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Phase Modulation (PM)

In phase modulation, the instantaneous phase deviation of
the modulated signal from its unmodulated value is
proportional to the instantaneous amplitude of the
modulating signal.

F(t) = A(t)cos|[ .t + O(t)] = A(t) cos #(t)
Phase =» O(t)=Kk,v, () =k,V v(t)
Fow (t) = Acos| a,t + m (1) |

O(t) =m,v(t)

Instantaneous
dO(t) dv(t)
frequency - ol)=w, + " =@, +M ?
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Phase Modulation
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Frequency Modulation (FM)

Frequency modulation results when the deviation éw of the

instantaneous frequency w(t) from the carrier frequency @, is

directly proportional to the instantaneous amplitude of the
modulating voltage.

F (t) = A(t)cos [a)ct + @(t)] = A(t)cos ¢g(t)

Instantaneous _dg dO(t)
B a)(t) =—— =0, +
frequency dt dt
() = oft) - @, =SS =k v, 1

Phase = O(t) = jot k v_dt+®(0)

F. (1) = Acos[a)ct ik j; v (t)dt}
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Modulation Index for FM

Signal for FM can be put in the form

Fey (D) = Acos {a)ct + gsin w,
fm Assume
message is
The modulation index is defined as sinusoidal
Af It is the
m, =—  maximum phase
i deviation

So, the expression becomes

F.,, (t) = Acos(w.t+m; sinw_t)
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Angle Modulation

In general for an angle-modulated signal, we have

Fo (1) = Acos(wt + my sinw,_ t)
This can be expanded to take the form
Fo () =V {J,(M,)cos ot

+J,(mg)[ cos(@, + o, )t —cos(a, — o, )t]
+J,(my) :cos(a)C +2m, )t —cos(w, —2m, )t]
+J,(mg)[cos(@, + 3w, )t —cos(w, —3m,)t]
+J,(mg)|cos(@, + 4w, )t —cos(w, —4a,)t]
+...}

The ] (m,) are Bessel functions of the first kind
et ILLINOIS
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Spectrum of Angle Modulated Signal
Signal for PM or FM takes the form
Fo (t) =V, cos[at +my sinw,t]

From trigonometric identity,

Fo (t) =V, | cosa,tcos(m, sine,t)—sin,tsin(mg sine,t) |

Consider the function
g(t) _ e—jm® sin @t

Its exponential Fourier series is represented by

9= c.e™

N=-o0
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Spectrum of Angle Modulated Signal

Where the coefficients c, are given by

¢ = [T gme ™d(at)
" 2m Yo
The Bessel function of the first kind is defined by
an (m®) —_ L 2”ejm®sina)mt x e—jna)td (a)t)
27 %0

Thus for g(?), ¢, is given by
Cn = ‘Jn (mG))

And g(t) can be expressed by
g(t)= 2, J,(m,)e™

N=—c0
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Spectrum of Angle Modulated Signal

If the +n and —n components of g(f) are summed, it can be
shown that

J_o(mg)=(=1)"J,(my)
Consequently for n even
J_n (m®)e—jna)mt 4 Jn(m®)e+jna)mt
=J,(mg)[ e 7™ | =23 (m,)cos e, t
For n odd, the summation yields
_\]_n(m® )e—jna)mt n Jn (m®)e+ not

=J,(mg)| e —e ™ | = j2J (m,)sin ney,t
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Spectrum of Angle Modulated Signal

Therefore g(t) can be expressed as

g(t)=J,(my)+2 Z J.(my)cosnaw, t

neven

+2j ) J.(my)sinna,t

n odd

By application of Euler’s theorem
g (t) = cos(M, sin @, t) + Jsin(m, sin @, t)

cos(my sinw,_ t)=J (my)+2 Z J.(my)cosnaw, t

sin(m, sinw,_ t) =2 Z J.(mgy)sinno,_t
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Spectrum of Angle Modulated Signal

After substitution into F (%)

F, (t) = Acos(a.t + mg sin w_t)
this yields

Fo () =V {J, (M )cos ot
+J,(mg)[cos(a, + @, )t —cos(w, — o, )t]
+J,(my) :cos(a)C +2w N —cos(w, 2w, )t]
+J,(mg)[cos(@, +3m, )t —cos(w, —3m,)t]
+J,(my) :cos(a)C +4w N —cos(w, —4a, )t]

+...}
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Zeros of Bessel Functions

Ordern —
[th root

2.405 3.832 5.136
2 5.520 7.016 38.417
"3  8.654 13.323 11.620
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Spectrum of Angle Modulated Signal

* Selecting Modulation index
» Carrier may vanish as modulation index varies

» Af and f,, can be chosen so as to make J,(m 4)=0
» Modulator can be adjusted until carrier vanishes

Fo () =V {J, (M )cos ot
+J,(mg)[cos(a, + @, )t —cos(w, — o, )t]
+J,(my) :cos(a)C +2w N —cos(w, 2w, )t]
+J,(mg)[cos(@, +3m, )t —cos(w, —3m,)t]
+J,(my) :cos(a)C +4w N —cos(w, —4a, )t]
+...}
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Bandwidth of Angle Modulated Signal

Bandwidth can be approximated by

BW =2(mg +1) f, =2(Af . +f,)
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Spectrum of Frequency Modulated Carrier
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