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ANGLE MODULATION

UNIT – II: ANGLE MODULATION

Definition, types of angle modulation: Frequency
tone frequency modulation, Narrow band
representation, Wide band FM(WBFM)representation, Wide band FM(WBFM)
Transmission bandwidth of FM , Generation
Detection of FM waves: Frequency discrimination
method.
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II: ANGLE MODULATION

Frequency modulation, Phase modulation, single
band FM(NBFM):time and frequency domain

FM(WBFM):time and frequency domain representation,FM(WBFM):time and frequency domain representation,
Generation of FM : direct method, indirect method

discrimination method, Phase discrimination



Angle Modulation

The other type of modulation in continuous
Angle Modulation is the process in which
signal varies according to the message signal

The standard equation of the angle modulated wave is

s(t)=Accos

here,
Ac is the amplitude of the modulated wave,
carrier signal, θi(t) is the angle of the modulated

Angle modulation is further divided into frequency
Frequency Modulation is the process of
linearly with the message signal.
Phase Modulation is the process of varying
the message signal.
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continuous-wave modulation is Angle Modulation
which the frequency or the phase of the carrier
signal.

The standard equation of the angle modulated wave is

cos θi( t )

wave, which is the same as the amplitude of the
modulated wave.

frequency modulation and phase modulation
of varying the frequency of the carrier signal

varying the phase of the carrier signal linearly with



Frequency Modulation

Frequency Modulation

In amplitude modulation, the amplitude of the
signal varies. Whereas, in Frequency Modulation
the frequency of the carrier signal varies in accordance
with the instantaneous amplitude of the modulating
signal.

Hence, in frequency modulation, the amplitudeHence, in frequency modulation, the amplitude
phase of the carrier signal remains constant. This
better understood by observing the following figures

The frequency of the modulated wave increases, when
amplitude of the modulating or message signal increases
Similarly, the frequency of the modulated wave decreases,
when the amplitude of the modulating signal decreases
Note that, the frequency of the modulated wave
constant and it is equal to the frequency of the
signal, when the amplitude of the modulating signal
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carrier
Modulation (FM),

accordance
modulating

and theand the
This can be
figures.

when the
increases.
decreases,
decreases.

wave remains
the carrier

signal is zero.



Frequency Modulation

Mathematical Representation:

The equation for instantaneous frequency fi in FM

fi = fc+ kf

Where,
fc is the carrier frequencyfc is the carrier frequency
kf is the frequency sensitivity
m(t) is the message signal

We know the relationship between angular frequency

ωi =2πfi

θi(t) = 2

Substitute, fi value in the above equation
θi (t) = 2
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FM modulation is

f m(t)

frequency ωi and angle θi(t) as

i = dθi(t) / dt

(t) = 2π ∫fi dt

(t) = 2π ∫(fc+kf m(t))dt



Frequency Modulation

θi(t) = 2πfct + 2πkf ∫m(t)

Substitute, θi(t) value in the standard equation of

s(t)=Accos (2πfct+2πkf

If the modulating signal is m(t)=Amcos(2πfmt) then

s(t) =Accos(2πfct+ (kfAm / f

s(t) =Accos(2πfct+ βsin(2
Where, β = modulation index =Δf

The difference between FM modulated frequency
is termed as Frequency Deviation. It is denoted

FM can be divided into Narrowband FM and Wideband

s(t) =Accos(2πfct+ (kfAm / f

Department of
Electronics and Instrumentation Engineering Frequency Modulation

∫m(t)dt

of angle modulated wave.

f ∫m(t)dt) This is the equation of FM wave.

then the equation of FM wave will be

/ fm)sin(2πfmt))

sin(2πfmt))

Δf / fm = kfAm / fm

(instantaneous frequency) and normal carrier frequency
denoted by Δf, which is equal to the product of kf and A

Wideband FM based on the values of modulation index

/ fm)sin(2πfmt))



Frequency Modulation

Narrowband FM:

Following are the features of Narrowband FM.
•This frequency modulation has a small bandwidth when compared to wideband FM.
•The modulation index β is small, i.e., less than 1.
•Its spectrum consists of the carrier, the upper sideband and the lower sideband.
•This is used in mobile communications such as police wireless, ambulances, taxicabs, etc.

Wideband FM:

Following are the features of Wideband FM.
•This frequency modulation has infinite bandwidth.
•The modulation index β is large, i.e., higher than 1.
•Its spectrum consists of a carrier and infinite number of sidebands, which are located around it.
•This is used in entertainment, broadcasting applications such as FM radio, TV, etc.
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This frequency modulation has a small bandwidth when compared to wideband FM.

Its spectrum consists of the carrier, the upper sideband and the lower sideband.
This is used in mobile communications such as police wireless, ambulances, taxicabs, etc.

is large, i.e., higher than 1.
Its spectrum consists of a carrier and infinite number of sidebands, which are located around it.
This is used in entertainment, broadcasting applications such as FM radio, TV, etc.





Phase Modulation

Phase Modulation:

In frequency modulation, the frequency of the
varies. Whereas, in Phase Modulation (PM), the
of the carrier signal varies in accordance with
instantaneous amplitude of the modulating signal.
So, in phase modulation, the amplitude and the frequency
of the carrier signal remains constant. This can beof the carrier signal remains constant. This can be
understood by observing the following figures.

The instantaneous amplitude of the modulating
changes the phase of the carrier signal. When
amplitude is positive, the phase changes in one direction
and if the amplitude is negative, the phase changes
opposite direction.
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carrier
the phase
with the

frequency
be betterbe better

modulating signal
When the

direction
changes in the



Phase Modulation

Mathematical Representation:

The equation for instantaneous phase ϕi in phase
modulation is

ϕi=kp m(t)

Where,
•kp is the phase sensitivity
•m(t) is the message signal

p

•m(t) is the message signal

The standard equation of angle modulated wave is

s(t) =Accos (2πfct+ϕi)

Substitute, ϕi value in the above equation.

s(t) =Accos(2πfct+kp m(t))

This is the equation of PM wave.
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phase

The standard equation of angle modulated wave is



Phase Modulation

If the modulating signal, m(t)=Amcos(2πfmt), then

s(t)=Accos(2πfct+βcos(

Where,
β = modulation index = Δϕ =kpA
Δϕ is phase deviation

Phase modulation is used in mobile communication
modulation is used mainly for FM broadcasting
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then the equation of PM wave will be

(2πfmt))

Am

communication systems, while frequency
broadcasting.



