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♦ אא(Concept)
،אא،אא

،אאאאאאK 

♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١K 
• ١٢٢٠ΩK 
• ١٣٣٠ΩK 
• ١(١N٤٠٠٧)K 
• ١kΩ٧}٤kΩ١٠kΩK

♦ אא(Procedure) 

• אאWאא
אאF١KEאאא٢V،

אאKאVfאF١Eא،
אIfVfK 

 







A

E
       S 
١kΩ or  
٤٫٧kΩ or
١٠kΩ

+ 
٢٢٠ 

١N٤٠٠
 
V

mA

٢ V

F١E
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V ٠٫١ ٠٫٢ ٠٫٣ ٠٫٤ ٠٫٥ ٠٫٦ ٠٫٧ ٠٫٨ Vf 

mA         If 

F١E
 

• אאWאא
אאF٢KEאאא٢V،

אאKאVrאF٢Eא،
אIrVrK 

 








V ٢ ٤ ٦ ٨ ١٠ ١٢ ١٤ ١٦ ١٨ ٢٠ Vr 

µA 
          

Ir 


F٢E

 
 אאF١EF٢Eאא

אאאK 
 



+

+ 
٣٣٠ Ω

١N٤٠٠٧
 
V

µA

 ٣٠ V--- ٠ 

F٢E 
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♦ א(Results)  
،אאאW 

١K אאאW 

VB = --------------- volt 

٢K אא(If)אאאW 

If = ---------- mA  

٣K אאא(If)Vf = ٥}٠V،Vf = ٨}٠VW 

If = ---------- mA, ---------- mA. 

٤K אאא(Ir)Vr = �٢V،Vr = �١٨VW 

Ir = ---------- µA, ---------- µA.  
 

 

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אאאK












 

 

 

אאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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




א



א



٢
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♦ אא(Concept)
،אא،אאא

،אאאאאK 

♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١K 
• ١٢٢٠ΩK 
• ١٣٣٠ΩK 
• ١(AA١١٨)K 
• ١kΩ٧}٤kΩ١٠kΩK 

♦ אא(Procedure) 

• אאWאא
אאF١KEאאא٢V،

אאKאVfאF١Eא،
אIfVfK 

 







A

E
       S 
١kΩ or  
٤٫٧kΩ or
١٠kΩ

+ 
٢٢٠ 

AA١١٨
 
V

mA

٢ V
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

V ٠٫١ ٠٫٢ ٠٫٣ ٠٫٤ ٠٫٥ ٠٫٦ ٠٫٧ ٠٫٨ Vf 

mA         If 

F١E
 

• אאWאא
אאF٢KEאאא٢V،

אאKאVrאF٢Eא،
אIrVrK 

 









V ٢ ٤ ٦ ٨ ١٠ ١٢ ١٤ ١٦ ١٨ ٢٠ Vr 

µA 
          

Ir 


F٢E

 
 אאF١EF٢Eאא

אאאK 

+

+ 
٣٣٠ Ω

AA١١٨
 
V

µA

 ٣٠ V--- ٠ 

F٢E 
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
♦ א(Results)  

אאא،W 
٥K אאאW 

VB = --------------- volt 

٦K אא(If)אאאW 

If = ---------- mA  

٧K אאא(If)Vf = ٥}٠V،Vf = ٨}٠VW 

If = ---------- mA, ---------- mA. 

٨K אאא(Ir)Vr = �٢V،Vr = �١٨VW 

Ir = ---------- µA, ---------- µA.  
 

