w.r.t. time
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Narrow -- vs. wide - Band FM
NBFM mf<0.25  (quarter radian)

Wow, looks like AM (…sort of…)
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Actually, getting quantitative about these two figures:
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WBFM (or just FM with mf>0.25)

Without using small angles…Bessel Functions!
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The attached pages give:

– Table* of Bessel Function values as a function of mf

– A graphical version of the data*
– An example of what the resultant "vector diagram*" looks like for mf=1

Comments:
– The J's are higher order terms (harmonics beyond ωc+ωm

– This is wide band (WBFM) and hence < gets larger (mf> 0.25)

*Figures from Chapter 9, book by P.H. Young, Electronic Communication Techniques, 
1990, Merrill/Macmillan Publishing
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Bessel functions are solutions of the Bessel equation:
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Related formulations for trigonometric functions
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Phase Modulation

Recall…

FM PM
Now, let’s go for PM

( ) ( )tAtvo θcos=
( )

�����

φω +t

( ) ( )tvKtt mpc +=ωθ



15

XO

-90o X

+
A cosωct

A sinωct

νm(t)=νp cos2πfmt

(-)

(+) NBPM



16

Also, XO (crystal osc.) can be made super stable with temp. etc.  Now the burden of signal 
processing is to get -90º, mixer etc.
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