Angle Modulation

Comparing Frequency Modulation to Phase Modulation

FM
1 Frequency deviation is proportional to 

modulating signal m(t)

2 Noise immunity is superior to PM (and of course 
AM)AM)

3 Signal-to-noise ratio (SNR) is better than in PM

4 FM is widely used for commercial broadcast 
radio (88 MHz to 108 MHz)

5 Modulation index is proportional to modulating 
signal m(t) as well as modulating frequency fm
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Comparing Frequency Modulation to Phase Modulation

PM
Phase deviation is proportional to 
modulating signal m(t)

Noise immunity is superior to PM (and of course Noise immunity better than AM but not FM

noise ratio (SNR) is better than in PM Signal-to-noise ratio (SNR) is not as good as 
in FM

FM is widely used for commercial broadcast PM is primarily for some mobile radio 
services

Modulation index is proportional to modulating 
signal m(t) as well as modulating frequency fm

Modulation index is proportional to 
modulating signal m(t) 



Angle Modulation

Problem 1
A sinusoidal modulating waveform of amplitude
generator, which has a frequency sensitivity
modulation index, and bandwidth.

Solution
Given, the amplitude of modulating signal, Am=5V
Frequency of modulating signal, fm=2KHzFrequency of modulating signal, fm=2KHz
Frequency sensitivity, kf=40Hz/volt
We know the formula for Frequency deviation as

Δf=kfAm
Substitute kfkf and AmAm values in the above formula.

Δf=40×5=200Hz,Δf=40×5=200Hz
Therefore, frequency deviation, Δf is 200Hz
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amplitude 5 V and a frequency of 2 KHz is applied to FM
of 40 Hz/volt. Calculate the frequency deviation,

V

The formula for modulation index is β=Δf /fm
Substitute Δf and fm values in the above formula

β=200 /2X1000=0.1

values in the above formula.
Hz

β=200 /2X1000=0.1
Here, the value of modulation index, β is
which is less than one. Hence, it is Narrow Band
FM.
The formula for Bandwidth of Narrow Band FM
the same as that of AM wave.

BW=2fm
Substitute fm value in the above formula.

BW=2×2K=4KHz
Therefore, the bandwidth of Narrow Band
wave is 4KHz.



Angle Modulation

Problem 2
An FM wave is given by s(t)=20cos(8π×106t +
bandwidth, and power of FM wave.

Solution
Given, the equation of an FM wave as
s(t)=20cos(8π×106t + 9sin(2π×103t)).
We know the standard equation of an FM wave asWe know the standard equation of an FM wave as

s(t)=Accos(2πfct+βsin(2πfmt))
We will get the following values by comparing the above
two equations.
Amplitude of the carrier signal, Ac=20V
Frequency of the carrier signal, fc=4×106Hz=4MHz
Frequency of the message signal, fm=1×103Hz=1KHz

Modulation index, β=9
Here, the value of modulation index is greater than one
Hence, it is Wide Band FM.

We know the formula for modulation index as β=Δf / fm
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9sin(2π×103t)). Calculate the frequency deviation,

Rearrange the above equation as follows Δf=βfm

Substitute β and fm values in the above equation.
Δf=9 X1K=9KHz

Therefore, frequency deviation, Δf is 9KHz.
The formula for Bandwidth of Wide Band FM wave

above

one.

The formula for Bandwidth of Wide Band FM wave
BW=2(β+1)fm

Substitute β and fm values in the above formula.
BW=2(9+1)1K=20KHz

Therefore, the bandwidth of Wide Band FM
is 20KHz.
Formula for power of FM wave is

Pc=Ac2 / 2R
Assume, R=1Ω and substitute Ac value in the
equation.

P=(20)2 / 2(1) =200W
Therefore, the power of FM wave is 200 watts.



Frequency Modulation

Single tone FM:

The equation for instantaneous frequency fi in FM

fi = fc+ kf

Where,
fc is the carrier frequencyfc is the carrier frequency
kf is the frequency sensitivity
m(t) is the message signal

We know the relationship between angular frequency

ωi =2πfi

θi(t) = 2

Substitute, fi value in the above equation
θi (t) = 
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FM modulation is

f m(t)

frequency ωi and angle θi(t) as

i = dθi(t) / dt

(t) = 2π ∫fi dt

(t) = 2π ∫(fc+kf m(t))dt



Frequency Modulation

θi(t) = 2πfct + 2πkf ∫m(t)

Substitute, θi(t) value in the standard equation of

s(t)=Accos (2πfct+2πkf

If the modulating signal is m(t)=Amcos(2πfmt) then

s(t) =Accos(2πfct+ (kfAm / f

s(t) =Accos(2πfct+ βsin(
Where, β = modulation index =Δf

The difference between FM modulated frequency
is termed as Frequency Deviation. It is denoted

FM can be divided into Narrowband FM and Wideband

s(t) =Accos(2πfct+ (kfAm / f
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∫m(t)dt

of angle modulated wave.

f ∫m(t)dt) This is the equation of FM wave.

then the equation of FM wave will be

/ fm)sin(2πfmt))

sin(2πfmt))

Δf / fm = kfAm / fm

(instantaneous frequency) and normal carrier frequency
denoted by Δf, which is equal to the product of kf and A

Wideband FM based on the values of modulation index

/ fm)sin(2πfmt))



Frequency Modulation

s(t) =Accos(2πfct+ β1sin(2πf

β = modulation index =Δf

Multitone FM: The modulating signal having more than one frequency components, then the scheme 
of modulation is known as Multitone FM.

then the equation of FM wave will be

Where,

β1 = modulation index =Δf

The difference between FM modulated frequency
is termed as Frequency Deviation. It is denoted

FM can be divided into Narrowband FM and Wideband

β2 = modulation index =Δf
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fm1t) + β2sin(2πfm2t) + -------) ))

=Δf / fm = k A / f

The modulating signal having more than one frequency components, then the scheme 

=Δf1 / fm1 = kfAm1 / fm1

(instantaneous frequency) and normal carrier frequency
denoted by Δf, which is equal to the product of kf and A

Wideband FM based on the values of modulation index

=Δf2 / fm2 = kfAm2 / fm2







Angle Modulation

The change in phase, changes the frequency of
modulated wave. The frequency of the wave
changes the phase of the wave. Though they
related, their relationship is not linear. Phase
modulation is an indirect method of producing FM

Relation between FM and PM

modulation is an indirect method of producing FM

FM- s(t)=Accos (2πfct+2πkf ∫m(t)dt)

PM- s(t) =Accos(2πfct+kp m(t))

By comparison FM and PM, FM is generated by integrating the Modulating signal m(t) and applied to PM.
PM is generated by differentiating message signal m(t) and applied to Frequency modulator to get PM. 

