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،،אא،אW

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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
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
 א א   ? J٢ ?  ? 

?אאאאאאאK


אאאאאאא
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
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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Kאאא

אא،אאא
אאא،אאא
אאאאאאאאK

אאJ٢אאאאאאאא
אK

אא،אאאאאא
،אאאא،אK

אאאא،،
א،אאאא

אאK
،אKKKKKK

א


 



 

 

 

אאאאאא  

 

JJ٢٢  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 
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אאאא


אא،אאאW
• אאאאאאK 
• אאאאK 
• אאאאאאK 
• אאאאK 
• אאאK 
• אאאאK 



א١٤١ א  א 
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- ٢ - 

١J١
אאאאאאא

א  א א א א א א
אאאאאK

١J٢אEnergy Conversion
אW

١K אאWאאאאאא
אאFKE 

٢K Wאאאאאא
אאאאאאאא

אK 
אאאK

١J٢J١אאאPrimary Energy Resources 
אאאאאאא

אKאאאאא
אאאאאאאא

אאK
אאW

אאW
F١E אא(Fossil Energy Resources)
F٢E אא(Renewable Energy sources)
F٣E אא (Nuclear Energy sources) 

א
١J٢J١J١ אאFossil Energy Sources

אאאאא
אאאאאא

אאאאאאא



א١٤١ א  א 

אאא -٢  
 
 

- ٣ - 

אאאאא
אאאW

FIE א(Petroleum Oil)
FIIE אא(Natural Gas)
FIIIE א(Coal) 

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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W
אאאFאאE

א
אא

א

٤٠
٦٠
٢٥٠

F١J١Eאאאאא

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אאא -٢  
 
 

- ٤ - 

אאאאאא
אאאאאאאאא

אאאאK
١J٢J١J٢ אאNuclear Energy

אאFאEאאא
אאאאאאאאאאאא

א(Radioactive Material)K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K
אאאJאא–א

אK
אאאאאFfissionEאא

(Fusion)אאאאאאאאא
אאאK

אאאאא
אFאEאאאFאE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K

١J٢J١J٣ אאRenewable Energy
אאאאאאא

אאאא
אאאאאאאאK



א١٤١ א  א 

אאא -٢  
 
 

- ٥ - 

אאאאאאא
אW

FIE אאאאאאK
FIIE אאאאאאאאא 

(Wind Energy)אFא
אKE

FIIIE אאאא(Water falls)אא
FאאKE

FIVE אאא(Sea waves)אא
אאאK

FVE אאאאא(Geophysics)א
אאFאאKE

FVIE אאאאאא
(Ocean Energy)אאאאא

K
FVIIE אאאאאא(Solar Lakes)FאאאKE
FVIIIE אאאאאא

א(Bio gas)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 K א אא א

Kאאאאא
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אאאאאא
אאאא

אK


١J٣אאGeneration of Electrical Energy 

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
Kאאא

אאK
אאW

١J٣J١ אאאאHydro- Power 
Station

אאאאאFאאאE
Kאאאא

אא
F١J١EK


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










F١J١Eאא


אאאאאאאFא
אKEאאאא

אאאאאא
אאאא
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אאא
אאאאאא،אאא

אאאאאא
אאאאKF١J٤E

אאאאאאאאא
אאאאFאEאא

אאאאאK











F١J٤Eאאאא


אאאאאאאא
א א אא א    F ،א    

א،אEאא
  K F١J٥ E،  א א

אאאאאאא،אא
אאאאאאאK



 

 
 



 

אאא 

 
 

P

T
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











F١J٥Eאא

١J٣J٣ אאאאGas Turbine 
Power Station

אאאאאא
אאFאאאEאאא

،F١J٦KE 








F١J٦Eאא
،אא

אK

 





 مكثف
 مضخة


 

אאא 

א 


 


א 

 

  

אאא 


אא 
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

١J٣J٤ אאאDiesel Power 
Station 

אאאאא
אא،אאK

אאאא
אK

F١J٧EאW






F١J٧Eא


١J٣J٥ אאאW
אאאאאא

FJJJאJאאJא٠٠٠٠٠٠E
FאאאEאFאJ

EKאאא،
אאאא،אאאאא

אאK


  א 

אאא 



א١٤١ א  א 

אאא -٢  
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אאאאאאאא
אאW














F١J٨Eאאאאא










F١J٩Eאאאא

 
 


 

+

-

 

 



 


 



 
א

 
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







F١J١٠Eאא

 





 
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אא


١K אאאאK 
٢K אאאאK 
٣K אאאאK 
٤K אאאK 
٥K אאאאK 
٦K אאאאK 
٧K אאאאאK 
٨K אאאאK 
٩K אאאאאאאאK 

١٠K אאאאאאאאK 
١١K אאאאאאK 
١٢K אאאאאאK 
١٣K אאאאאK 
١٤K אאאאאאאK 
١٥K אאאאאאאK 
١٦K אאאאאK


 



 

 

 

אאאא  

 

JJ٢٢  

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 -٢  
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אאאא


אאא،אאW
• אאאאאK 
• אאK 
• אאK 
• אאK 
• אאאאאK 
 Kאא •
• אאאK
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אא -٢  
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٢J١Introduction 
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

٢J٢אאאMagnetic Effects of Electrical Current  
٢J٢J١אאGeneration & Concentration of Magnetic Field 
אאא،אא

א(Magnetic Field)אאאFא
אFאאE،φEאאא،

F٢J١KE
 
 
 
 
 
 
 
 

F٢J١EאאאK


אאא،אא
אאWאאא
א،אאאאא،אאאא

אאאאאKאאFא
אφEאא،FאEאאאא،

אאאא،אF٢J٢KE
  

I
ϕ 
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אא -٢  
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F٢J٢EאK


אW
F١E אאאאאא

( )×א( )•אא،אF
אאאEאאא،

F٢J٢KE
F٢E ،אא،אאאא

א،א،אא
א،אאK

F٣E אאאאאאא
א،אK 

F٤E אאאאF٢J
٣KE 


 
 
 
 
 

F٢J٣EאאאK


אאFφEא،א
אאאא،אאא،אא

ϕ١ 
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אאאאFEאא،
אאאאאאK


 
 
 
 
 
 

F٢J٤EאאאאK

אא،אאא
אאאאFאאE

אאאאאאא،א
אאאאאאאאKא

אאא(φ٢)אאFφ١Eא
אF٢J٤KE

א،אאא
אאאאF٢J٥KE

 
 
 
 
 
 
 

F٢J٥EK
W

ϕ١<ϕ٢<ϕ٣
אאא،אאאאאאא

אא،אאאאK

ϕ

A B
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אא -٢  
 
 

- ١٩ - 

٢J٢J٢אאFaraday's Law
אאאN

אF٢J٦Eא،EF
Eאאאא،אא

Nאא،
אF٢J١WE

dt
dNE φ

−=           )١-٢(  

 
 
 
 

 
 
 


F٢J٦EאאאאאאK 

٢J٣אאBasic Concepts of Electrical Generator 
F٢J٥Eאאאא،

אאאא،אאא
אאאאאאאאא

אאא،
،אF٢J٧KE

 
 
 

 
 
 
 
 

F٢J٧EאאאאאK

E = - N dϕ/dt 

ϕ = f(t)

N

S
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אאאאאWא
אא،אאאאא

אאW

 dt
dNE ϕ

−=
           )٢-٢(  

אאאBW

B
A

=
ϕ

           )٣-٢(  

W

 BA=ϕ            )٤-٢(  
 BdAd =ϕ           )٥-٢(  

אlאאאאϕ،
אאEWאא

dxאאאא،=ϕd،W
BdAd =ϕ           )٦-٢(  

dxdA l=           )٧-٢(  
dxBd l=ϕ           )٨-٢(  

א،אאF٢J٢E،WN=١،W

ν== ll B
dt
dxBE

          )٩-٢(  

W
BZאאFאאאE
lZא
νZאאאאאאאK
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אאאאEאFWEאא،
W ϕ νאאא،

א،W
،אאאאאאא
אאאאאאאאאאאא

אאאK
٢J٣J١אאGeneration of Sine Wave 

אאאאא
،אאאאF٢J٨E،

אאאאאאאאאא
אFEאאK
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

אאאF٢J٨E،אא
ABCDAא،W
F١E אAאאא

אK
F٢E אBאאאא

אאFאאEאא
אF٢J٨KE 
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F٣E אCאאאאK 
)٤( אDאאאא

