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 
 

 ،،אא،אW 
 

 אא א א א א א אא
אא،אאאאאאא

אאאא א
אאאאאאWא

אאK 
 אאאאאאא

  א        ،א אא  
א א אא א  א ، א 

א،אאאא
אאאאאאאאאאאא

אא،אא
אא،אK 

 אא?אFE ??א ?
א א א  א אא א    א 

אK 
 אאאאאאא

،א،אאאא
אאאאאK 

    א אאא W
אK 

 
אאאא  
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 
 

אאאאאKא
אאא،אא

א،אאאKא
1821K 

אאא180
אWאאאאאK 

אאא
אא،א،

א،אאKאאא
אא،15אאא،

אאאWאאא
אאאK 

אאWאאK
אאאאא،

אאאאאא،אאא
אאאאאאא

אאK 
אא(Digital Economy)א

אKאאאאFאE
אאא1200א2000א

1234٪אא2000אא
K 

אאאאאאאאא
אא?אא???אאאא



א 136 
א אFE 

 

 
 

 

אאא
אאאאאאאאK 

אאאאאאאאאאא
אWאאאא؟א

א،אאאא
אGPSאאאאא

אאאאK
אאאאא

אאאK 
אאא(Sensors)

אא،אאK 
אא

אאאאאאאא
אאאאאאאאאא

?אאאא?אאא
א?אאK? 

אאאאאא
א Jאאא

אאאאא
אאאאאאאא

אאאאאאK 
אKאאאא،

אאאאאFאEאKאאאא
אאאאאKאאאא

אK 



א 136 
א אFE 

 

 
 

 

אאאא،
א

אאא،אK
אאאאאא،א

א،אאא
אK 

אאאאK
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אאWא 
א 1 

אא אCOM3LAB 
 
 אאW 

אאCOM3LAB)EאK 
 
 אW 

אאW 
1K COM3LABK 
2K אאCOM3LABK 

3K COM3LABK 

 
 אאW 
1K ،אאאאDETICTIVEאא

F1-1KE 

 
F1-1E 

 
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2K אאאF1-2KE 

 
F1-2E 

3K א،אאאF1-3KE 

 
F1-3E 

4K FcontinueEאF1-4KE 

 
F1-4E 
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5K continueאF1-5E،F1-6KE 

 

 
F1-5E 

 
F1-6E 

6K א'Feel free to experiment around'אF1-7KE 

 
F1-7E 
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7K אאאאאF1-8E 

 
F1-8E 

 אאW 

 
אא 

 
א 

 
אא 
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 אאאW 
1K אאF1-9KE 

 

 
F1-9E 

2K אא،F1-10KE 

 
F1-10E 

3K אאF1-10EאאK 
4K COM3LABאאK 
5K אK 
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 
א 2 

אא אא 
 
 אאW 

אאאאאאאK 
 
 אW 

אאאאW 
WF OscilloscopeE 
 JאאWאאאK 
 J،א: 

א:אאא. 

א:אאאאא،FYEFXE،
אF2-1EF OscilloscopeKE 

אF2-2EאK 

 
F2-1E 
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 

 
F2-2E 

 
WF Frequency CounterE 

 JאאWאאK 
 JW 

א:אא. 

א:אא،אאאא،
אF2-3KE 

WאאאFtriggerE،אאא
אאFY1EאFtriggerEFtrigger Y1E،

אF2-4KE 

 
F2-3E 

Starting the 
Oscilloscope 

Copy 

Zoom 

Setting the 
Y-axis 

To Shift the 
X-axis on 
the Y-axis

Setting the 
X-axis 

Selecting 
the signal to 
be shown
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 

 
F2-4E 

 
W(FFT) 

אאWאאK 
אאאF2-5KE 

 
F2-5E 

 

Marker 

Moving 
the marker 

Starting 
the FFT 

Result of 
measurement 
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אW(BODE) 
 אאK 
 אאW،אאF(CUT-OFFאא

F2-6KE 
 

 
F2-6E 

 
 

WFFunction GeneratorE 
אאאKW 

sine wave, triangular wave, square wave and DC signalא،F2-7Eא
אK 

F2-7E 

 

Starting the 
measurement 

Functions you 
can generate by 
selecting using 

the mouse 

Controlling the 
value of 

frequency, 
amplitude and 

DC voltage 
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 
א 3 

אא א 
 
 
 אאW 

אאאאאאאK 
 
 אW 

אאאא
אF3-1KE 

 
 