In phase modulation m(t) drives the variation of phase
frequency f.
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the
also
are

Phase
FM.FM.

By comparison FM and PM, FM is generated by integrating the Modulating signal m(t) and applied to PM.
PM is generated by differentiating message signal m(t) and applied to Frequency modulator to get PM. 

. In frequency modulation m(t) drives the variation of



Frequency Modulation

Carson's Rule for FM bandwidth

The bandwidth of an FM signal is not as straightforward

A very useful rule of thumb used by many engineers
radio broadcast and radio communications systems
of the signal power is contained within a bandwidth
modulation frequency doubled. Carson's Rule can bemodulation frequency doubled. Carson's Rule can be

Total Bandwidth BT = 2(1+β)fm
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straightforward to calculate as that of an AM signal.

engineers to determine the bandwidth of an FM signal for
systems is known as Carson's Rule. This rule states that 98%

bandwidth equal to the deviation frequency, plus the
be expressed simply as a formula:be expressed simply as a formula:

m = 2(Δf+fm) Δf = β fm



FM modulators

Generation of NBFM: When the modulation Index is less than 

FM modulators which generate NBFM and WBFM waves.

We know that the standard equation of FM wave is

s(t)=Accos (2πfct+2πk

s(t) =Accos(2πfct+ βsin(2

For NBFM,

By using the above relations, we will get the NBFM equation

We know that, is very small,
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: When the modulation Index is less than 1 ( β <<1), then that FM is called Narrow band FM

which generate NBFM and WBFM waves.

We know that the standard equation of FM wave is

kf ∫m(t)dt)
cos (A+B)=cos A cos B -sin B sin A

sin(2πfmt))

NBFM equation as



FM modulatorsFM modulators
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Narrow Band Frequency Modulation

The block diagram of NBFM modulator is shown in the following figure.

Here, the integrator is used to integrate the modulating
signal m(t). The carrier signal Ac cos(2πfct) is the
shifted by−900 to get Acsin(2πfct) with the
of −900 phase shifter.

The NBFM is used to improve the spectrum efficiency

of −900 phase shifter.

The product modulator has two inputs
and Acsin(2πfct). It produces an output, which
product of these two inputs.

This is further multiplied with 2πkf by placing a block
two inputs, which are nothing but the two terms
assigned for the carrier signal and the other term at
block produces NBFM wave.
Generate NBFM, the amplitude of carrier is vary
band pass limiters.
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The block diagram of NBFM modulator is shown in the following figure.

modulating
the phase
the help

improve the spectrum efficiency

∫m(t)dt
which is the

block 2πkf in the forward path. The summer block has
terms of NBFM equation. Positive and negative signs are

at the input of the summer block. Finally, the summer

due adder circuit, to overcome this problem by using
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Wide Band Frequency Modulator

The modulation index β is large, i.e., higher than 
When β >> 1, then we can not neglect the terms in FM equation.

WBFM:

s(t) =Accos(2πfct+ βsin(

s(t)=Accos (2πfct+2πkf ∫m(t)

The bandwidth of WBFM is ‘Infinite’

Department of
Electronics and Instrumentation Engineering Wide Band Frequency Modulator

is large, i.e., higher than 1 then FM modulation is called WBFM.  
, then we can not neglect the terms in FM equation.

sin(2πfmt))

∫m(t)dt)



Wide Band Frequency Modulator

WBFM:

Where Jn(β) is the nth order 

The frequency spectrum of s(f) is obtained by taking Fourier transform of above equation  

In FM, When the modulation index β is quite large, a large number of side bands are produced and 
hence  the bandwidth of FM is sufficiently large. This type of FM is WBFM.
The time domain representation of WBFM is 

The frequency spectrum of s(f) is obtained by taking Fourier transform of above equation  

Some properties of Bessels function

For ‘n’ is even1.

For ‘n’ is odd

2. For small values of 
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order Bessels function of first kind with argument β

The frequency spectrum of s(f) is obtained by taking Fourier transform of above equation  -1

is quite large, a large number of side bands are produced and 
hence  the bandwidth of FM is sufficiently large. This type of FM is WBFM.
The time domain representation of WBFM is 

The frequency spectrum of s(f) is obtained by taking Fourier transform of above equation  -1

2. For small values of β 3. 



Wide Band Frequency Modulator
WBFM: Thus making use of above properties expanding the equation of WBFM modulated wave for n=0,1,2,3,....

From the above equation, we observe the
1. The expression contains carrier term cos2πfct having

reduced by a factor J (β).reduced by a factor J0(β).
2. From the above expression, it maybe noted that

produced and the amplitude of each sideband is determined
Thus the presence of an infinite number of sideband

infinite. But practically the distinct sideband with
amplitudes are considered to calculate the bandwidth

3. The number of significant sidebands generated
modulation index determines how many sideband
practical bandwidth of FM system depends on the
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Thus making use of above properties expanding the equation of WBFM modulated wave for n=0,1,2,3,....

having magnitude ACJ0(β). This means that the carrier term

that in FM, theoretically an infinite number of sidebands
determined by the corresponding Bessels function Jn(β)

sideband components makes the Ideal bandwidth for FM signal
with small amplitudes are ignored and sidebands with significant

bandwidth of FM signal. Thus practical bandwidth for FM is finite

in FM depends on the value of modulation Index ‘β’
sideband components have significant amplitudes. This means,

value of modulation index.



Frequency Spectrum



The transmission bandwidth of FM waves:
The practical transmission bandwidth of FM wave can be obtained by using the table of 

It was observed that, as the modulation index increases more and more number of sidebands acquire significant amplitudes 
and bandwidth is increased.
Therefore, for large values of modulation index ‘β’ the bandwidth is slightly greater than the total frequency deviation, 

Bandwidth( BW):  fc +∆f – (fc- ∆f) = 2 ∆f 

The practical transmission bandwidth of FM wave can be obtained by using the table of Bessels function of first kind

It was observed that, as the modulation index increases more and more number of sidebands acquire significant amplitudes 

’ the bandwidth is slightly greater than the total frequency deviation, 2∆f.