אאFאאEאאא
אK  אאאאאאאאא
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F٢J٩KE 

1�

05��

0

05�

1

0 90 180 270 360

אא




א


א
L


א

 
F٢J٩EאאK


٢J٣J٢אאאMathematical Analysis of Sine Wave 

אאאאאאאא
אאאאK

אא(V)WאאאאאאאK
אאא(ω)Wאאאאאאא،אאא

אאradians
א(f)WאאאאאאאאK

א،אdאאא
אDW

2D2d π=          )١٠-٢(  
אאאאθW

( )
( ) π=
π

=ϑ 2
2D

2D2

        )١١-٢(  
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אאאאא،fא،אאV
W

( ) f2D2V ⋅π=         )١٢-٢ (  
אאωW

f2 π=ω           )١٣-٢(  
אVωW

( )2DV ⋅ω=            )١٤-٢ (  
tאW

tVd ⋅=           )١٥-٢(  
אW

t⋅ω=θ           )١٦-٢(  
אאאאאθ

V،F٢J١٠E،W


 
 
 
 
 
 
 
 
 
 

 
F٢J١٠Eאא  

υ = V sinθ         )١٧-٢(  
 

υאאאאϕKW
( )tsinVBsinVBBE ω=θ=ν= lll      )١٨-٢(  

θ

θ

θ
V

N

S

ω

السرعة 
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א
א
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( ) ( )tsinEtsinVBE max ω=ω=∴ l      )١٩-٢(  
( )2DBVBE max ω== llQ       )٢٠-٢ (  

( )tsin
2

DB
E ω⎟

⎠
⎞

⎜
⎝
⎛ ω

=∴
l

       )٢١-٢(  
אאאאאאאאאK 
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
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F٢J١١Eאא


אאאאF٢J١١E،

אאא،אWא
אא؟

אאאאWאאאא
Kאאאאאאאא

٢J٣J٣J١אאאAverage value of sine wave 
אאWאאאאאאא

אאאא(T)א،
אZKאאאT/٢אאאא

אאאא،אאאT/٢
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אאאF٢J١٢E،
אאא٢/TאאאאWא

אאK
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F٢J١٢Eאאאא 


٢J٣J٣J٢אאאEffective value of sine wave 
אאWאאאאא،

אאא،אא،א
אאאאאאאאא

אאאאאאאא
אKאr.m.s אroot 

Iav
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mean squareאאאאאאא
אאWθ= sinIi mW

F١E א،אW2
m

2 )sinI(i θ=(square)،
F٢J١٣KE 

 
 
 

 
F٢J١٣Eאא 

 
F٢Eאאאאא

אאאא،אא (mean): 
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٢J٣J٤אאPhase angle 

F٢J١٠Eאאאא
אאאא

אF٢J١٤Eא
אאאאאK
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F٢J١٤EK
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אאאWα & ψ،
F٢J١٥Eא،W
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JאאאאאAW
 

eA = Em sin ωt         )٢٨-٢(  

JאBאאאאW

 
eB = Em sin (ωt+ψ)        )٢٩-٢(  

 
J אCאאאאW

 
eC = Em sin (ωt - α)        )٣٠-٢ (  

אאאאאאB
אאאψאAאא

אαאCאF٢J١٦KE 
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
אאאאאא

אאא،אא
אאא(reference)אאK

אאאAאאB،Cאאא
אאאאאא،אאאאW

A B C 

ψ α 
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♦ אAאא،אZW 
)0tsin(Ee mA +ω=         )٣١-٢ (  

♦ אאאאW 
)tsin(Ee mB ψ+ω=         )٣٢-٢(  

♦ אאאאW 
)tsin(Ee mC α−ω=         )٣٣-٢(  

٢J٣J٥אאאRepresentation of Sine Wave 

אאאאא
אEmאωאאאאאאא

אאωtאאאאאאא
F٢J١٧KE
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
F٢J١٧EאאאK 

٢J٣J٥J١אאMathematical Representation of Vectors 

אאW
١J אאאK
٢J אאK 
٣J אאK 
٤J אאK 

ωt
ωt π ٢π 
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W
F١E אאאW
A

W
 21 jaaA +=         )٣٤-٢(  

jאW
jWאאאאZ1−

אאאW
אאאא

F٢J١٨KE



F٢J١٨EאאK 


אX،אאj

XjjX −=⋅⋅
אאאFF–EE

אאjאאאא،
٩٠א،jאאאא٩٠Kאא

אאאאאאאאא
אאאF٢J١٩KE









to - ∞ to ∞ ٠ 
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









F٢J١٩EאאאאK
)aa(A 2

2
2
1 +=         )٣٥-٢(   

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=θ −

1

21

a
a

tan
         )٣٦-٢(  

F٢E אאW
אאאW

θ= cosAa1          )٣٧-٢(  
θ= sinAa 2          )٣٨-٢(  

אW21 jaaA +=W
( )θ+θ=θ+θ= sinjcosAsinjAcosAA      )٣٩-٢(  

F٣E אאW
אאאW

θ+θ=θ sinjcose j
        )٤٠-٢(  

אאW( )θ+θ= sinjcosAAאW
θ=  jeA   A         )٤١-٢(  

F٤E אאW
אאאW

 θ  A    A ∠=          )٤٢-٢(  

j 

⎟A⎢

a٢ 

a١ 
θ
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٢J٣J٥J٢אאאBasic Calculations of Vectors 

F١E א
אB,AאCאDאW

21 jaaA +=          )٤٣-٢(  
21 jbbB +=          )٤٤-٢(  

21 jccC +=          )٤٥-٢(  
21 jddD +=          )٤٦-٢(  

BAC +=           )٤٧-٢(  
BAD −=           )٤٨-٢(  

( ) ( )2211212121 bajbajbbjaajcc +++=+++=+    )٤٩-٢(  
)ba(j)ba()jbb()jaa(jdd 2211212121 −+−=+−+=+   )٥٠-٢(  

111 bac +=           )٥١-٢(  
222 bac +=          )٥٢-٢(  

111 bad −=           )٥٣-٢(  
222 bad −=          )٥٤-٢(  

])ba()ba[(C 2
22

2
11 +++=       )٥٥-٢(  

( )
( )11

221
C ba

ba
tan

+
+

=θ −

        )٥٦-٢(  
])ba()ba[(D 2

22
2

11 −+−=       )٥٧-٢(  
( )
( )11

221
d ba

ba
tan

−
−

=θ −

        )٥٨-٢(  
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F٢E א
אאאאאא،אא

אאאאK
CAB: ⋅

( ) ( )2121 jbbjaaBAC +⋅+=⋅=       )٥٩-٢(  
( ) ( )12212211 babajbaba     ++−=       )٦٠-٢(  

 
 

( ) ( ) ]babababa[C 2
1221

2
2211 ++−=      )٦١-٢(  

( )
( )2211

12211
C baba

baba
tan

−
+

=θ −

       )٦٢-٢(  
אאאאאאאW

CBA CBABAC θ∠=θ∠⋅θ∠=⋅=      )٦٣-٢(  
BAC ⋅=           )٦٤-٢(  

baC θ∠+θ∠=θ∠         )٦٥-٢(  
אW

( ) cbaba jθθθjjθjθ eCeBAeBeAC =⋅=⋅= +
    )٦٦-٢(  

אW

B
AD =

          )٦٧-٢(  

B
A

D =
          )٦٨-٢(  

bad θ∠−θ∠=θ∠         )٦٩-٢(  
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אא


WאW
FE אאאאא 
FE אאאא 
FE אאאא 
FE אא 
FE אאאאאאאαK 
FE אאאאאאאא 
FE אאאאאאא 
FE אאאא 
FE אאאאK 

WאW
١K אאאW 

FE  
FE 6j8B,8j6A −=−=
FE 6j8B,8j6A +=−= 
FE 6j8B,8j6A −=+= 
FE 6j8B,8j6A +=+= 
FE 6j8L,8j6K +−=−= 
FE 6j8L,8j6K +−=−−= 
FE 6j8L,8j6K −−=−−= 
FE 6j8L,6j8K +−=+−= 
FE 6j8L,8j6K +=−−= 
 

