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אאאא5Hz1MHzK 
אא8-4K 

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

אא
אאאאK 

אאאאW 
R1=R2=R 
C1=C2=C 

אאאW 
 
 

אאW 
 
 

8-4אWא 
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 
 
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 
٤-٤. WFCrystal OscillatorEW 

١- ٥-٤. W 
 אאאא

א Kא אא    א  אא      
אאאאאאK 

،אאאאאאאW 
 J ، 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K 

 
5-4W 

אFfrEא8-4אאא
WRF = 20 kΩ, Ri = R1 = R2 =10 kΩ, C1 = C2 = 0.001 µF 

 
אW 
אאW   
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 J אאאא
FbufferEאאK 

 J אאאFQEאאא
אאאאאאאK 

א אאא אאאא א
א אאאאFא Eא א

א K   K
   א א   א א א א א

 ؟؟אאKא
 

٢- ٥-٤. אאFPiezoelectric effectWE 
אאא  אא K  א 

א K،א א אא K א 
אKאאאאFQuartz EK 

אFEא
אאאא

אאא،- 
א    א אא   אאא    א 

אאא א K
אQאKא،104106א

אאLCאK 
9-4אאאאאאאא

אאאאK 
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 
 
 

Cp 

Cs 

Ls 

Rs 

9-4אWאאאאאא 

FEאאא 

FEאא 

FEאא FEאא 

FEאא 
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אאאא
LS  CSRS، RSK 

 
W 

 J אfrאQאאK 
 J א QאFQ=104-106Eאא

אאאK 
 J אאאK 
 J אK 

 
٣- ٥-٤. אאW 

אאאאאאאK 
١-٣- ٥-٤. אאאW 

אאאאא א10-4. 
 

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

10-4אWאאאאא 

 

outv
741C

C1

R1 

C2R2

Ri

Quartz

RF

 



אא٢٦٠ א  א 

אא א א 
  

 

  

٢-٣- ٥-٤. אאאW 
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6-4WאKאא
א38,768א HzKא32,768א

אאKאאKא1
א٠Kאאאא

אK 
١ -   א32,768؟אא،אאא
٢ -א32,768אk2 
٣ -   אאא؟אאאא 

 

אW 
١ -    אאאאא

אW16384
2

32768
= 

٢ -15232768 = 
٣ - אאאאאW15 
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אאא8-4אW 

Ri = R1 = R2 =10 kΩ, C1 = C2 = 10pF 
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אאא 
 

٤ J١K אאW 
K 

K 
Kאאא 
KאLC 

٤ J٢K אאאW 
Kאאאא 

Kאא 
Kא 
KאאאK 

٤ J٣K W 
Kאאא 

Kאאא 
KאLC 
K 

٤ J٤K W 
 Kאאאאא180° 
 Kאאאא 
 Kאאאאא 
 Kאאאא 

٤ J٥K W 
 Kאאא 

Kאאאאא 
Kאאאא 
Kאאאא 
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٤ J٦K Kאאאא50א
אא   W 

 K1 
 K0.01 
 K 10  
 K   0.02  

 
٤ J٧K אאאאW 

 K1 
Kא 

 Kא 
K BFאאאאE 

٤ J٨K W 
 Kא 
 K 
 Kאא 

K 
٤ J٩K W 

 Kא 
 Kא 

Kא 
Kא 

٤ J١٠K W 
 K 
 K 
 KDC 
 Kאא 
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 

 
٤ J١K אK 

٤ J٢K ؟אאאא 

٤ J٣K ؟אאא 

٤ J٤K ؟א 

٤ J٥K אאK 

٤ J٦K אאא؟אא 

٤ J٧K אK؟ 

٤ J٨K אאR1 = R2, C1 = C2K5 Vrms Kא     

    אאKאאK 

٤ J٩K אאאאאאאא180אº K 

٤ J١٠K אK؟  

٤ J١١K ؟אא 

٤ J١٢K א75אאאא

؟ 

٤ J١٣K אfr = 3.5 kHzKאאאvin(rms) = 2.2 V

 אאvout(rms)   
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٤ J١٤K אא١٣-٣אאKא

אאD1אאD2K 

٤ J١٥K אRf א١٤-٣אא؟fr؟ 

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

١٤K-٤א١٣W-٤א  ١٥K-٤א١٤W-٤א 
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אאאא 
 

١-٤K،٢-٤K،٣-٤K،٤-٤K،٥-٤،٦-٤K،٧-٤K،٨-٤K،٩-٤K،١٠-٤KK 
אא 

 
١-٤. אא

DCK 
٢-٤. K 
٣-٤. אאאאאאK 
٤-٤. אאאK 
٥-٤. אאK 
٦-٤. אאאאK 
٧-٤. אאאאאאאאאאא

אאK  
٨-٤. (1.67 V)  
٩-٤. אRC אאאא60°K 
١٠-٤. אDC K 
١١-٤. אFאDCE. 
١٢-٤. 1/75 = 0.0133 
١٣-٤. 733 mV 
١٤-٤. 50 kΩ 
١٥-٤. Rf = 136 kΩ, fr = 691 Hz 
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 
 

١-٤( אאאאאW 
 

 fr  R C RF 
١E 100Hz       

٢E 1kHz       

٣E 1MHz       

 
٢-٤( אאאW 
 

 fr  Ri R C RF 
١E100Hz 10kΩ       

٢E1kHz 10kΩ       

٣E1MHz 10kΩ       

 


