
אא

אאאא
FFEE  

٢٣٢٣١١



א אא- 
 

א ٢٣١ 
 

 
 

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

 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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 א FE ?

?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؛
אK 

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



א אא- 
 

א ٢٣١ 
 

 

 
 

אאא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K 
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،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K 

 
אאאאא 



 

 

  

אא  

אאאא--








א






١



א אא- אא 
א ٢٣١ א 

 

     

אאWא 
Pulse Amplitude Modulation  

( PAM ) 
    
אאW  אאKאW 
• אאWאK 
• אאWאK 

אאאW 
١. אאאאF PAM (.  

٢. א). ( PAM  

٣K אאFSampling PulsesEאF PAM E 
٤K F PAME 

אאW 
١K אא)PAM(. 
٢K א)PAM(אאK 
٣K אא(LPF)אא.  K 

  
אא  :אאא٩٠٪אK 

  
א٤: א  

  
אא  :אאKאאאK  

  
אא  :אאאאאK 

 



א אא- אא 
א ٢٣١ א 

 

     

 

אא 
א 

PAM Signal Generation  
 

אאW 
١. א F PAM (  

٢. אא) ( PAM  وشرحها 

٣K אאFSampling PulsesEאF PAM E 
٤K FPAME 

 
אW 

אאא
،אאאא،

אK 
אא،אאא

א(Fs)א(Fs)K(Fs)
WFs>2Fm 

אאW 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 

 
 
 
 
 
 
 
 אF1-1E



א אא- אא 
א ٢٣١ א 

 

     

אאW 
 Jאא)PAM(F1-1EאאאאW 

١ JאאFM2Eאא)(SAMPLER.    
٢ Jאאא )١ ( )2V/DIVEאא )0.1ms/DIV ( 
א(TRIGGER) א )١E١( א( א ) (SAMPLEو )M2(   
٣ JאאאFM2E)Vp.p ()Fm (  

M2 =                  Vp.p                     M2 =                 KHZ   
٤ Jא )M2( 2KHZ)(א)Nyquist rate(א 

א)SP( ؟                           KHZ   =Nyquist rate 
٥ JאאאאF٢E2V/DIV)(אאאאאFאE

אF٢Eא)SP(K 
٦ Jא אFSPEאאF٢ E אא

אא Fs)( Fאא)M2 SP ( )2-1( ( 
T =            ms                       Fs =               KHZ 

 
 
 
 
 
 

  
 

٧ JאאאFs)( )PAM( ولماذا ؟ 
 
٨ JאF٢Eאא) (SAMPLERאאאא

1-3(الشكلستكون آما في  الإشارة) (٢(א( E 
 JKnatural)(א)(flat-topא؟ 

  )2-1(  



א אא- אא 
א ٢٣١ א 

 

     

 

      
  
٩ Jאאאאא) (GNDאאK

אא)  (ACאאא 
 Jאא)M2) ((PAM אא א)3-1( 
١٠ J)CM((CIRCUIT  MODIVATION)Fאאאא
אאא EאFFsE ) (16 KHZ אא

)PAM(אאאא؟  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 Jאא)M2 (و)(PAMאא)4-1( 
   

         
 
 
 
 
 
 
 
 
١١ J)CM(א)Fs( (4 KHZ) אאא 

אא)M2(א؟א 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 )3-1( 

א  )4-1(  



א אא- אא 
א ٢٣١ א 

 

     

١٢ J)CM(אFFsE)  (8 KHZ)(CMא Sample/hold)(  
א אKאאאאא  معمرشح א Sample/hold)( ؟  

אאمرشح بدون  אא Sample/hold)( ؟ 
אאאSample/hold)( Fאאא)5-1(( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 

  
 
 

 
١٣ JאאאאF٢EFPAMEאא 

F٢Eعلى V/DIV)١( אאF50 ms/DIVEFPAME 
6-1א )   (  

  
KאאFTpE             Tp =                    ms 

 

                 
 

 
 

5-1(  א(  

6-1( א(  



א אא- אא 
א ٢٣١ א 

 

     

 
١٤ JאאאF20µs/DIVEKא

FPWE 
אF(7-1אאKPw =                        ms                            

 
 

 
 

 
١٥ JאFPW/TpEFP1E FP2E)PW/Tp( 

)   PW/Tp = (       /        )     ms                                                      (   

١٦ JאF P1EF P2E 
V1=                        V              V2=                       V 

 
١٧ JאאאאאאFPAME 

                   

21 22(/ vvTpXPW +=  Vrms(p)  
=                        Vrms 

١٨ JFPAMEאFK Ω ١E 

Z
prms

Pp v )(2

= 

  
mw                      =  

١٩ JאאF١EFV/DIV٢EאאאF0.1ms/DIVE
אאF2MEVp)  ٥}٢FEK8-1א) ( ( 

א F7-1E  



א אא- אא 
א ٢٣١ א 

 

     

 JאאF2MEאFK Ω ١E 
Ps = (0.707 x V Peak)2 /Z 

 
mw= 

 
 

 
 

 
 
 

          
  

 
 

 
٢٠ JאFPAMEאא)(M2א 

FFPAMLE M2)(E 
 

 =Pp/Ps  
 

٢١ Jאא)PAM( (M2) )Ps.(א 
)PAM ()T= 0.125ms(אאא)Tp( 

 
mw                =Pp=PW/T x PS  

  
٢٢ J)PAM(אא

)PAM(אאאאא )PW/Tp(  ؟  
               

 
    

8-1(  א(  
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אא  
א 

PAM Signal Demodulation  
  

אאW 
  ١ Jאא)PAM( 

٢ Jא)PAM(אאK 
    .المستلمةالإشارة  على  (LPF) مرشح المنخفضلل عتردد القطتوضيح تأثير  -٣          

אW 
،אאא

אK 
אFSAMPLE/HOLDE تكون متزامنة مع في المستقبل) SAMPLER (

אאאא
אאא J J

(STAIRCASE)Kא1-2)E 
אאאאאאא

 
 
 
 
 
 
 
 

(1-2) 
 
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א،KאFFsE 
אאאאא،א

אאאK 
 
 
 
 
 
 
 

      F2-2E 
 
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אאW 
١K אא) Digital Communications Unit( 
٢K אאFOscilloscopeE 
٣K אאFSignal GeneratorE 

 
 
 
 
 
 
 
 

אF3-2E 

 
 

אאW 
 Jאא)PAM(F3-2EאאאאW 

١ JאFPAMEאאFM2Eאא 
F(SAMPLERאא)SAMPLER (  

אאFFILTEREאאFL P FEאK   
٢ JאאאאF١EF2V/DIVEא)0.1ms/DIV(א  

F(TRIGGERא)١(א)١()M2(א)M2(
אא)V p.p٥(KHZ)٢E 

٣ JאאאאF٢E)2V/DIV(א،אאאא
FאEאF٢Eא)(SP 
)(SPFs =   8 KH 
٤ J)(M2 )KHZ٢()(SPא)8KHZ(א )Nyquist rate( ؟ 
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………………………………………………………………………………….. 
٥ J٢(א(אא ) SAMPLER (א
)PAM(אאא)(M2؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٦ Jאאא)TOW-POST CONNECTOR(אא)M2(א
א) SAMPLER (אF٢Eאא

) (SIGNAL GENERATOR אאאא) SAMPLER  (
אא

אאאK   
٧ Jאאא)5Vp.p()2KHZ(

א)(مع مدخل ) ١(بعد توصيل القناة )١ SAMPLER  (ضبطها علىاو2V /DIV)( 
٨ JאF٢Eאא)FILTER(אאF٢E200 mv/DIV)( 

אאאאאאאF٢Eאא
אאאF١E؟F4-2אEאאאE 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 

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

 
 
 

                                   
                                       

       
٩ JאאF±0.5KHZ(אאF0.5VP.P(א

؟אאא٢(א(    
..................................................................................................................................  
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א אא- אא 
א ٢٣١ א 

 

     

 Jא؟אFm)  (אFs)(א
א؟א؟אK 

١٠ Jאאא)5VP.P( )KHZ٢( 
١١ J)CM()Fs(8KHZ)4KHZ( אאא

אאאא)٢(א))L P Fאא
א)Fs  (אא ) Fm (و)Fs-Fm E5-2( א (

אא )Fs= 2Fm(  
  
 
 
