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١J א(AM)Wאאאאא
אאאאא(Amplitude 

Modulation)K
٢J א(FM)אאאאא

אאאאאא
(Frequency Modulation)K 
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AMFMPMאאאK
אאאאא(Demodulated Signal)KK

א1-2 
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30אKאאאא
אFאKEאאאW

אא{אא{
K

JאאאאSimultaneous Transmission of many Signals       
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٣-١אאElectromagnetic Spectrum
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١-١אWאאאאא

אאאאא
אאאא(VLF)3kHz-30kHz 100km-10km 

אאא(LF)30kHz-300kHz 10km-1km 

אאא(MF)300kHz-3MHz 1000m-1km 

אאא(HF)3MHz-30MHz 1000m-10m 

אאאא(VHF)30MHz-300MHz 100m-10m 

אאא(UHF)300MHz-3GHz 10m-1m 

אאא(SHF)3GHz-30GHz 10cm-1cm 

א(EHF)30GHz-300GHz 1cm-1mm 

 
V: very ,L: Low ,  H: High ,F: Frequency ,M: medium, 

E: Extremely, S: Super, U: Ultra. 
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אאא1-1אאאאא
אאאאאא

אאאK
אאאאאאא

אאאK
Jאאאא(VLF){אאא(LF)

אK
Jאאא(MF)WאאאאK
Jאאא(HF)Wאא{אאאא

K
Jאאאא(VHF)Wאאאא{

אא{אא{K
Jאאא(UHF)Wא{

אאא{אאK
אאא(SHF)Wאאאא

א{אאK
Jאאא(EHF)Wאא{אאאK

אאאא{אאא{
אאא1-2K

אאאאא
אאאאVoice Frequency VF{א300-3400

K
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1-2א אK
אאאאאא

500 MHG - 1GHz VHF C 
1GHz - 2GHz L D 
2GHz - 3GHz S E 
3GHz - 4GHz S F 
4GHz - 6GHz C G 

6GHz  - 8GHz C H 
8GHz  - 10GHz X I 

10GHz - 12.4GHz X J 
12.4GHz  - 18GHz Ku J 

18GHz - 20GHz K J 
20GHz - 26.5GHz K K 
26.5GHz - 40GHz Ka K 


אאאEHF, SHF , UHFא

אא(300MHz – 300GHz)K
אאאאאאEHFW

J אאאאאא1012Hz1016Hz{
Wאאאinfrared{אאVisible{א

אultravioletK 
J אאאX-raysא1018HzK 
J אGama raysאאאא؛

א1020HzאK 
J אאא)( cosmic photonsאא

א1032HzK
אאאאFiber OpticsאאLaser

אאאאאאאאאאאא
אאאF1014HzC4.285Eאא

F1014HzC7.5KE
אא1-3K
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1-3אאאא

١-٤א  Bandwidth 
אאאאאאK

אא{א(BWlnf)
אא(BWch )Kא

אאאאאאאKא
אאאאאאKא

אאא
אK

                                   (1-2)chBwBw ≤inf
BWinfWא 
BWch WאK

1-2
אאאאאא500

5000K
Kאא(BWch)K

K؟אאאא
K؟אאאאאאאא 

אW
K  א  

   Bwch = 5000 - 500 = 4500 KHz                        
Kאא(Bwinformation)

Bwinf = 3400 - 300 = 3100 KHz                    
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אאאאא
אאאK

Kאאאאא
BWinf = 30 MHz - 3 MHz = 27 MHz                    

אאאאאאא
אK

٥-١ א               Transmission Modes
אאאאאW

KאאאSimplex (SX)אאK
KאאאאHalf Duplex 

(HDX)אאFאKE
KאאאאאFull Duplex 

(FDX){אאאK
Kאאאאאא

א(F/FDX)Full/Full DuplexאK


١-٦א Noise     

אאאאאא
אKאאא

אאאאK
אW

١-٦-١אא  Uncorrelated Noise
אאאא

א{W
KאאExternal Noise

אאא
אאאWאא{

א{אא{אאאK
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Kאאא(Internal Noise)   
אאאאאאאא{א
{אאאאאאKאא