 












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אאאK



























 

 

 

אאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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

א






א



٣
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♦ אא(Concept)
 ،א  א     א  

 ، א   א    ،א    א
א א אא،א  א

אK

♦ אא(Circuit Diagram)









♦ אא(Apparatus) 

• ١K 
• ١אFEK 
• ١אא(AVO)K 
• ١٣٣٠ΩK 
• ١١٠µFK 
• ١١٠٠µFK 
• ١(١N٤٠٠٧)K

♦ אא(Procedure)
١K אאאK 
٢K א،אא،אא٦٠HzK 
٣K ،אאא(RMS)٦VאW 

Vin = --------------- volt 
 

١N٤٠٠٧ 

٣٣٠ CVin 

 
V Vout 

٢٢٠ 
V 
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٤K אVinאאFאEאא،(Vin)p
אJא(Vin)p-pאW 

(Vin)p   = --------------- volt 
 

(Vin)p-p = --------------- volt 
 

٥K אVoutאאFאEאא،(Vout)p
אW 

(Vout)p   = --------------- volt 
 

٦K אאא،אא(DC value)אאW 
אאWאK

(Vout)dc   = --------------- volt 

אאWא١٠µFW
(Vout)dc   = --------------- volt 

אאWא١٠٠µFW
(Vout)dc   = --------------- volt 

 
٧K אF٦EאVrippleאאW 

אאWאK
Vripple   = --------------- volt 

 

אאWא١٠µFW
Vripple   = --------------- volt 

אאWא١٠٠µFW

Vripple   = --------------- volt 

٨K אW 

fripple   = --------------- Hz 
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٩K ،אאאאאאאW 

• אאW 












 
• אאW 










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• אא١٠µFW 












 
• אא١٠٠µFW 
 





 
 
 







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אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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


א

א





א


٤
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♦ אא(Concept)
א،אאא

،אא،אא
א،אאאאא

K

♦ אא(Circuit Diagram)











♦ אא(Apparatus) 

• ١K 
• ١אאFEK 
• ١אא(AVO)K 
• ١٣٣٠ΩK 
• ١١٠µFK 
• ١١٠٠µFK 
• ٤(١N٤٠٠٧)K 

♦ אא(Procedure)
١٠K אאאK 
١١K א،אא،אא٦٠HzK 
١٢K אאא،א(RMS)٦VאW 

Vin = --------------- volt 

١N٤٠٠٧ 

١N٤٠٠٧ 

C  RL 
٣٣٠ΩV١

 
V V٢

٢٢٠ 
V 

٢٢٠ 
V 
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١٣K אVinאאFאEאא،(Vin)p

אJא(Vin)p-pאW 
(Vin)p   = --------------- volt 

 
(Vin)p-p = --------------- volt 

 
١٤K אVoutאאFאEאא،(Vout)p

אW 
(Vout)p   = --------------- volt 

 
١٥K אאא،אא(DC value)אאW 

אאWאK
(Vout)dc   = --------------- volt 

אאWא١٠µFW
(Vout)dc   = --------------- volt 

אאWא١٠٠µFW
(Vout)dc   = --------------- volt 

 
١٦K אF٦EאVrippleאאW 

אאWאK
Vripple   = --------------- volt 

אאWא١٠µFW
Vripple   = --------------- volt 

אאWא١٠٠µFW
Vripple   = --------------- volt 

١٧K אW 

fripple   = --------------- Hz
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١٨K ،אאאאאאW 
• אאW 













 

• אאW 











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• אא١٠µFW 












 
• אא١٠٠µFW 
 





 
 
 







 



 

 

 

אאאאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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

א





א



א



٥
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♦ אא(Concept)
،א،א،אאא

אאאK
♦ אא(Circuit Diagram)










♦ אא(Circuit Operation Theory)
אאאאW
 א  א א  א א  D١  א  

א D٢א א  C١א  א 
א(VP)אא(VB) D١Kאאא

אאD١אא D٢ א، א 
אC١ א א  א 

אאאC٢א٢VP  KאאC٢
٢VPאאאC٢א

אאא٢אVPאאK

♦ אא(Apparatus) 

• ١K 
• ١אFEK 
• ١אא(AVO)K 
• ٢١}٠µfK 
• ١١kΩ K 
• ٢(١N٤٠٠٧)K 

 
RL

١N٤٠٠٧ C١ 

١N٤٠٠٧ C٢ 
Vin 

 
V Vout 

٢٢٠ 
V 

 
V
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♦ אא(Procedure)
١٩K אאאK 
٢٠K א،אא،א٦٠אHzK 
٢١K א،אאא(RMS)٦VאW 