٢K אאBA −W 
FE 6j8B,8j6A −=−= 
FE 6j8B,8j6A +=−= 
FE 6j8B,8j6A −=+= 
FE 6j8B,8j6A +=+= 
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FE 6j8B,8j6A +−=−= 
FE 6j8B,8j6A +−=−−= 
FE 6j8B,8j6A −−=−−= 
FE 6j8B,6j8A +−=+−= 
FE 6j8B,8j6A +=−−= 
 

٣K אאאאW 
FE 8j6A −= 
FE 6j8B += 
FE 8j6A +=6j8B −= 
FE 8j6A −−= 
FE 6j8B −−= 
FE 6j8A +−= 
FE ,8j6A +−= 
 

٤K אאאאאW 
FE °∠= 3010A 
FE °−∠= 3010A 
FE °∠= 6010A 
FE °−∠= 6010A 
FE °∠= 87.3610A 
FE °−∠= 87.3610A 
FE °∠= 13.5310A 
FE °−∠= 13.5310A 
 

٥K אאאW 
FE °−∠=°∠= 3010B,3010A 
FE °∠=°∠= 6010B,3010A 
FE °∠=°∠= 010B,3010A 
FE °∠=°∠= 010B,010A 
FE °−∠=°∠= 6010B,12010A 
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٦K אא
B
AW 

FE °−∠=°∠= 3010B,3010A 
FE °∠=°∠= 6010B,3010A 
FE °∠=°∠= 010B,3010A 
FE °∠=°∠= 010B,010A 
FE °−∠=°∠= 6010B,12010A 
 

٧K א،א
A
BW 

FE °−∠=°∠= 3010B,3010A 
FE °∠=°∠= 6010B,3010A 
FE °∠=°∠= 010B,3010A 
FE °∠=°∠= 010B,010A 
FE °−∠=°∠= 6010B,12010A 
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אאאאאא

 

JJ٢٢  

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

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

א


א
א






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אאאא


אאא،אאW
• אאK 
• אאאאK 
• אאK 
• אאאאK 
• אאאK 
• אאK 
• אאאאאאאאjK 
• אאאK 
• אאאK 
• אאאאK 
• אאאאאK
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٣J١Introduction 
אאאאאאאאאא
אאאאאא،אאא

אאK
٣J٢אאBasic Elements of A.C Circuits  

٣J٢J١אאThe Resistance 








F٣J١EאאאאאK

אאאF٣J١E،
Wאאא

tsinEE m ω=           )١-٣(  
W

RitsinEE m ⋅=ω=          )٢-٣(  

tsinItsin
R

E
i m

m ω=ω⎟
⎠
⎞

⎜
⎝
⎛=

        )٣-٣(  
tsinIi m ω=           )٤-٣(  

אF٣J١EF٣J٤Eאאא
א،אאאאK





RE

i 
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٣J٢J٢אאThe Inductive Reactance 

،אF٣J٢E،
ΦאאאאΦ 

אN אi،W



 





F٣J٢EאאאאK
 

iN ∝φ           )٥-٣(  
LiN =φ           )٦-٣(  

אאאאLא(Henry)K
אאW

dt
dNE φ

−=
          )٧-٣(  

LiN =φQ           )٨-٣(  

dt
diL

dt
dN =

φ
∴

         )٩-٣(  

dt
diL

dt
dNE −=

φ
−=∴

        )١٠-٣(  
אאאאW)tsin(Ii m ω=

W

( ))t(sinmI
dt
dLE ω⋅⋅−=

       )١١-٣(  
( )tcosILE m ω⋅ω⋅⋅−=        )١٢-٣(  
( ) ( )90tsinmE90tsinLmIE +ω⋅=+ω⋅⋅ω⋅−=     )١٣-٣(  

Φ

N 
i
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L
I
E

m

m ⋅ω=
         )١٤-٣(  

אאאאFE
ωLאאא(Inductive Reactance)א،(Ω)،

WL f  2   L π=ω
א،אאאEאiא

٩٠K
אאאW

Lf2L ⋅π=ω          )١٥-٣(  

٣J٢J٣אאThe Capacitive Reactance 

،אאא
אF٣J٣E،

אא،אKW
VQ ∝           )١٦-٣(  
CVQ =           )١٧-٣(  

אאאCאא،א
אא FaradK
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



F٣J٣EאאאאK
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٣J٢J٣J١א
אאאאCאאR،

F٣J٤E،אא
אאאאא

אא،א،א
אאא

אאKאאאW
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אF٣J١٧Eאא
אW
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dt

dV
C

dt
dQ C ==

        )١٨-٣(  
אאאFאJ١E،

אW

dt
dV

RCER
dt

dV
CERIEV CC

C −=⋅−=⋅−=
    )١٩-٣(  

E
dt

dV
RCV C

C =+∴
        )٢٠-٣(  

אF٣J٢٠Eאא،אא،
אאW
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W

ICWא
RC=τWא

٣J٢J٣J٢א
،אאאאאאאאאא

F٣J٥Eאאאא،
אאK،אאאא

אאאK
אאW
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     )٢٨-٣(  
אאאאאK

F٣J٦Eאאאאא،Fא
אEאאאא،FאאKE

א




א


F٣J٦Eאאאאא

F٣J١E
א٥٠ µFאא،١٢ Vא

א٢א kΩא،Wאאτאא،٢٠ msecKא
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אאא،אאא
אאא،אאא١٠א msecאK

א
אאτ،W

sec1.0CR =⋅=τ   
א٢٠ msec،W
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א١٠ msecא،אW

V97.1eV175.2eVV 1.0
010.0

RC
t

CiC =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅=

−−

 

mA98.0e
2000

V175.2
e

R
V

I 1.0
010.0

RC
t

Ci
d −=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅−=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅−=

−−

 

٣J٢J٣J٣אאאא
אא،אאאאאא
אאא،אאא

אאW

dt
dVC

dt
dQi ==

         ) ٢٩-٣(  
אאאאאW tsinVv m ω=אא،

אW
( ) tsin

dt
d VC    

dt
dvC   i m ω⋅⋅==

      )٣٠-٣(  
( )90tsinVC    tcosVC      i mm +ω⋅⋅⋅ω=ω⋅ω⋅⋅=     )٣١-٣(  
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אאW
( )90tsinIi m +ω⋅=         )٣٢-٣(  

W
CVI mm ω⋅=          )٣٣-٣(  

W

C
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I
V

m

m

ω
=

          )٣٤-٣(  
אFE،

C
1

ω
א

א(Capacitive Reactance)א،(Ω)،W

C f  2
1   

C 
1

π
=

ω          )٣٥-٣(  
אאאאא٩٠°K

٣J٣אאא
٣J٣J١אאאjאאאj Operator in Electrical Circuits  

אאiRאאאL
C،F٣J٧KE








F٣J٧ER، L، CאאאK

W
אRWRiE r ⋅=א،(volt) K
אL WLiE L ω⋅=א،(volt) 

i 

R 

E

L C 

ECER EL
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אCW
C
iEC ω

=א،(volt)

אאאאאאFאאE،W)L(iE L ω=،
א٩٠°אiF٣J٨Eאאא،j

אW


 





F٣J٨EאאאאאאאK
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Eא،אא،אK

אאאF٣J١٢KE








F٣J١٢EאאאאאאK

W
LR EEE +=          )٥٤-٣(  

( ) ZiLjRiLjiRiE ⋅=ω+⋅=ω⋅+⋅=      )٥٥-٣(  
F٣J٤E

א٥ ΩאאאL = ٠١}٠ Henry،
Wvolts200e  =Wf = ٥٠ HzK

אW
F١E אאK
F٢E אK

א
F١EאWאאאωW

f2π=ω  
sec/rad 314    50    14.3    2    =××=ω  

אאXLW
LX L ×ω=  
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RiER ⋅=

ZiE ⋅=
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אאZW
( ) Ω=+=  9.5    14.3   5     Z 22
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⎠
⎞
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⎝
⎛=θ − 13.32
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אiW

Z
ei =

 
אFEאא،٠° אאא

W

 13.32A9.33    
13.329.5

0V200
    i °−∠=

°∠Ω
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אאא١٣}٣٢°אא،٠°
אא١٣}�٣٢° א،אאאK

F٣E אW
♦ אאW
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٣J٣J٢J٤ אאRC series Circuit 
F٣J١٣Eא،אאW
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F٣J٥E
א١٢٥ volts٥٠ Hzא

،אאF٣J١٥Eאאאאא،٢}٢ Amp.
אאאא٨}٩٦ Wattא،אאא
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