Johnson Noise
אאאאאאK

אאאאאאאאK
Kאא

אWhite Noise{אאאKאאא
אאאאKאאאאא

אאאאאאאאK
אאאKShot noiseאPartition noiseKא

אאאאאאאאאK
אאאאאאאK

אאאאtransit noiseא
אאאאאאאא{

אאאאאאK
١-٦-٢אא Correlated Noise  

אאאאאאאא
אKאאאאאאאאא

{Kאאאא
אאאאאאאא

אK
אאאאאאאאא

thunderstormsאאאאאאAmplitude Modulation: AMK
אאאאאאאאא

א100MHzKאאאKאאאא
אאFrequency ModulationWFMא

[88MHz – 108 MHz]K
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אאאאאאא
אאאאאThermal noiseKא

אJohnsonאאאא
אאKאאאW

                                              (1-3)            N = KTB
:

NWא(Watts)
BWא(Hertz)
TWאא(Kelvin)

אKelvinאאW
T = C˚ + 273

KWZ⎟
⎠
⎞

⎜
⎝
⎛× −

Kelvin
Joules231038.1

אאDecibeldB{אא
א10א(1 3)א10KW

NdB = 10 Log ( KTB )       [ dB]                       (1-4)
W
NdBWאK


1-3

אאא17˚10K
א  W

JאאK
JאK

אW
Kאא

N =  KTB =1.38 X 10-23 X (17+273) X 10 X 103 =4 X10 -17Watts    
Kא 

NdB = 10 Log ( KTB ) = 10 Log (4 X10-17 ) ≈ -164 dB     
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٣-٦-١אאSignal – to – Noise ration
אאאאאKא
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٧-١אאSpectral Analysis 

אאאאאאא
א{אאאאאאKאא

אאאאאאאK
אאאאאא

אא{אאא{א
אאאKא{א

אאאאK
١-٧-١Fourier Expansion

אאאאV(t)א
אאKאאאא{

א{אאאאK
אאא V(t){T{ƒ

אאωKאאאW

  
+++++= )cos(...)2cos()cos()( 210 nwtAwtAwtAAtv n

(1-9)                       )sin(...)2sin()( 210 nwtAwtAwtSinBB n++++ 
 

א(1 9)אאW 


     
 harmonic n  .    harmonic 3           

  harmonic 2  lfundamenta  A  V(t)
thrd

nd
0

+………+

+++=
    (1-10)    

W
A0Wאאאא(DC value)K
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   v(t)

 +2V
 
 

      0       T/4      3T/4    T
 2V

0.5 m s

t 

FundamentalWאאאאא
אא(f1)K

2nd harmonicWאאאאאא
f2=2.f1              אאK

אאאאאא
K

אאBn ……. B2, B1, An …. , A1 , A0

אאW

                                       (1-11)∫=
T

dttv
T

A
0

0 )(1


                    (1-12) ∫=
T

n dtnwttv
T

A
0

)cos()(2
            

                      (1-13)∫=
T

n dtnwttv
T

B
0

)sin()(2


(1-7)אאV(t)א(1-9)א
W

V(t) = A0 + A1 cos wt + A2  cos 2 wt + ….. t An cos nwt                       (1-14)
אV(t)א(1-9)אW 

V(t) = A0 + B1 sinwt + B2  sin 2 wt + ….. t Bn sin nwt         (1-15) 
 

1-5   
  אאאא

FאאאKE  
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١K אאK 
٢K אאFאאאKE 
٣K אאאK 


אW

١K אFאאאEאאאW
 

)cos(...)2cos()cos()( 210 nwtAwtAwtAAtv n++++=
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٣K אאW 
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٤K אא          
          V(f) 

 

π
8                                

                                                 
π3
8                                                      

                                                                    


                                2KHz              6KHz                         F (Hz)
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אא

K אאK
K אאאא؟ 
K אאאאאK 
K אאאאאK


אא

K Wא{אא{אא{אאK
K אאK 
K אאאאK


אא

K אאאאאאאאאא
؟K

K אK 
K אאאK 
K אאK 


אאאW

K אאK
K אK 
K אK


אא

K אK 
K אאאK 
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K אK 
K אאאאאאאאאאAmplitude 