 
 
 
 
 

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

 
١٢ Jאאא؟ 

………………………………………………………………………………… 
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 
 

 
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אF5-2E 



א אא- אא 
א ٢٣١ א 

 

     

 
١٣ J)(CMא)Fs (8אKHZ)(א)Fm (  

6KHZ)(א אאאF
אFs<2 Fm (FFs<Nyquist rateEאאFא א

)(Fs-Fm  
א)(7-2אאK 

 Jא)fold-over distortion  (aliasing or 

                        
 
 
 
 
 
 
 

                
  

 
 
 
١٤ JאFFmEF(3.5KHZא)Fs(F(16KHZ)CME

  
אאאאאאאFFs>2 Fm( 

אF8-2EאאאאK 
١٥ J )Fs>2 Fm(אא

אא)Fm(א)Fs-Fm (  

 אF9-2EK 
١٦ Jאאא3.8KHZ) (Fs=16KHZ

Fm=3.5KHZ  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאאא  

אאאא--


א








א




٢



א אא- אא 
א ٢٣١ אא 
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אאWאא 
א-אא 

PAM – Time Division Multiplexing  
( PAM-TDM ) 

  
אאW  אאאאKא

W 
• אאWF(PAMאא 
• אאWאPAM) Eאא 

אאאW 
١ J FPAMEא.؟  

٢ J אאאא ) (PAM- TDM . 

٣ J אאאאFS1-S2(K 
אאW 
١. אאאFPAM-TDM.(  

٢. אאאא time slots) (אאK 

٣K א)PAM-TDM(אאK 
  

אא  :אאא٩٠٪אK 
  

א٢: א  
  

אא  :אאKאאאK  
  

אא  :אאאאאK 
 
 
 

 



א אא- אא 
א ٢٣١ אא 
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 
אא 

F(PAMאא 
PAM – TDM (Transmission)  

 
אאW 

١. FPAMEאK  

٢. אאאא ) (PAM- TDM  

٣K אאאאFS1-S2( 
 

אW 
אא 

F٣ J١ JaE 
١ J (SAMPELR)אאאK 
٢ J אאאK 
٣ J K 
 

 
 
 
 
 

      א(a-1-3) 
 

אא(fs)(SAMPELR)א(fs)
(SAMPELR)(fs)א،אאא

אאאאא
Kא 
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 אאאא(frame)
אאא(frame)אK 

 JאF5-3Eאא)SLOT COUNTER(אאא
אאS1)(S2)(אאK 

 
 
 
 
 
 

     א(b-1-3) 

 
אאא)PAM – TDM(א(b-1-3)אא)Guard 

time(אאאאאאאאS1)(
S2)( 
 

אאW 
١K אא ) Digital Communications Unit( 
٢K אאFOscilloscopeE 

 
 
 
 
 
 
 

 (c-1-3)
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אאW 
١ Jאא)PAM-TDM(אא(c-1-3) 

א)M1()SAMPLER1()M2()SAMPLER2( 
٢ J١(א() (M1א)٢( SAMPLER1) (אאאא

א١(א()٢) (2V/DIV(א)0.2 ms/DIV(אא)١(  
٣ Jאאא2-3(א(א)PAM( 

א٢(א(אא)  (M1אא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 

٤ J)PAM(א)٢(אא)DC(
א) (M1א)SAMPLER1(א) (M2א

אאא) (3-3אK 
 
 
 
 
 

٥ Jאאאא)M1()SAMPLER1(אא)DC( عند 
 SAMPLER1((مدخل

DC =                      V 
٦ Jאאא)M1()SAMPLER1(אאא 
)10 µS/DIVEאא)Tp(PAM)(א)٢(  

µS Tp = 

אF٣J٢E  

אF٣J٣E 



א אא- אא 
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٧ Jאאאאאא  )SAMPLER1(  
Fs =                                  KHZ J الـNyquist )fs=2 x fm(א

אאא)M1   (  Fm =…………….KHZ 
٨ J١(א()SAMPLER1(א)٢( SAMPLER2)(א

אא)50 ms/DIV(אאF١E)PAM(אא
א)4-3(؟א 

 
 
 
 
 

  
٩ J)PAM()M1()M2(א؟א

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٠ J٢(א(אS1)(אא)50 ms/DIV(אS1)(

)SAMPLER1(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JאS2)()SAMPLER2(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١١ J١(א(S1)(א)٢(S2)(אאS1) (S2)(א
)אאא) S1S2E؟        =         µS            

 
 
 
 
 
١٢ Jאאא)frame(אאslot 0) ( 

אאSync. Pulse ) (  التيאאאאא Slot 1)( 

א(4-3) 
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)PAM 1(אא Slot 2)()PAM 2(א)7-3(K 
 Jאא)bits(א؟אא 

E١E٢E٣E٤א 
١٣ JאאאS1)(S2)()Guard time(א)6-3EאאK 
 
 
 

 
 
 
 
١٤ Jאאא)EXT.TRIG.(SAMPLER1)(א)١(
)S1(א)٢(אא)ADDER(אאא)EXT.TRIG(

אא)0.1 ms/DIV (אא)١()5V/DIV( אא
אאאא

אאאא
F(7-3אאF M1M2EאאK 

 
 
 
 
 
 
 
١٥ J)PAM – TDM(א)؟) ٢

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٦ Jאא10(א µs/DIV(אא)Guard time( 

א)PAM – TDM(=…………ms         Guard time  

אF6-3 

(7-3) 
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אאS1)(S2)(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٧ Jאאא)20 µs/DIV(אאא 
א)PAM – TDM(אאא)CM(

אאאאא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٨ Jאאא)CM(אאא
אאאא)PAM(א

אאאאאאK 
١٩ J١(א(אאא)SYNC. PULS()CM( 

אאאא
)١(.KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٢٠ Jאאאא)PAM(אאא)Guard time( 
אאא)PEDESTAL(א 

א)PAM – TDM(אאא)PEDESTAL(אFאE
א)CLCKT(אFאEא)(8-3אאK 

 
 

 
 
 

 
 

٢١ J١(א(א)CLCKT(אאאא)٢(
)SAMPLER1(אאא)10µs/DIV(אא)CLCKT(
אFPAMEאאFCLCKTEאאא

אFPAME؟
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

F١٠-٣E  
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אF9-3Eאאאאאאאא 
 
 
 
 
 
 

 
٢٢ Jא)ADDER( )PAM(א)M1M2E
א)PA( 

M-TDM(א)CLCKT(אאא  

)CLCKT(אאאאאFאE
)PAM  ()CLCKT(אא

א)PAM(אאאא)PEDESTAL()0 Vdc(  

ADDER((א3-10)(والشكل  
  
  
  
  
  
  

 
  

 
 
٢٣ J١(א( مع)CLCKT(אאאא)٢(א

אאא)SAMPLER1 (אאא
)10µs/DIV( والقناتين)2(على) ٢و١V/DIV و(5V/DIVא) EXT.TRIG (قدح خارجي 

 Jא)CLCKT(אא)(ADDER؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

אF٣J٩E  

(10-3) א  
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٢٤ Jאא)Av(א)(12-3אא= )10kΩ( 
١ Jאא  
٢ J)CLCKT (  

? Av = 
 

? Av= 
٢٥ Jאא50(א µs/DIV(א)1()(SAMPLER1א

)٢(א)PAM(א)1(א)13-3( 
Vi  =                        V 

 
 

 
 Jאאאא٢(א(אא)14-3( 

Vo =                           
 

 
 

 
 
 

٢٦ Jאא)Av( )Vi ,Vo(א 
Av=           ? 

   
 

אF(11-3 

(12-3) א 
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אא  

אPAMאא 
PAM – TDM (Reception)  

 
אאW 

١. אאאFPAM-TDM.(  

٢. אאאא time slots) (אאK 

٣K א)PAM-TDM(אאK 
 

אW 
  אאאא(frame)א
KאF٤ J١WE 
  א(slot 

counter)א(frame)אא(frame) J
אא–(slot counter)אאא(H1)(H2)