F٣J١٥EאאאF٣J٥KE
א

RiP 2=  

Ω===   20  
2.2

8.96    
i
P    R

22
 

volts  44    202.2    iR    E R =×==  

( ) ( ) volts  117    44125    EE    E 222
R

2
C =−=−=  

CC XiE •=  

Ω==   2.53    
2.2

117    XC  

C5014.32
1

Cf2
1

C
12.53XC ×××

=
⋅π

=
ω

==  

Farad  1060     C 6−×=  

Watts 8.96P = C 

A  2.2١٢٥ volts   
٥٠ Hz 



אא ١٤١  א 

אאא -٢  
 
 

- ٥٥ - 

F٣J١٦EאאאK 
 

 
 
 






F٣J١٦EאאאF٣J٥KE

٣J٣J٢J٥ אאאא
RLC Series Circuit 

אאאאאR
אאאLאאC

F٣J١٧E،iאאאא،אאFאE
אאאאFאאEאF

KEאאאZW








F٣J١٧ER، L، CאאאK

⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω+=⎟

⎠
⎞

⎜
⎝
⎛

ω
−ω+=

C
1LjR

C
1jLjRZ

      )٧١-٣(  

( )
2

2

C
1LRZ ⎟

⎠
⎞

⎜
⎝
⎛

ω
−ω+=

        )٧٢-٣(  

R

E

L C 

EC ER EL

i 

volts117EC   =volts125E   =

i volts44E R   =

ϕ



אא ١٤١  א 

אאא -٢  
 
 

- ٥٦ - 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω
−ω

=
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω

=θ∠ −−

CR
1LCtan

R
C

1L
tan

2
11

Z

     )٧٣-٣(  

אW

°θ−∠=
θ∠

°∠
= Z

Z Z
E

Z
0E

i
        )٧٤-٣(  

( )
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω
−ω

−∠

⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω+

= −

CR
1LCtan

C
1LR

E
i

2
1

2
2

     )٧٥-٣(  

אאאW

( )
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω
−ω

−∠

⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω+

⋅
= −

CR
1LCtan

C
1LR

RE
E

2
1

2
2

R

    )٧٦-٣(  
LL XiLjiE ⋅=ω⋅=          ( )٧٧-٣  

( )
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω
−ω

−°∠

⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω+

ω⋅
= −

CR
1LCtan90

C
1LR

LE
E

2
1

2
2

L

    )٧٨-٣(  

CC Xi
C

1jiE ⋅−=
ω

⋅−=
        )٧٩-٣(  

( )

( )
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω
−ω

−°−∠

⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω+

ω
= −

CR
1LCtan90

C
1LR

CEE
2

1
2

2
C

   )٨٠-٣(  



אא ١٤١  א 

אאא -٢  
 
 

- ٥٧ - 

F٣J١٨Eאאא(XL < XC)(XC < XL) 










F٣J١٨JWE(XL < XC)F٣J١٨JWE(XC < XL)  

F٣J٦E 
١٠٠ µFאאא ٢٠ Ωא

H05.0L      =،F٣J١٩KEאאאאא
א٥٠ Hzאא،٢٠٠ voltsKאא

אK
א

 
 
 
 
 

 



F٣J١٩EאאאF٣J٦KE


sec/rad314   5014.32    f2    =××=π=ω  
Ω=×=ω=   7.15    05.0314    L    X L  

( ) Ω=
××

=
ω

=
−

 84.31    
10100314

1    
C

1    X
6C

 

i LE

CE

E

RE

iθ  

i 

LE

CE

E

RE

iθ

Ω20

Hz50
V200

H05.0
F100µ

i 



אא ١٤١  א 

אאא -٢  
 
 

- ٥٨ - 

( ) 14.16j2084.317.15j20Z −=−+=  

( ) ( ) Ω=+=   7.25    14.1620    Z 22
 

°−=⎟
⎠
⎞

⎜
⎝
⎛ −

=θ − 9.38   
20

14.16tan    1
Z

 

.Amp  9.3878.7    
9.387.25

0V200
    

Z
E    i °∠=

°−∠Ω
°∠

==
 
9.38V6.155209.38A78.7RiER ∠=Ω•°∠=⋅=  

 9.128V146.122    907.159.38A78.7    Xi    E LL °∠=∠Ω•∠=⋅=  
 1.51V72.247    9084.319.38A78.7    Xi    E CC °−∠=−∠Ω•∠=⋅=  

F٣J٢٠Eאאא

 
 
 
 

        
 
 





F٣J٢٠EאאF٣J٦E

E = ٢٠٠ V

i = ٧٫٧٨ A

i⋅R = ١٥٫٦ V 

i⋅XL=  ١٢٢٫١٤٦ V 

i⋅XC= ٢٤٧٫٧٢ 
٣٨٫٩°

١٢٨٫٩°

-٥١٫١° 



אא ١٤١  א 

אאא -٢  
 
 

- ٥٩ - 

٣J٣J٣אאאParallel Circuits 
٣J٣J٣J١אאא

אאאF٣J٢١E،אא
אאXLW











F٣J٢١Eאאאא

א،אאאאW

Lj
Ei
ω

=
           )٨١-٣(  

א،אאאאאW

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω

+
ω

⋅=
ω

+
ω

=+=
2121

21 Lj
1

Lj
1E

Lj
E

Lj
Eiii

     )٨٢-٣(  

א،אאW

Lj
i
EX L ω==

          )٨٣-٣(  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω

+
ω

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω

+
ω

⋅

==

2121

L

Lj
1

Lj
1

1

Lj
1

Lj
1E

E
i
EX

    )٨٤-٣(  



≡E
L٢ 

i

L١ 

1i 2i

E

L 

i



אא ١٤١  א 

אאא -٢  
 
 

- ٦٠ - 

א،אאאW

21 L
1

L
1

L
1

+=
          )٨٥-٣(  

)
LL
LL

(L
21

21

+
⋅

=∴
          )٨٦-٣(  

،אאאאאאא
אאK

F٣J٧E

אאאאאאאא٥ mH
א٧ mHK

א

F٣J٨٦E،אאאא،W

mH92.2
mH7mH5
mH7mH5

)
LL
LL

(L
21

21 =
+
×

=
+
⋅

=∴
 

٣J٣J٣J٢אאא
אאאF٣J٢٢E،אא

אאXCW









 

F٣J٢٢Eאא

E

C٢ 

i

≡E
C٢ 

i

C١ 

1i 2i



אא ١٤١  א 

אאא -٢  
 
 

- ٦١ - 

א،אאאאW

( ) CjE
Cj1

Ei ω⋅=
ω

=
         )٨٧-٣(  

א،אאאאאW

( ) ( ) 21
21

21 CjECjE
Cj1

E
Cj1

Eiii ω⋅+ω⋅=
ω

+
ω

=+=
   )٨٨-٣(  

א،אאאW
CjECjECjEi 21 ω⋅=ω⋅+ω⋅=        )٨٩-٣(  

אEj ωא،W
21 CCC +=           )٩٠-٣(  

אF٣J٩٠EאאאאאאK

F٣J٨E
אאאאא١٠٠א µFא

٢٥ µFK
א

F٣J٩٠Eאא،W
F125F25F100CCC 21eq µ=µ+µ=+=  

٣J٣J٣J٣אאRL Parallel Circuit 

אאאF٣J٢٣E،אא
אאZW







F٣J٢٣Eאא

 E L 

Ri Li

Ti

V



אא ١٤١  א 

אאא -٢  
 
 

- ٦٢ - 

ZWאא
( )

( ) ( )
( )

( )222

222

LR
LRjLR

LjRLjR
LjRLjR

LjR
LjR

Z
ω+

ω+ω
=

ω−⋅ω+
ω−⋅ω⋅

=
ω+

ω⋅
=

   ) ٩١-٣(  
( )

( )
( )

( )222

2

222

22

LR
LR

j
LR

LRZ
ω+

ω
+

ω+

ω
=

       )٩٢-٣(  

( )
( )

( )
( )

