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Where 𝐾𝑓 is the deviation sensitivity for frequency or frequency deviation constant for FM
The modulated FM signal is given by

Frequency Modulation (FM):
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Example : An angle modulated signal is given by
a) Find the frequency of the modulated carrier 𝑓𝑐
b) Instantaneous frequency 𝑓𝑖 𝑡

x(t) = cos(2000t + 0.1sin(20t))

Solution
a) 2p 𝑓𝑐 =2000, 𝑓𝑐=318.31Hz.

𝑓𝑖 𝑡 =
1
2𝜋

  𝑑𝜃(𝑡)
𝑑𝑡

= 1
2𝜋
(2000 + 2 cos 20𝑡 = 318.31  +  0.32 cos(20t)b)(t) = 2000t +

0.1sin(20t)) 

PM and FM are tightly related to each other. We see fromthe phase and frequency relations for PM and FM givenabove that replacing m(t) in the PM signal with ∫m (λ) dλgives an FM signal and replacing m(t) in the FM signal with
𝑑 𝑚(𝑡)
𝑑𝑡

gives a PM signal. This is illustrated in the following
block diagrams.
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Assume m(t) is information signal.

For PM
The phase deviation of modulator output is proportional
to m(t). The frequency deviation is proportional to the
derivative of the phase deviation, thus the ωi is
maximum when the slope of m(t) is maximum and
minimum when the slope of m(t) is minimum.

For FM
Frequency deviation is proportional to m(t), thus the ωi
is max when the m(t) is maximum and it is minimum
when m(t) is minimum.

Note that if m(t) is not shown along with the modulator
o/p. It would not be possible to distinguish the PM and
FM o/p

PM and FM modulators for a tone information signal𝒎 𝒕 = 𝑨𝒎𝑪𝒐𝒔 (𝟐𝝅 𝒇𝒎𝒕)
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Example : A phase modulated signal has a carrier of frequency 2kHz. Draw the phase modulated signal given
the phase sensitivity is 2 volt-1 for the below modulating signal m(t).

Solution

The instantaneous frequency is
• 𝑓𝑖 = 𝑓𝑐+2(0)=2kHz, for m(t)=0.
• 𝑓𝑖= 𝑓𝑐+2(500)=3kHz, for m(t)=500t.

Example : A phase modulated signal has a carrier of 100 MHz and the modulating signal is 1 kHz sinusoid of
amplitude 0.01 V. The proportionality constant, Kp, is 104 V-1. Find the band of frequencies occupied by the PM
waveform.
Solution: PM
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One primary difference between PM and FM is the way the modulation index µ is defined
❑ For PM, µ is proportional to the amplitude of the modulating signal (𝑨𝒎) andindependent of its frequency

𝝁𝒑 = 𝑲𝒑𝑨𝒎 (unit in radians) (equal to Peak phase deviation Δθ)
❑ For FM , µ is proportional to the amplitude of the modulating signal (𝑨𝒎) and inverselyproportional its frequency (𝒇𝒎)

𝝁𝒇 =
𝑲𝒇 𝑨𝒎
𝒇𝒎

(unitless)
Thus for tone signal the modulated signal can be rewritten as
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Frequency Deviation – the change in frequency that occurs in the carrier when it is acted on by a modulating-signalfrequency. Typically given as a peak frequency shift in hertz (Δf). The peak-to-peak frequency deviation (2 Δf) is called carrier swing. For FM, the deviation sensitivity, 𝐾𝑓 is often given in hertz/volt.
Thus, the peak frequency deviation can be expressed mathematically as:

Δf= 𝑲𝒇 𝑨𝒎 (Hz)
Therefore the modulation index can be expressed as

𝝁𝒇 =
Δf
𝒇𝒎

(unitless)
Percent Modulation – the ratio of actual frequency deviation to the maximum frequency deviation allowed inpercentage form.

% modulation = Δf (𝒂𝒄𝒕𝒖𝒂𝒍)
Δf (𝑴𝒂𝒙) × 𝟏𝟎𝟎
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Example Determine the peak frequency deviation (Δf) and modulation index µ for an FM modulator with a deviationsensitivity, 𝑲𝒇 = 10kHz/V and a modulating signal
m(t) = 5 cos(2π×2500t).
Solution1. Δf= 𝑲𝒇 𝑨𝒎 = 𝟏𝟎 𝑲𝑯𝒛𝑽

  𝟓𝑽 = 𝟓𝟎 𝑲𝑯𝒛
2. µ𝒇 = Δf

𝒇𝒎
= 𝟓𝟎𝑲𝑯𝒛

𝟐𝟓𝟎𝟎
= 𝟐𝟎

Example Determine the peak phase deviation (Δθ) for a PM modulator with a deviationsensitivity 𝑲𝒑 = 2.5rad/V and a modulating signal m(t) = 2 cos(2π(2000)t).
Solution
Δθ = 𝑲𝒑𝑨𝒎 = 𝟐.𝟓 ( 𝒓𝒂𝒅𝑽 ) × 𝟐𝑽 = 𝟓 radians



159EEE313 Communication Systems I



FM Bandwidth

160EEE313 Communication Systems I

 Theoretically, the generation and transmission of FM requires infinite bandwidth. Practically, FM system have finite
bandwidth and they perform well.

