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Demodulation of FM (and PM) Signals
There exist many methods for demodulation of FM signals. One of these methods is
phase–locked loops (PLL) that were studied in a previous lecture. PLLs when fed with
an FM signal directly produce an output signal that is proportional to the message signal.
Here we will discuss two other methods that are directly related to each other for FM and
PM demodulation.
Signal Differentiation Method
An FM signal has the following form
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So, its magnitude is constant with value of A. The information is contained in the
frequency (or angle) of the FM signal. To extract the message signal contained in an FM
signal, we can transfer the information from the angle to the magnitude by simply
differentiating the FM signal. Since the derivate of a sinusoid results in multiplying the
magnitude of the sinusoid by the derivate of its angle, the derivative of the above FM
signal becomes
⎛
dg FM (t )
= A [ωc + k f m (t ) ] cos ⎜ ωc t + k f
dt
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So, the message signal of the above derivative is contained in the frequency of the
sinusoid and also in its magnitude. Passing the derivative of the FM signal through an
envelope detector will give the desired message signal at the output. Therefore, the
following block diagram is an FM demodulator.
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The same idea can be used for PM demodulation. A PM signal has the form

g PM (t ) = A cos (ωc t + k p m (t ) ) .
So, if we differentiate it, we get

dg PM (t )
dm (t ) ⎤
⎡
= A ⎢ωc + k f
cos (ωc t + k p m (t ) ) .
dt
dt ⎥⎦
⎣
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If this signal is passed through an envelope detector, the output will be proportional to the
derivative of the message signal. Passing this signal through an integrator will give us
what we want. Therefore, the block diagram of a PM demodulator will be as follows.
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Frequency Discrimination Method
The same concept as described above in the signal differentiation method for
demodulation FM and PM signals can be used but after replacing the derivative block at
the beginning with a filter. Assume that we would like to demodulate the following FM
signal which has a carrier frequency of ωc and a frequency band from ω1 to ω2.

We can use the following BPF which is centered not at ωc but at a higher frequency
such that the range of frequency [ω1 , ω2] falls in the transition band of the filter (in the
region where the filter changes from not passing to passing the input signal). If the
transition band of the filter has a linear response (a line with some non–zero slope), the
different parts of the FM signal, which is input to the filter, will be amplified (or
attenuated) by different factors depending on the frequency of the these parts. The higher
the frequency, the higher the amplitude of the output signal of the filter, and the lower the
frequency, the lower the amplitude of the output signal. This process is very similar to
what the differentiator in the signal differentiation FM demodulation method does.
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Therefore, passing the signal s(t) that is outputted by the BPF into an envelope detector
gives a signal that is proportional to the message signal.
Therefore the following block diagram is the frequency discrimination FM demodulator.
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