2

222

22

222

22

LR
LR

LR
LRZ ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω+

ω
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω+

ω
=

     )٩٣-٣(  

⎟
⎠
⎞

⎜
⎝
⎛

ω
=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω

ω
=θ∠ −−

L
Rtan

LR
LRtan 1
22

2
1

Z
       )٩٤-٣(  

אאW
°∠=

°∠
°∠

= 0
R
E

0R
0E

iR
         )٩٥-٣(  

°−∠
ω

=
°∠ω

°∠
= 90

L
E

90L
0E

iL
        )٩٦-٣(  

°−∠
ω

+°∠=+= 90
L

E0
R
Eiii LRT        )٩٧-٣(  

( ) ( ) ⎟
⎠
⎞

⎜
⎝
⎛

ω
−=

ω
−=−

ω
++=

L
1j

R
1E

L
Ej

R
E1j0

L
E0j1

R
EiT

    ) ٩٨-٣(  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

ω
+⎟

⎠
⎞

⎜
⎝
⎛⋅=

22

T L
1

R
1Ei

        )٩٩-٣(  

⎟
⎠
⎞

⎜
⎝
⎛

ω
−=θ −

L
Rtan 1

i
) ١٠٠-٣                                                                              (  

אאF٣J٢٤KE



אא ١٤١  א 

אאא -٢  
 
 

- ٦٣ - 

 
 







F٣J٢٤EאאאאK

F٣J٩E
F٣J٢٥Eא٥ Ωאאא

L = ٠١}٠ Henry،Wvolts 200e =Wf = ٥٠ HzK
אאא،אאאK







F٣J٢٥EאאאF٣J٩KE
א

°∠=
°∠Ω

°∠
=°∠=

°∠
°∠

= 0A40
05

0V200
0

R
E

0R
0E

iR  

°−∠
π

=°−∠
ω

= 90
Lf2

E90
L

EiL  

°−∠=°−∠
Ω×⋅⋅π

=
−

90A7.6390
101502

V200
i

2L  

E  

Ri

LiTi

iθ  

Ω= 5R

Hz50f
V200E

=
= H01.0L =

Ri Li

Ti

V



אא ١٤١  א 

אאא -٢  
 
 

- ٦٤ - 

A2.75
14.3
1

5
1200

L
1

R
1Ei

2222

T =⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛×=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

ω
+⎟

⎠
⎞

⎜
⎝
⎛⋅=  

°−=⎟
⎠
⎞

⎜
⎝
⎛−=⎟

⎠
⎞

⎜
⎝
⎛

ω
−=θ −− 9.57

14.3
5tan

L
Rtan 11

i  

٣J٣J٣J٤אאRC Parallel Circuit 

אאאF٣J٢٦E،אא
אאZW








F٣J٢٦EאאאאאK

( )
⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω

⎟
⎠
⎞

⎜
⎝
⎛

ω
−

=
⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

ω
−

⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

ω
−⋅

=

C
jCR

C
Rj

C
1jR

C
1jR

Z                                                  ) ٣-

١٠١(  

( )
( )

( ) ( )jCRjCR
jCRRj

jCR
Rj

Z
+ω⋅−ω

+ω⋅−
=

−ω
−

=                                              ) ٣-

١٠٢(  

( )
( ) ( )

( )
( )1CR

CjRR
jCRjCR

jCRRj
Z

222

2

+ω

ω−
=

+ω⋅−ω
+ω⋅−

= ) ١٠٣-٣                           (          

   

C R 
E

Ri Ci

Ti

V



אא ١٤١  א 

אאא -٢  
 
 

- ٦٥ - 

( ) ( )1CR
CRj

1CR
RZ

222

2

222 +ω

ω
−

+ω
=                                                  )١٠٤-٣(  

( ) ( )
2

222

22

222 1CR
CR

1CR
RZ ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

+ω

ω
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

+ω
=                                  ١٠٥(  )٣-  

( )( )
( )( ) ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ ω−
=

+ω

+ωω−
=θ∠ −

R
CRtan

1CRR
1CRCR 2

1
222

2222

Z ) ١٠٦-٣                       (  

אאW

°∠=
°∠
°∠

= 0
R
E

0R
0E

iR                                                                             F٣J١٠٧E  

°∠ω=
°−∠

ω

°∠
= 90CE

90
C

1
0E

iC F٣J١٠٨E  

°∠ω+°∠=+= 90CE0
R
Eiii CRT                                                     F٣J١٠٩E  

( ) ⎟
⎠
⎞

⎜
⎝
⎛ ω+=ω++⎟

⎠
⎞

⎜
⎝
⎛ += CEj

R
ECEj00j

R
EiT F٣J١١٠E  

( )2
2

T CE
R
Ei ω+⎟

⎠
⎞

⎜
⎝
⎛= F٣J١١١E

 

( )CRtan
R
ECEtan 11

i ω=⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛ω=θ∠ −−                                             F٣J١١٢E  

אאF٣J٢٧EK




אא ١٤١  א 

אאא -٢  
 
 

- ٦٦ - 








F٣J٢٧EאאאאK

F٣J١٠E
א٥ ΩאאC = ٠١}٠ µF،

Wvolts 200e =Wf = ٥٠ HzF٣J٢٨KEאאא
אאאK








F٣J٢٨EאאאF٣J١٠KE

א

°∠=
°∠Ω

°∠
=°∠=

°∠
°∠

= 0A40
05

0V200
0

R
E

0R
0E

iR  

°∠×=°∠×××π×=°∠ω= −− 90A108.62901001.050220090CEi 36
C  

( ) ( ) ( )26
2

2
2

2
2

T 1014.3
5
1200C

R
1ECE

R
Ei −×+⎟

⎠
⎞

⎜
⎝
⎛×=ω+⎟

⎠
⎞

⎜
⎝
⎛=ω+⎟

⎠
⎞

⎜
⎝
⎛=  

E  

Ri

Ci
Ti

iθ  

F01.0C µ=Ω= 5R

Hz50f
V200E

=
=

Ri Ci

Ti

V



אא ١٤١  א 

אאא -٢  
 
 

- ٦٧ - 

( ) A401014.3
5
1200i

26
2

T =×+⎟
⎠
⎞

⎜
⎝
⎛×= −  

( ) ( ) °=××××π×=ω=θ∠ −−− 051001.0502tanCRtan 611
i  

٣J٣J٣J٥אאאא
RLC Parallel Circuit 

RאאאLאא
CאאאEF٣J

٢٩KE











F٣J٢٩EאאאאאK

אאאiWאאא(iR)Hאאא(iL)
Hאאא(iC)K

 CLR iiii ++= ) ١١٣-٣                                                                     (  

אE،אאאא
אFאZE

  

C
j

E  
Lj

E  
R
E    i

⎟
⎠
⎞

⎜
⎝
⎛

ω
−

+
ω

+=

) ١١٤-٣                                                     (  

RE L C 

Ti  

Ci Li Ri



אא ١٤١  א 

אאא -٢  
 
 

- ٦٨ - 

⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω+⋅=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ ω
−

ω
+⋅=

L
1  C j  

R
1E    

j
C  

Lj
1  

R
1E   i

) ١١٥-٣           (  
22

L
1C

R
1E  i ⎟

⎠
⎞

⎜
⎝
⎛

ω
−ω+⎟

⎠
⎞

⎜
⎝
⎛⋅=

) ١١٦-٣                                                   (  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ω
−ω

=⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

ω
−ω=θ∠ −−

L
1LCRtan

R
1

L
1Ctan

2
11

i

) ١١٧-٣           (  

אאF٣J٣٠E 
 
 
 
 
 







F٣J٣٠EאאאאK

E iR 

iC 

iL 

iL 

iC 

i 



אא ١٤١  א 

אאא -٢  
 
 

- ٦٩ - 

F٣J١١E
אאאF٣J٣١EאאאאאאK

א










F٣J٣١EאאאF٣J١١KE

°∠=
°∠Ω
°∠

= 0A5.0
0100
0V50

iR  

( ) °−∠=
°∠Ω××π×

°∠
= 90mA145.3

9053.210002
0V50

iL  

( ) °∠=
°−∠Ω×××π×

°∠
=

−
90mA145.3

901001.0100021
0V50

i
6C  

°∠+°−∠+°∠=++= 90mA145.390mA145.30A5.0iiii CLRT  

°∠= 0A5.0iT  

אאאאאא
א،אK

R = ١٠٠ ΩE = ٥٠ V 
f = ١ kHz 

L = ٢٫٥٣ H C= ٠٫٠١ µf 

Ti  

Ci Li Ri
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F٣J١٢E
אאאF٣J٣٢E،אא،W

