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אModulation 
W 

    אF E א Modulating Signalא אא
 Carrier Waveא      אאא א  

AntennasאאKאאאFאEא
FאEא(Demodulation)Kאאאא
،אאW 

אfm = 3000 Hzאאאא؛(C)א،(f)،
א(λ)W   C = λ x f                                      

WC = 3 x 108 m/s 
אλאW 

                     λ = 3 x 108 / 3000 = 105 m = 100Km 
אאFאEλ/2אאא؛

F50E(50 Km)אאאK 
אאא(fc= 30 MHz)؛

אλW 
                         λ =3 x 108 / 30 x 106 = 10 m  

אאFאEλ/2א؛
אאF5E(5 Km)אאאK 

אאאאאאא؛א
אאאאא

אאK 
אאאאאאK

אאאא(vc)W 
                            vc  = Vp sin (ωt + φ)  

W              אאאאVp = Peak value 
אאאאאאω = Angular velocity    (ω = 2 π f) 

אאφ = Phase angle 
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אאאאאאW 
1 J אFאEAMאVpאאK 

2 J אFMאאאK 

3 J אאPMאאאK 
 

אאWאFאE 
א 7 

אא AM (DSBSC) 

א2א 
 אאW 

אאאFאEFAM DSBSCKE 
 

 אW 
אWאFאEאCarrier wave

אFאEאInformation signalK 
 אאאW 

1 J אK 
2 J K 

   א אא    ،א K א אא 
W 

 J אאא Information signalK 
 J אא Carrier waveK 

אאW 
   DSBSC, DSBFC and SSB 

אF7-1Eאא،K 
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    signaln Informatio 2cos

signalCarrier  2cos

tfVtv

tfVtv

mmm

ccc





 

 
F7-1E 

 
אאא،א

אאModulated waveW 
1 J אא(fc)K 

2 Jאאאאאאא
אאK 

3 JאאאאK 
4 J אאאK 

אW 
 

 J אאאE = Ec + em 

 J אem = Em sin ωmt 

 J אאא   E = Ec + Em sin ωmt 

אModulation index (factor)"m = Em / Ec " 
E = Ec + m Ec sin ωmt                                     

                                   E =Ec(1 + m sinωmt)                     
אאאAMWe = E sin ωct 

W e = Ec (1 + m sin ωmt) sin ωct 
אאFTwo sin wavesEא

אאWsin 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 
אאא؛ 

1 J אאEc sin ωct 

2 J אאאFUSBE(mEc/2) cos(ωc + ωm)t 

3 J אאאFLSBE(mEc/2) cos(ωc – ωm)t 

 
אF7-2EאאK

אKאW 
f c - f m (max)  f c + f m (max) 

Ff cEWאא،Ff m (max)EWאK
אFf c - f m (max) EFLSBEאאאא،Ff c H f m (max) EFUSBE

אאאK 
אאBWאאאFUSBEFLSBWE 

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

 
 אאW 

Lower Sideband

Lower side frequencies 

Upper Sideband

Upper side frequencies 

A
m

pl
itu

de
 

Frequency

f c - f m (max) f c + f m (max)f c

AM DSBSC F7J2E  
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F7-3E 

 
KאאW 

1K אאאF7-3KE 
2K FAMEאK 

3K אאאW 
DC signal, V DC = 1 V 

4K אFoscilloscopeEאאW 
Y1/div = 2 V, Y2/div = 2 V, X/div = 200 µs, curve = DUAL 

5K אFmodulation coefficient k MKE 
6K אאאW 

Sine-wave, f m = 200 Hz, V p-p = 10 V, V DC = 0 V 
7K אFoscilloscopeEאאW 

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

8K אאא،אF7-4KE 
9K אאאW 

Triangular-wave, f m = 200 Hz, V p-p = 10 V, V DC = 0 V 
10K אFoscilloscopeEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
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11K אאא،אF7-5KE 
12K אאאW 

Sine-wave, f m = 1 kHz, V p-p = 10 V, V DC = 0 V 
13K אFFFTEאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y1 
14K אאא،אF7-6KE 
15K אאFlower sidebandEFupper sidebandKE 
16K אאאK 
17K אאאW 

Square-wave, f m = 1 kHz, V p-p = 10 V, V DC = 0 V 
18K אFFFTEאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y1 
19K אא،אאF7-7KE 

W 
אאW 

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 אאW 

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

 
 