 
 
 

 
     F3-1E 

 
אאWאא Jא J

אאא،K 
 

אאWאאאאאא
אKאא

אאאK 
אאWאאאאא

א Jאא JK 

Information 
source 

Transmitter Receiver Information 
destination 

Transmission 
medium 
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אאאWאא،א
אאאאאאאK 

אאWאאא،
אK 

 
אF3-2Eאא 

 
      
 
 
 
 
 
 

F3-2E 
אאW 

 אא،אא
אא،

אאאא،אF3 J3EאאK 
 

 
 

 
 

F3-3E

Radio frequency band Optical fiber band 

AM 
radio 

TV 
FM 

Satellite and 
radar 

Infrared visible ultraviolet 

Frequency (Hz) 

Transmitting 
channel 

Source Converter Transmitter 

Receiver Converter Sink 

Information 
signal in 

 
Original form 

Information signal 
in 
 

Electromagnetic 
form

Message 
signal 

Message 
signal 

Information signal 
in 
 

Electromagnetic 
form

Information 
signal in 

 
Original form 

105       106        107        108        109        1010      1011       1012      1013       1014       1015      1016       1017 



 

 

  

אאאאאא  

אאFFEE 

א


א


א




2
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אאWאאא 
א 4 

אא אא 
 

 אאW 
אאK 

 
 אW 

אאWאאאא
אאKאW 

 )cos(...)2cos()cos()( 210 nwtAwtAwtAAtv n 

)sin(...)2sin()( 210 nwtAwtAwtSinBB n 
 

אאאV(t)אאW 
V(t) = A0 + A1 cos wt + A2  cos( 2 wt) + … + An cos( nwt)                       

אV(t)אאW 
          V(t) = A0 + B1 sin wt + B2  sin( 2 wt) + … + Bn sin( nwt )         

 
 אF4-1EאFsinusoidalEW

א،אKאאא
FsinusoidalEא،

FsinusoidalEK 

 

+ + = 

F4-1E
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 
 

 אאW 

F4-2E 
 אאW 
1K אאאF4-2KE 
2K אאFfunction generator EW 

sine, f = 1 kHz, V p-p = 20V, V DC = 0V. 
3K אFFFT ModuleKE 
4K אאאאW 

Y1/div = 5V, X/div = 200µs, f min = 0 kHz, f max = 10 kHz 

5K א،א،אאF4-3E،
אF4-1KE 

6K אאFfunction generator EW 
 triangular, f = 1 kHz, V p-p = 20V, V DC = 0V. 

7K א،א،אאF4-4E،
אF4-2KE 

8K אאFfunction generator EW 
square,f = 1 kHz, V p-p = 20V, V DC = 0V. 

9K א،א،אאF4-5E،
אF4-3KE 
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 
 אW 

 

 
 

 
 
 

F4-4E

F4-3E
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 
 4-1 

 א  א 

1   
 

4-2 

 א א 

1   

2   

3   

4   
 

 4-3 

 א א 

1   

2   

3   

4   

5   

F4-5E
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 אW 

 
1 Jאאא؟א، 

_______________________________________________________________
_______________________________________________________________

_____________________________________________ 
 

2 Jאאאאאאאא؟ 
_______________________________________________________________
_______________________________________________________________

_____________________________________________ 
 

3 Jאאא،אאא؟ 
_______________________________________________________________
_______________________________________________________________

_____________________________________________ 
 

4 JאאאF1Eא،
؟ 

_______________________________________________________________
_______________________________________________________________

_____________________________________________ 
 

 אW 

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

_________________________ 
 
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 
א 5 

אא א 
 

 אאW 
אאאK 

 
 אW 

אאאא،
אאאאאא،א؟ 

אאא،אK
אא،

אאא،אא
א،אאאF5-1KE 

 
 
 
 

  
 

     
      F5-1E 

WאRCא،LC،Quartz oscillators
אF5-2E 

Closed-loop feedback amplifier

Subtractor Voltage 
amplifier 

Feedback network 

Input = V1 V out V2 V3 

V4 

+ 
- 
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            
F5-2E 

אאאאW 
 אאאK 

 אאK 

 אK 
 

 אאW 

 
F5-3E 

 
 אאW 
1K אאאF5-3KE 
2K אFFFT ModuleKE 
3K אAMאאא،אW 

Y1/div = 5V, X/div = 200µs, curve=Y1 
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4K אאאF5-4KE 