א،אא(H1) 
א(S1)אאא(H2)(H2)K 

  (SAMBELR1)،אא(SAMBELR2)
،אאאK 

  א(PLL)אאא
אאK 

 
 
 
 
 
 
 



א אא- אא 
א ٢٣١ אא 
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אאW 
١K אא ) Digital Communications Unit( 
٢K אאFOscilloscopeE 

  
  
  
  
  
  
  
  

 
 

אאW 
 J1-4)(אאאאFPAM-TDMEא

אאאאאאאאאא
אאK 

١ JאFPAM-TDMEא2-4(א (
)M1-SAMPLER1( )M2-SAMPLER 2( )ADEER- COMP) (SAMPLE&HOLD 1- 

FILTER 1 (א)١Eאא )١( א )٢E٢( א (  

אא )2V/DIV(א)0.5ms/DIV(אאF١E 
  
  
  
  
  
  
  

 
 

٢ Jאאאאא)M2(אאK 

א (PAM-TDM RECEIVER) (1-4)  

(2-4) א  



א אא- אא 
א ٢٣١ אא 
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אאאא)٢ (  ثمא)M1(א)١(M  

אא)١(א)٢M(אאF٢Eא؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
٣ JאF٢EאF١MEאאאF١E

אF١EאF١MEאF٢EאאאאF١E 
 

Vi =                          V 
Vo =                         V 

٤ JאאאFPAM-TDMEא 
AV = 

٥ JאF٢EאאFPAM-TDMEאF١E 
אFSAMPLE & HOLD1EאאF50ms/DIVEאאF١E

אאאFGNDEאאאאאא
אF١EאFPAMEFM1E

אFאEF(StaircaseאFSAMPLE & HOLD1E
F(H1 FאאאEFאE

F(H1FאEאאא
אאF3-4EאאK 

 
 
 
 
 
 

אFH1EאאF١FETime slot 1EאFM1E 
אאא)( S1אK 

3-4)E 



א אא- אא 
א ٢٣١ אא 
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א)H2(אא)2)(Time slot 2(א)M2( 
אאא)( S2אK 

٦ JאF٢E)H1(א)2V/DIV(א)20µs/DIV( 
א)SAMPLE&HOLD1()H1()HIGH ( ؟  

...................................................................................................................................
.............. 

٧ Jא)H1(TH1 =             µs                         
٨ JאאF١EאאF٢EאאF١E

F(S1אF5V/DIVEאאFS1EFH1EF(H1א
FS1KE 

٩ JאFS1ETS1 =               µs                     
١٠ Jאא)H1()S1(

אאא)H1()H1Eא
א)(PAMאא)PAM(K 

١١–)CM(אאא)H1( 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٢ JאF١EאF١EאF٢EאF١EF(CM 
אאF١EF (2.6KHZF (7.7KHZFCME 

 JאאF١E؟אא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

אא)CLKT(אFאE 
)Time slot(אא)(PAM-TDMאאFE
)(PEDESTALא)6-4(א 

 
 
 
 
 

(4-4) א 



א אא- אא 
א ٢٣١ אא 
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 J)CLKT(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٣ Jאאא)PAM-TDM(؟ 
 Jא)COMP-(א)PAM-TDM(א)-0.7V( 

אאالـ)PAM-TDM(אא 
א)LOW()HIGH( 

א)PAM-TDM(אא 
א)PAM-TDM(אא

א)CLKT(א)7-4(אא 
 
 
 
 
 
 
 
١٤ JאFPAM-TDME)M1-SAMPLER1( 

)M2-SAMPLER 2( )ADDER- COMP) (SAMPLE&HOLD 1- FILTER 1(א
)١(אא)٢()COMP-(אא)5V/DIV(א
)10µs/DIV( 

 J)PAM-TDM(אFאE؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 Jאא)PEDESTAL )(T(  على القناة)١ (א 
T =                      ms                             Fpam =                                 KHZ 

 
١٥ Jאאא)٢(א 
א)PAM-TDM(אא)-0.7V(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

(5-4) א  



א אא- אא 
א ٢٣١ אא 
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 Jאאא٢(على القناة ) السالب( المعاد اآتشافها عند مخرج المقارن (  

א 
T =                      ms                             Fcomp =                                 KHZ 

 
 

 Jאא)PAM-TDM(א) -COMP(؟ 
١٥ J١(א(א)CLKT(אאא 
א)PAM-TDM(א)CLKT(א)-COMP( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 Jא)6-4(אFאEאאאא 

אאאאאא
)-COMP( )PH(אא)PLL(K 

 J)PH( אא )CLKT(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٦ Jא)١(אFאEא)٢(א)PH(אא
٢(אEא)PH(א)٢(אFאE )-COMP(א

)PH(א 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 Jא)PLL (א)(PHא)  (C48) (48KHZא
אא)(PH.  (C48) 

١٧ Jא)١(א  (C48)א)٢(א)(PHאאFאE 
 J(C48)؟אא 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٨ Jא)PLL(אאא)CLOCK(א 

א(C48)א)PLL((C48))(PH
א)PLL()(PH. 

١٩ JFPAM-TDMEאאאאא 
 Jא)PLL(؟ 
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 Jאאאאאא)H1()H2(א 

)S1()S2(אא)SLOT 0(אאא 
)SYNC PULS(אאאאאK 

 Jאאאא FPAM-TDMEאא 
)-COMP(א)+COMP( 

٢٠ JאFPAM-TDMEא2-4(א (
)M1-SAMPLER1( )M2-SAMPLER 2( )ADEER- COMP) (SAMPLE&HOLD 1- 

FILTER 1(א)١(א)S1(אא)٢()H1(
אאא5(אV/DIV(א)20µS/DIV( אא )٢(  

  ؟فعالاً S1((عندما يكون  )H1(هل يحدث-
...................................................................................................................................  

٢١ Jאאאאאאאאא)CT2&CT1(א
א)Frame(K 

)CT2&CT1()٠,٠(א)SLOT 0()١,٠(א
)SLOT 1(א)(M1)(1,0א)SLOT 2(א

)M2(א)(6-4אא 
 
 
 

  
 
 

אF٤ J٦E 
٢٢ Jא)١(אאא)SYN(אאא)٢(א 

)CT2( واضبط قادح الراسم على القناة)١ (  
 JFCT2EFLOWEאFSYNE؟ 

...................................................................................................................................  
٢٣ Jא)٢(א)CT1()CT1()CT2()SYN( ً؟موجودا  
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...................................................................................................................................  
אאאאאאאאאF7-4Eא 

 
 
 
 
 
 

אF7-4E 
 
٢٤ Jאאא) M1M2(אKא)CM( 

)SYN()CM(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٢٥ Jא٢(א()CT1()CT2(  وماهو المقطع)TIME SLOT(א 
)CT1()CT2()CM(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٦ J)CM(FSYNE)CT1()CT2(؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٧ Jאאא)+COMP(א)PAM-TDM(אאא

)PAM-TDM(א)PEDESTAL(אאאא
אא)٠(אא)SYN(K 

 Jאאא)1.5V(+
אא)PAM-TDM( وهما فقط عينات)M1M2()SYNC(

אאאאא)SLOT 0(K 
٢٨ Jא)١(אא)٢(א)+COMP(אאא

א)٢(אא)PAM-TDM( א)1.5V(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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٢٩ J)M2(אאאא)١(אאאא
)20µS/DIVEאא )SLOT 2Eא نها هي لأ كوذل

אא)M1(א 
٣٠ Jאא)1.5V(؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣١ Jא)١(א)SYN (א)٢(אאאא

א)٢(אאאאF٢Eאאאא
)M2(  ن نبضةأثم لاحظ)SYN (  تحدث في نهاية المقطع)SLOT 0E. 