2K אא،א،؟ 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_______________________________ 
 
3K ،א؟א 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________ 
 

 אW 
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________

_____________________________________________________ 
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א 8 

אא AM (DSBFC) 

אא2 

 אאW 
אאאFAM DSBFCEאא،

FAM DSBSCEFAM DSBFCEK 
 אW 

אאFAM DSBSCEא،
אאKאאאא

אאK 
 אאאאא

 ( AM DSBSC)FAM DSBFC( Kא
אW 

אאWאFAM DSBSCE،
אאאאא،FAM DSBFCE

אF8-1KE 

 
F8-1E 

אאWFDCEאK 
אF8-2EFAM DSBFCE،W 

Ff c - f m  EF   f c + f m,EFf cE،Ff cEאא،Ff m (max)E
אK 

Source 

Oscillator 

AM 
Modulator 

Summation 
Stage 

DSBSC DSBFC 

Carrier 

Signal 

Information 

Signal 

Carrier 

Signal 
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אFf c - f m (max) EFLSBEא،Ff c H f m (max) EFUSBKEא
אאאFUSBEFLSBEW 

B = 2 f m (max).

 
 

F8-2E 
 אאW 

 
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 

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

 אאW 
1K אאאF8-3KE 
2K FAMEאK 

3K אאאW 
Sine-wave, f m = 1 kHz, V p-p = 2 V, V DC = 1.7 V 

4K אFFFTEאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y1 

5K אאא א،אF8-5KE 
6K אאFlower sidebandEFupper sidebandKE 
7K אאאK 
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8K אאאF8 J4KE 
9K אאאW 

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

10K אFFFTEאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y1 

11K אאא א،אF8-6KE 
12K  אאFlower sidebandEFupper sidebandKE 
13K אאאK 
14K אאאW 

Triangular-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 
15K אFFFTEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
16K אאא א،אF8-7KE 
17K אאאW 

Square-wave, f m = 1 kHz, V p-p = 2.5 V, V DC = 0 V 
18K אFFFTEאאW 

Y1/div = 5 V, X/div = 500 µs, curve = Y1 
19K אאא א،אF8-8KE 
 



א 224א 
א

 
אFEאFאE 

 

- 46  - 

 אW 

 
F8-5E 

m

mcUSB

mcLSB

f

fff

fff







2BW

 

 
F8-6E 

m

mcUSB

mcLSB

f

fff

fff







2BW
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F8-7E 

 
 
 

 
F8-8E 
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 W 

1 J אFDSBSCAM EFDSBFCAM E؟ 
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 
2 J א،אFDSBFCAME؟ 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

3 J ؟אא،א 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

 אW 
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_______________________________________ 
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א 9 

אא AM (SSB) 

א2א 

 אאW 
אאFsingle sideband AM(AM-SSB)KE 

 
 אW 

אאא،אא،
א(AM-DSB)،אW 

1K אא،אאאאא
אKא(AM-DSB) W 

א،א،
אא،א

אאK 
2K א،אאFLSBEFUSBEא،

אאKFLSB EFUSBE
אאא،K 

 

 
F9-1EאFSSBE 

 
אאאאKאא

אא،FAM-DSBEFAM-SSBKE 

Source 

Oscillator 

Information 

signal 

Carrier 

signal 

AM 

Modulator

DSB 

Signal 

Filter SSB 

Signal 
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 FAM-SSBE،،אאאא
אKאW 

  JAM single sideband full carrier (SSBFC)W 
  אאאא،

אK 
  JAM single sideband suppressed carrier (SSBSC)W 

  אאאא،K 
  JAM single sideband reduced carrier (SSBRC)W 
  א،אאאK 
  JAM independent sideband (ISB)W 
  א،אאK 
  JAM vestigial sideband (VSB)W 
  א،אאא

אאK 
  אF9-2EאאאאW 

 
  

F9 J2E 

f

A
m

pl
itu

de
 

Carrier 

LSB USB 

f c 

DSB 

f

A
m

pl
itu

de
 

Carrier 

USB 

f c

SSBFC

f

A
m

pl
itu

de
 

USB 

f c 

SSBSC 

f

A
m

pl
itu

de
 

USB 

f c

SSBRC

f 

A
m

pl
itu

de
 

Ch A (f m1) Ch B (f m2)

f c 

ISB 

f

A
m

pl
itu

de
 

Carrier 

LSB USB 

f c

VSB
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 אאW 
 

 
F9-3E 

 
F9-4E 



א 224א 
א

 
אFEאFאE 

 

- 52  - 

 אאW 
1K אאאF9-3KE 
2K FAMEאK 

3K אFbode moduleEאאאאW 
f min = 5000 Hz, f max = 25000 Hz, steps = 40, V p-p = 12 V, and deactivate the phase. 