5K אאאK 
6K אFMאאאא،W 

Y1/div = 5V, X/div = 200µs, curve=Y2 
7K אאאF5-5KE 

8K אאFMFאאEא
אאKאאWf=10kHz, Vp-p=7V       

 
 אW 

 

 
F5-5E

F5-4E
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 אW 
1K אאאא؟ 

_______________________________________________________________
_______________________________________________________________

_____________________________________________ 
 
2K ؟אאא 

_______________________________________________________________
_______________________________________________________________

_____________________________________________ 
 

3K אאאא؟ 
_______________________________________________________________

_______________________________________________________________
_____________________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________

_________________________________ 
_______________________________________________________________
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_______________________________________ 
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 
א 6 

אא אא 
 

 אאW 
،אאאא،K 

 
 אW 

אאW 
1. 

2
cos

2
cos2coscos 2121

21

 



  

2.    212121 cos
2

1
cos

2

1
coscos    

3. 
2

cos
2

sin2sinsin 2121
21

 



  

4. 
2

sin
2

cos2sinsin 2121
21

 



  

 
FEאW Ff 2 and 21 ff E 

אאאאא
:

2
21 ff

f L


 ,

2
21 ff

fH


א،F6-1KE 

אאK 
 
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F6-1E 

 
 אאW 

 

 
F6-2E 

 
 אאW 
1K אאאF6-2KE 

2K אאאFAMKE 
3K אאFfunction generator EW 
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Sine-wave, f = 1 kHz, V p-p = 7.5V, V DC = 0V. 
4K אFFFT ModuleKE 
5K אאאאW 

Y1/div = 5V, X/div = 200µs, curve = Y1, and in the spectrum analyzer set: 
   f min = 0 kHz, f max = 20 kHz. 

6K א،א،אאF6 J3KE 
7K אאFfunction generator EW 

Sine-wave, f = 9.5 kHz, V p-p = 7.5V, V DC = 0V. 
8K אFFFT ModuleKE 
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9K אאאאW 
Y1/div = 2V, X/div = 500µs, curve = Y1, and in the spectrum analyzer set: 
   f min = 0 kHz, f max = 20 kHz. 

10K א،א،אאF6-4KE 
 

 
11 JאאW 1 kHz 

12 JאאאW 1 kHzאאא
FFFTKE 

 
 אW 

 

 
F6-3E 

 
 
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 
F6-4E 

 
 
 אW 
1K אאאאאF3E،W fH ,fL؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________ 
 

2K אאאאאF7E،W fH ,fL؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________ 
 

3K ؟א 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________ 
 אW 

_______________________________________________________________
_______________________________________________________________
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_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_________ 

 



 

 

  

אא

אאFFEE 


א







3
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אאWא 
א 7 

אא AM (DSBSC) 

 
 אאW 

אאאFAM DSBSCKE 
 

 אW 
אWאאאK 

 אאאW 
1 J אK 
2 J K 

 אאא ،א K אאא
W 

 J  אאאK 
 J אאK 

אאW 
   DSBSC, DSBFC and SSB 

אF7-1Eאא،K 
 

   
    signaln Informatio 2cos

signalCarrier  2cos

tfVtf

tfVtf

mmm

ccc





 

 
F7-1E 
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 
אא،אא

אאW 
1 Jאא(fc)K 
2 Jאאאאאאא

אאK 
3 JאאאאK 
4 JאאאK 

 
אF7-2EאאK

אKאW 
f c - f m (max)  f c + f m (max) 

Ff cEW،אFf m (max)EWאK
אFf c - f m (max) EFLSBEא،Ff c H f m (max) EFUSBKE 

אאאאFUSBEFLSBWE 
BW = USB- LSB 
BW = 2 f m (max). 