∆f) = 2 ∆f 



On the other hand, for small values of modulation index, i.e
to the carrier frequency fc and one pair of side frequencies at 

The bandwidth in this case 2fm,   B.W = 2fm

Thus we may define an approximate rule for the transmission
bandwidth of an FM wave generated is
Transmission bandwidth BT= 2∆f + 2fm

= 2∆f (1+ fm/∆f )
= 2∆f (1+ 1/β )

This relation is known as Carsons rule. This equation
approximate transmission bandwidth.approximate transmission bandwidth.
obtain the accurate assessment o the bandwidth requirement

significant side frequencies whose amplitudes are greater than

Band width(B.W) = nmaxfm – (-nmaxfm) = 2 nmaxfm

In this case the actual transmission bandwidth(BT) = 2 nmaxf

It is possible to determine if a particular FM signal will be wideband 
or narrow band by looking the quality called Deviation Ratio.

Deviation Ratio: It is defined as the ratio of maximum deviation of FM signal to the maximum frequency of modulating signal 
Deviation Ratio (DR) = ∆fmax

i.e β < 0.3, the spectrum of FM wave is effectively limited 
and one pair of side frequencies at fc ± fm .

fC fc+fmfc-fm

transmission

equation is the

requirement of an FM wave, we will consider maximum number
than 1% of the amplitude of unmodulated carrier.

fm

It is possible to determine if a particular FM signal will be wideband 

It is defined as the ratio of maximum deviation of FM signal to the maximum frequency of modulating signal 

max / fm



Wide Band Frequency Modulator

WBFM:
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Wide Band Frequency Modulator

The following two methods generate WBFM wave.
• Direct method
• Indirect method

Generation of WBFM:

Direct Method:

This method is called as the Direct Method because
this method, Voltage Controlled Oscillator (VCO)
signal, whose frequency is proportional to the input
FM wave. The block diagram of the generation of

Here, the modulating signal m(t) is applied as an
produces an output, which is nothing but the WBFM

fi α m(t)
fi = fc+kfm(t)
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The following two methods generate WBFM wave.

because we are generating a wide band FM wave directly.
(VCO) is used to generate WBFM. VCO produces an output

input signal voltage. This is similar to the definition
of WBFM wave is shown in the figure.

an input of Voltage Controlled Oscillator (VCO). VCO
WBFM.

fi is the instantaneous frequency of WBFM wave



Wide Band Frequency ModulatorWide Band Frequency Modulator



Wide Band Frequency ModulatorWide Band Frequency Modulator



WBFM

Indirect Method

This method is called as Indirect Method because
generating a wide band FM wave indirectly. This
first we will generate NBFM wave and then with
frequency multipliers we will get WBFM wave
diagram of generation of WBFM wave is shown
following figure.following figure.

This block diagram contains mainly two stages. In
using NBFM modulator. We have seen the block
this chapter. We know that the modulation index
get the required modulation index (greater than one)
value properly.
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because we are
This means,

with the help of
wave. The block

shown in the

In the first stage, the NBFM wave will be generated
block diagram of NBFM modulator at the beginning of

of NBFM wave is less than one. Hence, in order to
one) of FM wave, choose the frequency multiplier



WBFM
This Indirect method is proposed by Armstrong,
Armstrong Method. It also called as Sterio FM Method

The baseband Signal is first integrated by integrator
applied to ‘phase modulator’. The carrier with high
stability is generated by crystal oscillator.

Phase modulator generates NBFM.

The NBFM applied to frequency multiplier. Using frequency multiplier and mixer, the required frequency deviation The NBFM applied to frequency multiplier. Using frequency multiplier and mixer, the required frequency deviation 
and modulation Index is obtained to generate WBFM.

In order to minimize the distortion in phase modulator, the maximum phase deviation and modulation index kept low.

Let output of  phase modulator is NBFM

s1(t)=Accos (2πf1t+2πk1 ∫m(t)

Consider single tone modulating signal m(t)=Amcos

s1(t) =Accos(2πf1t+ β1sin(2πfmt)) β

WBFM
it is called

Method.

integrator and then
high frequency

The NBFM applied to frequency multiplier. Using frequency multiplier and mixer, the required frequency deviation The NBFM applied to frequency multiplier. Using frequency multiplier and mixer, the required frequency deviation 

In order to minimize the distortion in phase modulator, the maximum phase deviation and modulation index kept low.

∫m(t)dt) f1 frequency of oscillator 

k1 is constant, frequency sensitivity: hz/volts
cos 2πfmt Substitute above equation 

β1 is modulation index, kept at 0.3 for minimize the distortion



WBFM

Now phase modulator output is next multiplied by ‘n’ times in frequency by frequency multiplier.

Frequency Multiplier produces Wide Band FM signal. It becomes

sWBFM(t) =Accos(2πnf1t+ n

sWBFM(t) =Accos(2πfct+ βsin(2

nf1 = fc

The wide band FM is also written as 

s1(t)=Accos (2πfct+2πkf ∫m(t)

s1(t)=Accos (2πnf1t+2πnk

nf1 = fc
nk1

WBFM

Now phase modulator output is next multiplied by ‘n’ times in frequency by frequency multiplier.

Frequency Multiplier produces Wide Band FM signal. It becomes

t+ nβ1sin(2πfmt))

sin(2πfmt))

nβ1= β

∫m(t)dt)

nk1 ∫m(t)dt)

1 =kf



WBFM

Indirect Generation of WBFM for practical Use: (Armstrong Method)

It is a commercial  generation of  WBFM signal. 
For Commercial use it is required to transmit Audio
signal with frequency range 50hz to 15khz.
Let the final carrier of FM required fc =100MHz

Consider a NBFM with carrier frequency fc1=100KHz 
generated by the crystal oscillator.generated by the crystal oscillator.

