Angle Modulation

Frequency Modulation (FM):

t
0(t) = 2 fut + K / m(\)d\-
J0
Where Kf is the deviation sensitivity for frequency or frequency deviation constant for FM

The modulated FM signal is given by

erMm(t) = A cos(?vrfct - K;/O m(A)dA )

Information contained in m(¢) is embedded in the instantaneous frequency:

f;(¢) is proportional to m(7)
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Angle Modulation

PM and FM are tightly related to each other. We see from t

the phase and frequency relations for PM and FM given 0(t) N/ m(A)dX| w— m(t) —> fo e L op(t)
above that replacing m(t) in the PM signal with fm (A) dA ’ —

gives an FM signal and replacing m(t) in the FM signal with !

d m(t) gives a PM signal. This is illustrated in the following

dt
block diagrams. or we can consider PM as a special case of FM where:

d - -
filt) ~ =m(t) | we—ip mt) — 5 o Frequeney Lo pi(t)

dt Y

Example : An angle modulated signal is given § x(f) = cos(2000t + 0.1sin(20t))
a) Find the frequency of the modulated carrier f

b) Instantaneous frequency f; ()
Solution
a) 2p f. =2000, f,=318.31Hz.

1 doit) 1
— . = = = +
b) ©(t) = 2000t + fi () e dr o (2000 + 2 cos(20t) = 318.31 + 0.32 cos(20¢)

0.1sin(201))
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Frequency Modulation FM

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 w; 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 w;

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

|

@ ALCos (21 [,,1T)

(b) c(t} == ACC'GS (Zﬂ' fct)

LR

(c) PM

“ll i Ull”lil ““l“ﬂlm

) FM

——

i

PM and FM modulators for a tone information signal m () = A,,Cos (27 f,,t)
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Angle Modulation

Example : A phase modulated signal has a carrier of frequency 2kHz. Draw the phase modulated signal given

the phase sensitivity is 2 volt™ for the below modulating signal m(t).
5 volt -
Solution ()= A, cos(2nf.t + K,m(t)) oron oo
0(t) = 2m fot + K,m(t) )
The instantaneous frequency is d
* f; =f.+2(0)=2kHz, for m(t)=0. e ey

 fi= f.+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, K, is 10* V. Find the band of frequencies occupied by the PM

waveform.
Solution: PM (9(;):2;{ fo+kp m(’)

=2710% +10* x0.0lcos(2;rx l()3r)
« The instantaneous frequencies,

| gy e
il 18 20108 sm(2:r>< 1031)
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Frequency Modulation FM

Example : Tone signal m(1)= A4,, cos(w,t) is given. Find FM and PM waveforms.

Solution o(t) = A.cosb(t)

A, = constant : we need to find 6(r)

0(t) =2nft + Kpm(t) + 600 = wt+ k, m)= @t+k,Am cos(w,t) (PM)

0(t) = 2n f.t + kf Im(r)dr = 27 f.t + kf I.Am cos(w,t) dr= @+ J sin(w, t)  (FM)
b i @

m

wpM(t) = 4, cos(w,t+k,Acos(w,1))  (PM)
therefore

k. A
¥PFM (t) = A, cos(wt+ /" sin(w, t)) (FM)

A A A TRRAAN A A
WRR Al

[
P
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Phase Deviation and Modulation Index

One primary difference between PM and FM is the way the modulation index py is defined

 For PM, p is proportional to the amplitude of the modulating signal (A,,,) and
independent of its frequency

Uy = KpAm (unit in radians) (equal to Peak phase deviation Af)

U For FM, p is proportional to the amplitude of the modulating signal (A,,,) and inversely
proportional its frequency (f,,)

KAy
[,lf = - (unitless)

Thus for tone signal the modulated signal can be rewritten as

opM(t) = 4 cos(w,t + By cos(w, 1))  (PM)

@rM ()= 4, cos(a,t + KF sin(w,1) (FM)
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Frequency Deviation and Modulation Index

Frequency Deviation - the change in frequency that occurs in the carrier when it is acted on by a modulating-signal
frequency.