٣٢ Jא)٢(FS1EאאF١EFH1Eא)H1(
HIGH(FS1E( مرتفعاً 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣٣ Jאאאאא 
 Jאא؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣٤ JאF٢EאF٢EאאאאF١E



 

  

  

אא  

אאאא--








א







٣
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אאWא 

Pulse Code Modulation  
( PCM ) 

    
אאW  אאKאW 
• אאWאK 
• אאWאFPCMEFTDMEK 

אאאW 
o אאאFPCMEK 
o אאFPCMEK 
o אאאאFPCMEK 

אאW 
o אאFPCMEFTDMEK 
o אאאאאאאK 
o אאFFULL DUPLEX(אFPCM(.  K 

  
אא  :אאא٩٠٪אK 

  
א٦: א  

  
אא  :אאKאאאK  

  
אא  :אאאאאK 

 
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אא 
 א 

PCM Signal (Generation & Demodulation)  
 

אאW 
١. אאאאFPCM(.  

٢. אאא)PCM(. 

٣K אאא)PCM(K 
אW 

 אF٥ J١Eאאאא(CODEC)
אF٥ J٢Eאאא،אאאא(AX)

(DX)אW 
 
 
 
 
 

      אF1-5E 
 
 
 
 
 
 
 
 

   
אF2-5E 
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 
 אאאאא

א(SX)א8KHzאא
)SAMPLE&HOLD( J JאאK

אא(ADC)אאא
א

)8 bit()١٢٧الى٠(+אאאא
)127-الى٠()٠٠٠٠ ٠٠٠٠()١١١١ ١١١١(א )٠٠٠٠ ٠٠٠٠( 
)٠١١١ ١١١١(א)Quantization(א )3-5(א 
 
 
 
 
 
 
 
 
 
 
 
 JאאאאאאאFP/SE
אFPCMEאF4-5E 

 
 
 
 
 
 

אF3-5( 

אF4-5E 
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אא)COMPANDING(W 
אאא

אאאא)PCME 
אW 

א JA-lawאאאאF6,4,2,0(
א)(PCMאאא )-127()0111 1111(א

א1010 0010(א(. 
 Jµ-lawאאאאא
F6,5,4,3,2,1,0Eא)(PCMאאא)-127()0111 

1111(אאא)00٠00  0٠0(K 
אאאFאאE )MSB(אא

)٠(אאאאא)5-5Eא 
 
 

 
 

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

א)5-5(
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אאאא(DR)(AR)
אאאאאא

FS/ PEאF (DACאא
F(SAMPLE/HOLDאאאאK   

אאאאאאא
אאאא)TIMING AND CONTROL (אאא

אאאאאאאאא
)CLK(א)1.54 MHZ()SRSX(א)8KHZ(K 

 
אאW 

١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 

  
אאW 

 
١ Jאאא)PCM (אא)1-5 (א
)١) ( (codec 1 א)٢( )codec 2(  
٢ Jא)Signal Generator(אאFAXE)(codec 1 
٣ JאאאאF) (4Vp.p1KHZ )E 
٤ JאאאF2V/DIVEאF0.2 ms/DIVEאאF١E 
FAXEא)(codec 1אF٢E)(ARא)codec 2( 
٥ Jאא6-5א)Eא

א 
אFAXEאאאא

אא)AR(אF٢EאF٢E؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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 
 
 
 
 
 
 
 

٦ Jאאא)4KHZ()(3.5KHZ 
אאא)(0.1KHZ)0.2KHZ(אא

אFאא)BPF(אאאE 
٧ Jאאאא)AR()codec 2(؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٨ Jאאא)AX(א)١(א
)(M1א 

M1=                Vp.p          M1=                  KHZ 
٩ J١(א(א)(AX)١(א)٢()SX()١( 

אא (2 V/DIV)א)0.2 ms/DIV(אא)١(א
א)M1(א)١()SX(א)٢(א)3-5()SX( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 
 

א6-5)(

א)7-5( 
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١٠ Jא)٢(א)DR(א)٢(אאאא)؟)٢ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  

 JFאא)DX(אא)DR(א)١(
א)٢(אאאאאאאאא
אא)DR(א)١(א)DX(א)٢(

א)١(א)٢(אאאאK 
 J4-5(א(אאאK 
 
 
 
 
 

  
 
 
١١ Jאאא)10µs/DIV(אא

א)PCM(אא)LEVEL(אK 
١٢ Jאא)PCM()Frame(א)8 bit(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٣ J١(א(א)SX(א)١(אאא)50 µs/DIV(א

א)٢ ( אאא)(SX)١Eא)(PCMא 
)DR()٢(  

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
אF (9-5אFPCMEFSXEאK 

א)8-5(
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 
 
 
 
 
 
 
 
 
١٤ Jא )٢(  إلىא)SR(א)٢(אא

)SX()١()SR()٢(؟  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٥ Jא )١(א)DR(א)٢(אא)SR()٢( 
א)PCM(א)(DR)٢( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٦ JאאאF(0.1 ms /DIVאאF١EאF١EFAREא

F٢EאF٢EF(DRאF٢EK 
אאא)Frame( א)PCM()M1(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٧ Jאא0.2(א ms /DIV(א)٢()AX()١(א

אאא)AR()٢(אאאא)١(
אFAXEאF10-5Eא 

 Jאא 
F (AX) =…………KHZ                         F (AR) =……………..KHZ 

)9-5(
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

א)10-5(
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אא 
א 

P C M Signal (Time- Division Multiplexing)  
 

אאW 
١. אאאFPCM( )TDM(  

٢K אאאאאאאא 
٣K אאא)FULL DUPLEX(אFPCM( 
 

אאW 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 

  
  
  
  
  
  
  
  
  
  

 
אאW 

١ Jאא)PCM(אא)(قم بتوصيل مزدوجةوباستخدام وصلات  ) 1-6M1-AX(
)١()(M2-AX)٢()DX-DX()١()٢ (אאאF2 V/DIVE

א)0,2 ms/DIV(א)١(א)١(א)AX(א)٢(
٢(א(א)AX(אאא)2-6(א

אאאאK 

א)1-6( 



א אא- אא 
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 
 

 
 
 

  
 
 

٢ JאאW 
M1 =                    Vp.p              M1 =                     KHZ        

 M2 =                      Vp.p              M2 =                    KHZ 
٣ Jא)M2 ()(M1: 

FM2/FM1 =   
٣ Jאאא)S/DIV ( 50 µא)١(א)SX()١(א)٢(

א)SR()٢(אא)3-6 (.   
 
 
 
 
 
 
 

 
 Jא)SR()٢(אא)SX()١(

א)٢(א)PCM(אא)؟)١ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ Jאא0,2(א ms/DIV(א)١()AX(א)١(א)٢(
)AR(א)٢( 

 Jאא٢(א(אא)M1(؟ 

א)2-6(

א)3-6(
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٥ J١(א(א)SX()١(א)٢(א)SR()٢(א

אא2(אµS/DIV(א4-6)( 
 

  
 
 
 
 
 
 

אא)SR(אאא)٢(אא)CLK (א
אא)SX(אאא)١(אאאא
א)M1(؟

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٦ Jא )CM(אא)5-6 (אאא
)SR(אא)٢(אאא)SX(אאא)١(؟ 
א)CM(אאאK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 
 

א)4-6(

א)5-6(
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٧ JאאF0,1 ms/DIVE١(א(א)AX()١(א)٢(
)AR()٢(א)CM()SR(א)6-6(

אא)CM(. 
 Jאאא)٢(א)M1(אא)؟)١ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 

٨ JאאאF50 µS/DIVEאא)٢(א)١(א)SX(
)٢(א)٢(א)(SR)١(אאא)7-6(K 

 
 
 

٩ Jא)٢()M2(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٠ Jא؟אא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١١ JאאאF20 µS/DIVE١(א()DR()٢(א)٢(
א)SR()١()M1-PCM()SR()١( 

א)6-6(

א)7-6(



א אא- אא 
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١٢ Jאא0.2אmS/DIV)Eא١(א(א)١(א)AX(
)١(א)٢(א)AR()٢( 

 Jאא٢(א(אאא)١(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٣ Jאאא)EX.TRIG.(א)AX()١(א
אאF20 µS/DIVEאعلى)EXT.()CM(אאאא

)FULL DUPLEX(  
١٤ J١(א(א)SX()١(א)٢(א)SX()٢(א)7-6( 

אאאK 
 Jא)١()M1(א)٢()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٥ J٢(א(א)DR()الإشاراتيوضح  )٨- ٦(والشكل  )٢. 