 
Vin = --------------- volt 

 
٢٢K אVinאאFאEאא،(Vin)p

אJא(Vin)p-pאW 
(Vin)p   = --------------- volt 

 
(Vin)p-p = --------------- volt 

 
٢٣K אVoutאאFאEאא،(Vout)p

אW 
(Vout)p   = --------------- volt 

 
٢٤K אא،אאא(DC value)אאW 

אאWW
(Vout)dc   = --------------- volt 

אאWW
(Vout)dc   = --------------- volt 

 
٢٥K א،אאאאאW 


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• אאK 













 
• אK 













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• אאK 
 








 
 



 

 

 

אאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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




א
א



٦



א١٤٦ א  א 

אא אאFE  
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♦ אא(Concept)
،אאאאאא

،אא،
אאK

♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١K 
• ١٢٢٠ΩK 
• ١(١kΩ or ٧}٤kΩ or ١٠kΩ)K 
• ١(٢}٦V/١W)K 


♦ אא(Procedure) 

• אאWאא(Forward Bias) 
אאF١KEאאא٢V،

אא   K  אVf א F١E،
אאIfVfK






 


Vf

If 

A

E       S 
 
١kΩ  or  
٤٫٧kΩ  
or
١٠kΩ

+ 
٢٢٠ 

٦٫٢V/١W 
 
V

mA

٢ V 

F١E 
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

V ٠٫١ ٠٫٢ ٠٫٣ ٠٫٤ ٠٫٥ ٠٫٦ ٠٫٧ ٠٫٨ Vf 

mA         If 


F١E

 
• אאWאא(Reverse Bias) 

אאF٢ KEאא٢V،
אא    Kא  Vr  א  F٢E،
אאIrVrK 










V ٢ ٤ ٦ ٨ ١٠ ١٢ ١٤ ١٦ ١٨ ٢٠ Vr 

µA 
          

Ir 

F٢E


 אאF١EF٢Eאא
אאK 



Ir

Vr 
٦٫٢V/١W 

+

+ 
٣٣٠ Ω

 
V

µA 

 ٣٠ V ٠ــ 

F٢E 
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♦ א(Results)  
،אאW

٩K אW 

VZener = --------------- volt 

١٠K אאא(If)Vf = ٥}٠V،Vf = ٨}٠VW 

If = ---------- mA, ---------- mA 

١١K אאא(Ir)Vr = �١V،Vr = �١٢VVr = �١٨VW 

If = ---------- µA, ---------- µA, ---------- µA 

















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אאK



























 

 

 

  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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












٧
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♦ אא(Concept)
،א،אאאא

אאאאא
אא(load regulation)، אא

א. (line regulation) 

♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١K 
• ١٢٢٠ΩK 
• ١١٠kΩK 
• ١(٢}٦V/١W)K 


♦ אא(Procedure) 

• אאWא(Zener Regulation with a Variable Load) 
o אאF١KE 









o אא١٢Vאא،K

RL
١٠kΩ

+ 
٢٢٠ 

٦٫٢V/١W

 
V

mA
١٢ 

mA

F١E 
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o אRLאF١Eא،
אIZאאILאאVL

RLK 


kΩ ١ ٢ ٣ ٤ ٥ ٦ ٧ ٨ ٩ ١٠ RL 

mA           IL 

mA           IZ 

V           VL 

F١E
אWאאא؟אא

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWKKK

o אאאVLאRLאאK 













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


























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• אאWא 
Zener Regulation with a Varying input Voltage

١K אאF٢KE 









٢K אאאVS١٠Vאא،K
٣K אVSאF٢Eא،

אIZאאISאאVL
אVSK 


V ١٣٫ ١٤

١٢٫ ١٣ ٥
١١٫ ١٢ ٥

١٠٫ ١١ ٥
١٠ ٥ VS 

mA          IS 

mA          IZ 

V          VL 

F٢E
אWאאא؟אא

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKW 

٤K אאאVLאVSאאK 
 

RL
١kΩ

+ 
٢٢٠ 

VZ 
٦٫٢V 

 
V

mA
٢٠ 

mA

F٢E 

 
V

VS
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


























 

 

 

אאאאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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


