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


،،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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א،אאK


 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K


 אאא، א
אK


אאאא
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אאWאא


אאW
אאאאאK


אאW

אאW
1Jאאא
2JאאאאאאאK




אאאW
אאאאאאא


אאW4


אאW

− אאאאK
− אאK
− אאK


אאW

אאאאאאאK



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אאאא
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אאWאאא


אאW
אאאאK

- אאK
- אאK
- אאאK


אאאאW

אK
K
K
אLux-meterK
אAmmeterK
אVoltmeterK 


אא

אאא
אאאאא6.1.1K

אאאאאאאFאאE
KאאאאאאאK




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
J אאאאא

אאDimmerKאאאK
Jאאאא

אאKאאא1.1 א


אL(Lux)אI(mA)אU(V)אP=UI (mW)

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



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אאאא
אאאאאא1.1

אאK
אאאא

אאאאאא 1.1
אאK

אאאא
אאאאאא1.1

אאK


אW

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

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

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

………………………………………………………………………………………………………………………………………………………………………

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אאWאא


אאW
אאאאאא

אאKאאא
אאK


אאאאW

אK
K
K
אAmmeterK
אVoltmeterK 


אא


אאא

אאאא
אאKאאאאא

1.2Kאאאאאא
אK



א254אא
אאאא

 
 

- 6 - 



     אא      {  א
אאאאאKאאאא

א1.2אאאאW


א
Et(V)

א1
E1(V)

א2
E2(V)

א3
E3(V)

אא
It(mA)=I1=I2=I3


אW



אאאאאKאאא
אאאאא،K

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

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

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
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אאא
  אאאא

אאאKאאאא
1.3אKאאאאא

אאאK

אא{אאא
א א     א  K א אא   א  

6.1.3אאאאאW


א
It(mA)

א1
I1(mA)

א2
I2(mA)

א3
I3(mA)

אא
Et(V)=E1=E2=E3

אW


אאאאאKאאא
אאאאא،K

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

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
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אאאאא


אאאא
אאאאאK

אאאאא1.4Kאאאא
אאאאאK




      אא  {   א

א  א א Kא  א אא   א  6.1.4
אאאאW


א

It(mA)
א

Et(V)
א

I(mA)
אאא

E(V)





א254אא
אאאא
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אW


אאאאאאאאאK
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
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אאWאא


אאW
אאאאK


אאW

אאW
1Jאא
2JאK




אאאW
אאאאאא


אאW2


אאW
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Jאאאא
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
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- אאאאאK
- אאאאאK

אאאאאKא
אאאאאאKאא

אאאאK



א254אא
אאאא
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אאאKא
PQאאאאאאK

אאאאPאא،
אא،אאאאK

אאאאאאKא
אאאKאאא

אאאאK


אאאאW

JאאאK
JאאFאEK
JאאאאאK
JאK
JאאאFSynchronometerE،אא

K
JFא”Oscilloscope”EK
JאאאאאK


אא


אאאאאא
אאאא2.1Kאאאא

אאאאאK
אאאאאאאK

אאאאאאאK



א254אא
אאאא
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אאאאKאאא
אאאKאאא

אאאאKאאאK



אאא
1Jאאאא

אK
2–אאאאאאאא

אאK
3–אאאאא2.1K
4JאאאK



א254אא
אאאא
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אאא
5Jאאאאאאא

אאאאFא60EK
6JאאאאאאFKא

אאאV1E
7JאאאאSynchronizing ModuleK
- אאא؟؟אאאא

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

8JאאאאאאF12EאאK
9Jאאאא
אאאאאא؟א؟ -

………………………………………………………………………………………………………………
………………………………………………………………………………………………………………

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


10Jאא،אא،א،

،אאאאFאKE
Jאאאאאא؟

………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………

………………………………………………………………………………………………………………
11Jאאאאאא

אאאK
Jאאאאאא؟

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





א254אא
אאאא
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אאאאW
12JאאאK

- אאאPא؟؟אאא
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………

13JאאאאK
- אאאQא؟؟אאא

………………………………………………………………………………………………………………
………………………………………………………………………………………………………………