(on) 
4K אאאFcut-offKE  
5K אאאK 
6K אFcut-offEK 
7K אאאF9-4KE  
8K אאאW 

Sine-wave, f m = 2.5 kHz, V p-p = 1 V, V DC = 1.7 V 
9K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2, T source = OFF 
10K אאא،אF9-6KEאF9-1KE 
11K אאאW 

Sine-wave, f m = 2.5 kHz, V p-p = 1 V, V DC = 0 V 
12K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
13K אאא،אF9 J7KEאF9-1KE 
14K אאאW 

Sine-wave, f m = 3.5 kHz, V p-p = 3.4 V, V DC = 1.7 V 
15K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y2 
16K אאא א،F9-8KEאF9-1KE 
17K אאאW 

Sine-wave, f m = 2 kHz, V p-p = 3.4 V, V DC = 1.7 V 
18K אFFFT EאאW 

Y1/div = 5 V, X/div = 200 µs, curve = Y1 
19K אאא،אF9-9KEאF9-1KE 
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20K אאאW 
Sine-wave, f m = 2.5 kHz, V p-p = 1 V, V DC = 1.7 V 

21K אFFFT EאאW 
Y1/div = 5 V, X/div = 200 µs, curve = Y2 

22K אאא،אF9-10KEאF9-1KE 
Kא: 

 

 
F9-5E 

3dB-in ___________offcutf  

  
F9-6E      F9-7E 
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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 אFDSB-AME؟ 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

2 JאאאW 
 J א،אK

FE 
 JאK F E 

 
3 Jא(DSB) (SSB)؟ 

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_________________________________________________________ 
 

4 Jא100٪(SSB)אא100٪(DSBFC)؟ 
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_________________________________________________________ 

 
 

 אW 
_________________________________________________________________
_________________________________________________________________

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

_____________________________________________________ 
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אW 10 

אאW אFdemodulationAM DSBfcE 
א2א 

 אאW 
אאאFAM DSBfcKE 

 
 אW 

אאאFAM DSBfcEאאאF10-1KEאא
אאאאא( AM 

demodulation)K 
 

 
 

F10-1E 
 אאא،א

אאאאאא،אאא،
F10-2EאאK 

 
F10-2E 

Source 

Oscillator 

AM 
Modulator 

Summation 
Stage 

DSBSC DSBFC 

Carrier 

Signal 

Informati
on

Carrier 

Signal 
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 אאא(y1)אאFAM DSBFC
EאF10-3E،אא

אאאKאאא(Band-pass 

filter)אא(LSB)(USB)א(fc)،
אאאא(y2)אאF10-2E

אאF10-4Eאא،
אK 
 א(detector) אאFAM 

DSBFCEאאאF10-5KE 
 אאאא(Low-pass filter)

אאאאאאF10-6KEאא
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 

 
 אאW 
1K ،אאW 

2K אאאF10-1KE 
3K FAMEאK 

4K אאאW 
Sine-wave, f m = 2 kHz, V p-p = 5 V 

5K אFFFTEאאW 
Y1/div = 5 V, X/div = 500 µs, curve = Y1 

6K אאא א،אF10-7KE 

7K א(LSB)(USB)K 

8K ،אאW 

9K אאאF10-2KE 

10K א(y1)א א،אF10-8KE 

11K א(LSB)(USB)K 

12K א(y2)א א،אF10-9KE 

13K אK 
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14K א(y3)א ،אאF10-10KE 

15K א(y4)א א،אF10-11KE 

16K אK 

17K אF3Eאא،אאא
K 

 
 אאW 

 
F10-7EF10-8E 
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KאW 
 

LSB=  ,USB=  ,fc= 

 
F10-9E 

 

 
F10-10E 
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F10-11E 

 W 
1K אאא،؟אא 

__________________________________________________________ 
1 J ؟אא،א 

__________________________________________________________ 
 
2 J (detector) ؟אא 

__________________________________________________________ 
 אW 

_________________________________________________________________
___________________________________________________ 