6 j - 8    Z&  8 j  6  Z 21 =+=אאא،volts  100   E =(f =٦٠ Hz)K
אאאK

א




 



F٣J٣٢EאאאF٣J١٢KE
 

°∠Ω=+= 3.5110    8j6    Z1  

°−∠Ω=−= 9.3610    6j8   Z2  

°∠= 0V100E  

°−∠=
°∠

°∠
= 3.51A10    

3.5110
0100    i1  

°∠=
°−∠

°∠
= 9.36A10    

9.3610
0100    i2  

( )( )
( )( )  6j88j6

6j88j6    
ZZ

ZZ
    Z

21

21
t −+

−+
=

+
=  

  13.81.7    
13.814.14
26.16100    

2j14
28j96   Zt °∠Ω=

°∠
°∠

=
+
+

=  

°−∠=
∠

∠
== 13.8A1.14    

13.81.7
0100    

Z
E    i

t
 

Z١

Z٢ 

i

i١

i٢

١٠٠ V 
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٣J٤אאאPower in A.C Circuits  

٣J٤J١אPower Triangle 

א،אאאאאא
אאא،(Voltage lead)

אא (Current lead)אא
אאאא(in phase)אא،

אאאϕF٣J٣٣KE






F٣J٣٣EאאאאK


אIWאא=ϕ⋅ cosI
אא= ϕ⋅ sinIF٣J٣٤KE












F٣J٣٤EאאאאK


V

i

ϕ

V

I

ϕ

ϕ⋅ sinI

ϕ⋅ cosI 
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אא،אאאאא
אאאאK

אאVאא
F٣J٣٥KE








F٣J٣٥Eא

אאWא،א
אאW

F١Eאא(S)WApparent PowerW
IVS ⋅=                                                                                       ) ١١٨-٣(  

F٢Eאא(P)WActive PowerW
  ϕ⋅⋅= cosIVP ) ١١٩-٣                                                                          (  

F٣Eאא(Q)WReactive PowerW
ϕ⋅⋅= sinIVQ ) ١٢٠-٣                     (                                                    

٣J٤J٢אPower Factor
אאאאאאאϕcos،

אאϕאאאאK

S
P)(cos =ϕ

) ١٢١-٣                                                                            (  
 
 
 

V

IVS ⋅=

ϕ

ϕ⋅⋅= cosIVP

ϕ⋅⋅= sinIVQ
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٣J٤J٣אPower Factor Correction 

אאאאאאאא
(Current lag.)F٣J٣٦Eאא،

אSאאאאPאאKא
אQאא،SP

אאא،אKא
אאϕ ϕcosאא
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،אאאאאF٣J٣٦E،
אאאאI١אאϕ١،

אP.F١ = cos ϕ١Kאאאאא
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אא

WאW

١K אאאאאאאK 

٢K אאאא٩٠°אK 

٣K אאאא٩٠°אK 

٤K אאא.XL 

٥K אאא.XC 
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١٠K אאאאאאאאK 

١١K אאאאאאא
אK

WאW

١K אאאא(٥Ω) אא(٥ mH)א
אK 

٢K אאאא(١٥Ω)אא(١µf)
אאK 

٣K אאאא(٢٠Ω) אא(٥ mH)
אא(١µf)אאK 
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٤K אאאא(٥Ω) אא(٥ mH)א
אK 

٥K אאאא(١٥Ω)אא(١µf)
אאK 

٦K אאאא(٢٠Ω) אא(٥ mH)
אא(١µf)אאK 

٧K אאאאאאאא
٥٠ mHא٧٠ mHK 

٨K אאאאאאאא
٣٠ mHא٢٠ mHK 

٩K אאאאא١٠٠א µF
٢٥א µFK 

١٠K אאאאא١٠٠א µF
٢٥א µFK 

١١K ،אאאא،אאW
8 j - 6    Z&  6 j  8  Z 21 =+=אאא،V  200   E =(f =٥٠ Hz)K

אאאK
 









Z١

Z٢ 

i

i١

i٢

٢٠٠ V 
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אאא -٢  
 
 

- ٧٨ - 

١٢K אא،אאאאא
אאאK 










 

١٣K א١٠ µFאא،١٢ V
אא١א kΩא،Wאאτאא،٥٠ 

msecKאא،אאאא
٢ kΩאאא،אאאא

٣٠ msecאK


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8j6ZL +=0V380V ∠=

2I

CI

1I

LZCV



 

- ٣٦ - 

 

אאאאאאאאאאאא

 

JJ٢٢  

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

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

א


א
א





א




א



א

٤
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אאאאאא -٢  
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אאאאא


אא،אאאW
• אאאK 
• אאאאK 
• אאאאאאK 
• אאאאאאK 
• אאאאאאK 
• 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K 
• אאאאאK












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٤J١Introduction 
א،אאאאאאאא

אאאאאאאאK

٤J٢אאאאאBasic Theorems of A.C Circuits  

٤J٢J١ Ohm's Law
אאאאא

אאאאVאIאZא
א،FאE

אW

(a) 
Z

V
i Z

V
i,

Z
Vi

θ∠
θ∠

=θ∠=      )١-٤(  

(b) ZiV ZiV,ZiV θ∠•θ∠=θ∠•=    )٢-٤(  

(c) 
i

V
Z i

V
Z,

i
VZ

θ∠
θ∠

=θ∠=      )٣-٤(  

F٤J١E

אאW
F١EאאZK
F٢EאאiK







F٤J١EאאאF٤J١KE

8j6Z +=

i

١٠٠ V
٥٠ Hz
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א
F١E אZ،W

W٦אאΩ6K
WאאFאאEΩ=⋅ω 8L
W

Hm465.25
100
8

f2
88

L =
π

Ω
=

π
Ω

=
ω
Ω

=  

 
 
 

F٤J٢EאZF٤J١KE
 
F٢Eאiא،Z،W

 

°∠Ω=∠+= − 13.5310
6
8tan86Z 122  

אi،W

°−∠=
°∠Ω

°∠
== 13.53A10

13.5310
0V100

Z
Vi  

F٤J٢E
אאW

F١E אאZ
F٢E  








F٤J٣EאאאF٤J٢KE

Ω= 6R Hm465.25L =

Z

°∠= 30A20i

١٠٠ 
V 
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א
F١E אZאW 

i

V
Z i

V
Z,

i
VZ

θ∠
θ∠

=θ∠=  

°−∠Ω=
°∠
°∠

= 305
30A20
0V100

Z  

F٢E W 

)}30(sinj)30({cos5Z −+−Ω=  

4.2j33.4)5.0j866.0(5Z −=−Ω=  

אאW
אZW

W٣٣}٤אאΩ33.4

WאאFאאEΩ=
⋅ω

4.2
C

1

W

mF326.1
1004.2
1

4.2
1C =

π××
=

ω
=  


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Ω= 33.4R mF326.1C =
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٤J٢J٢ Kirchhoff's Laws 

٤J٢J٢J١ Kirchhoff's Current Law 
?אאאאאאא

א،W

0i
nk

1k
k =∑

=

=
          )٤-٤(  

nאאאאא،אאאאא
אא،אאאאאאא

אKF٤J٥EאאK








F٤J٥Eאאאאאא

F٤J٣E
אאF٤J٦Eאאא،ITK









F٤J٦EאאאF٤J٣KE

1i

2i 3i

ni

Z١ Z٢ 

I١٠ =١ A ∠٣٠° I٢٠=٢ A ∠-
٢ °

IT A

B
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א
אאITאא،ABW

• AW 
FE אאאאא=FITE
FE אאאא=FI١ + I٢E 

W
 (IT) = (I١ + I٢) 

• BW 
FE אאאאא=FI١ + I٢E
FE אאאא=FITE 

W
(I١ + I٢) =(IT) 

 
אאABאK

W

( ) =°−∠+°∠=+= 20A2030A10III 21T  

( ) ( ) °−∠=−=−++= 84.3A5.2784.1j46.2784.6j8.185j66.8IT  

F٤J٤E
F٤J٣EאאZ١, Z٢אא،W

E=١١٠ V, f=٦٠HZ 









Z١ Z٢ 

I١٠ =١ A∠٣٠° I٢٠=٢ A∠-٢٠°

IT A

B

E=١١٠ V 
f = ٦٠ HZ 
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F٤J٧EאאאF٤J٤KE