To limit the harmonic  distortion of narrow band phase 
modulator, we restrict the modulation index is 0.3

Let β1 = 0.2 radians

For lowest modulating frequency 50HZ  

Δf1 = β1X fm1 = 0.2 X 50 = 10Hz

For highest modulating frequency 15kHZ  

Δf2 = β1X fm2 = 0.2 X 15K = 3KHz It is the frequency deviation at the output of phase modulator

WBFM

(Armstrong Method)

Audio

To limit the harmonic  distortion of narrow band phase 

= 0.2 X 50 = 10Hz

It is the frequency deviation at the output of phase modulator



WBFM

In order to produce a frequency deviation  of  ∆f = 75 kHz at the output with ∆f
modulator    

The frequency multiplier should multiply with total frequency multiplication factor 

n = 75000 / 10  =7500

This multiplication factor is placed in two multipliers as shown in above figure with  n

Mixer is a frequency translation network.  It is translate  the frequency down or up without altering 

Mixer produces the required frequency fc

WBFM

In order to produce a frequency deviation  of  ∆f = 75 kHz at the output with ∆f1 = 10Hz at the output of phase 

The frequency multiplier should multiply with total frequency multiplication factor 

This multiplication factor is placed in two multipliers as shown in above figure with  n1= 100 and n2 = 75

Mixer is a frequency translation network.  It is translate  the frequency down or up without altering ∆f.



Frequency multiplier is a non-linear device, which
times the input signal frequency. Where, ‘n’ is the

If NBFM wave whose modulation index β is less than

WBFM

Frequency multiplier: is a device for increasing the
it a deviation multiplier. It does indeed multiply
this application.

If NBFM wave whose modulation index β is less than
then the frequency multiplier produces an output signal,
frequency also ‘n’ times the frequency of WBFM wave

Sometimes, we may require multiple stages of frequency
frequency deviation and modulation index of FM wave

which produces an output signal whose frequency is ‘n’
multiplication factor.

than 1 is applied as the input of frequency multiplier,

WBFM

the deviation. It would have been better to have called
multiply the frequency, but this is of secondary importance

than 1 is applied as the input of frequency multiplier,
signal, whose modulation index is ‘n’ times β and the
wave.

frequency multiplier and mixers in order to increase the
wave.
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FM Demodulators
The process of extracting an original message
as detection or demodulation. The circuit, which
the FM demodulator or Detectors. Let us discuss
wave.

FM Demodulators
message signal from the FM modulated wave is known

which demodulates the FM modulated wave is known as
discuss about the FM demodulators which demodulate the FM



FM Demodulators
The process of extracting an original message
as detection or demodulation. The circuit, which demodulates
demodulator or Detectors. Let us discuss about the FM

Classification of  FM demodulators :

1. Direct Method  -

1.1: Frequency discrimination method :–1. Simple Slope Detector   and 2.Balanced Slope Detector

1.2: Phase discrimination method :- 1.Foster Seeley Discriminator and 2.Ratio detector

FM demodulators or detectors can perform the extraction of modulating signal from a modulated signal in two steps.

1. It convert the frequency modulated wave into corresponding Amplitude Modulated (AM) Wave by using 
frequency dependent circuit i.e. Circuits whose output voltage depends on input frequency .Such circuits are called 
frequency discriminators. 

2. The original modulating signal m(t) is recovered from this AM signal by using a linear diode envelope detector.  A 
simple RL circuit can be used as a discriminator, but this circuit  has a poor sensitivity. Therefore tuned LC circuits 
are used as a frequency discriminators.
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message signal from the FM modulated wave is known
demodulates the FM modulated wave is known as the FM
FM demodulators which demodulate the FM wave.

2. Indirect Method - PLL

1. Simple Slope Detector   and 2.Balanced Slope Detector

1.Foster Seeley Discriminator and 2.Ratio detector

FM demodulators or detectors can perform the extraction of modulating signal from a modulated signal in two steps.

It convert the frequency modulated wave into corresponding Amplitude Modulated (AM) Wave by using 
frequency dependent circuit i.e. Circuits whose output voltage depends on input frequency .Such circuits are called 

The original modulating signal m(t) is recovered from this AM signal by using a linear diode envelope detector.  A 
simple RL circuit can be used as a discriminator, but this circuit  has a poor sensitivity. Therefore tuned LC circuits 
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Simple Slope Detector: The frequency discriminator operates on the principle of slope detection. 

Principle of slope detection:  Let us consider tuned circuit shown in figure.

A frequency modulated signal is applied to the tuned circuit

The resonant frequency of the tuned circuit is slightly
frequency of the tuned circuit is adjusted to (fc+ ∆f).

The circuit of simple slope detector is shown above figure. This circuit convert the FM signal into an AM signal i.e. 
The AM signal is then detected by a diode detector.

A small variation in the frequency of the input signal will produce a change in amplitude of 

FM Demodulators

Simple Slope Detector: The frequency discriminator operates on the principle of slope detection. 

Principle of slope detection:  Let us consider tuned circuit shown in figure.

circuit with centre frequency ‘fc’ and frequency deviation ‘∆f’

slightly detuned from the carrier frequency ‘fc’ i.e the resonant

Tuned circuit

The circuit of simple slope detector is shown above figure. This circuit convert the FM signal into an AM signal i.e. 

A small variation in the frequency of the input signal will produce a change in amplitude of eAM.

Message or 
demodulated signal

Tuned circuit
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A slope detector linear frequency to amplitude
characteristics for a particular bandwidth.
The output voltage of a tank circuit is a amplitude
wave which is then applied to a simple diode detector
proper time constant.

This detector is similar to AM diode detector and output
detector will be AF modulating signal.

Drawbacks:
It is inefficient.
It is linear only over a limited frequency range.
It can operates narrow band of frequencies.
Non linear characteristics of gain – Cannot reproduce
message signal

It is difficult to Tune the circuits at different tuned frequencies,

To minimize these drawbacks, we are going for Balanced

FM Demodulators

amplitude transfer

amplitude modulated
detector with

output of the

reproduce exact

frequencies, Circuit complexity is high

Balanced slope detector.
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Balanced Slope Detector:

Circuit consists of two LC tuned circuits T1 & T2.and It is 
the combination of Two slope detectors. 

The two tuned circuits are in the stagger tuned mode.

A balanced slope detector is an improved version of
slope detector. The drawback of harmonic distortion
removed in this detector by using two slope detectors
instead of one as in a single-tuned slope detector.

