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Phase and Frequency Modulation (PM and FM) 
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Theoretical Generation of PM and FM waves  
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٣ J٢ J٣א                                                             Modulation Index  
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Frequency Analysis of Angle Modulated Waves  
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٣ J١אאאJn[m] 

m Jo J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 J13 J14 

0.00 1.00 -  -   - - - - - - - - - -   -   -   

0.25 0.98 0.12 - - - - - - - - - - - - - 

0.5 0.94 0.24 0.03 - - - - - - - - - - - - 

1.0 0.77 0.44 0.11 0.02 - - - - - - - - - - - 

1.5 0.51 0.56 0.23 0.06 0.01 - - - - - - - - - - 

2.0 0.22 0.58 0.35 0.13 0.03 - - - - - - - - - - 

2.4 0.00 0.52 0.43 0.20 0.06 0.02 - - - - - - - - - 

2.5  0.05 - 0.5 0.45 0.22 0.07 0.02 0.01 - - - - - - - - 

3.0  0.26 - 0.34 0.49 0.31 0.13 0.04 0.01 - - - - - - - - 

4.0  0.04 -  0.07 - 0.36 0.43 0.28 0.13 0.05 0.02 - - - - - - - 

5.0  0.18 -  0.33 - 0.05 0.36 0.39 0.26 0.13 0.05 0.02 - - - - - - 

6.0 0.15  0.28 -  0.24 - 0.11 0.36 0.36 0.25 0.13 0.06 0.02 - - - - - 

7.0 0.30 0.00  0.30 -  0.17 - 0.16 0.35 0.34 0.23 0.13 0.06 0.02 - - - - 

8.0 0.17 0.23  0.11 -  0.29 -  0.10 - 0.19 0.34 0.32 0.22 0.13 0.06 0.03 - - - 

9.0  0.09 - 0.25 0.14  0.18 -  0.27 -  0.06 - 0.20 0.33 0.31 0.21 0.12 0.06 0.03 0.01 - 

10.0  0.25 - 0.05 0.25 0.06  0.22 -  0.23 -  0.01 - 0.22 0.32 0.29 0.21 0.12 0.06 0.03 0.01 
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٣ J٤ 
FM،אm=1،א 

Vm(t)=Vm sin (2π 1000t) 
אאא 

Vc(t)=10 sin (2π 5x104t) 
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אW 
٣א .أ  J١m=1אא3K 
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J0 = 0.77 (10)  = 7.7 V 
J1 = 0.44 (10)  = 4.4 V 
J2 = 0.11 (10)  = 1.1 V 
J3 = 0.02 (10)  = 0.2 V 
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אאאW281939،א(Carson)
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   W                                
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٥ J٥ 
FMאאאא∆F =10kHz،א

fm=10kHz،אאEc=10v،fc= 500kHzK 
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              B = 2 ( n x fm) 
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א 
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fm ∆
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B = 2 ( 3 x 10 K ) = 60 KHz. 
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B = 2 (∆F + fm(max)) 
 

B = 2 (10 K + 10 K ) = 40 kHz  
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٣ J٢ J٦אאאא 
Average Power of an Angle – Modulated Wave 
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PtWאאאא 
P0Wאאא 
P1Wאאאא 
P2Wאאאא 
P3Wאאאא 
PnWאnאא 

E0 = J0 EcWאאא 
V1= J1 EcWאאא 
Vn = Jn EcWאאnK 

J0, J1 ,  ………  Jnאאאאא٣ J١
אKא2אא(5-30)א

אאfcאfcK 
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٣ J٦ 
 JאאאFMאאא٣ J٥Fאא

אRL = 50 OhmsKE 
 JאאאאאאאאK 
 

אW 
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Ec =10V , m=1, n=3 
 Jאאאא(3-28)                                      
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)50(2

102

==
 

–אא(3-30)אאאאW 
١ J E0 = J0 Ec= 7.7VJo٣ J١K 

 
٢ JV1= J1 Ec=0.2 V 

V2= J2 Ec = 1.1 V    
V3= J3 Ec=4.4V      

 

FJ1=0.44 , J2=0.11, J3=0.02E٣ J١ 
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٣ J٣אא 
Angle Modulated Transmitters 
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Angle Modulated Receivers                                                 ٣ J٤אא  
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 JאאאRatio detection circuit                                                       
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L1 אאא(C) K 
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אאאK 
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אFM5kHzאא10vאK 
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אPM2 radאאא5VאK 
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אאאאFMKKKKKKKKKא      
  Vm(t) =10 sin 2π 2000t 
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Vm(t) = 2 sin (2π 2000t) 
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אאW 
אאm=2FM،אVm(t) = Vm sin 2π2000t،א

א)                                          Vc(t) = 8 sin (2π 800Kt 
Kאאא -أ  
 K -ب 
 Kאאאאא -ج 
 Kאא -د 

 Jאאאאא2.5אK 