ModulationאאאאאFrequency ModulationK


אא
אאא27א˚5K

K אאK؟
K אא{؟ 
K אאK 
K אK


אאW

א(1-5)(1-6)K


אא
אא20אאא0.02

אK
K אאאK
K אאK


אא

K אאאK
K V(t)אאאK 
K אאאK 
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אאWאFאE
Amplitude Modulation (AM) Transmission 

 
• א 

אא
K אK
K אאאFאEK 
K אאאאK 
K AMK 
K אK

• אאW
٢J١ K
٢J٢ אK 
٢J٣ אאאK 
٢J٤ אאאK 
٢J٥ אK 
٢J٦ אK 
٢J٧ AMK 
٢J٨ אאאאK 
٢J٩ אאאאK 
٢J١٠ אK 

אאאW12
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١-٢
אאאאאאאא

אאא{אאאא
אאא(information)

אאאאאK
אאא(Carrier)

אא{א{אאאאm(t)K
אא(AM){(FM){(PM)K

אא{אא{א{
אאאKאאAM

אא(demodulation)אאאK
א{אאאאא
(AM)K

٢-٢אAmplitude Modulation                                                           
Jא(AM)

אאאאאאאא
אm(t)K

Jא אAM Modulator 
אאא

א{אא(Modulated wave)K2-1א  

אK 


2-1אWK
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JאאFאE Generation of AM Signals
אאאא{אאאאאא

א SBFC) (AMAmplitude Modulation Double Sideband Full Carrier  

אא" "AM DSBFCאAMK


א2-2אאאVm(t)=Em Sin(2π fmt){א
אVc(t)=Ec Sin(2π fct)אאאאVAM(t)א

אאאאאK
2-2אAM{אאאא

אאאאאKא2-2אאא
אאאא{אאאאKא

אאאאאאAMאא
אאK 


2-2אאא{אאא{אאAMK


Jאא(Modulated Wave Characteristics)

אאאFאאEW
אאאא(fc)K
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אאאאאאא
אFאאKE

אאFאEאאK
אאFאEאK

٢-٣אאאAM Frequency Spectrum and Bandwidth
JאאAM Frequency Spectrum

אאאאאאא{אא
אא{אאF10E٪

אאKאאאאאא
Kאאאאא

אא(fc)א2-3K

 
2-3אאאAM 

א2-3אאאאfcW
אאאUpper Sideband (USB)

אfc  و fc+fmאאW
                                         (2-1)mcc ffUSBf +≤≤

USBאאUpper Side Frequency (USF)
USFאW

                                            (2-2)mcusf fff +=

                                       Carrier

               Lower Sideband           Upper Sideband 

               Lower Side Frequencies     Upper Side Frequencies
  F (Hz) 

      fc    fm(max)                 fc                              fc    fm(max)
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W
fUSFWאא

fcWאא
fmWאFאאKE


אאאWLower Sideband (LSB)                                             

W 
                                           (2-3)cmc fLSBff ≤≤−

LSBאאLower Side Frequency 
(LSF)LSFאW

                                        (2-4)mcLsf fff −=     
Jא  אAM Bandwidth

אאFאE2-3W
( ) ( ) mmcmcAM fffffBW 2=−−+=

אAMW
              [Hz]                           (2-5)mAM fBW 2=

W
BWAMWAM(Hz)K

fmWאFאE(Hz)K
2-1

אאFאאAMDSBFC modulatorEא{א 
אאאfc=100kHzאאאאfm= 5kHzK

Wא
K אאUSBLSBK 
K אBWAM 
K אאא(USF)3kHzZfmK 
K אאא(LSF)3kHzZfmK 
K אאאK
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א2-1
Kא(2-1)W

mcc ffUSBf +≤≤ 

KHzUSBkHz 105100 ≤≤
א(2-3)

cmc fLSBff ≤≤− 

KHzLSBKHz 10095 ≤≤
Kא(2-5)

KHzKHzfBW mAM 10522 =×== 


Kא(2-2)
KHzKHzKHzfff mcusf 1033100 =+=+=

Kא2-4
mcLsf fff −= 

                                                       = 100 KHz - 3 KHz = 97 KHz
      Kאא
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٢-٤אא
Coefficient of Modulation and Percent Modulation