The two tuned circuits are in the stagger tuned mode.
One is tuned above the carrier frequency( fc+∆f) and other
is tuned to below the carrier frequency(fc-∆f).

R1C1 and R2C2 are the fillers used to bypass the RF ripple
V01 and V02 are the output voltages of the two slope
detectors. The final output  V0 = V01-V02.

Working Operation of the circuit: 
Case1:
If fin = fc, i.e. When the input frequency is instantaneously
voltage induced at T1 and T2 are exactly equal i.e. V01 =

FM Demodulators

Circuit consists of two LC tuned circuits T1 & T2.and It is 

i.e.

the
distortion is

detectors

i.e.
other

ripple.
slope

instantaneously equal to fc, the
= V02, then V0= 0
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Case2:
If fc < fin < fc+∆f, i.e. When the input frequency is lies
voltage induced at T1 greater than T2. Therefore input to
Hence V01 is higher than Vo2(V01 > V02 ).i.e. Then output
As input frequency is increases towards fc+∆f , the
increases positively.

Case2:
If f - ∆f < f < f , i.e. When the input frequency is liesIf fc - ∆f < fin < fc , i.e. When the input frequency is lies
voltage induced at T1 less than T2. Therefore input to
Hence V02 is higher than Vo1(V02 > V01 ).i.e. Then output

FM Demodulators

between fc and fc+∆f
to D1 is higher than D2.

output V0 is positive.
output voltage is also

lies between f and f - ∆flies between fc and fc- ∆f
to D1 is lees than D2.

output V0 goes negatively.



FM Demodulators
Phase discrimination method :- 1.Foster Seeley Discriminator and 2.Ratio detector

1.Foster Seeley Discriminator

FM Demodulators
1.Foster Seeley Discriminator and 2.Ratio detector

Case 1: If fin = fc

Case 2: If fin > fc

Case 3: If fin < fc

V0 = V01-V02

V01=V02 V0 = 0

V01 > V02 V0 = Positive

V01 < V02 V0 = Negative

Operation:
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Phase discrimination method :- 1.Foster Seeley Discriminator and 2.Ratio detector

Foster Seeley Discriminator:

Foster Seeley Discriminator look like a
balanced slope detector. The only difference
is the process of applying the voltage to the
diodes.

In this circuits two tuned circuits T & T are used whichIn this circuits two tuned circuits T1 & T2 are used which
signal. This simplifies the tuning process to a great extent

Even though the primary and secondary are tuned to the
diodes are not same. This is due to change in phase shift
input frequency.

Let us see how this circuit provides frequency dependent

Consider series RLC circuit, the output voltage taken
output voltage ‘V0’ and current ‘I’ are in 900 phase difference

FM Demodulators

1.Foster Seeley Discriminator and 2.Ratio detector

which are tuned to the same frequency f of the incomingwhich are tuned to the same frequency fc of the incoming
extent.

the same center frequency (fc), the voltage applied to the two
shift between the primary and secondary windings on the

dependent phase shifting

taken across the capacitor, the
difference.
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At resonant frequency, the series RLC circuit behaves as purely 
resistive circuit, hence input voltage and currents are in phase. 

At above resonant frequency, the series RLC circuit behaves as 
inductive circuit, hence input current ‘I’lags to  input voltage 
Vin.

At below resonant frequency, the series RLC circuit behaves as 
capacitive circuit, hence input current ‘I’ leads to  input voltage 
Vin.

Based on this principle, The Foster Seeley discriminator will works

FM Demodulators

At resonant frequency, the series RLC circuit behaves as purely 
resistive circuit, hence input voltage and currents are in phase. 

At above resonant frequency, the series RLC circuit behaves as 
to  input voltage 

At below resonant frequency, the series RLC circuit behaves as 
capacitive circuit, hence input current ‘I’ leads to  input voltage 

Based on this principle, The Foster Seeley discriminator will works
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The voltage developed across primary will appears across Radio Frequency Choke  trough a coupling Capacitor Cc. 
i.e. Voltage across RFC is the primary voltage V3.

Therefore phasor sum of  V1 & V3 i.e V1-3 is applied to diode D1& 
diode D2.

Case 1: If fin = fc,  at resonance, the circuit is purely resistive. At this time, the Case 1: If fin = fc,  at resonance, the circuit is purely resistive. At this time, the 
voltage applied o the diodes are same  but 1800 out of  phase and the resultant 
output voltage is zero.  

Case 2: If fin > fc, above resonance, the circuit is inductive
lags compared to Vin = V3. Due to this, there will be phase
than 900 in V1 is shown in fig. In this case, V1-3 is
hence voltage applied to diode D1 is more than D
voltage is Positive.

FM Demodulators

The voltage developed across primary will appears across Radio Frequency Choke  trough a coupling Capacitor Cc. 

is applied to diode D1& phasor sum  of V2 & V3 i.e. V2-3 will applied to 

,  at resonance, the circuit is purely resistive. At this time, the ,  at resonance, the circuit is purely resistive. At this time, the 
out of  phase and the resultant 

inductive and current
phase shift of less
higher than V2-3,

D2. Hence output
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Case 3: If fin < fc, below resonance, the circuit is capacitive
leads compared to Vin = V3. Due to this, there will
greater than 900 in V1 is shown in fig. In this case,
hence voltage applied to diode D1 is less than D2. Hence
is negative.

Advantages of Foster-Seeley FM discriminator: 
1. Offers good level of performance and reasonable linearity. 
2. Simple to construct using discrete components. 
3. Provides higher output than the ratio detector 
Disadvantages of Foster-Seeley FM discriminator: 
1. Does not easily lend itself to being incorporated within an integrated circuit. 
2. High cost of transformer. 
3. Narrower bandwidth than the ratio detector

FM Demodulators

capacitive and current
will be phase shift of

V1-3 is less than V2-3,

Hence output voltage

Offers good level of performance and reasonable linearity. 

1. Does not easily lend itself to being incorporated within an integrated circuit. 
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Ratio Detector:

The Foster Seeley discriminator has the disadvantage that any variation  in amplitude of the input FM signal 
due to noise, modifying the characteristics  of discriminator.  

The undesired frequency components corresponding to amplitude variations are produced in the detected 
output and the output gets distorted.

This distortion is reduced using a limiter circuit in the FM receivers.