 
F7-2E 

 אאW 
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Lower side frequencies 
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Upper side frequencies 
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m
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f c - f m (max) f c + f m (max)f c

AM DSBSC 
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F7-3E 

 
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 אאW 
1K אאאF7-3KE 
2K FAMEאK 

3K אאאW 
DC signal, V DC = 1 V 

4K אFoscilloscopeEאאW 
Y1/div = 2 V, Y2/div = 2 V, X/div = 200 µs, curve = DUAL 

5K אFmodulation coefficient k MKE 
6K אאאW 

Sine-wave, f m = 200 Hz, V p-p = 10 V, V DC = 0 V 
7K אFoscilloscopeEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1�

8K אאא،אF7-4KE 
9K אאאW 

Triangular-wave, f m = 200 Hz, V p-p = 10 V, V DC = 0 V 
10K אFoscilloscopeEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
11K אאאא،F7-5KE 
12K אאאW 

Sine-wave, f m = 1 kHz, V p-p = 10 V, V DC = 0 V 
13K אFFFTEאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y1 
14K אאא،אF7-6KE 
15K אאFlower sidebandEFupper sidebandKE 
16K אאאK 
17K אאאW 

Square-wave, f m = 1 kHz, V p-p = 10 V, V DC = 0 V 
18K אFFFTEאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y1 
19K אאא،אF7-7KE 
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W 
אW 

Sine-wave 
f c = 10 kHz 
V p-p ≈ 7.5 V 
   tπf2sin7.5tF cc   

 
 אW 
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 אW 
1K אאW 

a. RF _______________  _______________ 
b. LF _______________  _______________ 
c. HF _______________  _______________ 
d. LSB _______________  _______________ 
e. USB _______________  _______________ 
f. DSB _______________  _______________ 

 
 
2K אא،א،؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_____________________________________ 
 
3K ،א؟א 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
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א 8 

אא AM (DSBFC) 

 
 אאW 

אאאFAM DSBFCEאא،
FAM DSBSCEFAM DSBFCEK 
 אW 

אאFAM DSBSCEא،
אKאאאא

אK 
 אאאא 

( AM DSBSC)FAM DSBFC( KאW 
אאWאFAM DSBSCE،

א،אאאFAM DSBFCE
אF8-1KE 

 
F8-1E 

אאWFDCEא،אF8-2KE 

 

 
F8-2E 

אF8-3EFAM DSBFCE،W 

Source 

Oscillator 

AM 
Modulator 

Summation 
Stage 

DSBSC DSBFC 

Carrier 

Signal 

Information 

Signal 

Carrier 

Signal 

Source 

Oscillator 

AM 
Modulator 

Summation 
Stage 

DSBSC DSBFC 

Carrier 

Signal 

Information 

Signal 

Carrier 

Signal 
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Ff c - f m  EF   f c + f m,EFf cE،Ff cE،אFf m (max)E
אK 

אFf c - f m (max) EFLSBEא،Ff c H f m (max) EFUSBKEא
אאאFUSBEFLSBEW 

B = 2 f m (max). 
 

 

 
F8-3E 

 אאW 

 
F8-4E 

 

LSB USB
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Lower side frequencies 
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F8-5E 

W 
אW 

Sine-wave 
f c = 10 kHz 
V p-p ≈ 7.5 V 
   tπf2sin7.5tF cc   

 אאW 
1K אאאF8-4KE 
2K FAMEאK 

3K אאאW 
Sine-wave, f m = 1 kHz, V p-p = 2 V, V DC = 1.7 V 

4K אFFFTEאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y1 

5K אאא א،אF8-6KE 
6K אאFlower sidebandEFupper sidebandKE 
7K אאאK 
8K אאאF8 J5KE 
9K אאאW 

Sine-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 
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10K אFFFTEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
11K אאא א،אF8-7KE 
12K  אאFlower sidebandEFupper sidebandKE 
13K אאאK 
14K אאאW 

Triangular-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 
15K אFFFTEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
16K אאא א،אF8-8KE 
17K אאאW 

Square-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 
18K אFFFTEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
19K אאא א،אF8-9KE 
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 אW 
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fff

fff
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



2BW

 

 
F8-7E 

m

mcUSB

mcLSB

f

fff

fff







2BW
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F8-8E 

 
F8-9E 

 
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 אW 

1 J אFDSBSCAM EFDSBFCAM E؟ 
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
2 J א،אFDSBFCAME؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
3 J ؟אא،א 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
 

 אW 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_____________________________________________________________ 
 
 
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 
א 9 

אא AM 
 

 אאW 
אא،אK 

 
 אW 

אWאאFAME 
אWאF100%KE 

 

 

 

 
 

                     100

               

2

1
2

1

minmax

minmax

minmax

minmax













mM

VV

VV
m

VVE

VVE

E

E
m

c

m

c

m

 

  
אF9-2E (m=0)   אF9-1E                

  
          F9-4E א            m=1  F9-3E אm<1
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 