א


א


א



٨
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♦ אא(Concept)
،אאאאאNPN،
אאאאא IBא

אVBEאאVCEK
♦ אא(Circuit Diagram)













♦ אא(Apparatus) 

• ١K 
• ١K 
• ٣אא(AVO)K 
• ١٣٣kΩK 
• ١١٠kΩK 
• ١١kΩK 
• ١אNPN(BC١٤٠)אK 

BC ١ ١٤٠kΩ 

٠V

١٥V+

IB 

VCE 

٣٣kΩ 

١٠٠Ω

µA ١٠kΩ 
 
V 

V
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♦ אא(Procedure)

١K אא،אא١kΩא،
אVCEאVCE = ١VKאאא١٠kΩא

א،אאVBEאK 


µA ٥٠ ١٠٠ ١٥٠ ٢٠٠ ٢٥٠ ٣٠٠ ٣٥٠ ٤٠٠ ٤٥٠ IB 

V VBEVCE = ١V

V VBEVCE = ٢V

V VBEVCE = ٣V

 

٢K אאאאVCE،א
אא١kΩK 

٣K אאאאאVCEא
אאKאאאK











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אאK



























 

 

 

אאאאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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


א




א
א



٩
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♦ אא(Concept)
،אאאאאNPN،

אאאאא ICאאVCE
אK

♦ אא(Circuit Diagram)












♦ אא(Apparatus) 

• ١K 
• ١K 
• ٣אא(AVO)K 
• ١٣٣kΩK 
• ١١٠kΩK 
• ١١kΩK 
• ١אNPN(BC١٤٠)אK 

BC ١٤٠ ١kΩ 

٠V

١٥V+

Ib 

IC

Vce

٣٣kΩ 

١٠٠Ω
mA

µA ١٠kΩ 
 
V
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♦ אא(Procedure)
١K אאאא،١٠kΩא،IB

אIB = ١}٠mAKאאא١kΩאא
א،אICאK 



V ٠٫١ ٠٫٢ ٠٫٣ ٠٫٥ ١ ٣ ٥  VCE 

mA        IC IB = ٠٫١mA 

mA        IC IB = ٠٫٢mA 

mA        IC IB = ٠٫٣mA 

mA        IC IB = ٠٫٤mA 

 

٢K א،אאאא
١٠אkΩK 

٣K אאאאאאאK 

٤K אאאאW 
• אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK،

אKKKKKKKKKKKKKKKKKKKK 

• אאKKKKKKKKKKKKKKKKKKאאKKKKKKKKKKKKKKKKKK 

• אאKKKKKKKKKKKKKKKKKKאא
KKKKKKKKKKKKKKKKKK 

• אאאאאKKKKKKKKKKKKKKKKKK 

• אאאאא
KKKKKKKKKKKKKKKKK 
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אאאK



























 

 

אאאאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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

א



א

א


١٠



אא ١٤٦  א 

אאא אאFE  
 

 

- ٣٦ - 

♦ אא(Concept)
،אאא،אא

،אאאא،אא
אאאאK

♦ אא(Circuit Diagram)














♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١אא(AVO)K 
• R١٠٠ = ١kΩK 
• R١٠ = ٢kΩK 
• Rc = ٢٢٠kΩK 
• Re = ٢٢٠Ω or ١٥٠ΩK 

GND 

+ 
  Ce 
- 

Re 

VCC = ١٥ V 

RC 

C١ 
+   

R١ 

R٢ 

C٢ 
+         + 

א 
א
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• C١ = ١µF 
• C١٠ = ٢µF or ٧}٤µF 
• Ce = ٤٧µF or ١٠٠µF 
• א(Tr. ٤٠V/١A) 

 

♦ אא(Procedure) 

 אאWאאFאE
٥K אאא،אא١٥V،

אK 

٦K א،אאאVB, VE, VBE, VC, and VCEK 

٧K אאאאW 
 

VCE 
volt 

VC 
volt 

VBE 
volt 

VE 
volt 

VB 
volt 

     