Ratio Detector is an improvement over the Foster – Seeley discriminator and is widely used. 
It does not respond to amplitude variations, a limiter is not needed.  The circuit is shown

Ratio Detector is similar to the Foster Seeley discriminator except 
the following changes
1. The detector diode D2 is reversed.
2. A large value capacitor C5 has been included in the circuit
3. The output is taken some where else.

FM Demodulators

The Foster Seeley discriminator has the disadvantage that any variation  in amplitude of the input FM signal 
, modifying the characteristics  of discriminator.  

The undesired frequency components corresponding to amplitude variations are produced in the detected 

This distortion is reduced using a limiter circuit in the FM receivers.

Seeley discriminator and is widely used. 
It does not respond to amplitude variations, a limiter is not needed.  The circuit is shown

Ratio Detector is similar to the Foster Seeley discriminator except 

has been included in the circuit
FM wave

Vt1

Vt2
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Amplitude limiting in Ratio detector: If Vi at input increases,
current increases, across the load (R5+R6) Capacitor C5
change instantaneously, it increases gradually. Volage
Secondary of transformer heavily damped. Because
decreases. Causing the gain of the amplifier is decreases

FM Demodulators
increases, secondary voltage of transformer increases, so load

5 connected. If current increases , voltage across capacitor
Volage across C5 is constant. Load impedance decreases. Then

Because of heavily damping, Quality(Q) factor of transformer
decreases. Similar process repeat vi is decreases.
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Operation of Ratio Detector :  The ratio detector output voltage is equal to half of the difference between the output 
voltages from the individual diodes. 

Hence, Similar to phase discriminator, the output voltage is proportional to the difference between individual output.

Due to this reason,  the operation of Ratio Detector is identical to the phase discriminator and 
also similar to the Foster Seeley discriminator.

The additional feature of the Ration Detector is the amplitude limiting action is included due to addition of large vale The additional feature of the Ration Detector is the amplitude limiting action is included due to addition of large vale 
of  Capacitor C5.

FM Demodulators

Operation of Ratio Detector :  The ratio detector output voltage is equal to half of the difference between the output 

Hence, Similar to phase discriminator, the output voltage is proportional to the difference between individual output.

Due to this reason,  the operation of Ratio Detector is identical to the phase discriminator and phasor diagrams are 

The additional feature of the Ration Detector is the amplitude limiting action is included due to addition of large vale The additional feature of the Ration Detector is the amplitude limiting action is included due to addition of large vale 
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Phase  Locked Loop (PLL):

A phase Locked Loop(PLL) is used in tracking the phase and frequency of the carrier component of an incoming FM.

PLL is used for demodulating the FM signals in presence of large noise and low signal power.  So PLL is used in 
Commercial FM receivers.

In PLL negative feedback system presents and consists of the multiplier, the low pass filter and the Voltage Controlled 
Oscillator (VCO). VCO produces an output signal r(t), whose frequency is proportional to the input signal voltage

The operation of PLL is similar to any other feedback system. In any 
feedback system, the feedback signal tends to follow the input signal.

If the feedback signal is not equal to input signal, an
will exist. This error signal will change the value
signal, until it is equal to the input signal.

The difference between s(t) and r(t) is called an error
error signal is used to adjust the VCO frequency in such
the instantaneous phase angle come close to angle
signal s(t). At this point, the two signals s(t) and
synchronized and the PLL is locked to the incoming signal

FM Demodulators

A phase Locked Loop(PLL) is used in tracking the phase and frequency of the carrier component of an incoming FM.

PLL is used for demodulating the FM signals in presence of large noise and low signal power.  So PLL is used in 

consists of the multiplier, the low pass filter and the Voltage Controlled 
r(t), whose frequency is proportional to the input signal voltage

The operation of PLL is similar to any other feedback system. In any 
feedback system, the feedback signal tends to follow the input signal.

an error signal
of feedback

error signal. The
such a way that

of incoming
and r(t) are in
signal s(t).
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A VCO is a sine wave generator whose frequency is determined
means that any frequency modulator can work as a VCO

The following mathematical analysis would helps to
performed using PLL.

Here, we have assumed that the VCO is adjusted initially
conditions are satisfied.

i) The frequency of the VCO is precisely set at the un
ii) The VCO output has a 900 phase shift with respect

Let input signal applied to the phase locked loop is an

Phase of the modulator

FM Demodulators
determined by the voltage applied to it from external source

VCO.

to understand how the FM demodulator or detector can

initially so that control voltage comes to zero, the following

un modulated carrier frequency ‘fc’ and
respect to the un modulated carrier.

FM wave is defined by

Ac is amplitude of carrier signal

kf is frequency sensitivity of modulator

---(1)

---(2)
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Let VCO output is defined by

Where Av is the amplitude of the output voltage of VCO

Where v(t) is the control voltage applied VCO input.

The incoming FM wave s(t) and VCO output r(t) are applied to the multiplier, producing two components

From the above equation high frequency components represented as  

Low frequency components represented as  

High frequency component is eliminated by Low Pass Filter. Therefore discarding high frequency component

FM Demodulators

is the amplitude of the output voltage of VCO

Where v(t) is the control voltage applied VCO input. Kv is frequency sensitivity of VCO (Hz / volts)

---(3)

---(4)

The incoming FM wave s(t) and VCO output r(t) are applied to the multiplier, producing two components

From the above equation high frequency components represented as  

Km is multiplier gain (V-1 )

High frequency component is eliminated by Low Pass Filter. Therefore discarding high frequency component
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The input to the loop filter (LPF) is now given by 

Where Øe(t) is phase error is 

The output produced by the loop filter is

Relate            and            using equations (5),(6),(7)     

The amplitudes Ac & Av measured in volts, multiplier gain Volt
the dimensions of  frequency.

FM Demodulators

---(5)

---(6)

---(7)

Relate            and            using equations (5),(6),(7)     

The amplitudes Ac & Av measured in volts, multiplier gain Volt-1, frequency sensitivity is Hz / volts, hence K0 has 

---(8)
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When the phase error            is zero, the phase locked loop is said to be in phase lock.      

When the phase error            is small compared to one radian,  

We may use approximation

In this case loop is said to be near phase lock

Equation(8) becomesEquation(8) becomes

On the basis of above equation, we can construct the 
equivalent model of PLL as shown in below figure

To convert frequency domain, taking the Fourier transform 
of equation (9)

FM Demodulators

When the phase error            is zero, the phase locked loop is said to be in phase lock.      