     
F9-6EYT MODE  F9-5E אm>1                  

 
אFYTE 

אF9-1EאאF9-2EאKא
W 

a. No-modulation   m=0  אאF92E  

b. Under-modulation  m<1  אאF93E  

c. Full-modulation   m=1  אאF94E  

d. Over modulation   m>1  אאF95E  
 

אאאא 
FYT modeKEאF9-6EאאK 

 
 אאFmodulation 

trapezoid or XY modeEאאאאFW9-7،
9-8،9-9KEאאאF9-10Eא،

אאאאאK 

V max

V min
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F9-7Eא m<1  F9-8Eא m=1 

  
F9-9Eא m>1  F9-10EXY MODE 

אFYTE 
 אאW 

 
F9-11E 

V max 

V min 
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 אאW 
1K אאאF9-11KE 
2K FAMEאK 

3K אאאW 
Sine-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 

4K אFoscilloscope EאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y2 

5K אאא א،F9-12KE 
6K אאFcoefficient of modulation EFpercent modulationE

אFYT modeKE 
7K אאאW 

Sine-wave, f m = 1 kHz, V p-p = 3.4 V, V DC = 0 V 
8K אFoscilloscope EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
9K אאא א،F9-13KE 

10K אאFcoefficient of modulation EFpercent modulationE
אFYT modeKE 

11K אאאW 
Sine-wave, f m = 1 kHz, V p-p = 5.5 V, V DC = 0 V 

12K אFoscilloscope EאאW 
Y1/div = 5 V, X/div = 200 µs, curve = Y2 

13K אאא א،F9-14KE 
14K אאFcoefficient of modulation EFpercent modulationE

אFYT modeKE 
15K אאאW 

Sine-wave, f m = 200 Hz, V p-p = 2.5 V, V DC = 0 V 
16K אFoscilloscope EאאW 

Y1/div = 500 mV, Y2/div = 2 V, X/div = 500 µs, curve = XY 
17K אאא א،F9-15KE 
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18K אאFcoefficient of modulation EFpercent modulationE
אFXT modeKE 

19K אאאW 
Sine-wave, f m = 200 Hz, V p-p = 3.4V, V DC = 0 V 

20K אFoscilloscope EאאW 
Y1/div = 500 mV, Y2/div = 2 V, X/div = 500 µs, curve = XY 

21K אאא א،F9-16KE 
22K אאFcoefficient of modulation EFpercent modulationE

אFXT modeKE 
23K אאאW 

Sine-wave, f m = 200 Hz, V p-p = 5.5 V, V DC = 0 V 
24K אFoscilloscope EאאW 

Y1/div = 500 mV, Y2/div = 2 V, X/div = 500 µs, curve = XY 
25K אאא א،F9-17KE 
26K אאFcoefficient of modulation EFpercent modulationE

אFXT modeKE 
  
  
  
  
  



א 136 אא 
א אFE א 

 

- 45 - 

 אW 
 

  
F9-12E      F9-13E 

  
F9-14E      F9-15E 
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F9-16E      F9-17E 
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 V max V min m M Modulation 
condition 

Step-06      
Step-10      
Step-14      
Step-18      
Step-22      
Step-26      

F9-1E 
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 אW 

1K FEאאW 

 אW 
K  אאK    F E 
K  אאK    F E 

 
2K אאא؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
 
 אW 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
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 
א 10 

אא AM (SSB) 

 
 אאW 

אאFsingle sideband AM(AM-SSB)KE 
 

 אW 

אאא،אא،
א(AM-DSB)،אW 

1K אא،אאאאא
אKא(AM-DSB) W 

،א،א
אא،א

אאK 
2K ،אאאFLSBEFUSBEא،

אאKFLSB EFUSBE
אאא،K 

 

 
F10-1EאFSSBE 

 
אאאאKאא

אא،FAM-DSBEFAM-SSBKE 

Source 

Oscillator 

Information 

signal 

Carrier 

signal 

AM 

Modulator

DSB 

Signal 

Filter SSB 

Signal 
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 FAM-SSBE،،אאאא
אKאW 

  JAM single sideband full carrier (SSBFC)W 
  אאאא،

אK 
  JAM single sideband suppressed carrier (SSBSC)W 

  א،אאאK 
  JAM single sideband reduced carrier (SSBRC)W 
  א،אאאK 
  JAM independent sideband (ISB)W 
  א،אאK 
  JAM vestigial sideband (VSB)W 
  אאאא،

אאK 
  אF10-2EאאאאW 
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 אאW 
 

 
F10-3E 

 
F10-4E 
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 אאW 
1K אאאF10-3KE 
2K FAMEאK 

3K אFbode moduleEאאאאW 
f min = 5000 Hz, f max = 25000 Hz, steps = 40, V p-p = 12 V, and deactivate the phase. 