 The value of modulation index determine the number of sidebands that have the significant relative amplitudes
 If n is the number of sideband pairs, and line of frequency spectrum are spaced by 𝒇𝒎, thus, the bandwidth is:

For n ≥ 1

Carson’s Rule for FM Bandwidth.
An approximation for the bandwidth of an FM signal is given by BW = 2(Maximum frequency deviation + highest
modulating frequency )

The same rule applies to PM bandwidth,

For PM the Δf = 𝟏
𝟐𝝅
𝑲𝒑 | 𝒅 𝑚(𝑡)𝒅𝑡

 |max

Δf= Δω/2π
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Narrow Band FM and PM

When Δf << 𝒇𝒎 , modulation index < 1, the scheme is called Narrow Band (NBFM, NBPM).

Then the bandwidth is

 Therefore, no matter how small we make the deviation around 𝑓𝑐 , the bandwidth of the modulated signal does not get
smaller than 2𝑓𝑚 𝑜𝑟 2𝐵𝑚.

Example: If the modulating frequency is 1 kHz and the maximum deviation is 10 kHz, what is the modulation index and the
required bandwidth for an FM signal?
Solution

𝑓𝑚 = 1kHz, ∆f = 10kHz

µ𝑓 = Δf
𝑓𝑚
= 10 𝑘𝐻𝑧

1𝑘𝐻𝑧
=10
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Example : Consider the angle modulated (PM) signal φ (t) = 10 cos (2π 108t + 3 sin 2π 103t). Find the bandwidth of the PMsignal when the message frequency is (1) doubled, and (2) is halved.
Bandwidth of FM and PM

Solution :φPM (t) = 𝑨𝒄 𝑪𝒐𝒔 (𝜃 𝑡 )= 10 cos (2π 108t + 3 sin 2π 103t)= 𝑨𝒄 𝑪𝒐𝒔 (𝟐𝝅𝒇𝒄 𝒕 + 𝑲𝒑 𝒎 𝒕 )

We have 𝑓𝑚 = 1 𝑘𝐻𝑧  and 𝐾𝑝 = 3
Δω for PM = 𝑲𝒑 |𝑑 𝑚(𝑡)𝑑𝑡

|max=6π kHz : Δf= Δω /2π=3 kHz

When the message frequency is doubled

Δω for PM = 𝑲𝒑 |𝑑 𝑚(𝑡)𝑑𝑡
|max=12 π kHz

When the message frequency is halved Δf=1.5 kHz

𝑑 𝑚(𝑡)
𝑑𝑡

=  2π 103 cos(2π 103t)
m(t)=sin 2π 103t

𝑑 𝑚(𝑡)
𝑑𝑡 𝑚𝑎𝑥

= 2π 103
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Deviation Ratio (DR)is defined as the worst-case modulation index and is equal to the maximum peak frequency deviation
divided by the maximum modulating-signal frequency.

𝑫𝑹 = ∆𝒇𝒎𝒂𝒙
𝒇𝒎(𝒎𝒂𝒙)

The worst-case modulation index produces the widest output frequency spectrum.

Example : Determine the deviation ratio and the bandwidth for an FM broadcast-band transmitter with a maximum frequency
deviation of 75kHz and a maximum modulating-signal frequency of 15kHz.

Solution:
𝑫𝑹 = ∆𝒇𝒎𝒂𝒙

𝒇𝒎(𝒎𝒂𝒙)
= 𝟕𝟓𝑲𝑯𝒛
𝟏𝟓𝑲𝑯𝒛

= 𝟓

𝑩𝑭𝑴 = 𝟐 ∆𝒇 + 𝒇𝒎 =2(75+15)=180KHz

Some mobile phone companies use FM with a very low modulation index, i.e. µf < 1. This is known as narrowband FM.
Mobile phone companies use this because it offers many of the advantages of FM, with the minimum bandwidth
requirement.



Angle Modulation versus Amplitude Modulation

Advantages
 Wideband FM gives significant improvement in the SNR at the output of the RX which

proportional to the square of modulation index.
 Angle modulation is resistant to propagation-induced selective fading since amplitude

variations are unimportant and are removed at the receiver using a limiting circuit.
 Angle modulation is very effective in rejecting interference. (minimizes the effect of noise).
 Angle modulation allows the use of more efficient transmitter power in information.
 Angle modulation is capable of handing a greater dynamic range of modulating signal

without distortion than AM.
Disadvantages
 Angle modulation requires a transmission bandwidth much larger than the message signal

bandwidth.
 Angle modulation requires more complex and expensive circuits than AM.
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End Of Course