א
אWW

°−∠Ω=
°∠
°∠

= 3011
30A10

0V110
Z1  

°∠Ω=
°−∠

°∠
= 205.5

20A20
0V110

Z2  

אW

( ) ( ) 5.5j52.930sin11j30cos113011Z1 −=°−⋅+°−⋅=°−∠Ω=  

٥٢}٩אR٥٢}٩ =١ Ωאא
،אאאXC= ٥}٥ Ωא،C١W

C
1XC ⋅ω

=  

F28.482
5.5602

1
X
1C

C
1 µ=

××π
=

⋅ω
=   

W

( ) ( ) 88.1j17.520sin5.5j20cos5.5205.5Z2 +=°+°=°∠Ω=  

١٧}٥אR١٧}٥ =٢ Ωאא
،אאאXL= ٨٨}١ Ωאאא،LW

2L LX ⋅ω=  

mH98.4
602

88.1X
L L

2 =
×π

Ω
=

ω
=  


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




F٤J٨Eא21 Z,ZF٤J٤KE

F٤J٥E
אאF٤J٩Eאאא،I١K











F٤J٩EאאאF٤J٥KE

א
אאI١אא،AW

• AW 
אאאאאFITE=אאאאFI١ + I٢E 

W

( ) ( )21T III +=  

( ) ( )2T1 III −=  

( ) ( )5j66.884.6j8.18301020A20III 2T1 +−+=°∠−°∠=−=  

°∠=+= 28.10A3.1084.1j14.10I1  

Z١ Z٢ 

I١ 

IT =٢٠ A∠-
٢ °

I١٠ =٢ A∠٣٠° 

A

B

Ω= 52.9R1 F28.482C1 µ= Ω= 17.5R 2 mH98.4L2 =

Z١ Z٢ 
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אאאאK

٤J٢J٢J١J١ אאאParallel Connection 
F٤J٧EF٤J٤Eא،Z١, Z٢
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אאKא

אW
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F٤J٢٢Eאאאאאא،
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٤J٢J٣J٣ Thevinen's Theorem
אאאאK

א XZאאאF
F٤J٣٢EEאאאאא،Xiאא

אאאא1אVאאeqZ
אאאאFאאKE







F٤J٣٢E

אאאאאאא
אKאאאW

• אאאאאאאא
F٤J٣٣JE،אאאאאאאאא

F٤J٣٣JE. 
• אאאאאאאא

אא(a, b)אאThVF٤J٣٣JE. 
• אאאאאאאF

אאEF٤J٣٣JE، 
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• אאאאא(a, b)אא
ThZK 

• אאXiאאאF٤J٣٣JEאא،
אאXZאאאThVאThZ
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F٤J١٤E
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r
אK
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• Wא5i
r

אא،אאא
F٤J٣٤KE 
















F٤J٣٤E
 
• WאThVF٤J٣٤E،

W 

0VVV caThab =++  

111ab ZiV ⋅=  

221ca ZiV ⋅−=  

0ZiZiV 221111Th =⋅−⋅+  

111221Th ZiZiV ⋅−⋅=  

b c
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אא2111 i,iW
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0V220
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( ) ( ) ( ) ( )°−∠Ω⋅°∠−°∠Ω⋅°∠= 13.53100A33.1887.36100A75.13VTh  

( ) ( )°−∠−°∠= 13.53V3.18387.36V5.137VTh  

( ) ( ) V64.146j110V5.82j110VTh −−+=  
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• אאThZאאאא
אFאאEאאאאb, c،

F٤J٣٥KEF٤J٣٦EF٤J٣٧E
אאאאאa, dא31 Z,Z

אאא،42 Z,Z
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אא5iאאF٤J١٣EF٤J١٤KE

٤J٢J٣J٥ אSuperposition Theorem  
–١אאא،

אאאאאאאא
אאאK

אאא،F٤J٤١Eאא
21 E,Eאא،321 i,i,iאא21 E,E

F٤J٤٢EF٤J٤٣KE
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°∠Ω
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i
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אאW

( ) ( ) 6.9j75.126.45A25.1055.6A05.20iii 12111 −=°∠−°−∠=−=  
°−∠= 37A97.15i1  

( ) ( ) 217.0j18.24.14A84.812A33.12iii 21222 −=°−∠−°∠=−=  
°−∠= 7.5A2.2i2  

( ) ( ) 03.2j77.144.44A84.66.15A26.10iii 32313 −=°−∠+°−∠=+=  
°−∠= 8.7A9.14i3  












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אאא


١K אא،אאאאאZK 







 
٢K אאא،אאאא

°∠= 0V110Eא،٦٠ HzK 








 
٣K אאZאאK 

 









6j8Z −=

i

١٠٠ V
٥٠ Hz

Ω= 6R Hm465.25L =

E

Z

°∠= 30A20i

١٠٠ 
V 
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٤K אאא،אאiאא،

°∠= 0V110Eא،٥٠ HzK 







 
٥K אאא،אITK 






 




 
٦K א،אאZ١, Z٢אא،W

E=١١٠ V, f=٦٠HZ 








Ω= 33.4R mF326.1C =

E

i

Z١ Z٢ 

I٥ =١ A∠-٣٠° I١٠=٢ A∠٢٠°

IT A

B

Z١ Z٢ 

I١٠ =١ A ∠٣٠° I١٠=٢ A ∠-
٣ °

IT A

B

E=١١٠ V 
f = ٦٠ HZ 
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


٧K אאא،אאI١K









 

٨K אאאאK 
 
 







٩K אF٦E،אאאK 
 

١٠K אאF٤J١٣Eאאאא،I١, I٢،אאK 







Z١ Z٢ 

I١ 

IT = ٤٠ A ∠-٦٠°

I١٠ = ٢ A ∠-٣٠°

A

B

Z٧ = ١ Ω ∠-٣٠° Z٥ = ٢ Ω ∠-٢٠° 

I١ I٢

IT A

B

Z٢٠ = ١ Ω ∠- Z٢ = ١٠ Ω ∠٣٠° 

I١ I٢

IT = ١٥ A ∠-٤٥° A

B
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
١١K אאא،אאA, Bאאא،K










 

١٢K אאאא،אאא،אא
אאK










١٣K אאא،321א i&i,iאאא،K 








°∠Ω= 307Z1

°−∠= 30A8i

°−∠Ω= 108Z2

°∠Ω= 1515Z3

A 

B 

°∠Ω= 3015Z1

°∠Ω= 1017Z2 

°∠Ω= 158Z3

A 

B 

V 
١١٠ V 
٦٠ Hz 

°∠Ω= 1010Z1
1i  

°∠Ω= 105Z2

A 

B 

Hz60f
V110E

=
=

°−∠Ω= 1010Z3

2i 3i
C

D
°−∠Ω= 1010Z4

E 

F 
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
١٤K אאF١٣Eאא،2iאK 
١٥K אאאF٤J٢٨Eאאאאא،

(∆-Y)(Y-∆)K










 
١٦K אאF١٥Eאא،5iא،K 

 
١٧K אאF١٥Eאא،5iאאא،K 

 
١٨K אאאאאא،אאאאK 



 
 


 
 

١٩K אאF١٨Eאא،i٣א(∆-Y)K

b c 

°−∠Ω= 13.5320Z1 °−∠Ω= 87.3610Z2

°∠Ω= 13.5310Z3 °∠Ω= 87.3620Z4

E=٢٢٠ V 
f= ٥٠ Hz 

a 

d 

1i 2i

3i 4i  
°∠Ω= 020Z5

5i

Ti  

E٢٢٠ = ١ V ∠٠° 

°−∠Ω= 6020Z1 °∠Ω= 6020Z2

°∠= 010Z3

1i  2i
a b

c

d 

E٢٢٠ =٢ V∠٣٠3i



 

 

 

אאאאאאאאאא  

 

JJ٢٢  

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

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


א

א






א


א

א




٥
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אאאא


אא،אאאW
• אאאK 
• אאאאאK 
• אאאאאאאאאאאא

אאK 
• אאK 
• אאK 
• אאאאאאK 
• אאK 
• אאK


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٥J١ Introduction
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Kא

אאאאאאK

٥J٢ אאMagnetic Induction 

٥J٢J١ אאאSelf Inductance of a Coil

אאאאאא(L)
אא،אאאאאK

אאא
אאאאאאאאאK

א
אאאאאאK

٥J٢J١J١ אאאאאא 
Factors that Affect the Self Inductance 

אאאאאא
١K א 
٢K אFאNא،אא

אNKE 
٣K אאאאאאFאאKE 
٤K אK 


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٥J٢J١Jא ٢אאCalculation of Self Inductance

