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Wאא  

א-١  
 

אאאא 
אאא  
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 ،א،אאא

W، 
 אאאאאאאאא

אאא،אאאאא
אאאא

אאאאאאא
KאאאWאא 

 א     א   א אא  
،אאאאא

אאאא،
א ،אאא א אא א א

אאאאא
אאא،אאאאא
אאא،אא

Kא 
 ? א א   א J١  ? ?א

אאאאאאא?
Kאאאאאא 

 אאאאאא
 א   ،א אאא 

 ،א    א   א א 
Kאא 

 אאא؛א
Kא 

אאאא  

 



א J١ 
 

אאאא 
 
 

٢ 
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א א
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 ٦ 
Wאאא٧ א 

א ٩ 

אא ٩ 

א ١٠ 

א ١١ 

אאא ١١ 

אאא ١٥ 
אא٢٠ א 

אא ٢٣ 

Wאא٢٥ א 

 ٢٧ 
אא ٢٧ 

אא٢٨ א 
א٣١ א 

אא ٣٣ 
א ٣٤ 

אא ٣٥ 
אא ٣٥ 

אא ٣٦ 
 



א J١ 
 

אאאא 
 
 

٣ 

 

א א
אאאא٣٩ 

אא٤٢ 

אאאWאא ٤٣ 

אא ٤٥ 

א ٤٨ 

א ٤٨ 

אא ٤٩ 

אאאא ٤٩ 

א ٥٠ 
אאא ٥١ 

אאא ٥٢ 

אאאאאאא٥٣ א 

אאא ٥٦ 
٥٧ א 

אאאא ٦٠ 
אאא ٦٠ 

אאאא ٦٤ 
 ٦٦ 

א ٧٠ 
אאא ٧٢ 

 ٧٩ 
א ٨١ 

אא٨٧ א 



א J١ 
 

אאאא 
 
 

٤ 

 

א א
א٨٧ א 

אא ٩٤ 
٩٥ א 

א ٩٥ 

אא ٩٨ 

Wאאאאאא ١٠٥ 

אא ١٠٧ 

א١١١ א 

א ١١٤ 
אאא ١٢٢ 

Wאאא١٢٣ א 

א١٢٥ א 

א١٢٧ א 
 ١٢٧ 

א١٢٧ א 
אאאאא ١٢٨ 

א١٢٩ א 
אאאאא ١٣١ 

אאאאא ١٣٢ 
אאאא ١٣٣ 

אא ١٣٦ 
אאאא ١٣٨ 

אאאאא ١٣٩ 



א J١ 
 

אאאא 
 
 

٥ 

 

א א
אא١٤٠ א 

אאאא١٤٣ א 
א ١٤٧ 

אאא ١٤٧ 

אאא ١٤٩ 

א ١٥١ 

אא ١٥٦ 

אאWאאא ١٥٧ 

 ١٥٩ 
אא ١٦٢ 

EאFא ١٦٣ 

אאאאא١٦٥ א 

אא ١٦٦ 
EאFא١٧٦ א 

אא ١٨١ 
אא ١٨٣ 
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אאאאאK

א،אאאא،א
אאאא،אאא
אאא،אאאאא

،אאאאאאא
אאאאאא،

אאאאK 
אאאא،

אאKא
אא،אאאא

،אאאאאאאא
Kאאא 

אאאאא
אאאאאאאאא

אאא،אא
אאאאאאאאFאאEאאא

אKאא
אאאKאאא

،אאאאאאאא
אא،אאאאאא

،אאאא،א
אא
אאKאאאא 

אאאאאאאא
אאאאאאאאאא

אאאK، 
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אא 



א J١ 
 

אאאא 
 
 

8 

 

אאWאא
אK 

אאאW 

١ J אאאK 

٢ J אאאאאאK 

٣ J אאאאאאK 

٤ J אאאאK 

٥ J אאאאK 
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אאאא 
 
 

9 

 
אא 

 

Wא 
 

אאאאא
א אFElectrostatic Stress  K Eאא

   א א א   אF١ J١EK 
א،אאאא אאאא

א   א       א ،אא א א
אאאא א،א

א،אאאאאאאא
אא אאאא

 א. 
 

