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5 Angle Modulation: FM and PM We kmow ot
5.1. We mentioned in [f.2] that a sinusoidal carrier signal to adjust He g
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has three basic parameters: amplitude, frequency, and phase. Varying these
parameters in proportion to the baseband signal results in amplitude mod-
ulation (AM), frequency modulation (FM), and phase modulation (PM),

respectively.

5.2. As usual, we 1 | again assume that the baseband signal m(t) is band-
limited to B; that 1s; M)

As in the AM sectlon, we will also assume that

O i) < m, T e>7

In other words, m(t) is bounded between —m,, and m,.
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Definition 5.3. Phase modulation (PM): '—k,m{, £ lcphn(.’n £ 1«, o
N
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Definition 5.4. The main characteristid”?| of frequency modulation (FM)
is that the carrier frequency f(t) would be varied with time so that

L S 0t6) = ()= fu+ kym(t), (64

where £ is an arbitrary constant.

e The arbitrary constant k is sometimes denoted by k; to distinguish it
from a similar constant in PM.

Example 5.5. Figure [2§|illustrates the outputs of PM and FM modulators
when the message is a unit-step function.

m(1) Figure 28: Comparison of PM and FM mod-
1 ulator outputs for a unit-step input. (a) Mes-

sage signal. (b) Unmodulated carrier. (c)
+  Phase modulator output (d) Frequency mod-
@ ulator output. [14, Fig 4.1 p 158]

" Frequency =f, 1|  Frequency=f.+f;,
(©)

22Treat this as a practical definition. The more rigorous definition will be provided in
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e For the PM modulator output,

o the (instantaneous) frequency is f, for both ¢t < ¢y and t > ¢

o the phase of the unmodulated carrier is advanced by k, = 3 radians
for t > ty giving rise to a signal that is discontinuous at ¢ = .

e For the FM modulator output,

o the frequency is f, for t < ty, and the frequency is f.+ fq for t >t

o the phase is, however, continuous at t = .

Example 5.6. With a sinusoidal message signal in Figure[29%, the frequency
deviation of the FM modulator output in Figure is proportional to
m(t). Thus, the (instantaneous) frequency of the FM modulator output is
maximum when m(t) is maximum and minimum when m(¢) is minimumn.

Figure 29: Different modulations of sinu-

soidal message signal. (a) Message signal. (b)

Unmodulated carrier. (c¢) Output of phase

modulator (d) Output of frequency modula-
@ tor [14], Fig 4.2 p 159 |

(b)
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The phase deviation of the PM output is proportional to m(t). However,
because the phase is varied continuously, it is not straightforward (yet) to
see how Figure is related to m(t). In Figure , we will come back to
this example and re-analyze the PM output.
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Figure 30: Hlustrative AM, FM, and PM waveforms. [3 Fig 5.1-2 p 212]

Example 5.7. Figure |30] illustrates the outputs of AM, FM, and PM mod-
ulators when the message is a triangular (ramp) pulse.

To understand more about FM, we will first need to know what it actually
means to vary the frequency of a sinusoid.
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