אאאא)٢( ؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
 
 

١٦ J٢(א(א)SR()٢(א)٢()PCM-M1(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

א)8-6(



א אא- אא 
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 J9-6(א(אK 

 
 
 
١٧ J١(א(א)SX()٢(א)٢(א)SR()١(  

א)١(FPCM-M2 (؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٨ Jאא2(אms/Div(א)١(א)AX()٢(א)٢(
א)AR()١(אא)٢(אאא)؟)١ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 J10-6(א(א 
 
 
 
 
 
 
 
 
١٩ Jאאאא)AX()١(אאא

)EXT.(אאא)1µS/DIV(א)١(א )SX()١(א 

)٢(א)CLK(אKא)11-6(א 
 

א)9-6(

א)10-6(
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 
  

 
 
 
 
 
 
٢٠ Jאאאאאא12-6(א(K  
 JFSXEFCLKEאאF(12-6؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
 
 
 
 
 
 
٢١ J١(א(א)DR()٢()PCM(א)١(א 

אא)SX()PCM(א)13-6( 
 
 
 
 
 
 
 

א)11-6(

א)12-6(

א)13-6(



א אא- אא 
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 
٢٢ Jאא5(אµS/Div(א)١(א)SX()١(א)٢(

א)DR()٢(אאאאאאא
א)SX(א)١ ()PCM(א)٢(א)14-6( 

 
 
 
 
 
 
 
 Jא)PCM(אא)٢(FM1()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٣ J١(א(א)SX()٢()CM()SX(א)٢(

)PCM(א)٢(א)15-6( 
 Jאא)PCM(אא)٢()M1 ()M2(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 
 
 
 
 
 
 
٢٤ J١(א(א)SR()١()SR()١(
א)PCM( )٢(א؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٥ Jאאא١(א(א)SX()١(א 

א)14-6(

א)15-6(



א אא- אא 
א ٢٣١ א 
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)SR()٢(אאא)PCM()M1(FM2E؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٢٦ Jאאא)PCM(א)؟) ٢ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  

٢٧ J)CM(אאאאאא)PCM(אאא
אFPCMEא؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٨ Jאאא)PCM(؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٩ Jאא2(אµS/DIV(א)CM()PCM(

٢(א(אאא)PCM(FE 
 

T pcm = ……..…..µ sec 
 

٣٠ Jאא)20µs/DIV( )SX(א)١( 
16-6(א( 

T sx= ……………ms 
 
 

 
 
 
 
 
 
٣١ Jא5.208µS Tpcm = وTsx = 0.125µS   )PCM(א)SX(؟

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

א)16-6(



 

  

  
 
 

אא  

אאאא--


א






٤



א אא- אאא 
א ٢٣١ א 

 

- ٥٠ -  

א 
Line Coding 

אא  :א 
  

אאW  אאKאW 
• אאWאK 
• אאWאK 

אאאW 
١. אא )Non Return to Zero)(NRZ(.  

٢. אא)Return to Zero)(RZ(. 

٣K א )Manchester)(MAN(K 
٤K אאאאK 

אאW 
١. אא )non return to zero) (NRZ(.  

٢. אא)return to zero) (RZ(. 

٣K א )Manchester( )MAN(K 
  

אא  :אאא٩٠٪אK 
  

א٤: א.  
  

אא  :אאKאאאK  
  

אא  :אאאאאK 
 



א אא- אאא 
א ٢٣١ א 
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אאWא 
Encoding 

 
אאW 

١. אאא )Non Return to Zero)(NRZ(.  

٢. אאא)Return to Zero)(RZ(. 

٣K אא )Manchester)(MAN(K 
٤K אאאא،K 
 

אW 
 

אאא)NRZ(אא
אbitא)٠١(א)1-7(W 

 
 
 
 
 
 
 
 

)NRZ(אאFאE)bit 

time (אאא)timing information  (
)NRZ(אאאK 

א)RZ(אאאbitF١Eאא
אאא،KאאbitF٠Eאאא

،2-7(א(W 
 
 

א)1-7( 
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 
 
 
 
 
 
 

)RZ()NRZ(אאאא
אאאאא)3-7(K 

 
 
 
 
 

 
 

FMANE (אאאbitF١Eאא
אאא،KאאbitF٠Eאא

אאא،،4-7(א(W 
 
 
 
 
 
 
 
 

א)2-7(

א)3-7(

א)4-7(
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)MAN()NRZ(אאאא
אאאאא)(5-7 

 
 
 
 
 

     אF5-7E 
 

א)DATA RATE()b/s(
)CLK(אא

CLK(F1/T ((الـ 
T =                           ms 

        DATA RATE =1/ T=                           b/s 
אBAUD RATE)(אא
6-7(א(W  

 
 
 
 
 
 
 

 
א)DATA RATE()BAUD RATE()NRZ(

אאK 
)RZ(א)BAUD RATE()DATA RATE(

א)RZ(אא)bit time(K 

א)6-7(
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)MANא)BAUD RATE()DATA RATE(
)MAN(אא)bit time( 

אאאאא)NRZ()Bandwidth(
אאאאא)MAN(אK 

 
 

אאW 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 
٤K אא)Multimeter( 

 
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אאW 
١ JאאENCODING)( אא)7-7(א)١(א

א)CLK(א)٢(אא)SYNC(אאא
)SYNC(אאאK 

 
 

٢ Jאא5(אV/DIV(אא)0.5ms/DIV(א
אאאא8-7(א(אאא 

FCLKEאF١Ems                            =T 
 

 
 

 
٣ Jאאאאאאא 

FE 
 Jאאא)CLK(א؟אא 

אא=א 
٤ J٢(א(א)NRZ(אאאאאא

א 
 ) (NRZא)9-7(  

א)7-7(

א)8-7(



א אא- אאא 
א ٢٣١ א 
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 
 

٥ JאאאF٨Eא) (NRZא
؟)٢( 

אאEF 
٦ J٢(א(אא)RZ(אא)ENCODING(
)RZ(א)(10-7K 

 

 
 

  
٧ JאאאF٨Eא )RZ(  

אF٢E؟ 
אאEF 

 J)RZ(אאא
אאאא 

٨ Jא)DATA RATE()b/s( 
)CLK(אאא)CLK()1/T ( 

T =                              ms 
          DATA RATE =1/ T=                            b/s١٤ 

א)9-7(

א)10-7(



א אא- אאא 
א ٢٣١ א 
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٩ J٢(א(אא)MAN(אאFENCODINGE
)MAN(א)11-7( 
  

 
 
 
١٠ JאאאF٨Eא)MAN( 

אF٢E؟ 
אאEF 

 J)MAN(אאא
אאאאאא 

אא 
١١ Jא)BAUD RATE(אא
א )٢( 

                                       BAUD RATE =                         baud
 Jאאאא)(polarא)unipolar( 

אא)12-7( 
 
 

 
 
 
 
 

א)11-

א)12-
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١٢ Jאא)٣و   ٢و  ١(אאאאא 
١٣ Jאא) (Modulatorאא) (13-7א)NRZ(

אא)FSK(א)١()NRZ(אאא)٢(אא
)polar(אא)(FSK 

 

 
 
 
١٤ J١(א()NRZ( א)unipolar(א)٢(

)NRZ()polar(א)14-7(א 

 
 
 
 Jא١(א(א)+5V(אאאא

)٢()+5V( )-5V(אK 
١٥ Jאא)١()٠(א 

( Unipolar signal )                    V(0)=          V      V(1)=           V 
 

polar signal )                           V(0)=         V      V(1)=           V              ( 
  

١٦ Jא)٢(אא)١(א)polar(אF١Eאא
)١٠١١٠١٠٠(א)polar( 

١٧ Jאאא)( Voltmeter)DC(א)NRZ(א 
NRZ =                             mv dc 

א)13-

א)14-



א אא- אאא 
א ٢٣١ א 
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١٨ J)CM(א)٠١٠٠٠١٠٠(אאא)DC(
א)NRZ(א 

NRZ =                             mv dc 
١٩ Jאאאאא)MAN(אא

אא)( polarאאא)١(אאא)١٠١١٠١٠٠( 
)MAN()polar( 

٢٠ Jאאא)DC(א)MAN(א 
MAN =                      mv dc 

٢١ J)CM(א)١٠٠٠١٠٠0 (אאא)DC( 
א)MAN(אMAN =                      mv dc 

 Jאא)NRZ ()MAN(אא 
אא15-7(א(אא) (NRZ)DC( 

)MAN(א)MAN()DC( 
אאK 

אא  NRZא 
1011010042mvdc56m.vdc 
0100010042mvdc-2.43mvdc 

 
  

)15-7(
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אא 
א 
Decoding  

 
אאW 

١. אאא )non return to zero) (NRZ(.  