אא: 
אFCapacitanceEאא

Kאאא
Kאאא (F)אאא،

אQ(C)،אV
אאאCWא 

 

(1-1) C = Q / V    F (Coulomb / Volt)

C = є A /d            
 

o r           
A،אא d ،אאєr

،אא є0אאFאא’
7

o 4 10  KE 



א J١ 
 

אאאא 
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אF١ J١אE 

א:C 
 

  

   

 
אF١ J٢אאEK 

אאאאאא
אאאאKאא

אאאאF (1μF =10–6 FאK 

אא אאאאאאא
אא אאא µF  אא nF  אא 

pF  
 أو القيمة بالفرادالمسمى Prefixالاختصار

p pico  0.000000000001 10-12 

n nano  0.000000001 10-9 

µ  micro0.000001 10-6  

m milli  0.001 10-3 



א J١ 
 

אאאא 
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אW 

אאאאאאW

אאא:Series-connected capacitors 

 אאא 
אא  .אא  א  אF١ J٣E 

אא א  ، א     א א 
K 

 

 

אF١ J٣אאאE 

אאW 

V = V1 + V2 + V3          (1-2) 

C = 
V

Q
           (1-3) 

V = 
C

Q
 

C

Q =
1

1
C

Q
+

2

2

C

Q
+

3

3

C

Q
 

אאא،אאא
 



א J١ 
 

אאאא 
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(1-4) 
C

1
= 

1

1

C
+ 

2

1

C
+ 

3

1

C
  

Q = Q1 = Q2 = Q3                        (1-5)
         

 

אאWאא 

21

111

CCC
 = 

21

2
C C

C  C


1   

W 

(1-6) 
21

21

CC

CC
C






n אאאאW 
(1-7) 

 
 

F١ J١EW 

FC1=20μFC2=4μF(C3=5μF،אא
600 V،W 

FEאאא    EFא 
FEא  

 
אW 
EFאאFאאא١ J٤א،E

Wאאא  

C

1
= 

1

1

C
+ 

2

1

C
+ 

3

1

C
 





n

i iCC 1

11



א J١ 
 

אאאא 
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F١א J٤Eאא 
 

C

1
= 

20

1
+ 

4

1
+ 

5

1
= 0.05 + 0.25 + 0.2 

C

1 = 0.5        →                אא = C = 
5.0

1 = 2µF = 2×10-6 F 

FאאאאאEW 
  

Q = Q1 = Q2 = Q3 = C×V 
 
Q = 2×10-6 × 600 = 1200 ×10-6 C 

 

FאאאאאEW 
 

V1  = V 
C

Q
60

1020

101200
6

6

1










 

V2 =  V
C

Q
300

104

101200
6

6

2










 

 V3 =  V 
C

Q
240

105

101200
6

6

3










 

 

אאאא،א
٦٠٠K 

V = V1 + V2 + V3 = 60 + 300 + 240 = 600V 

 

אאאאאאאK 
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F١ J٢EW 

 4μF   12μFאא،אאא
100א V،W 

EFאאא  EFא 
EFא 

 

אW 
  

אאאEFF١ J٥אE
אW  

F 103 C                        ,  F 3  
16

48
  

14

14
  

CC

CC
C 6-









2

2

21

21 

אאאאEFW 
  

Q = Q1 = Q2 = C×V 
 
Q = 3×10-6 × 100 = 3 ×10-4 C 
 

אאאאאEFW 
 

V1  = V 
C

Q
75

104

103
6

4

1










 

  

V2 =  V 
C

Q
25

1012

103
6

4

2










 

אאא،א100V 
 

V1 + V2 = 75 + 25 = 100V 
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 אאאWParallel -connected capacitors 

אאאאאEF 

אאאא אא  ،K   
אאאF١ J٥EאאאW 

١K אאאאא
אאאאאאFEא

אאאאא
K 

 

٢K אאאאאא
אאאאאא،

אאK 

  

אF١ J٥אEאא. 
 

Fא١ J٥Eאא،QQ1،Q2،Q3W 

Q = Q1 + Q2 + Q3          (1-8) 

Q = V×C 









 

 J١ 

V×C = V

א

V = V1 =

C = C1 +

C = 


n

i
C

1

א

  

א

C = C1  +

אJ

V×C1 + V

א

 V2 = V3=

+ C2 + C3

iC   

10μF


 

. 

F ١ J٦E

+ C2 + C3   



V×C2 + V



= ......   

3  

  

 12μF

W 
א

א

אא



= 8 + 12 +

V×C3

א
E 

 

 

 

8μF
2،W

EF
FEא

א

  

+ 10 = 30

16 

 

،
אא

 

 

 


200 V

 


א

א

μF

 

א


אא

א

 

F١ J٦E

א

א

 

א


    

 

 




א




א

א 
W 

א

  (1-9

א
Fאא

      (1-10

(1-11

(1-12

F١ J٣EW


א

א


W 

 
W

אא
 
 

9) 


א

0) 

1) 

2) 

F
 


א

EFא
FEא

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

אW

 E F
א
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C = 8 + 12 + 10 = 30μF 
 
C = 30×10-6 F 

 

אאאאא   EF
א 

V = V1 = V2 = V3 = 200V 
 

Fא  א  א  א  אא    E
 

Q1 = V×C1 = 200×8×10-6 = 1.6×10-3 C 

Q2 = V×C2  = 200×12×10-6 = 2.4×10-3 C 

Q3 = V×C3 = 200×10×10-6 = 2.0×10-3 C 

אאאאאאEF 

Q = 1.6×10-3 + 2.4×10-3 + 2.0×10-3
 

Q = 6.0×10-3 C 

אאאאFEאא 

Q = V×C= 200×30×10-6 = 6×10-3 C 

F١ J٤EW 

2μF8μFאא،אאא
300V،W 

FEאאאאK 
EFאאאא ، אא  א א 

אK 
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אאאא 
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אW 
FE  אאא  אF١ J٧،Eא

א 

  
  )٧-١(الشكل 

C =  
21

21
CC

CC




 =  F. 



