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אאאWא 
א 11 
אא FM 

 אא2 

 אאW 
אאאFVCOEאא

FFMKE 
 

 אW 

FVCOEאאא،אא
אKאF11-1E،

،אאאK 
 

 
 

F11-1E 
אאK

אF11-2KE 
אא،אאאFFME

אאKא
FVCOE،אK 

 
אאא،אאאא

אא؟ 
 

Voltage 

Control 

Input 

Signal 

Change 

in 
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אFmodulatorcoefficient(K)EFVCOE
FVCOEאא،אא

،אאאW 
 

 
 
 
 

 
 
 

       
 

F11-2E 
 J אאאאאאFFMWE 

             e = A sin (ωct + mf sin ωmt) 
W 

A ZאאאאK 
ωcZאאאFangular velocityFEω = 2 πfE 
mfZאFM 
ωmZאאאאFאEmodulating signal angular velocity 

אFMFFM modulation indexEW 
 

                    mf = δ / fm                                                                    

W 
δZאאאFDeviationE 
fmZאFmodulating signal?Eא? 
 

f/Hz 

V/V0 

f1 

f2 

V1 V2

V
Hz

VV

ff
k

12

12
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 אאW 

 
 אאW 
1K אאאF11-3KE 
2K FFMEאK 

3K אאאW 
DC, V DC = 0 V 

4K אFfrequency counter EאאW        trigger = +Y1. 

5K אאאK 

6K אאאאF   (10kHz 

7K אאאW 

Sine-wave, DC, V DC =  J  10 V 

8K אFfrequency counterKE 

9K אאF2.5VE،אF8EאF10VKE
אF11-1KE 

10K אF11-1EאאאאK 
11K Fmodulation coefficient kEFV IN = 0VKE 

 
 

F11-3E
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 אW 

IN (V) -10 -7.5 -5 -2.5 0 2.5 5 7.5 10 
OUT 
(Hz) 

         

 
 
 
 
 
 
 
 
 
 
 

 










k

VV

ff
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 W 
1K (  )،אא(  )אאW 

 JאFVCOKE   F E 
 JFVCOEאK     F E 
 JFModulator coefficientEאאFVCOKE F E 

2 J אF11-1EאF11-2Eאא،
א؟ 

_______________________________________________________ 


3KאאאFModulator coefficientE؟ 
_______________________________________________________ 

 
 אW 

_______________________________________________________________
___________________________________________________ 
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א 12 

אא FM 
 א2א 
 אאW 

אאאFFMEא،K 
 

 אW 

אאFangle modulationE،אFPME
אאאKאFFMEא

אKאF12-1EאFFME
אאK 

 
 
 
 
 

 
 
 
 

      
     

 
F12-1E 

Modulating Signal 

t/s

A/V 

A/V 

Carrier Signal 

t/s

A/V 

Modulated Signal 

t/s

A/V 
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אאאאW 
    ttVtm cc   cos    
    tmtVtm mcc  coscos    

 
אF12-2EאאFVCOEא

،אFdiodeE
אאK 

 
    F12-2E 

אאאW 

LC
fc 2

1
   

אאW 

mm

m

f

f

f

Vk
m





     

mVkf   
  :(Carson bandwidth) من خلال قانون النطاقو عرض 

                    
                          Bfm=2*(m+1)*Fm 
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 رسم الدائرة:  
 

 
 

F12-3E 
 
 אאW 
1K אאאF12-3KE 
2K FFMEאK 

3K אאאW 
DC, V DC = 0 V 

4K אFfrequency counter EאאW 
trigger  = +Y1 

5K אאאK 

6K אאאאF (10kHz 

7K אאWtrigger = OFF 

8K אאאW 
Sine-wave, V p-p = 20 V, fm = 1 kHz, V DC = 0 V.  

9K אFFFT EאאW         
curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs. 

10K אא،אאF12-4E 
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11K Wμ، BFM،ΔFKאWk = 280 Hz / V 
12K אאאW 

Sine-wave, V p-p = 10 V, fm = 1.5 kHz, V DC = 0 V.  
13K אFFFT EאאW         

curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs. 
14K אא،אאF12-5E 
15K Wμ، BFM،ΔFKאWk = 280 Hz / V 

 
 אW 

 
F12-4E 

 
F12-5E 

pm
m

m VV
f

Vk
m 


  use,      mFM fmB 12    mVkf  
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F12-6E 

pm
m

m VV
f

Vk
m 


  use,      mFM fmB 12    mVkf  

 
 W 
1K Fangle modulationEאאאאא؟ 

K אאK       F E 
K אאK       F E 

K אאK       F E 
 
2K (  )،אא(  )אאW 

K אאFPMKE   F E 
K FFM modulatorsEאFVCOKE  F E 
K אאFVCOKE   F E 
K FModulator coefficientEאFVCOE  F E 

KאאFFME   F E 
 
3K אאא(FM) ؟ 

K _________________________________________________ 
K _________________________________________________ 
K _________________________________________________ 
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4K אFFMEאFCarson 

bandwidthE،אאא
FCarson bandwidthE؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

___________________________ 
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 א 13 
אא אFdemodulationFME 

 א2א 

 אאW 
אאאFFMKE 

 אW 

אאאאFFMEאאאF13-1KEאא
אאאאא( FM 

demodulation)K 

 
F13-1E 

אאאאאW 
    ttVtm cc   cos    
    tmtVtm mcc  coscos    

אאא،א
،אאאאאא،אא 

אF13-2Eאא:  

 
F13-2E  
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א(FM)W 
(VCO),(phase detector),(Low-pass filter) 

 אאאא(y1)אא(FM)
אF13-3KE(phase detector)אאא

א(VCO) KאאK
אאK 

 
F13-3E 

 
 אאW 
1K ،אאW 

2K אאאF13-1KE 
3K FFMEאK 

4K אאאW 
DC, V DC = 0 V 

5K אFfrequency counter EאאW        trigger  = +Y1 
6K אאאK 

7K אאאאF (10kHz 

8K אאWtrigger = OFF 

9K אאאW 
10K Sine-wave, V p-p = 20 V, fm = 1 kHz, V DC = 0 V 
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11K אFFFT EאאW         
curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs. 

12K אא،אאאF13-4KE 

13K ،אאW 

14K אאאF13 J2KE 

15K א(y1)א א،אF13-5KE 

16K א(y2)א א،אF13-6KE 
17K אF3Eאאאא،K 
 
 אW 

 

 
F13-4E F13-5E 
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F13-6E 

 W 
1K אא؟א 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
2K (phase detector) ؟אא 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 