٢. אאא)return to zero) (RZ(. 

٣K אא )Manchester( )MAN(K 
 

אאW 
١K אא ) Digital Communications Unit(K 
٢K אאאFOscilloscopeEK 
٣K אאFfunction generatorEK 
٤K אא)Multimeter(. 

 
אאW 

 Jאאאא)NRZ()RZ()MAN( 
א)NRZ(אK 

 Jאא)RZ()NRZ( א)1-8(אא
אאK 

 
 
 
 
 
 

١ Jאא)ENCODING(א)١(אא)CLK(אF٢E 

א)1-8(
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 )SYNC(אאא)SYNC(אאאא
א)EXT.( א)2-8(אאאK 

 

 
 
 

٢ Jאא5(אV/DIV(א)0.5ms/DIV(אאא 
א)3-8(אאK 

 
 

٣ Jאאא)RZ(א)D(א)٢( 
א)RZ(א)RZ( 
٤ Jא)٢(אא)١(א)NRZ(אאא 

4-8(א(אאK 
 
 
 
 
 
 
 
 

א)2-8(

א)3-8(
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 
 

 

 
  
  

 
 Jאאאאאאא 

אא)NRZ) (CLK(K 
٥ Jאאא)١(אאא)٢ ( 
٦ JאF١EאFRZEFNRZEאאא 

אF-8٥EאאFRZEאFNRZEאא 

 
 

  
 Jאא)MAN()NRZ( 

אאא6-8(א(א 
 
 
 
 
 
 

א)4.-8(

א)5-8(
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 
 
 
 
 

٧ JאאF١٢EאאאאK 
٨ Jאאא)MAN(א)XOR(א)٢(

א)MAN (א)MAN (. 
٩ Jא)١(א)XOR) (MAN(אF٢Eאא)XOR( 

אאFMANEאאFNRZEאאF7-8EW 
 

 
 
 
١٠ JאF١EאאאFNRZE 
 Jאאאאאאאא 

אא)NRZ) (CLK.( 
١١ JאאאF١EאאאF٢E؟ 
١٢ Jאאאא؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 Jאאאאא)PLL) (Phase Locked Loop( 

FאאאEא)CLK()MAN.( 
8-8(א(אא)PLL( 

 
 

א)6-8(

א)7-8(
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 
 
 
 
 
 
 
١٣ JאאF١٢Eאאאא 
١٤ J)MAN(אאאאאא 
)MAN) (MAN SYNC DECODER(א)LOCK(א

א)CW( אF٢Eא)RELK(אא
FDECODER( 

١٥ JאאאFLOCKEאא
FRCLKEאF٢EFCLKEאF١Eאאאא
FMANE אאKאF9 J8EאאW 

 
 
 
 
 
 
 
 
 
 
 
 Jאא)RCLK()MAN (אא)CLK( 
אאאאאW 

א)8-8(

א)9-8(
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א)EDGE  DET.(אא)AND(אא )PLL(א 
)     -SHIFT( 

١٦ JאF١Eא)MAN(אF٢Eא)EDGE  DET.( 
)MAN(אF١EאאF٢E

)AND()XOR(אאאא)10-8(
)AND(אא)RC(אאא)XOR(
אאאK 
 

 
 
 
 
 
 
١٧ Jאאאאא

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٨ JאF٢EאF    - SHIFTEאF١Eא 
 JFANDEאאF١Eא 

)       - SHIFT(א)٢( 
١٩ Jא)٢()AND OUT(א)AND( 
 Jאא)AND(אא )١ ( 
٢٠ Jא)AND (אא)PLL(אא 
אK 
٢١ Jאא)PLL(א)11-8(Wא)phase detector( 

אא)L.P.F()V.C.O( 
 
 
 

א)10-8(
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 
 
 
 
 
 
 
 
 
٢٢ Jא)PLL(אא)VCO(אאאא

)REF()VCO(אא)LOCK(א 
 J)VCO()REF(א)phase detector(

 )REF()VCO OUT(א)PLL( 
٢٣ Jא)PLL()REF(אא 

)REF()VCO OUT(؟א 
١E٢Eא 

٢٤ Jא)REF()VCO OUT(א
אאאאאא)LPF(אא)VCO(א 

אא)VCO()REF()VCO OUT.( 
٢٥ Jאא)PLL()VCO OUT(א 

אא)VCO(؟KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٦ JאF٢E)VCO OUT(אF١E)AND OUT(אא 
 JאאאF٢EאאאF١E؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٧ JאF٢E)RCLK(אאא

אF٢EאאאF١E؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

)11-8(



א אא- אאא 
א ٢٣١ א 
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٢٨ Jא)AND OUT(אאאא
אא)PLL()RCLK(אאK 

٢٩ JאF١Eא )   - SHIFT ( 
٣٠ Jא)SHIFT(אא)RCLK(א؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣١ JאF١E)NRZ(אאאF٢E)NRZ-OUT(א

אאא)MAN( 
 Jאאאאא)RCLK()MAN(אא 

א)D()NRZ( 
٣٢ J)NRZ(אאאא؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK



 

  

  

אאאא  

אאאא--










א


א




٥



א אא- אא 
א ٢٣١ אא 
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אאWאא 
Frequency Shift Keying  

F S K)E 

אאW  אאאKאW 
١K אאWאאK 
٢K אאWאאFאאEK 
٣K אאFאאEK 

אאאW 
١. אFF S KEאאא.  

٢. אאאא)Analog Multiplexer( معدلآ )FSK(. 

٣K אא)FSK(K 

אאW 
١. א)NRZ()F S K(אא.  

٢. אאא)(FSKאאא
. 

٣K א)(Envelope DetectorאאK 

אאW 
١. א)NRZ()F S K(אאK  

٢. אאאאא)PLL(אאא
א)FSK(.  

٣K אא)PLL(. 
  

אא  :אאא٩٠٪אK 
א٤: א  

אא  :אאKאאאK  

אא  :אאאאאK 



א אא- אא 
א ٢٣١ אא 
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אא 
אא 

F S K Signal Generation 
 

 

אא 
١. אאFF S KEאאאK  

٢. אאאאא)Analog Multiplexer( معدلآ )FSK(. 

٣K אאא)FSK(K 
 

אW 
  Jא)1-9(אאאא)FSK(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2-9(א()FSK(אא
אאא)HIGH(Kא

א)LOW(אא
א)NRZ(K 

 
 

א)1-9(



א אא- אא 
א ٢٣١ אא 
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 
 
 
 
 
 
 

אא 
١K אא ) Digital Communications Unit( 
٢K אאא )Oscilloscope( 
٣. אא) Function Generator( 

אא 
١ Jאא)ENCODING( אא)2-9(אא

א)EXT.(א)SYNC(א )١(א)NRZ(אאK 
 

 
 

 
٢ Jאא)BAUD RATE()NRZ(א 

 
BAUD RATE =                          baud 

 
٣ JאאFMODULATORSEאאF4-9E

FFSKEFNRZEאF٢EאFFSKE 
 

א)3-9(

א)2-9(



א אא- אא 
א ٢٣١ אא 
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 
  

 
٤ JאFBAUD RATEEFFSKEאF٢E   

   BAUD RATE =                baudFFSKE 
٥ Jאא)BAUD RATE( ؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٦ J )FSK( א)NRZ( 

Vp.p =                            V          (high) 
٧ J )FSK( א)NRZ( 

Vp.p =                        V          (low) 
 JאFSK)(אא؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٨ Jאאאאא ) (CARRIER)FSK( א