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

- אאאא
א؟

………………………………………………………………………………………………………………
………………………………………………………………………………………………………………

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

אא
14Jאאאאא

אאאאאאKא
אאK

15JאאאאאאK



 

 

אאאאאאאא 

 

אאאא 

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א
א

א


א





3



א254אא
אאאאאא
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אאWאאאא


אאW
א

JJK
אאאאאאאאK


אאW

אאW
1JK
2JאאאאאאK


אאאW

אאאאאאא
אאK


אאW6


אאW

JאאאאK
JאאK
JאFאאאKE
JאאאאK


אאW
אאאאאאאK



א254אא
אאאאאא
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אאאWאF60E


אאW
אאK

אאאאאאK


אאאאא
אאאאאK

אL(m)אאא
אאאKאאאאא

אאאאאאK




אאאאאאאRXL 

אאKאאאאtdא4.1K
W  VSאאSending end voltage per phase K 

  VRאאReceiving end voltage per phase K



א254אא
אאאאאא
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  ILאLine current K
RאLine resistance per phase K

XLאאLine reactance per phaseK 
∆VאאLine voltage drop per phaseK 

  PR(w)אאאActive power at receiving endK  
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving end  K
  CosφRאא power factor at receiving end  K
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending endK  
  QS(VAR)אאאReactive power at sending  endK  

  CosφSאא power factor at sending end  K


אאאאW
JאאאאK
JR=25ΩXL=30ΩK 
JאאRLoadK
JאאVoltmeterK 
JאAmmeterK 
JאWattmeter + VarmeterK 
JFא”Oscilloscope”EK

אא


אאאאאא
אאאא4.2K



א254אא
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
אאא

Jאאאא
אK

Jאאאאא4.2K
Jאאאאאאא

אK
אאאא

Jאאא
Jאאאא
Jאאאאאאאא

אאאאאK
א
R(Ω) 

VR 
(V) 

VS 
(V) 

IL 
(A) 

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR)

CosΦR 

300 Ω           
600 Ω           
900 Ω           

אאאאאאא
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Ps 
Qs 

Ss

ϕ

אאאS(VA)אא Q(VAR)א
אאאאאK


φcos

3 PVIS L == 

S P Q= +2 2
אEfficiency of transmission line 

אאאאאאאא
אאאאW

η(%) = ×
P
P

R

S
100

א PR 
(W) 

PS 
(W) 

η 
(%) 

300 Ω    
600 Ω    
900 Ω    


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100

א VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω    
300 Ω    
600 Ω    
900 Ω    


אאאאא

אאאאאא
אאאK


J אאאאאאW 

………………………………………………………………………………………………………………………………KK 
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………………………………………………………………………………………………………………………………KK 

J אאאאW 
…………………………………………………………………………………………………………………………KK……K 

………………………………………………………………………………………………………………………………KK 

J ؟אאאאא
………………………………………………………………………………………………………………………………KK 

………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………




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אאWאF60E


אאW
אאאאא

אKאאאאאאK


אאאאא
אאאאאK

אL(m)אאא
אאאKאאאאא

אאאאאאK
אאאאאאאRXL

אאKאאאאא4.1K
W  VSאאSending end voltage per phase  

  VRאאReceiving end voltage per phase 
  ILאLine current 
RאLine resistance per phase 

XLאאLine reactance per phase 
∆VאאLine voltage drop per phase 

  PR(w)אאאActive power at receiving end  
  SR(VA)אאאApparent power at receiving end  

  QR(VAR)אאאReactive power at receiving end  
  CosφRאא power factor at receiving end  
  PS(w)אאאActive power at sending end  

  SS(VA)אאאApparent power at sending end  
  QS(VAR)אאאReactive power at sending  end  

