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Name FM PM 

Instantaneous 

Angular 

Frequency 

 𝐰𝐢(𝐭) 

𝐟𝐢(𝐭) 

𝒘𝒊(𝒕) = 𝒘𝒄 + 𝒌𝒇𝒎(𝒕) 

𝒇𝒊(𝒕) = 𝒇𝒄 +
𝐤𝐟

𝟐𝛑
𝒎(𝒕) 

𝐰𝐢(𝐭) =
𝐝𝛉

𝐝𝐭
= 𝐰𝐜

+ 𝐤𝐩𝐦(𝐭)̇  

𝐟𝐢(𝐭) =
𝐝𝛉

𝐝𝐭
= 𝐟𝐜 +

𝐤𝐩

𝟐𝛑
𝐦(𝐭)̇  

Main Equation 

𝝋 
𝝋𝑭𝑴(𝒕) = 𝑨 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞

) 𝝋𝑷𝑴(𝒕) = 𝑨 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒑𝒎(𝒕)) 

Frequency 

Deviation ∆𝒇 

∆𝒇 = 𝒌𝒇

𝐦𝐩

𝟐𝛑
 

∆𝑾 = 𝒌𝒇𝐦𝐩 

∆𝒇 = 𝒌𝒑

�̇�𝐩

𝟐𝛑
 

∆𝑾 = 𝒌𝒑�̇�𝐩 

Deviation 

Ratio(Modulation 

Index) 

 𝛃 

𝜷 =
∆𝒇

𝑩
 

Bandwidth  

𝑵𝑩𝑭𝑴/𝑵𝑩𝑷𝑴 
𝑵𝑩𝑭𝑴 = 𝑵𝑩𝑷𝑴 = 𝑩. 𝑾 =  𝟐𝑩 

Bandwidth 

𝐂𝐚𝐫𝐬𝐨𝐧′𝐬 𝐫𝐮𝐥𝐞 

𝑩𝑭𝑴 ≈ 𝟐(∆𝒇 + 𝐁)   𝑯𝒛 

𝑩𝑭𝒎 ≈ 𝟐𝑩(𝜷 + 𝟏)    

Bandwidth 𝑩𝑭𝒎 ≈ 𝟐∆𝒇   𝑯𝒛 

Carrier Swing 𝟐∆𝒇 
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No. Examples 

1 

A signal tone FM signal is  

 

𝝋𝑭𝑴(𝒕) = 𝟏𝟎[𝒄𝒐𝒔(𝟐𝝅𝟏𝟎𝟔𝒕 + 𝟖 𝐬𝐢𝐧 𝟐𝝅𝟏𝟎𝟑𝒕) 

Determine  

1. The carrier frequency 𝒇𝒄 

2. Modulating frequency 

3. The modulation index  𝜷 

4. The peak frequency deviation  ∆𝒇 

5. The bandwidth of 𝝋𝑭𝑴(𝒕) 

 

2 
What is the modulation index of an FM signal have a carrier swing of 

𝟏𝟎𝟎𝑲𝑯𝒛 when the modulating signal has a frequency of 𝟖 𝑲𝑯𝒛 

 

3 

107.6MHz carrier signal is frequency modulated 7KHz since wave. The 

resultant FM signal has a frequency deviation of 50KHz . determine the 

following 

a- the carrier swing of the FM signal  

b- the highest and lowest frequencies attained by the modulated  

c- the modulation index of the FM wave. 

 

4 

for the angle modulation signal 

  𝑿𝒄(𝒕) = 𝟏𝟎 𝒄𝒐𝒔[𝟐𝝅𝟏𝟎𝟔𝒕 + 𝟏𝟎 𝒔𝒊𝒏(𝟐𝝅𝟏𝟎𝟑𝒕)] 
 find  𝒎(𝒕) if  

1- 𝑿𝒄 is a PM signal with 𝒌𝒑 = 𝟏𝟎 

2- 𝑿𝒄 is a FM signal with 𝒌𝑭 = 𝟏𝟎𝝅 

 

5 

Sketch FM and PM waves for the modulating signal m(t) shown in figure 

below. The constants 𝒌𝒇  and 𝒌𝒑  are  𝟐𝝅𝟏𝟎𝟓and  𝟏𝟎𝝅  respectively, and 

the carrier frequency 𝒇𝒄 is 100 MHz 
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6 

 (a) Estimate 𝑩𝑭𝑴  and 𝑩𝑷𝑴  for the modulating signal m(t) in Figure 

below for 𝒌𝑭 = 𝟐𝝅 ∗ 𝟏𝟎𝟓and 𝒌𝑷 = 𝟓𝝅. Assume the essential bandwidth 

of the periodic 𝒎(𝒕) as the frequency of its third harmonic. 

(b)*** Repeat the problem if the amplitude of 𝒎(𝒕) is doubled [if 𝒎(𝒕) is 

multiplied by 2]. 

 
 

7 

***A signal  𝑺(𝒕) is measured and found to be described by  

 𝑺(𝒕) = 𝑨 𝒄𝒐𝒔(𝟐𝝅𝒇𝒃𝒕+∝ 𝒔𝒊𝒏(𝟐𝝅𝒇𝒂𝒕)) 

Let 𝑺(𝒕) let an angle modulation with 𝒌𝑷 sensitivity what is the 

information signal 𝒎(𝒕)? 

If 𝑺(𝒕)now is FM signal with 𝒌𝑭 find 𝒎(𝒕)and 𝒇𝒊(𝒕) 

 

8 

Design an Armstrong indirect FM modulator to generate an FM signal 

with carrier frequency 97.3 MHz and ∆𝒇 =  𝟏𝟎. 𝟐𝟒 𝒌𝑯𝒛 . A NBFM 

generator of 𝒇𝒄𝟏 =  𝟐𝟎 𝒌𝑯𝒛 and ∆𝒇 = 𝟓 𝑯𝒛   is available. Only frequency 

doublers can be used as multipliers. Additionally, a local oscillator (LO) 

with adjustable frequency between 400 and 500 kHz is readily available 

for frequency mixing. 

 

 
 
 
 
 
 
 
 
 
 

 