אאאא)FSK( אא
א؟א 

 ٢٧٠°) ٤               ١٨٠°)  ٣               ٩٠°)  ٢                   ٠°)  ١     
٩ Jא )FSK(אא؟        
٢٧٠°) ٤               ١٨٠°)  ٣               ٩٠°)  ٢               ٠°)  ١    

١٠ J )FSK(אא؟א 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١١ Jא)FSK()NRZ(؟ 
F =                                 KHZ     (high) 

١٢ Jא)FSK()NRZ( 
F =                                KHZ     (low) 

١٣ Jאאא)FSK (؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

א)4-9(



א אא- אא 
א ٢٣١ אא 
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١٤ Jא)٢(אא)POLAR(אא)FSK(K 
١٥ Jאא)POLAR()NRZ(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٦ Jא)١(אאא)POLAR  INV(אא)FSK. ( 
١٧ Jא؟אא 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٨ Jא)١(אא)FSK(K 
١٩ Jא)FSK(אא)POLAR( 

F =                                KHZ    (high) 
٢٠ JאF٢EאאHIGH TONE)E  
٢١ JאאHIGH TONE)E؟ 

F =                              KHZ    (high tone) 
٢٢ Jא)٢(אא)LOW TONE(  
٢٣ Jאא)LOW TONE(؟ 

F =                               KHZ    (low tone) 
 
٢٤ Jא)FSK(אא؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٥ Jא)١(אHIGH TONE)(א)٢(א)LOW TONE( 
א )CM(אK 
٢٦ Jאא)CM(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٧ Jא)٢(א)FSK()CM(אK 
٢٨ Jאאא)FSK()CM(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٩ Jאאא)FSK(א)FSK(א
5-9(א (אאK 
 
 



א אא- אא 
א ٢٣١ אא 
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 
 
 
 
 
 
٣٠ Jאא)FSK(؟אא 
١(600 HZ        2(600/1200 HZ          ٣(1200/2000 HZ        ٤(2025/2225 HZ  

٣١ Jא)١(אא)CM(אאא
א)FSK(K 
٣٢ Jא)CM(א)FSK(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣٣ Jאא)2400 HZ  FSK(אא؟     
١٨٠°)  ٤               ٩٠°)  ٣                     ٤٥°)  ٢                      ٠°)  ١  

 Jא)Discontinuities( 
אאא)FSK(א

אא)Discontinuities( 
 JאאF°١٨٠Eא)FSK(אK 
 
٣٤ Jאאא)FSK()2400HZ(אאא

FHIGHEאאFLOWE 
١٨٠°)  ٤               ٩٠°)  ٣                     ٤٥°)  ٢                      ٠°)  ١ 

 
٣٥ JאF٢EHIGH TONE)EFCMEK 
٣٦ J)CM(א)Discontinuities(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 (5-9) א  



א אא- אא 
א ٢٣١ אא 
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אא 
אאFאאE 

F S K Asynchronous Detection 
 

 

אא 
١. א)NRZ()F S K(אא.  

٢. אאאא)(FSKאא
א. 

٣K אא)(Envelope DetectorאאK 
 

אW1-10)EאאאFאאE،אא
Kאא אא،

אאאא 
אאK 

 
א )1-10( 

 
אאא)LPF(אא)ATTENUATES(אא

א،אאאא
אאאK 

א)HIGH()+5V(،אא
א)V ref.(  التيאאאא،

א)LOW) (0V (אאא)V 

ref.(K 
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אא 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 

אא 
١ Jאא)ENCODER( אא )(2-10אאא
)EXT.()SYNC(א)١(א)NRZ( 

 

 
   

 
٢ Jאא) (MODULATORS)NRZ(א
)FSK(א)FSK(אא)CHANNEL()אאE

K 
אאא3-10(א(K 

 
 

   
٣ Jא)( NOISEאא)CCW( 

א)10-2(

א)3-10( 
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٤ Jא)٢(אא )CHANNEL( אא )NRZ()FSK( 
٥ Jא)NRZ()CARRIER( الـ)FSK(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٦ Jא)٢(אאא) (BANDPASS

אאK 
٧ Jא)FSK(א)NRZ()HIGH( 

Vp.p =                        V   (NRZ high) 
٨ Jא)FSK (א)NRZ()LOW( 

Vp.p =                                V   (NRZ low) 
٩ J)NRZ(؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٠ Jאאא)(Envelope Detector)NRZ(אא

א). (BANDPASS 
١١ Jא)٢(אאא)FWR(אאאא 

)ASYNC DETECTOR( אא )3-10(  

١٢ Jא)(BANDPASSאא)FWR(אא
אא)ASYNC DETECTOR( وאאאא

אא)NRZ( 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٣ Jאאא٢(א(؟ 
١(1011011            ٢(11001111             ٣(01001001              ٤(10110110  

١٤ Jאא)LPF(א)٢(אא   

)NRZ (א)١(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٥ J٢(א(אא)VOLT  COMP(K 
١٦ Jאאאאא

)CCW(אא)CW (אא)NRZ(
אא)١.( 

١٧ Jא)١(א)LPF( 
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١٨ Jאאא+5V)(א)LPF(؟
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 Jאאאא)CHANNEL(א)CM( 
١٩ J)NRZ()CM(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٠ Jא)١(אאא)BANDPASS()(CM. 
٢١ J)CM(אאא)BANDPASS(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٢ Jא)٢(אא)CHANNEL(א)CM( 

א)CM(א)BANDPASS(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٣ Jא)١(אא)CHANNEL(אא)CM(K 
٢٤ J)CM(אא

אאא)4-10( 
 
 
 
 
 
 
 
٢٥ Jא؟אאאא 
١EאאאאאאK 
٢Eא)BANDPASS(אK 
٣EאאאאK 
٤EK 

 

א)4-10( 



א אא- אא 
א ٢٣١ אא 

 

- ٧٨ -  

אא 
אאFאאE 

F S K Synchronous Detection 
 

אא 
١. א)NRZ()F S K(אא.  

٢. אאאאאא)PLL(אאא
א)FSK(.  

٣K אאא)PLL(. 
 

אא 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 
 

 
 
 
 
 



א אא- אא 
א ٢٣١ אא 
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אא 
 

١ Jאא)ENCODER ( אא )(1-11אא
א)EXT.(معא)SYNC(אאאאא)EXT.(א 

)١(א)NRZ(אא 
 

 
 

 
٢ Jאא)MODULATORS(א)NRZ(א
א)FSK(אא)FSK(אא)CHANNEL( 

2-11(א(אאא 
 

 
 

 
٣ Jא)(NOISEא)CCW( 
٤ Jא)٢(אאא)CHANNEL(אאא 
)FSK ()NRZ(אK 

 

א)1-11(

א)2-11( 



א אא- אא 
א ٢٣١ אא 
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٥ JאאאאאאFNRZE؟ 
)E 

٦ Jא)CHANNEL(אאאFSYNC DETECTORE
א)CHANNEL(אא)PLL(א )REF INKE 

٧ Jאאאאא)PLL( א)١(אא)VCO(  

א )٢Eאא)PLL( )REF INEא)3-11(אאא 
 

 
 
 

٨ Jא)VCO()FSK(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٩ J)A/F(א)PLL(א)CIN(Kא
)VCO(א)(Dאא)PLL( 
١٠ Jא)٢()VCO(א)VCIN(א)١(אא)CHANNEL( 
א)PC(אא)LPF(K 
 Jא)PC(א)VCO)(VCIN( 
١١ Jא)PC()HIGH(؟ 
١Eא٢Eא٣Eאא 

١٢ JאאאאאאK 
١٣ J)VCD ()FSK (אא)١( 
 

א)3-11(
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١٤ J)VCIN()FSK(אאא 
)VCD(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٥ Jא)١()VCD(א)٢()VCIN(K 
 J)CM()VCIN( )LPF(אאא

אא)VCO( 
١٦ Jא)VCO()VCD(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
١٧ Jא)٢(א)VCO(K 
١٨ Jא)VCO()VCD(אאא؟ 

F VCO out =                                HZ 
 Jא)PLL(אאللـ)VCO( א )VCIN(א
א)FSK()VCD( 
١٩ Jא)٢()FSK(K 
٢٠ Jא)VCD( )FSK (2400 HZ   