  CosφSאא power factor at sending end  
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אאאאW
Jאאאא
JR=25ΩXL=30Ω 
JאאXLoad=2πfL
JאאVoltmeterK 
JאAmmeterK 
JאWattmeter  2 + Varmeter K
JFא”Oscilloscope”EK


אא


אאאאאא
אאאא4.3K



 

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Ps 
Qs

Ss

ϕ

אאא
Jאאאא

אK
Jאאאאא4.3K

JאאאאאK


אאאא
JאאאK
JאאאאK
Jאאאאאאאא

אאאאאK


א
L(H)       XLoad  (Ω)

VR 
(V) 

VS 
(V) 

IL 
(A) 

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR)

CosΦR 

300 Ω0.8 H          
600 Ω1.6 H          
900 Ω2.4 H          


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S VI
P

L= =3
cosφ

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

S P Q= +2 2
אEfficiency of transmission line 

אאאאאאאא
Wאאאא

η(%) = ×
P
P

R

S
100
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
א

L(H)       XLoad  (Ω) 

PR 
(W) 

PS 
(W) 

η 
(%) 

300 Ω0.8 H    
600 Ω1.6 H    
900 Ω2.4 H   


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100

א
L(H)       XLoad  (Ω) 

VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω0 H    
300 Ω0.8 H    
600 Ω1.6 H    
900 Ω2.4 H   


אאאאא

אאאאאא
אאאK

J אאאאאאW 
………………………………………………………………………………………………………………………………KK 
………………………………………………………………………………………………………………………………KK 

J אאאאW 
…………………………………………………………………………………………………………………………KK……K 

………………………………………………………………………………………………………………………………KK 

J ؟אאאאא
………………………………………………………………………………………………………………………………KK 

………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 



א254אא
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אאWאF60E


אאW
אאאאא

אKאאאאאאK


אאאאא
אאאאאK

אL(m)אאא
אאאKאאאאא

אאאאאאK
אאאאאאאRXL

אאKאאאאא4.1K
W  VSאאSending end voltage per phase K 

  VRאאReceiving end voltage per phaseK 
  ILאLine current K
RאLine resistance per phaseK 

XLאאLine reactance per phaseK 
∆VאאLine voltage drop per phase K

  PR(w)אאאActive power at receiving end  K
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving end  K
  CosφRאא power factor at receiving end  K
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending endK  
  QS(VAR)אאאReactive power at sending  endK  

  CosφSאא power factor at sending end  K



א254אא
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אאאאW
JאאאאK
JR=25ΩXL=30ΩK 
JאאXLoad=2πfLK
J2אVoltmeterK 
JאAmmeterK 
J2אWattmeter + VarmeterK
JFא”Oscilloscope”EK


אא
אאאאאא

אאאא4.4


 
 


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Ps 

Qs Ss

ϕ

אאא
Jאאאא

אK
Jאאאאא4.4

Jאאאאאאא
אK


אאאא

Jאאא
Jאאאא
Jאאאאאאאא

אאאאאK


א
C(µf)      XLoad  (Ω)

VR 
(V) 

VS 
(V) 

IL 
(A) 

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR)

CosΦR 

300Ω8.85 µf           
600 Ω4.42 µf           
900 Ω2.95 µf          


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S P Q= +2 2
φcos

3 PVIS L ==

אEfficiency of transmission line 
אאאאאאאא

אאאאW
η(%) = ×

P
P

R

S
100

 



א254אא
אאאאאא
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
א

C(µf)      XLoad  (Ω)

PR 
(W) 

PS 
(W) 

η 
(%) 

300Ω8.85 µf    
600 Ω4.42 µf   
900 Ω2.95 µf   


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100

א
C(µf)      XLoad  (Ω) 

VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω0 µf    
300Ω8.85 µf    
600 Ω4.42 µf   
900 Ω2.95 µf   