F٣J١٠Eאאאאאאאא
אאאאאiאאאL

א
dt
diאאא،W

dt
diL

dt
dNE −=
φ

−=          )١-٥(  

אאאLW

( )dtdi
EL −

=
          )٢-٥(  

di
dNL φ

=
          )٣-٥(  

אאאW

אאא(L)

אאאאאאאאאא
אאFאאEאאאא

K
אאא(Henry)،F.LKE

א

  א     א  אא א   א א 
   א  אאאא א   א 

אאאK
אF٥J٢Eאאאאאאא،

אאאאאאא
Kאאא
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٥J٢J١J٣ אאאאאאאאאא 
Effect of Self Inductance on the Relation between induced emf & Current 










F٥J١Eאאאאא


אאא
אאאאאF

F٥J١EEאאאא
אאK

٥J٢J٢ אאMutual Inductance

אFאאאE،א
אאאאFאאEא،א

אאאאא،
אאאאאאאא

F٥J٢KEאאאאאא
אאK

אאW
אאאאא

אK



ϕ١ 

אא


א 
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












F٥J٢Eאא


٥J٢J٢J١ אאMutual Inductance Coefficient

♦ Iאאא
،אאW 

t
I

t
1

∆
∆

α
∆
ϕ∆           )٤-٥(  

♦ אאאאאאξ٢
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♦ אMאF٥J٧EאאאK 
♦ אאאאאאאאאא

אאאאK 
אא

אF٥J٧EאאMאאW
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אאאאאאאאא

אאא١אK
אא

אF٥J٨EאאF×÷KE
אא(Henry)،F.LKE
F٥J١E

אאאאא،٥mA/sec
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٥J٣ אאTransformer

٥J٣J١ אאFunction of Transformer

אאאאאKאאK
٥J٣J٢ אאTransformer Applications

♦ אאאאK 
♦ אאK 
♦ אאאFאאE

אאאK 

٥J٣J٣ אConstruction of Transformer

אאאF٢J٥Eאא
אאא،אאאא

1אE،אאאא
אא2אEF٥J٣KE




 




F٥J٣Eאאא


אאאאא
אאאאK
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٥J٣J٤ אTransformer Operation

אאאאW
١K ،אאאאאאאאא

אאאאאK 
٢K אאאאאאK 
٣K אאאאאא

אK 
٤K אאאאאאאא

אאאאK 
٥K אאאאאא

אאK 

٥J٣J٥ אאאאאאemf Relationship 

אאאאאאאאW
١K אאאN١ = אא.N٢ = 
٢K אאאאאא،אאאא

א2EW 

t
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٣K ،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W 
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٤K אF٥J٩EאF٥J١٠EאW 
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אאאאא -٢  
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٥K אF٥J١٢Eאאאאאאא
W 
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٦K אאאאאא
אאאאאאK 

٥J٣J٦ אאאCurrents Relationship

אאא،אא
אאא،אאאאW

21 PP =           )١٤-٥(  

אW

2211 iEiE ⋅=⋅         )١٥-٥(  

אW
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אF٥J١٢Eא،W
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אאW
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אאאאא -٢  
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אאאאאא
אאאK

F٥J٢E

אאאאאאא
20
1אא،

אאאאאאאאאאאא٥٠ Vא
١א AK

א

אF٥J١٣Eאאאא،W
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אF٥J١٨Eאאא،W
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٥J٣J٧ אאTransformer Efficiency
،אאאאא
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אאאאאא،אK
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








F٥J٤Eאאא


אאאאF٥J٤KEאא
אא LossesTאא Losses١אR١אא

Losses٢אR٢KאאW
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אK

٥J٣J٨ אאאאאTransformers in Power Networks 
אאאאא

אאאאאאא
אאאFאאאאEאא

אאאאאK
אאאא،F٥J٥KE
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F٥J٥Eאאאא


F٥J٣E
אאאא٣ kVא،אאא

٢٢٠ Vאא٦٦ kVאא،
2

1

N
N

אאK
א









F٥J٦EאאF٥J٣E

א 

א



א

א 

א

E٣=١ kV 

א 

E٦٦=٢ kV E٢٢٠=٣ V المستهلك
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אא

١K אאאK
٢K אK 
٣K אאא(L)K 
٤K אK 
٥K אאאאאאאK 
٦K אאK
٧K אאK 
٨K אאK 
٩K אאאK 

١٠K אאאאאאאK 
١١K אאאאK 
١٢K אאאאאאK 
١٣K אאא،אא١אmA/sec

אא٨}٠ VK 
١٤K אאא،אאא٣mA/sec

אא٥}١ VK

١٥K אאאאאאא200
1

א،
אאאאאאאאאאא

אא١٠٠ Vאא١ AK 
١٦K אאאאאאא200א،

אאאאאאאאאאא
אא١٠٠ Vאא١ AK 

١٧K אאאאאאא20א،
אאאאאאאאאאא

אא١٠٠ Vאא١}٠ AK



אא ١٤١  א 

אאאאא -٢  
 
 

- ١٥٤ - 

١٨K אאאא١ kVאאא،
١١٠א Vאא٣٣ kVאא،

12 NNאאK 
١٩K אאאא٣ kVאאא،

٢٢٠א Vאא٦٦ kVאא،
12 NNאאK

 



אא ١٤١  א 

 -٢  
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٢J٣J٣J٢אאא٢٥
٢J٣J٤אא٢٧
٢J٣J٥אאא ٢٩
٢J٣J٥J١אאW ٢٩
٢J٣J٥J٢אאא ٣٢

אא٣٤
אאWאאא

אאאא٣٧
٣J١٣٨
٣J٢אא٣٨
٣J٢J١אא ٣٨
٣J٢J٢אא ٣٩
٣J٢J٣אא ٤٠
٣J٢J٣J١א ٤١
٣J٢J٣J٢א ٤٢
٣J٢J٣J٣אאאא ٤٤
٣J٣אאא٤٥
٣J٣J١אאאjאאא ٤٥
٣J٣J٢אאא ٤٧
٣J٣J٢J١אאא ٤٧
٣J٣J٢J٢אאא ٤٧
٣J٣J٢J٣אא  ٤٩
٣J٣J٢J٤אא ٥١
٣J٣J٢J٥אאאא٥٥
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
٣J٣J٣אאא٥٩
٣J٣J٣J١אאא٥٩
٣J٣J٣J٢אאא٦٠
٣J٣J٣J٣אא٦١
٣J٣J٣J٤אא٦٤
٣J٣J٣J٥אאאא


٦٧

٣J٤אאא٧١
٣J٤J١א٧١
٣J٤J٢א٧٢
٣J٤J٣א٧٣

אא٧٦
אאאWאאאאא

אאאאא٧٩
٤J١٨٠
٤J٢אאאאא٨٠
٤J٢J١٨٠
٤J٢J٢٨٣
٤J٢J٢J١٨٣
٤J٢J٢J١Jא١אא٨٧
٤J٢J٢J١J٢א٨٩
٤J٢J٢J٢٩١
٤J٢J٢J٢J١אאא٩٤
٤J٢J٢J٢J٢א٩٥
٤J٢J٣אאא٩٩
٤J٢J٣J١אא٩٩
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٤J٢J٣J٢אJאJ١٠٥
٤J٢J٣J٣١١٤
٤J٢J٣J٤אאFE١٢٠
٤J٢J٣J٥א١٣٠
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אאWאאאאא

אאאא١٤٠
٥J١١٤١
٥J٢אא١٤١
٥J٢J١אאא١٤١
٥J٢J١J١אאאאאא١٤١
٥J٢J١J٢אאא١٤٢
٥J٢J١J٣אאאאאאאאא١٤٣
٥J٢J٢אא١٤٣
٥J٢J٢J١אא١٤٤
٥J٣אא١٤٦
٥J٣J١אא١٤٦
٥J٣J٢אא١٤٦
٥J٣J٣א١٤٦
٥J٣J٤א١٤٧
٥J٣J٥אאאאאא١٤٧
٥J٣Jא٦אא١٤٨
٥J٣J٧אא١٤٩
٥J٣J٨אאאאא١٥٠

אא١٥٣
אא١٥٥
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אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 
 


