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𝑚 𝑡

𝐴cos 2𝜋𝑓 𝑡 𝜙

𝑥PM 𝑡

𝑥FM 𝑡

Figure 39

New Fact: In , the instantaneous frequency
varies in proportion with the slope of . 

When and hence the phase of change 
continuously, it is difficult to see the connection with the 
actual plot of .
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𝑚 𝑡

𝐴cos 2𝜋𝑓 𝑡 𝜙

𝑥PM 𝑡

𝑥FM 𝑡

Figure 39

New Fact: In , the instantaneous frequency varies in 
proportion with the slope of . 

𝑑
𝑑𝑡 𝑚 𝑡

𝑓 𝑡 𝑓 𝑘
𝑑
𝑑𝑡 𝑚 𝑡
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𝑚 𝑡

𝐴cos 2𝜋𝑓 𝑡 𝜙

𝑥PM 𝑡

𝑥FM 𝑡New Fact: In , the instantaneous frequency
varies in proportion with the slope of . 

The time at which 
the slope of 𝒎 𝒕
is at its maximum
value corresponds to 
the time at which 
𝒙PM 𝒕 has 
maximum
frequency.

𝑑
𝑑𝑡 𝑚 𝑡

Figure 39
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𝑚 𝑡

𝐴cos 2𝜋𝑓 𝑡 𝜙

𝑥PM 𝑡

𝑥FM 𝑡New Fact: In , the instantaneous frequency
varies in proportion with the slope of . 

The time at which 
the slope of 𝒎 𝒕
is at its minimum
value corresponds to 
the time at which 
𝒙PM 𝒕 has 
minimum
frequency.

𝑑
𝑑𝑡 𝑚 𝑡

Figure 39
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𝑚 𝑡

𝐴cos 2𝜋𝑓 𝑡 𝜙

𝑥PM 𝑡

𝑥FM 𝑡New Fact: In , the instantaneous frequency
varies in proportion with the slope of . 

The time interval 
during which the 
slope of 𝒎 𝒕 is 
increasing
corresponds to the 
time interval during 
which 𝒙PM 𝒕 has 
increasing
frequency.

𝑑
𝑑𝑡 𝑚 𝑡

Figure 39
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 Sinusoidal Carrier: 

Analog 𝒎 𝒕
Digital 𝒎 𝒕
𝒎 𝒕 is piecewise 
constant. Its values are 
selected from a collection 
of 𝑀 possibilities.)

AM: 𝑥 𝑡 𝐴 𝑚 𝑡 cos 2𝜋𝑓 𝑡 𝜙 ASK

PM: 𝑥 𝑡 𝐴 cos 2𝜋𝑓 𝑡 𝜙 𝑘 𝑚 𝑡

𝑓 𝑡 𝑓 𝑚 𝑡
PSK

FM: 𝑥 𝑡 𝐴 cos 2𝜋𝑓 𝑡 𝜙 2𝜋𝑘 𝑚 𝜏 𝑑𝜏

𝑓 𝑡 𝑓 𝑘 𝑚 𝑡
FSK

𝑡

2𝜋

Band-limited to 𝐵
Bounded by 𝑚

Useful for plotting 𝑥 𝑡 over the time 
intervals where 𝑚 𝑡 is differentiable.

𝑡