אאאאא

אאאאאא
אאאK

J אאאאאאW 
………………………………………………………………………………………………………………………………KK 

………………………………………………………………………………………………………………………………KK 

J אאאאW 
…………………………………………………………………………………………………………………………KK……K 

………………………………………………………………………………………………………………………………KK 

J אאאא؟א
………………………………………………………………………………………………………………………………KK 
………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………



 

 

אאFF100100JJΠEE

 

אאאא 

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 





א





F

10
0


J





ΠE



4



א 254 אאא 

 אא אF100JΠE 
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אאאWאF100JΠE


אאW
אΠ

JJKאאאאא
אאאK


אאW

אאW
1JΠK
2JאאאאאאK


אאאW

אאאאאאא
אאK


אאW6


אאW

JאאאאK
JאאΠK 
JאאאFאאאKE
JאאאאK


אאW
אאאאאאאK
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אאWאF100JΠE


אאW

אFΠEא
Kאאאאא

אאאאK


אאאΠ 


אא{אאאאא

אאאאאאאאא
אΠא7.1Kאאאא

א،אאא
אאאWIS=IC1+IL K
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
W  VSאאSending end voltage per phase K 

  VRאאReceiving end voltage per phaseK 
  ILאLine current K
  ISאאSending-end current K
  IRאאReceiving-end current K

RאLine resistance per phase K
XLאאInductive line  reactance per phaseK 
XCאאFאאE Capacitive line reactance per phaseK 
∆VאאLine voltage drop per phase K

  PR(w)אאאActive power at receiving end  K
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving end  K
  CosφRאא power factor at receiving endK  
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending end  K
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  QS(VAR)אאאReactive power at sending  end  K
  CosφSאא power factor at sending end  K


אאאאW

JאאאאK
JR=20ΩXL=40ΩXC1= XC2=2kΩ

K 
JאאRLoadK
Jאא2 VoltmeterK 
Jאא2 AmmeterK 
Jא2 Wattmeter - 2 VarmeterK
JאאFא”Oscilloscope”EK

אא
אאאאאא

אאאא7.2K



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אאא
Jאאאא

אK
Jאאאאא7.2K

Jאאאאאאא
אK


אאאא

JאאאK
JאאאאK
Jאאאאאאאאא

אאאאK


א
R(Ω) 

VR 
(V) 

VS 
(V) 

IR 
(A) 

IS 
(A) 

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR) 

CosΦR 

300 Ω            
600 Ω            
900 Ω            


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S VI
P

= =3
cosφ

 

S P Q= +2 2
אEfficiency of transmission line 

אאאאאאאא
אאאאW

η(%) = ×
P
P

R

S
100
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א PR 
(W) 

PS 
(W) 

η 
(%) 

300 Ω    
600 Ω    
900 Ω    


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100


א VR 

(V) 
VS 
(V) 

∆V 
(%) 

0 Ω    
300 Ω    
600 Ω    
900 Ω    


אאאאא

אאאאאא
אK
J אאאאאאW 

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 

J אאאאW 
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 

J א؟אאאאא
………………………………………………………………………………………………………………………………KK 
………………………………………………………………………………………………………………………………KK 
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אW
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………




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אאWאF100JΠE


אאW

אFΠEא
Kאאאאא

אאאאK


אאאΠ
אא{אאאאא

אאאאאאאאא
אΠא7.1אאאא

א،אאא
אK

W  VSאאSending end voltage per phase K 
  VRאאReceiving end voltage per phaseK 
  ILאLine current K
  ISאאSending-end current K
  IRאאReceiving-end currentK 

  PR(w)אאאActive power at receiving endK  
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving end  K
  CosφRאא power factor at receiving end  K
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending endK  
  QS(VAR)אאאReactive power at sending  endK  

