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אModulation 
W 

    אF E א Modulating Signalא אא
 Carrier Waveא      אאא א  

AntennasאאKאאאFאEא
FאEא(Demodulation)Kאאאא
،אאW 

אfm = 3000 Hzאאאא؛(C)א،(f)،
א(λ)W   C = λ x f                                      

WC = 3 x 108 m/s 
אλאW 

                     λ = 3 x 108 / 3000 = 105 m = 100Km 
אאFאEλ/2אאא؛

F50E(50 Km)אאאK 
אאא(fc= 30 MHz)؛

אλW 
                         λ =3 x 108 / 30 x 106 = 10 m  

אאFאEλ/2א؛
אאF5E(5 Km)אאאK 

אאאאאאא؛א
אאאאא

אאK 
אאאאאאK

אאאא(vc)W 
                            vc  = Vp sin (ωt + φ)  

W              אאאאVp = Peak value 
אאאאאאω = Angular velocity    (ω = 2 π f) 

אאφ = Phase angle 
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אאאאאאW 
1 J אFאEAMאVpאאK 

2 J אFMאאאK 

3 J אאPMאאאK 
 

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

אא AM (DSBSC) 

א2א 
 אאW 

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

 אW 
אWאFאEאCarrier wave

אFאEאInformation signalK 
 אאאW 

1 J אK 
2 J K 

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

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

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

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



א 224א 
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 
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signalCarrier  2cos

tfVtv

tfVtv

mmm

ccc





 

 
F7-1E 

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

אאModulated waveW 
1 J אא(fc)K 

2 Jאאאאאאא
אאK 

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

אW 
 

 J אאאE = Ec + em 

 J אem = Em sin ωmt 

 J אאא   E = Ec + Em sin ωmt 

אModulation index (factor)"m = Em / Ec " 
E = Ec + m Ec sin ωmt                                     

                                   E =Ec(1 + m sinωmt)                     
אאאAMWe = E sin ωct 

W e = Ec (1 + m sin ωmt) sin ωct 
אאFTwo sin wavesEא

אאWsin x sin y = 1/2[cos(x-y) – cos(x+y)] 
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W 

    e = Ec sin ωct + (mEc/2) cos(ωc – ωm)t - (mEc/2) cos(ωc + ωm)t 
אאא؛ 

1 J אאEc sin ωct 

2 J אאאFUSBE(mEc/2) cos(ωc + ωm)t 

3 J אאאFLSBE(mEc/2) cos(ωc – ωm)t 

 
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א،Ff m (max)EWאK
אFf c - f m (max) EFLSBEאאאא،Ff c H f m (max) EFUSBE

אאאK 
אאBWאאאFUSBEFLSBWE 

BW = USB- LSB 
BW = 2 f m (max). 

 
 אאW 
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F7-3E 

 
K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 
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11K אאא،אF7-5KE 
12K אאאW 

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אFlower sidebandEFupper sidebandKE 
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 

W 
אאW 

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

 
 
 
 
 
 
 
 
 
 
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 אW 

2

1

Y

Y
M V

V
k   

  
F7-4E     F7-5E 

 
F7-6E       F7-7E 

m

mcUSB

mcLSB

f

fff

fff







2BW
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 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2 

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

FAM DSBSCEFAM DSBFCEK 
 אW 

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

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

 ( AM DSBSC)FAM DSBFC( Kא
אW 

אאWאFAM DSBSCE،
אאאאא،FAM DSBFCE

אF8-1KE 

 
F8-1E 

אאWFDCEאK 
אF8-2EFAM DSBFCE،W 

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

Source 

Oscillator 

AM 
Modulator 

Summation 
Stage 

DSBSC DSBFC 

Carrier 

Signal 

Information 

Signal 

Carrier 

Signal 
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אFf 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).�

 
 

F8-2E 
 אאW 

 
F8-3E 

 

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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F8-4E 

 
 
W 

אאW 
Sine-wave 
f c = 10 kHz 
V p-p ≈ 7.5 V 
   tπf2sin7.5tF cc   

 אאW 
1K אאאF8-3KE 
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F8-5KE 
6K אאFlower sidebandEFupper sidebandKE 
7K אאאK 
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8K אאאF8 J4KE 
9K אאאW 

Sine-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 
 

10K אFFFTEאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y1 

11K אאא א،אF8-6KE 
12K  אאFlower sidebandEFupper sidebandKE 
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F8-7KE 
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F8-8KE 
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 אW 
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 W 

1 J אFDSBSCAM EFDSBFCAM E؟ 
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________

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

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

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

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

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

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_______________________________________ 

 
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 

א 9 

אא AM (SSB) 

א2א 

 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FUSBEא،

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

 

 
F9-1EאFSSBE 

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

אא،FAM-DSBEFAM-SSBKE 
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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F9-2EאאאאW 
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 אאW 
 

 
F9-3E 

 
F9-4E 



א 224א 
א
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 אאW 
1K אאאF9-3KE 
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אFcut-offKE  
5K אאאK 
6K אFcut-offEK 
7K אאאF9-4KE  
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F9-6KEאF9-1KE 
11K אאאW 

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

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
13K אאא،אF9 J7KEאF9-1KE 
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אW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
16K אאא א،F9-8KEאF9-1KE 
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F9-9KEאF9-1KE 
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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F9-10KEאF9-1KE 
Kא: 

 

 
F9-5E 

3dB-in ___________offcutf  

  
F9-6E      F9-7E 

  



א 224א 
א

 
אFEאFאE 

 

- 54  - 

F9-8E      F9-9E 

 

 
F9-10E 

 
 -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 
9-1 LSB   

Carrier   
USB   
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 W 
1 J אFDSB-AME؟ 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

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

F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W 10 

אאW אFdemodulationAM DSBfcE 
א2א 

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

 
 אW 

אאאFAM DSBfcEאאאF10-1KEאא
אאאאא( AM 

demodulation)K 
 

 
 

F10-1E 
 אאא،א

אאאאאא،אאא،
F10-2EאאK 

 
F10-2E 

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F10-3E،אא

אאאKאאא(Band-pass 

filter)אא(LSB)(USB)א(fc)،
אאאא(y2)אאF10-2E

אאF10-4Eאא،
אK 
 א(detector) אאFAM 

DSBFCEאאאF10-5KE 
 אאאא(Low-pass filter)

אאאאאאF10-6KEאא
אK 

 
 

 
F10-3E 

 
F10-4E 

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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 
F10-5E 

 
F10-6E 

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

2K אאאF10-1KE 
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F10-7KE 

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

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

9K אאאF10-2KE 

10K א(y1)א א،אF10-8KE 

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

12K א(y2)א א،אF10-9KE 

13K אK 
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14K א(y3)א ،אאF10-10KE 

15K א(y4)א א،אF10-11KE 

16K אK 

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

 
 אאW 

 
F10-7EF10-8E 

 
 
 
 
 
 
 
 
 
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KאW 
 

LSB=  ,USB=  ,fc= 

 
F10-9E 

 

 
F10-10E 
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F10-11E 

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

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

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

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

_________________________________________________________________
___________________________________________________ 


