
Angle Modulation Angle Modulation ––  Frequency Frequency 

ModulationModulation  

Consider again the general carrier     cccc φ+tωV=tv cos

 cc φ+tω represents the angle of the carrier.  

There are two ways of varying the angle of the carrier. 

a) By varying the frequency, c – Frequency Modulation. 

b) By varying the phase, c – Phase Modulation 
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Frequency ModulationFrequency Modulation  

In FM, the message signal m(t) controls the frequency fc of the carrier. Consider the  

carrier  

   tωV=tv ccc cos

then for FM we may write:  

FM signal      t+fπV=tv ccs deviationfrequency 2cos ,where the frequency deviation 

will depend on m(t). 

Given that the carrier frequency will change we may write for an instantaneous  

carrier signal 

     icicic φV=tπfV=tωV cos2coscos

where i is the instantaneous angle =  tπf=tω ii 2 and fi is the instantaneous 

frequency. 2 



Frequency ModulationFrequency Modulation  

Since  tπf=φ ii 2 then  

dt

dφ

π
=fπf=

dt

dφ i
ii

i

2

1
or         2

i.e. frequency is proportional to the rate of change of angle. 

If fc is the unmodulated carrier and fm is the modulating frequency, then we may  

deduce that 

 
dt

dφ

π
=tωΔf+f=f i

mcci
2

1
cos

fc is the peak deviation of the carrier.  

Hence, we have   tωΔf+f=
dt

dφ

π
mcc

i cos
2

1
,i.e.   tωπΔf+πf=

dt

dφ
mcc

i cos22
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Frequency ModulationFrequency Modulation  

After integration i.e.     dttωπΔf+ω mcc cos2

 

m

mc
ci

ω

tωπΔf
+tω=φ

sin2

 tω
f

Δf
+tω=φ m

m

c
ci sin

Hence for the FM signal,     ics φV=tv cos

   








tω

f

Δf
+tωV=tv m

m

c
ccs sincos
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Frequency ModulationFrequency Modulation  

The ratio  

m

c

f

Δf
is called the Modulation Index denoted by  i.e.  

frequency modulating

deviationfrequency Peak 
=β

Note – FM, as implicit in the above equation for vs(t), is a non-linear process – i.e.  

the principle of superposition does not apply. The FM signal for a message m(t) as a  

band of signals is very complex. Hence, m(t) is usually considered as a 'single tone  

modulating signal' of the form  

   tωV=tm mmcos
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Frequency ModulationFrequency Modulation  

The equation     








tω

f

Δf
+tωV=tv m

m

c
ccs sincos may be expressed as Bessel 

series (Bessel functions) 

     


=n

mcncs tnω+ωβJV=tv cos

where Jn() are Bessel functions of the first kind. Expanding the equation for a few  

terms we have: 
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FM Signal Spectrum.FM Signal Spectrum.  

The amplitudes drawn are completely arbitrary, since we have not found any value for  

Jn() – this sketch is only to illustrate the spectrum. 
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Generation of FM signals Generation of FM signals ––  Frequency Frequency 

Modulation.Modulation.  

An FM demodulator is: 

 

• a voltage-to-frequency converter V/F 

• a voltage controlled oscillator VCO 

In these devices (V/F or VCO), the output frequency is dependent on the input voltage  

amplitude. 
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V/F Characteristics.V/F Characteristics.  

Apply VIN , e.g. 0 Volts, +1 Volts, +2 Volts, -1 Volts, -2 Volts, ... and measure the  

frequency output for each VIN . The ideal V/F characteristic is a straight line as  

shown below. 

fc, the frequency output when the input is zero is called the undeviated or nominal  

carrier frequency.  

 The gradient of the characteristic  
ΔV

Δf
is called the Frequency Conversion Factor,  

denoted by  per Volt. 
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V/F Characteristics.V/F Characteristics.  

Consider now, an analogue message input,     tωV=tm mmcos

As the input m(t) varies from  

mm VV+  0

the output frequency will vary from a  

maximum, through fc,  to a minimum  

frequency.  
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V/F Characteristics.V/F Characteristics.  

For a straight line, y = c + mx, where c = value of y when x = 0, m = gradient, hence  

we may say  

INOUT αV+f=f c

and when VIN = m(t)   tαm+f=f cOUT ,i.e. the deviation depends on m(t). 

Considering that maximum and minimum input amplitudes are +Vm and -Vm  

respectively, then 

mc

mc

αVf=f

αV+f=f

min

max
on the diagram on the previous slide.  

The peak-to-peak deviation is fmax – fmin, but more importantly for FM the peak  

deviation fc is  

Peak Deviation,  
mc αV=Δf Hence, Modulation Index,  

m

m

m

c

f

αV
=

f

Δf
=β
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Summary of the important points of FMSummary of the important points of FM  

• In FM, the message signal m(t) is assumed to be a single tone frequency,  

   tωV=tm mmcos

• The FM signal vs(t) from which the spectrum may be obtained as 

     


=n

mcncs tnω+ωβJV=tv cos

where Jn() are Bessel coefficients and Modulation Index,  
m

m

m

c

f

αV
=

f

Δf
=β

•  Hz per Volt is the V/F modulator, gradient or Frequency Conversion Factor,  

 per Volt 

•  is a measure of the change in output frequency for a change in input amplitude. 

• Peak Deviation (of the carrier frequency from fc) mc αV=Δf
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FM Signal Waveforms.FM Signal Waveforms.  

The diagrams below illustrate FM signal waveforms for various inputs  

At this stage, an input digital data 

sequence, d(t), is introduced –  

the output in this case will be FSK, 

(Frequency Shift Keying). 
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FM Signal Waveforms.FM Signal Waveforms.  

Assuming  
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FM Signal Waveforms.FM Signal Waveforms.  

The output frequency varies ‘gradually’ from fc to (fc + Vm), through fc to  

(fc - Vm) etc.  15 



FM Signal Waveforms.FM Signal Waveforms.  

If we plot fOUT as a function of VIN:  

In general, m(t) will be a ‘band of signals’, i.e. it will contain amplitude and frequency  

variations. Both amplitude and frequency change in m(t) at the input are translated to  

(just) frequency changes in the FM output signal, i.e. the amplitude of the output FM  

signal is constant. 

Amplitude changes at the input are translated to deviation from the carrier at the  

output. The larger the amplitude, the greater the deviation. 16 