  CosφSאא power factor at sending end  K
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אאאאW
Jאאאא
JR=20ΩXL=40ΩXC1= XC2=2kΩ 
JאאXLoad
Jאא2 Voltmeter 
Jאא2 Ammeter 
Jא2 Wattmeter - 2 Varmeter
JאFא”Oscilloscope”E


אא
אאאאאא

אאאא7.3K



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אאא
Jאאאא

אK
Jאאאאא7.3K

Jאאאאאאא
אK


אאאא

JאאאK
JאאאאK
Jאאאאאאאא

אאאאאK


א
L(H)       XLoad  

(Ω)

VR 
(V) 

VS 
(V)

IR 
(A)

IS 
(A)

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR) 

CosΦR 

300 Ω0.8 H            
600 Ω1.6 H            
900 Ω2.4 H           


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S VI
P

= =3
cosφ

 

S P Q= +2 2

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אEfficiency of transmission line
אאאאאאאא

Wאאאא
η(%) = ×

P
P

R

S
100

א
L(H)       XLoad  

(Ω) 

PR 
(W) 

PS 
(W) 

η 
(%) 

300 Ω0.8 H    
600 Ω1.6 H    
900 Ω2.4 H   




אאWVoltage Regulation of line 
אאאאW

∆V
V V

V
S R

R
(%) =

−
× 100

א
L(H)       XLoad  

(Ω) 

VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω0 H    
300 Ω0.8 H    
600 Ω1.6 H    
900 Ω2.4 H   


אאאאא

 
אאאאאא

אאאK

J אאאאאאW 

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
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………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 

J אאאאW 
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 

J א؟אאאאא
………………………………………………………………………………………………………………………………KK 
………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
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אאWאF100JΠE


אאW

אFΠEא
Kאאאאא

אאאאK


אאאΠ
אא{אאאאא

אאאאאאאאא
אΠא7.1Kאאאא

א،אאא
אK

W  VSאאSending end voltage per phase K 
  VRאאReceiving end voltage per phaseK 
  ILאLine current K
  ISאאSending-end current K
  IRאאReceiving-end current K

  PR(w)אאאActive power at receiving endK  
  SR(VA)אאאApparent power at receiving end  K

  QR(VAR)אאאReactive power at receiving endK  
  CosφRאא power factor at receiving end  K
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending end  K
  QS(VAR)אאאReactive power at sending  end  K

  CosφSאא power factor at sending end  K
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אאאאW
JאאאאK
JR=20ΩXL=40ΩXC1= XC2=2kΩ

K 
JאXCLoadK
Jאא2 VoltmeterK 
Jאא2 AmmeterK 
Jא2 Wattmeter - 2 VarmeterK
JאFא”Oscilloscope”EK


אא
אאאאאא

אאאא7.4




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אאא
Jאאאא

אK
Jאאאאא7.4K

Jאאאאאאא
אK


אאאא

JאאאK
JאאאאK
Jאאאאאאאא

אאאאאK


א
C(F)       XLoad  

(Ω)

VR 
(V) 

VS 
(V)

IR 
(A)

IS 
(A)

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR) 

CosΦR 

300Ω8.85 µf            
600 Ω

4.42 µf 
           

900 Ω
2.95 µf

           


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S VI
P

= =3
cosφ

 

S P Q= +2 2




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אEfficiency of transmission line
אאאאאאאא

אאאאW
η(%) = ×

P
P

R

S
100

א
C(µf)      XLoad  

(Ω)

PR 
(W) 

PS 
(W) 

η 
(%) 

300Ω8.85 µf    
600 Ω4.42 µf   

900 Ω
2.95 µf

   


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100


א

C(µf)      XLoad  

(Ω) 

VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω0 µf    
300Ω8.85 µf    
600 Ω4.42 µf   
900 Ω2.95 µf   


אאאאא

 
אאאאאא

אאאK

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……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

J אאאאW 
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

J ؟אאאאאא
………………………………………………………………………………………………………………………………KK 

………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………

 



 

 

אאFF100100JJTTEE

 