אWאאאא،אאK

אWאא

 אאWאא،א،אא
١K אאאאא،١٥V،

אK 

٢K אא،אאאא
٣٠אmVאJ،١אkHzK 

٣K אאאאאC١K 

٤K אאאאאJאאאW 
 

Vout(p-p) = --------------- volt 
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fout      = --------------- Hz 

 
٥K אאW 

Av = Vout / Vin = --------------- 

٦K אא(dB)W 

Av(dB) = ٢٠log(Vout / Vin) = --------------- dB 
 

٧K אאאאK 

٨K אא،אאW 

Phase Shift = --------------- degree 

٩K אאאאאK 


 


 





 

 

 

אאאאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

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

א



א

א




١١
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♦ אא(Concept)
،א،אאאא

אאאאא،אאK
♦ אא(Circuit Diagram)















♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١אא(AVO)K 
• R١٠٠ = ١kΩK 
• R١٠ = ٢kΩK 
• Rc = ٣}٣kΩK 
• Re = ٢٢٠Ω or ١٥٠ΩK 
• C١ = ١µF 
• C١٠ = ٢µF or ٧}٤µF 
• Ce = ٤٧µF or ١٠٠µF 

 GND 

Re 

VCC = ١٥ V 

RC 

C١ 
+   

R١ 

R٢ 

C٢ 
+           

א 

א

C٣ 
+           
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• א(Tr. ٤٠V/١A) 
 

♦ אא(Procedure) 

 אאWאאFאE
٨K אאא،אא١٥V،

אK 
٩K אא،אאVB, VE, VBE, VC, and VCEK 

١٠K אאאאW 


VCE 
volt 

VC 
volt 

VBE 
volt 

VE 
volt 

VB 
volt 

     


אWאאאא،אא.

אWאא

 אאWאא،א،אא
١K אאא،אא١٥V،

אK 

٢K אא،אאאא
٣٠אmVאJ،١אkHzK 

٣K אאאאאC١K 

٤K אאאאאJאאאW 
 

Vout(p-p) = --------------- volt 

fout      = --------------- Hz 

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٥K אאW 

Av = Vout / Vin = --------------- 

٦K אא(dB)W 

Av(dB) = ٢٠log(Vout / Vin) = --------------- dB 

٧K אאאאK 

٨K אא،אאW 

Phase Shift = --------------- degree 

٩K אאאאאK 


 


 
 



 

 

 

אאאאאא  

 

אאאאFFEE  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א


א


א



١٢
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♦ אא(Concept)
،א،אאאא

אאאא،אא
אK

♦ אא(Circuit Diagram)













 
 
♦ אא(Apparatus) 

• ١K 
• ١K 
• ١K 
• ١אא(AVO)K 
• R١٠ = ١kΩK 
• R١٠ = ٢kΩK 
• Rc = ٣}٣kΩK 
• Re = ١kΩK 

GND 

+ 
  Ce 
- 

Re 

VCC = ١٥ V 

RC 

C١ 
+   

R١ 

R٢ 

C٢ 
+        + 

א 
א
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• C١ = ١µF 
• C١٠ = ٢µF or ٧}٤µF 
• Ce = ٤٧µF or ١٠٠µF 
• א(Tr. ٤٠V/١A) 

 
♦ אא(Procedure) 

 אאWאאFאE
١K אאא،אא١٥V،

אK 
٢K א،אאאVB, VE, VBE, VC, and VCEK 
٣K אאאאW 


VCE 
volt 

VC 
volt 

VBE 
volt 

VE 
volt 

VB 
volt 

     


אWאאאא،אא.

אWאא

 אאWא،א،אאא
١K אאא،אא١٥V،

אK 

٢K אא،אאאא
٣٠אmVאJ،١אkHzK 

٣K אאאאאC١K 
٤K אאאאאJאאאW 
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Vout(p-p) = --------------- volt 

fout      = --------------- Hz 
 

٥K אאW 

Av = Vout / Vin = --------------- 

٦K אא(dB)W 

Av(dB) = ٢٠log(Vout / Vin) = --------------- dB 
 

٧K אאאאK 

٨K אא،אאW 

Phase Shift = --------------- degree 
 

٩K אאאאאK 

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