(on) 
4K אאאFcut-offKE  
5K אאאK 
6K אFcut-offEK 
7K אאאF10-4KE  
8K אאאW 

Sine-wave, f m = 2.5 kHz, V p-p = 1 V, V DC = 1.7 V 
9K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2, T source = OFF 
10K אאא،אF10-6KEאF10-1KE 
11K אאאW 

Sine-wave, f m = 2.5 kHz, V p-p = 1 V, V DC = 0 V 
12K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
13K אאא،אF10 J7KEאF10-1KE 
14K אאאW 

Sine-wave, f m = 3.5 kHz, V p-p = 3.4 V, V DC = 1.7 V 
15K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
16K אאא א،F10-8KEאF10-1KE 
17K אאאW 

Sine-wave, f m = 2 kHz, V p-p = 3.4 V, V DC = 1.7 V 
18K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y1 
19K אאא،אF10-9KEאF10-1KE 
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20K אאאW 
Sine-wave, f m = 2.5 kHz, V p-p = 1 V, V DC = 1.7 V 

21K אFFFT EאאW 
Y1/div = 5 V, X/div = 200 µs, curve = Y2 

22K אאא،אF10-10KEאF10-1KE 
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 א: 
 

 
F10-5E 

3dB-in ___________offcutf  

  
F10-6E      F10-7E 

  
F10-8E      F10-9E 
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F10-10E 

 
 -10 א� א -13 א א�

LSB   LSB   
Carrier   Carrier   
USB   USB   

 -16 א א  -19 א א�
LSB   LSB   

Carrier   Carrier   
USB   USB   

 -22 א א 
LSB   

Carrier   
USB   

 

10-1
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 אW 
1 J אFDSB-AME؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
2 JאאW 
 J  א،אKFE 

 JאK   F E 
 

3 Jא(DSB) (SSB)؟ 
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
4 Jא100٪(SSB)אא100٪(DSBFC)؟ 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
 

 
 אW 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
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 
א 11 

אא אFdemodulationAM DSBfcE 
 
 אאW 

אאאFAM DSBfcKE 
 

 אW 

אאאFAM DSBfcEאאאF14-1KEאא
אאאאא( AM 

demodulation)K 
 


F14-1E 

 אאא،א
אאאאא،אאא،

אF14-2EאאK 

 
F14-2E 

Source 

Oscillator 

AM 
Modulator 

Summation 
Stage 

DSBSC DSBFC 

Carrier 

Signal 

Informati
on

Carrier 

Signal 
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 אאא(y1)אאFAM 

DSBFCEאF14-3Eא،א
אאאKאאא

(Band-pass filter)אא(LSB)(USB)
א(fc)אאא،א(y2)א

אF14-2EאאF14-4Eאא،
אK 

 א(detector) אאFAM 

DSBFCEאאאF14-5KE 
 אאאא(Low-pass filter)

אאאאאאF14-6KEאא
אK 

 
 

 
F14-3E 

 
F14-4E 

LSB USB

Upper side frequencies 

A
m

pl
itu

de
 

Frequency 
f c - f m f c + f mf c

AM 
DSBFC 

Carrier

Lower side frequencies 
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 
F14-5E 

 
F14-6E 

 
 אאW 
1K ،אאW 

2K אאאF14-1EK 
3K FAMEאK 

4K אאאW 
Sine-wave, f m = 2 kHz, V p-p = 5 V 

5K אFFFTEאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y1 

6K אאא א،אF14-7KE 

7K א(LSB)(USB)K 

8K ،אאW 

9K אאאF14-2KE 

10K א(y1)א א،אF14-8KE 

11K א(LSB)(USB)K 

12K א(y2)א א،אF14-9KE 

13K אK 

14K א(y3)א א،אF14-10KE 
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15K א(y4)א א،אF14-11KE 

16K אK 

17K אF3Eאא،אאא
K 

 
 
 
 
 
 
 אאW 

 
F14-7FE14-8E 

 
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 אW 
 

LSB=  ,USB=  ,fc= 

 
F14-9E 

 