אאאא 

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 





א





F

10
0


J





TE



5
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אאWאF100JTE


אאW
אT

JJK
אאאאאאאא

אאאK
אאW

אאW
1J Τ K
2JאאאאאאK


אאאW

אאאאאאא
אאK


אאW6


אאW

JאאאאK
JאאTK 
JאאאFאאאKE
JאאאאK


אאW
אאאאאאאK
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אאWאF100JΤE


אאW
אFΤEא

Kאאאאא
אאאאK


אאאFΤE


אאאאאא

אאאאאTא10.1K 







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W  VSאאSending end voltage per phase K 

  VRאאReceiving end voltage per phaseK 
  ISאאSending-end current K
  IRאאReceiving-end current K

RאLine resistance per phaseK 
XLאאInductive line  reactance per phaseK 
XCאאFאאE Capacitive line reactance per phaseK 
∆VאאLine voltage drop per phase K

  PR(w)אאאActive power at receiving end  K
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving end  K
  CosφRאא power factor at receiving end  K
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending endK  
  QS(VAR)אאאReactive power at sending  endK  

  CosφSאא power factor at sending end  K


אאאאW
JאאאאK
JR1=R2=10ΩXL1=XL2=20ΩXC=4kΩK 
JאאRLoadK
Jאא2 VoltmeterK 
Jאא2 AmmeterK 
Jא2 Wattmeter - 2 VarmeterK
JאFא”Oscilloscope”EK
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אא
אאאאאא

אאאא10.2K



אאא

JאאאאאK
Jאאאאא10.2K

Jאאאאאאא
אK


אאאא

JאאאK
JאאאאK
Jאאאאאאאאא

אאאאK
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
א
R(Ω) 

VR 
(V)

VS 
(V) 

IR 
(A) 

IS 
(A) 

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR)

CosΦR 

300 Ω            
600 Ω            
900 Ω            


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S VI
P

= =3
cosφ

 

S P Q= +2 2
אEfficiency of transmission line 

אאאאאאאא
אאאאW

η(%) = ×
P
P

R

S
100

א PR 
(W) 

PS 
(W) 

η 
(%) 

300 Ω    
600 Ω    
900 Ω    


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100

א VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω    
300 Ω    
600 Ω    
900 Ω    
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אאאאא
אאאאאא

אK
J אאאאאאW 

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

J אאאאW 
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

J ؟אאאאאא
………………………………………………………………………………………………………………………………KK 
………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………




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אאWאF100JTE


אאW
אFTEא

Kאאאאא
אאאאK


אאאFΤE 


אאאאאא

אאאאאTא10.1K


W  VSאאSending end voltage per phaseK  

  VRאאReceiving end voltage per phaseK 
  ISאאSending-end current K
  IRאאReceiving-end currentK 

  PR(w)אאאActive power at receiving endK  
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving end  K
  CosφRאא power factor at receiving endK  
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending endK  
  QS(VAR)אאאReactive power at sending  endK  

  CosφSאא power factor at sending endK  



א 254 אא 

 אא אF100JTE 
 
 

- 54 - 

אאאאW
JאאאאK
JR1=R2=10ΩXL1=XL2=20ΩXC=4kΩK 
JאאXLoadK
Jאא2 VoltmeterK 
Jאא2 AmmeterK 
Jא2 Wattmeter - 2 VarmeterK
JאFא”Oscilloscope”EK


אא
אאאאאא

אאאא10.3K



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אאא
Jאאאא

אK
JאאאאאK10.3

Jאאאאאאא
אK


אאאא

Jאאא
Jאאאא
Jאאאאאאאאא

אאאאK


א
L(H)       XLoad  (Ω)

VR 
(V)

VS 
(V)

IR 
(A)

IS 
(A)

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR)

CosΦR 

300 Ω0.8 H            
600 Ω1.6 H            
900 Ω2.4 H           


אאאאאאא

אאאS(VA)אא Q(VAR)א
אאאאאK

S VI
P

= =3
cosφ

 