JאCoefficient of Modulation
אאAM

אKאW

                                                      (2-6)Ec
E

m m=


mWאFE
EmWאאאאאאFאE
K
EcWאאFKE
אאPercent Modulation (M)
אאא{אW

                                           (2-7) %100×=
c

m

E
EM     

אEc , Em , mא2-4


2-4אא{Ec    EmK

א2-4W
                                         (2-8)mc EEV +=max

                                     (2-9)mc EEV −=min
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א(2-9) , (2-8)

                                  (2-10)( )minmax2
1 VVEc −=                                               

א2-82-9

                                 (2-11)( )minmax2
1 VVEm +=


VmaxWאאAM
VminWאאAM

אאFAMEאאאא{
אאאאאEm

W
                                         (2-12)LSFUSFm EEE +=

א(2-12)אאאאאא
אאאאאאK


EUSF=ELSF                                                                     (2-13)

א(2-13)א(2-12)

                                           (2-14)2
EE LSFUSF

mE
==

(2-10)א(2-14)W

                        (2-15) ( )minmaxLSFUSF 4
1EE VV −==

W
EUSFWאא[Volts]
ELSFWאא[Volts]
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אא100%Em=Ecאא(2-7)K
Vmin=0א100%אא(2-9)K

אאאאW


2-5אAMא100%K


2-2AMאאא


W

J אאאאK
J אאאאK 
J אאאאAM 
J אK 

JאK 
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2-2
J א(2-15)אאאW 

( ) ( ) VVV 8218
2
1

4
1EE minmaxLSFUSF =−=−==

J א(2-10) 

( ) ( ) VVV 10218
2
1

2
1E minmaxc =+=+=

אEc=10V
J א(2-11) 

( ) ( ) VVVEm 8218
2
1

2
1

minmax =−=−= 

J א(2-6)

8.0
10
8

===
c

m

E
EM

 
Jא(2-7) 

%80%1008.0%100 =×=×=
c

m

E
EM 

٢-٥AM
 AM Voltage Distribution (AM) Vam(t) 

{{{אא
AMK{אאא

אאאאW
                                        (2-16))2sin()( tfEtV ccc π= 

 حيث
Vc(t)Wאאא(Volts)

EcWאאא(Volts)
fcWאא

W
J א(repetation rate)אAMא

FאKE
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J אאAMאK 
J אאאAMEm+Ec{ 

אאאAMאאW
                          (2-17) [ ] tftfEEctV cmmam ππ 2sin)2sin()( +=         


[ ])2sin( tfEEc mm π+Wאא

EmWאאא(Volts)
fmWא(Hz)

א(2.6)
(2-18)         Em = mEc

א(2.8)א(2.15)W
                            (2-19)[ ] )2sin()2sin()( tftfmEEctV cmcam ππ+=

אא
                  [ ] )2sin()2sin(1)( tfEtfmtV ccmam ππ+=

 
        (2-20)))2sin()(2sin()2sin()( tfEtfmEtfEtV ccmcccam πππ +=

G

                  (2-21)[ ])cos()cos(
2
1sinsin βαβαβα +−−=

אא(2-21)(2-20)אאאW
     (2-22) tffmEtffmEtfEtV mc

c
mc

c
ccam )(2cos

2
)(2cos

2
2sin)( −++−= πππ




Ec Sin(2πfct)Wאא(Volts)
tffmE

mc
c )(2cos

2
+− πWאא(Volts)

tff
mE

mc
c )(2cos

2
−πWאא(Volts)
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אא(2-22)W
K אאאאאאK 
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5-1אאאJn[m]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

10.0  0.25 - 0.05 0.25 0.06  0.22 -  0.23 -  0.01 - 0.22 0.32 0.29 0.21 0.12 0.06 0.03 0.01 
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5-4
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אאא

Vc(t)=10 sin (2π 5x105t)
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J1 = 0.44 (10)  = 4.4 V 
J2 = 0.11 (10)  = 1.1 V 
J3 = 0.02 (10)  = 0.2 V 
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K                                                 B = 2 ( n x fm) 

m = 1  ⇒    n=3  
B = 2 ( 3 x 10 ) = 60 KHz. 
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Average Power of an Angle – Modulated Wave
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