 
F14-10E 

 



א 136 אא 
א אFE א 

 

- 61 - 

 
F14-11E 

 אW 
 
1K אאא،؟אא 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
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2K ؟אא،א 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________ 

 
3K (detector) ؟אא 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

___________________________________________________ 
 

 
 



 

 

  

אא

אאFFEE 


א







4
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אאאWא 
א 12 
אא FM 

 
 אאW 

אאאFVCOEאא
FFMKE 

 
 אW 

FVCOEאאא،אא
אKאF11-1E،

،אאאK 
 

 
 

F11-1E 
אאK

אF11-2KE 
אא،אאאFFME

אאKא
FVCOE،אK 

 
אאאאא،אא

אא؟ 

Voltage 

Control 

Input 

Signal 

Change 

in 
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אFmodulatorcoefficient
(K)EFVCOEFVCOE،אא

א،אאאאW 
 

 
 
 

 
 
 

       
 
 
 

F11-2E 
 

 

f/Hz 

V/V0 

f1 

f2 

V1 V2 

V
Hz

VV

ff
k

12

12




  
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 
 אאW 

 
 אאW 
1K אאאF11-3KE 
2K FFMEאK 

3K אאאW 
DC, V DC = 0 V 

4K אFfrequency counter EאאW        trigger = +Y1. 

5K אאאK 

6K אאאאF   (10kHz 

7K אאאW 

Sine-wave, DC, V DC =  J  10 V 

8K אFfrequency counterKE 

9K אאF2.5VE،אF8EאF10VKE
אF11-1KE 

10K אF11-1EאאאאK 
11K Fmodulation coefficient kEFV 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) 

         

 

 
 אW 
1K (  )،אא(  )אאW 

 JאFVCOKE   F E 
 JFVCOEאK     F E 
 JFModulator coefficientEאאFVCOKE F E 

 

Fig. 1-3 
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2K אF11-1EאF11-2E؟אאא، 
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________ 


3KאאאFModulator coefficientE؟ 

_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
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 
א 13 

אא FM 
 

 אאW 
אאאFFMEא،K 

 
 אW 

אאFangle modulationE،אFPME
אאאKאFFMEא

אKאF12-1EאFFME
אאK 

 
 
 
 
 

 
 
 
 

      
     

 
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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אאאאW 
    ttVtm cc   cos    
    tmtVtm mcc  coscos    

 
אF12-2EאאFVCOEא

،אFdiodeE
אאK 

 
    F12-2E 

אאאW 

LC
fc 2

1
   

אאW 

mm

m

f

f

f

Vk
m





     

mVkf   
  :(Carson bandwidth)  من خلال قانونالنطاقو عرض 

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

 
 

F12-3E 
 
 אאW 
1K אאאF12-3KE 
2K FFMEאK 

3K אאאW 
DC, V DC = 0 V 

4K אFfrequency counter EאאW 
trigger  = +Y1 

5K אאאK 

6K אאאאF (10kHz 

7K אאWtrigger = OFF 

8K אאאW 
Sine-wave, V p-p = 20 V, fm = 1 kHz, V DC = 0 V.  

9K אFFFT EאאW         
curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs. 

10K אא،אאF12-4E 
11K Wμ، BFM،ΔFKאWk = 280 Hz / V 
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12K אאאW 
Sine-wave, V p-p = 10 V, fm = 1.5 kHz, V DC = 0 V.  

13K אFFFT EאאW         
curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs. 

14K אא،אאF12-5E 
15K Wμ، BFM،ΔFKאWk = 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  

 
 אW 
1K Fangle modulationE؟אאאא 

K  אאK       F E 
K  אאK       F E 

K  אאK       F E 
 
2K (  )،אא(  )אאW 

K  אאFPMKE   F E 
K  FFM modulatorsEאFVCOKE  F E 
K  אאFVCOKE    F E 
K  FModulator coefficientEאFVCOE  F E 

KאאFFME   F E 
 
3K אאא(FM) ؟ 

K  _________________________________________________ 
K  _________________________________________________ 
K  _________________________________________________ 

 
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4K אFFMEאFCarson 

bandwidthE،אאא
FCarson bandwidthE؟ 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________

_________________________________ 
 

 אW 

_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

___________________________________________________ 
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א 14 

אא FM 
 

 אאW 
אאאFFMKEא

אF3-line methodKE 
 אW 

אאא
אא،אא

א،אF13-1KE 
Bessel functions of the first kind
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 
F13-1E 

 
   


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


nn
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 
אF13-1Eאא،א

،א،אFn = 2Eא
،אW 
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FLSL1, LSL2 , LSL3  EאF13-2Eאאא،
אF13-2WE 

31

24

LSLLSL

LSL




      F132E  

W 
LSL: mains Lower Side Line. 