S P Q= +2 2

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אEfficiency of transmission line
אאאאאאאא

אאאאW
η(%) = ×

P
P

R

S
100

א
L(H)       XLoad  (Ω) 

PR 
(W) 

PS 
(W) 

η 
(%) 

300 Ω0.8 H    
600 Ω1.6 H    
900 Ω2.4 H   


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100

א
L(H)       XLoad  (Ω) 

VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω0 H    
300 Ω0.8 H    
600 Ω1.6 H    
900 Ω2.4 H   


אאאאא

 

אאאאאא
אאאK


J אאאאאאW 
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J ؟אאאאאא
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………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
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………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
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………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
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אאWאF100JT E


אאW
אFTEא
Kאאאאא

אאאאK


אאאFΤE 


אאאאאא

אאאאאTא10.1K


W  VSאאSending end voltage per phase K 

  VRאאReceiving end voltage per phaseK 
  ISאאSending-end current K
  IRאאReceiving-end currentK 

  PR(w)אאאActive power at receiving endK  
  SR(VA)אאאApparent power at receiving endK  

  QR(VAR)אאאReactive power at receiving endK  
  CosφRאא power factor at receiving endK  
  PS(w)אאאActive power at sending end  K

  SS(VA)אאאApparent power at sending endK  
  QS(VAR)אאאReactive power at sending  endK  

  CosφSאא Power factor at sending endK  
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Wאאאא
JאאאאK
JR1=R2=10ΩXL1=XL2=20ΩXC=4kΩK 
JאאXCLoadK
Jאא2 VoltmeterK 
Jאא2 AmmeterK 
Jא2 Wattmeter - 2 VarmeterK
JאFא”Oscilloscope”EK


אא
אאאאאא

אאאא10.4K



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אאא
Jאאאא

אK
Jאאאאא10.4K

Jאאאאאאא
אK


אאאא

JאאאK
JאאאאK
Jאאאאאאאאא

אאאאK


א
C(F)       XLoad  (Ω)

VR 
(V)

VS 
(V)

IR 
(A)

IS 
(A)

PR 
(W) 

PS 
(W) 

SR 
(VA) 

SS 
(VA) 

QR 
(VAR) 

QS 
(VAR)

CosΦR 

300Ω8.85 µf            
600 Ω4.42 µf           
900 Ω2.95 µf           


אאאאאאא

אאאS(VA)אא Q(VAR)א
Kאאאאא

S VI
P

= =3
cosφ

 

S P Q= +2 2
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אEfficiency of transmission line
אאאאאאאא

אאאאW
η(%) = ×

P
P

R

S
100

א
C(µf)      XLoad  (Ω)

PR 
(W) 

PS 
(W) 

η 
(%) 

300Ω8.85 µf    
600 Ω4.42 µf   
900 Ω2.95 µf   


אאWVoltage Regulation of line 

אאאאW
∆V

V V
V

S R

R
(%) =

−
× 100


א

C(µf)      XLoad  (Ω) 

VR 
(V) 

VS 
(V) 

∆V 
(%) 

0 Ω0 µf    
300Ω8.85 µf    
600 Ω4.42 µf   
900 Ω2.95 µf   


אאאאא

 

אאאאאא
אאאK


J אאאאאאW 

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
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J אאאאW 
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

J ؟אאאאאא
………………………………………………………………………………………………………………………………KK 
………………………………………………………………………………………………………………………………KK 

אW
……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………



 



 

 

אאאאאא 

 