FSK high)        (  F  VCD out =                      HZ 
٢١ J Jא)VCD()FSK (200 HZ  ١ 

FSK low)        (  F  VCD out =                           HZ  
٢٢ Jא)VCD()FSK(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٣ Jא)١ (א)VCO( א)VCIN.( 
٢٤ Jא)VCO()FSK(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢٥ Jאא)PLL(א)LPF( 
٢٦ Jא)٢(א)LPF(אא)٢ ()500 mv/ DIV( 
 Jאא)PLL(א)LPF(א)VCO(א

א)VCO()NRZ( 
٢٧ Jאא)(BINARYא)FSK(אא؟א 

EF 
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٢٨ Jא)١()NRZ(אK 
٢٩ J)NRZ(אא؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣٠ Jא)5 V(א 

FאאאאאאE 
٣١ Jא)٢(אא)(VOLT COMP. 
٣٢ Jאא)NEGATIVE SUPPLY(

)NRZ(אK 
٣٣ Jאא)NRZ(אא؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣٤ Jא)١(אא)CHANNEL(א)٢(אא)LPF.( 
٣٥ Jא١(א(F2V/DIVEא)٢()500mv/DIV(א)1mse/DIV(K 
 Jאאאאא4-11)(א. 
 
 
 
 
 
 
 
 
 
 
٣٦ Jא)(DCאאא) (LOWא)LPF(א)؟)٢ 

DC =                          mV 
٣٧ Jא)(DCאאא) (HIGHא)LPF(א)٢E؟ 

DC =                          mV 
 

א)4-11(
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 J)CM()BANDWIDTH( القناة)(CHANNEL א
אאא)FSK(אK 

٣٨ J)FSK( א)NRZ(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٣٩ Jא)CM( )Discontinuities(א)FSK(K 
٤٠ Jאאאא)LPF(؟ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK



 

  

  

אאאא  

אאאא--
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אאWאא 
Phase Shift Keying  

PSK)E 
 

אא  :אא 
  

אאW  אאאKאW 
• אאWאאK 
• אאWאאFאאEK 

 
אאאW 
١. )PSK(.  

 
אאW 

١. )PSK(אא.  
  

אא  :אאא٩٠٪אK 
  

א٢: א  
  

אא  :אאKאאאK  
  

אא  :אאאאאK 
 



א אא- אא 
א ٢٣١ אא 

 

- ٨٥ -  

אא 
אא 

P S K Signal Generation 
 

 

אאWא)PSK(. 
 

אא 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 
 

 
אא  

١ JאאאאF1-12EאF١Eאאא
F(SYNCK 

  
  

  

٢ Jאאאאא)(SYNCאK 
٣ J)١(אא)(SYNCאאאא)(SYNC

אאאא)EXT. ( 
٤ Jאא)MODULATORS (א)NRZ(א
) 2-12(אא ) )PSK/ASKא 

א)1-12(
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 
 
 

٥ Jאא  )PSK/ASK()PSK ( 
٦ Jא )PSK/ASK(א)OFFSET()CCW()BAL( 
אK 
٧ Jא)١(א)NRZ(אאא)٢(א)P()ASK/PSK( 
٨ J)NRZ(א)١()PSK(א)٢( 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٩ Jאאא)٢(אאאBALANCED) 

(MODULATOREHFאF JE 

א)2-12(
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 JאאאF0°E)NRZ(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٠ Jא)٢()ASK/PSK(K 
١١ Jאאא)BAL()CCW( 

)CW(אא)PSK()BAL(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١٢ J)BAL(אאאאאאאK 
١٣ JאאאFNRZEא)ASK/PSK(א 

א)RZ( אאא)ASK/PSK(א)١(א
אאFBALANCED MODULATORE 

١٤ Jאאאאא3-12(א( 
 
 
 
 
 
 
 
 
 
 
١٥ Jאא)RZ()MAN(אאאאא

אא4-12)(א 
 
 
 
 
 

א)3-12(



א אא- אא 
א ٢٣١ אא 
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 
 
 
 
 
 
 
 
 
١٦ Jאא)50µs/DIV(אאאאא)5-12 (  

)PSK( )°١٨٠(אא
)LOW( 

 Jאא)PSK(אאאא 
١٨٠°)   ٣                                   ٩٠°)  ٢                                ٠° )   ١  
 
 
 
 
 
 
 

 
 

 
١٧ Jא)CM(אאא)PSK(א 

א)4-12(

א)5-12(



א אא- אא 
א ٢٣١ אא 
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אא 
אאFאאE 

P S K Synchronous Detection 
 

אא 
١ J )PSK(אא.  
 

אא 
١K אא ) Digital Communications Unit( 
٢K אאאFOscilloscopeE 
٣K אאFFunction GeneratorE 
 

 



א אא- אא 
א ٢٣١ אא 
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אא 
 
١ Jאאאא)(1-13א )NRZ(

)PSK(  

  
  
  
  
٢ -)PSK(אא)CHANNEL(

אאאא)SYNC DETECTOR(אK
אאאא)SYNC(אאא)١(א)NRZ (א

א٢(א(אאא)MODULATORS( 
2-13) (אאאא 

 

 
 

 
٢ Jאאאא)NRZ( 

א)1-13(

א)2-13(



א אא- אא 
א ٢٣١ אא 

 

- ٩١ -  

٣ Jא)٢(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٤ J١(א(אא)٢(אא)CHANNEL(
א)NOISE ()CCW(אאK 

٥ Jאאא)BAL(אאא)PSK(
3-13(א( 

 
 
 

٦ J)NRZ()PSK(א؟א 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٧ Jא)١ (אאאא)DOUBLER(א)RECT( 
٨ Jאא 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٩ Jאאא)PSK(؟ 
١Eא٢E٣אEא 

אאאא
אא)4-13(אא 

א)3-13(



א אא- אא 
א ٢٣١ אא 
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 
 
 
 
 
 
 
١٠ Jא)١(א)٢(א)DOUBLER(

אאא)DOUBLER(؟ 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

١١ Jא)٢()VCO(א)PLL( 
 Jא)VCOله نفس؟ 

١E٢אEא 
١٢ Jא)٢()VCD(K 
١٣ Jא)VCD(אאא 
 J)VCD()VCO(א)٢(אאא

אא5-13)( א . 
 
 
 
 
 
 
 
 
 Jאא)VCD(א؟ 
١(°0               ٣                     ٩٠°)٢(°180  

١٤ Jא)٢() °٩٠(אאK 

א)4-13(

א )5-13( 
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 Jאא )°؟)٩٠ 
١ Jאא)PSK( 
٢ Jא)PSK( 
٣ Jא 

 
١٥ Jא)٢(אאאא )MIXER.( 
 Jאאאאאא)MIXER( 

١E٢אE                             PSK٣EVCD 
١٦ Jא)٢()50mv/DIV(אאא)٢(

1) (אאאאK 
 Jאאא)PHASE  SHIFTER(؟ 

١E) polar (٢E )unipolar (  
١٧ JאF١EFPSKEאFMIXEREאאא 

אF6-13E 
 
 
 
 
 
 
 
 
 JאאאאאאK 

אא)PSK(א 
אאאK 

)PSK(אאFאאE
א 

))6-13א
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)PSK(אאFאאE
אK 

١٨ Jאאאא)PSK(אא)7-13( 
PHASE SHIFTER)( 

 ١   (                  A      ٢           (                  B٣           (                   C٤          (D  
 
 
 
 
 
 
 
 
١٩ Jא)٢(אאאא)BAL(

אא8-13(א( 
 
 
 
 
 
 
 
 
 Jאאאאאאאא
א)PSK(؟ 

١E )PSK(٢E)PSK(א 
٣E)PSK( 

٢١ Jא)١(א)LPF(א)0.5(إلى  )١V/DIVE 

א)7-13(

א)8-13(
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 Jאא)١()LPF( 
١Eא٢Eא 

٢٢ Jא)٢(אאא)CCW(K 
٢٢ Jאאא)CW(א)٢(

9-13)(א 
 
 
 
 
 
 
 
 J؟א 

١E٢E )LPF(٣Eא 
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