When the phase error            is small compared to one radian,  

---(9)

On the basis of above equation, we can construct the 

To convert frequency domain, taking the Fourier transform 
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To convert frequency domain, taking the Fourier transform of equation (9)

Where L(f) is called open loop transfer function of Phase Locked Loop is given by
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To convert frequency domain, taking the Fourier transform of equation (9)

Where L(f) is called open loop transfer function of Phase Locked Loop is given by ---(11)

---(10)
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From the liberalised model, we see that V(f) is the Fourier transform of PLL output is related to 

From equations (10) &(12)From equations (10) &(12)

If L(f) >> 1, the above equation becomes

FM Demodulators

From the liberalised model, we see that V(f) is the Fourier transform of PLL output is related to 

---(12)

---(13)
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Ø1(t) is related to modulating wave m(t) shown in equation(

The output V(t) of the phase locked loop is approximately same as the original base band signal m(t) except  the 
scaling factor Kf/Kv.

Hence frequency demodulation is accomplished.
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(t) is related to modulating wave m(t) shown in equation(2)

The output V(t) of the phase locked loop is approximately same as the original base band signal m(t) except  the 



FM Demodulators
The process of extracting an original message
as detection or demodulation. The circuit, which demodulates

Let us discuss about the FM demodulators which demodulate

Frequency discrimination method
Phase discrimination method
Frequency Discrimination Method:

We know that the equation of FM wave is

s(t)=A cos (2πf t+2πk ∫m(t)dt)s(t)=Accos (2πfct+2πkf ∫m(t)dt)

Differentiate the above equation with respect to '

We can write, −sin θ as sin(θ−1800)
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message signal from the modulated wave is known
demodulates the modulated wave is known as the demodulator

demodulate the FM wave. The following two methods demodulate FM wave

Differentiate the above equation with respect to 't'.

In the last equation, the amplitude term
resembles the envelope of AM wave and
angle term resembles the angle of FM wave
Here, our requirement is the modulating
signal m(t). Hence, we can recover it from
envelope of AM wave.
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The following figure shows the block diagram of FM demodulator using frequency discrimination method.

This block diagram consists of the differentiatorThis block diagram consists of the differentiator
convert the FM wave into a combination of
frequency variations of FM wave into the corresponding
know the operation of the envelope detector. It
nothing but the modulating signal.
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The following figure shows the block diagram of FM demodulator using frequency discrimination method.

differentiator and the envelope detector. Differentiator is useddifferentiator and the envelope detector. Differentiator is used
AM wave and FM wave. This means, it converts

corresponding voltage (amplitude) variations of AM wave.
produces the demodulated output of AM wave, which
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Phase Discrimination Method:

The following figure shows the block diagram of FM demodulator using phase discrimination method.

This block diagram consists of the multiplier, the
filter, and the Voltage Controlled Oscillator (VCO)
produces an output signal v(t), whose frequency
proportional to the input signal voltage d(t).

Initially, when the signal d(t) is zero, adjust the
produce an output signal v(t), having a carrier
and −900 phase shift with respect to the carrier signal

FM wave s(t) and the VCO output v(t) are applied
output, having a high frequency component and
the high frequency component and produces only

This low frequency component contains only the
modulating signal m(t) from this output of the low
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The following figure shows the block diagram of FM demodulator using phase discrimination method.

the low pass
(VCO). VCO
frequency is

the VCO to
carrier frequency

signal.

applied as inputs of the multiplier. The multiplier produces
a low frequency component. Low pass filter eliminates
the low frequency component as its output.

the term-related phase difference. Hence, we get
low pass filter.



PLL FM Demodulators

To look at the operation of the PLL FM demodulator
carrier is in the centre position of the pass-band the voltage
However if the carrier deviates in frequency, the loop
frequency must follow the incoming signal, and in turn
Monitoring the tune line shows that the variations in voltage
amplifying the variations in voltage on the tune line it is
Although no basic changes to the phase locked loop
amplifier is typically provided from the tune line to
receiver. It provides a lower output impedance and as
upsetting the loop in any way.
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demodulator take the condition where no modulation is applied and
voltage on the tune line to the VCO is set to the mid position

loop will try to keep the loop in lock. For this to happen the
turn for this to occur the tune line voltage must vary.

voltage correspond to the modulation applied to the signal
is possible to generate the demodulated signal.

loop are required for it to be able to demodulate FM, a buffer
prevent the tune line being loaded by other sections of

as a result, this prevents loading from the audio amplifier from
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There are many different ICs that enable FM to be 
demodulated. One of the most popular has been the 565 that 
has been around for many years in a variety of forms. Even 
though the circuit is quite old, it performs well, and often little 
will be gained by going to other chips.
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demodulated. One of the most popular has been the 565 that 
has been around for many years in a variety of forms. Even 
though the circuit is quite old, it performs well, and often little 



Pulse Modulation

Multiplexing : Transmits multiple (many) signals over a single 
channel.
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Multiplexing : Transmits multiple (many) signals over a single 
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Pulse Modulation
Time division multiplexing (TDM): 
In TDM,multiplexing is based on time. The sampled PAM
time. During the off period, the channel can be used
interleaving samples from several signals into a single waveform
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PAM (pulse means on and off) waveform is off for most of the
used to transmit samples of other waveforms. The concept

waveform is called TDM.
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PLL FM Demodulators

To look at the operation of the PLL FM demodulatorTo look at the operation of the PLL FM demodulator
carrier is in the centre position of the pass-band the voltage
However if the carrier deviates in frequency, the loop
frequency must follow the incoming signal, and in turn
Monitoring the tune line shows that the variations in voltage
amplifying the variations in voltage on the tune line it is
Although no basic changes to the phase locked loop
amplifier is typically provided from the tune line to
receiver. It provides a lower output impedance and as
upsetting the loop in any way.
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demodulator take the condition where no modulation is applied anddemodulator take the condition where no modulation is applied and
voltage on the tune line to the VCO is set to the mid position

loop will try to keep the loop in lock. For this to happen the
turn for this to occur the tune line voltage must vary.

voltage correspond to the modulation applied to the signal
is possible to generate the demodulated signal.

loop are required for it to be able to demodulate FM, a buffer
prevent the tune line being loaded by other sections of

as a result, this prevents loading from the audio amplifier from