אאאא 

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 


א

א


א


6
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אאWאאאאא


אאW
אאאΤ - ΠK


אאW

אאW
JאאאאK


אאאW

אאאאאאאאאABCDK


אאW4K


אאW
JאאאאK
JFHHEאאK 
JאאאאK


אאW
אאאאאאאK



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אאWאF100EאΠ 


אאW
אאאאΠ


אאאאFΠEGeneralized Circuit Constants of Transmission Line


אא  אא א אא א 

אאאאא13.1
אW

V AV BIS R R= +  
I CV DIS R R= +


A, B, C, DאאאאKאאא

אאאK
אאאאאאאאאK
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




W  VSאאSending end voltage per phase K 

  VRאאReceiving end voltage per phaseK 
  ISאאSending-end current K
  IRאאReceiving-end currentK 

RאLine resistance per phaseK 
XLאאInductive line  reactance per phaseK 
XCאאFאאE Capacitive line reactance per phaseK 
∆VאאLine voltage drop per phase K

Y
X C

=
1

                            Z R jXL L= +
                      V

Z Y
V Z IS

L
R L R= +

⎛
⎝⎜

⎞
⎠⎟ +1

2
 


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A D
Z YL= = +1

2


B Z R jXL L= = +
C Y

YZL= +
⎛
⎝⎜

⎞
⎠⎟1

2


                          V AV BIS R R= +
         I CV DIS R R= +


אאאאW

JאFאאאאKE
JאFΠER=20Ω

XL=40ΩXc1=Xc2=2kΩK 
Jאא2 VoltmeterK 
Jאא2 AmmeterK 


אאאאA,C 


אאאאאא
אאא13.2K
W

אWI R = 0
    אא                : V AVS R=

A
V
V

S

R
=

אאWI CVS R= 

C
I
V

S

R
=
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

אאא13.2אאאאא
אאאאאA ,CK


VR 
(V) 

VS 
(V) 

IS 
(A) 

A C 
     
     

 
אאאאB,D : 

אאאא
אאKאאאאא

W
אWVR = 0

    אא                       : V BIS R=
B

V
I

S

R
=

אאWI DIS R= 

D
I
I

S

R
=
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


אאאא13.2אאאאא
אאאאאB ,DK


IR 

(A) 
VS 
(V) 

IS 
(A) 

D B 
     
     

 
אW

……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
……………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………KK………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………KK………………………………………

……………………………………………………………………………………………………………………………………………………………………… 
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אאאWאF100EאΤ 


אאW
אאאאΤK


אאאאFΤEGeneralized Circuit Constants of Transmission Line

א א אא א אא  א
אאאאא14.1

אW
V AV BIS R R= +  

I CV DIS R R= +
A, B, C, DאאאאKאאא

אאאK
אאאאאאאאK
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




W  VSאאSending end voltage per phase  

  VRאאReceiving end voltage per phase 
  ISאאSending-end current 
  IRאאReceiving-end current 

RאLine resistance per phase 
XLאאInductive line  reactance per phase 
XCאאFאאE Capacitive line reactance per phase 

Y
X C

=
1

                         Z R jXL L= +
                      

V
Z Y

V Z
Z Y

IS
L

R L
L

R= +
⎛
⎝⎜

⎞
⎠⎟ + +

⎛
⎝⎜

⎞
⎠⎟1

2
1

4


I YV
YZ

IS R
L

R= + +
⎛
⎝⎜

⎞
⎠⎟1

2

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A D
Z YL= = +1

2


B Z
Z Y

L
L= +

⎛
⎝⎜

⎞
⎠⎟1

4


C Y=   


                           V AV BIS R R= +
                              I CV DIS R R= +


אאאאW

JאFאאאאKE
JאFΤER1=R2=20Ω

XL1=XL2=20ΩXc =4kΩK 
Jא2 Voltmeter 
Jא 2 Ammeter 


אאאאA,C  


אאאאאא

אאא14.2K
W

אWI R = 0
    אא                : V AVS R=

A
V
V

S

R
=

אאWI CVS R= 

C
I
V

S

R
=
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אאא14.2אאאאא

אאאאאA ,CK


VR 
(V) 

VS 
(V) 

IS 
(A) 

A C 
     
     


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