 
 

 
 
 
 
 
 

      
 
 

F13-2E 
 

 
  :(Bessel)عرض النطاق من خلال قانون وآذلك 

                                                              BFM=2*(n*fm)  
  

(n)א(m)K 
 
 
 
 
 

C
ar

ri
er

 

LS
L 

1 

LS
L 

2 

LS
L 

3 

f c 

f m 

A/V 

f/Hz

f c – f m f c + f m

f c – 2f m f c + 2f m

f c – 3f m f c – 3f m
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 
 رسمة الدائرة:  
 

 
F13-3E 

 
 אאW 
1K אאאF13-3KE 
2K FFMEאK 

3K אאאW 
DC, V DC = 0 V 

4K אFfrequency counter EאאW               
trigger= +Y1 

5K אאאK 

6K אאאאF(10kHz 

7K אאWtrigger = OFF 

8K אאאW 
Sine-wave, V p-p = 20 V, fm = 1 kHz, V DC = 0 V 

9K אFFFT EאאW         
curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs 

10K אא،אאF13-4E 



א 136 אאא 
א אFE א 

 

- 77 - 

11K אאאFWLSLEאF13-1KE 
12K Wμ،ΔFא،FCarson bandwidthE

FBesselKE 
13K אאאW 

Sine-wave, V p-p = 10 V, fm = 1.5 kHz, V DC = 0 V 
14K אFFFT EאאW         

curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs 
15K אא،אאF13-5E 
16K אאאFWLSLEאF13-2KE 
17K Wμ،ΔFא،FCarson bandwidthEFBesselKE 
 

 אW 

 
F13-4E 

 א א 
LSL1   
LSL2   
LSL3   

F13-1E 

mkVf   

31

24

LSLLSL

LSL
m


  

 
  32  nfnB m ,       mffB  2  
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F13-5E 

 
 א א 

LSL1   
LSL2   

F13-2E 
mkVf   

31

24

LSLLSL

LSL
m


  

  22  nfnB m ,      mffB  2 
 

 אW 
1K ؟אאא 

_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________ 

 
2K אFCarson bandwidthE

א؟ 
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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3KאאFCarson bandwidthEFBesselE؟ 
_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________ 

 
 אW 

_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

_____________________________________________________________ 
  



 

 

אא

אאFFEE 




א





5
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 א 15 
אא אFdemodulationFME 

 
 אאW 

אאאFFMKE 
 אW 

אאאאFFMEאאאF15-1KEאא
אאאאא( FM 

demodulation)K 

 
F15-1E 

אאאאאW 
    ttVtm cc   cos    
    tmtVtm mcc  coscos    

،אאאא
،אאאאאא،אא 

אF15-2Eאא:  

F15-2E  
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א(FM)W 
(VCO),(phase detector),(Low-pass filter) 

 אאאא(y1)אא(FM)
אF15-3KE(phase detector)אאא

א(VCO) KאאK
אאK 

 
F15-3E 

 
 אאW 
1K ،אאW 

2K אאאF15-1KE 
3K FFMEאK 

4K אאאW 
DC, V DC = 0 V 

5K אFfrequency counter EאאW        trigger  = +Y1 
6K אאאK 

7K אאאאF (10kHz 

8K אאWtrigger = OFF 

9K אאאW 
10K Sine-wave, V p-p = 20 V, fm = 1 kHz, V DC = 0 V 
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11K אFFFT EאאW         
curve = Y1, f min = 0 kHz, f max = 20 kHz, Y1/div = 5V, X/div = 200µs. 

12K אא،אאאF15-4KE 

13K ،אאW 

14K אאאF15 J2KE 

15K א(y1)א א،אF15-5KE 

16K א(y2)א א،אF15-6KE 
17K אF3Eאא،אאK 
 
 אW 

 

 
F15-4E F15-5E 
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F15-6E 

 
 

 
 

 
 

 אW 
1K א؟אא 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
2K (phase detector) ؟אא 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
 אW 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
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_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________

_______________________________________________________________ 
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