» Typically given as a peak frequency shift in hertz (Af).
» The peak-to-peak frequency deviation (2 Af) 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:

Therefore the modulation index can be expressed as
Br= ;\— (unitless)

m

Percent Modulation - the ratio of actual frequency deviation to the maximum frequency deviation allowed in
percentage form.

% modulation = Af (actual) % 100
Af (Max)
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Phase Deviation and Modulation Index

Example Determine the peak frequency deviation (Af) and modulation index p for an FM modulator with a deviation
sensitivity, Kf= 10kHz/V and a modulating signal

m(t) = 5 cos(2rtx2500t).

Solution
1. Af=K/A,, 1°KHZ (5V) =50 KHz
Af 50KHz 0

2 Hf= fn 2500 =2

Example Determine the peak phase deviation (A#) for a PM modulator with a deviation
sensitivity Kp = 2.5rad/V and a modulating signal m(t) = 2 cos(2rt(2000)t).

Solution

20=K,A,, =25 (”‘”’) x 2V = 5 radians
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Example The carrier frequency in an FM modulator is 1000 kHz. If the modulating
frequency is 15 kHz, what are the first three upper sideband and lower sideband frequencies?

Solution.
Carrier frequency, /. = 1000 kHz

A

Modulating frequency, / = 15 kHz

Upper sideband frequencies

Lt ,  Let2f s Ja I
1000 + 15 WD +2x%x1y 3 1000 +3 x 15
1015 kHz ; 1030 kHz 2 1045 kHz

Lower sideband frequencies

iet, & e . f-3f
1000-15 1000-2x15 1000 -3 x 15
985 kHz . 970 kHz : 955 kHz
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m  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 f,,,, thus, the bandwidth is:

Forn>1

B, =2nf,

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 )

By :2(mf +1) £,,

=2(Df + 1,)
The same rule applies to PM bandwidth,

By, =2(DF + f,)

For PM the Af = —K,, | == d m(t) |max
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Narrow Band FM and PM

When Af' << f,, , modulation index < /, the scheme is called Narrow Band (NBFM, NBPM).

Then the bandwidth is Bysive =Basry =2(f,,)

= Therefore, no matter how small we make the deviation around f ., the bandwidth of the modulated signal does not get
smaller than 2f,, or 2B,,,.

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

f = 1kHz, Af=10kHz

_ Af _10kHz_
Hf = = Tk 10

By, =2(m, +1) £,
=22kHz
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Bandwidth of FM and PM

Example : Consider the angle modulated (PM) signal ¢ (t) = 10 cos (21t 108t + 3 sin 2rt 10°%t). Find the bandwidth of the PM
signal when the message frequency is (1) doubled, and (2) is halved.

Solution :@ppm (t) = A, Cos (O (1))= 10 cos (2m 108 + 3 sin 2mt 10°%t)
=A; Cos 2nf, t+ K, m(f))

We have f,, =1 kHz and K, =3
m(t)=sin 25t 103t

_ dm(t), _ : _
By =2(Df + f,) =2(3 +1) =8kHz 4 m(h
m
When the message frequency is doubled T = 2mt 103

max

Ao for PM = K, |%|m=12 1 kHz
B,, =2(Df + f,) =2(6 +2) =16 kHz
When the message frequency 1s halved Af=1.5 kHz

B,, =2(Df + £.) =2(1.5+0.5) =4 kHz
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Deviation Ratio (DR)

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 — Afmax

- f m(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 — Afmax — 75KHz —
fm(max) 15KHz

By = 2(Af + f,,)=2(75+15)=180KHz

Some mobile phone companies use FM with a very low modulation index, i.e. p,<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.
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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

Questions?

Thank you for
Listening & Attending