61
82

82
 

 

Q = C×V = 1.6 x 10-6  × 300  = 4.8 × 10-4 C 
 

אאאאא
، 

 
Q1 = Q2 = Q = 4.8 x 10-4  C

 

 
4

1 6
1

Q 4.8 10
V 240  V

C 2 10






  

  
4

2 6

Q 4.8 10
V 60 V

C2 8 10






  

  

FE  אאאאF١ J٨אE
Wא 

  
  

  )٨-١(الشكل 



א J١ 
 

אאאא 
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C = C1  + C2  = 2 + 8 = 10 μ F 

 
אא،א، 

  
 V1  = V2  = V =  300  V 

   
Q1   =  C1 V  = 2 x 10-6  x 300 = 6 x 10-4  C 

 
Q2   =  C2 V  = 8 x 10-6  x 300 = 2.4 x 10-3   C 
 

F١ J٥EW 
F  א אא ١ J٩ א ، EC1  =8μF,  C2=5μF,  C3  =3μF،

،אאאא 100VW 
FEאא EFא EFא

 
 

 
  

  )٩-١(الشكل 
אW 
EFFאאאEאFאא١ J٩א،E C2

א C3 אאאa, bא،
א 

 

Cab = C2  + C3  = 5 + 3 = 8 μ F 
 

א  Cab אC1  אאאa, cא،
א 
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Cac =  
CabC

CabC

1

1  =  F4
88

88





 ,          Cac = 4 x 10-6 F 

 

EFאאאאCab  , C1א
אאאQ   

Q  =  Cac V  = 4 x 10-6  x 100 = 4 x 10-4  C 
 

V1  = V 50
108

104
6

4

1











C

Q
 

V2  = V 50
108

104
6

4











Cab

Q
 

EFWא 
Q1   =  Q1  = 4 x 10-4  C 
 
Q2   =  C2 V2  = 5 x 10-6  x 50 = 2.5 x 10-4   C 
 
Q3   =  C3 V3  = 3 x 10-6  x 50 = 1.5 x 10-4   C 

א 
Q2   +  Q3= 2.5 x 10-4 + 1.5 x 10-4 = 4 x 10-4  C 

 

Wאאא 
 

אאא،א
אאאKאאא

אאאאאK 
אאאV

אאQאאdQא
אdW = V dQ ،W  

dW = V×dQ                               

אQWא 
Q = C×V 

W  
dQ = C×dV     
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אאאא 
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dW = C×V×dV  

 

אאאאאאVW 

W= 2

0

2

0 2

1

2
VC

v
CdvvC

VV













  Joules         (1- 13) 

W  

Q  = C V   ,           V = 
C

Q       

אW 
 

W =   
C

Q

2

1
VQVC

2
2

2

1

2

1
  Joules          (1- 14) 

 

אאא(m2)AאאאFא
Eאd ،אєאאא،

אאW 
 

3
2

2  /mJoules       
D

 
2

1
 E D 

2

1
  E  

2

1
      

)
d

V
(     

dAd

VA

dA

VC
  = W









2

22

2

1

2

1

2

1

          (1- 15) 

 
 

F١ J٦EW 
א20μFא1000V א10μF

א100VאאאKKאאא
KאKאאאאאאא

Kאא  



א J١ 
 

אאאא 
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אW 
 

אW  

 
Q1 = C1  V1  = 20  x 10-6  x  1000  = 0.02      C 

 
Q2 = C2  V2  =  10  x 10-6  x  100   = 0.001     C 

אא  

C = C1 + C2 = ( 20 + 10 ) x 10-6   = 30 x 10-6      F 

 
אאאאאW 

W1 = 2
22

2
11 2

1

2

1
VCVC   

 

W1  = 2626 1001010
2

1
10001020

2

1
)()(   = 10.05   Joules 

 
אאאW 

W2 = 
C

Q2

2

1  

QWאא 
Q  = Q1 + Q2 = 0.02 + 0.001 = 0.021C 

Wאאא 

W2 = 
C

Q 2

2

1
 =  357

1030

0210

2

1
6

2
.

).(






Joules 

Wאאא 
W = W1  -  W2  = 10.05 – 7.35 = 2.7 Joules 

אאW 

V  = 700
1030

0210
6






.

C

Q
V 
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אאW 

١Kאאאא2μF
4μF20μF،אאאאא200V،

W  FEאאא  EFא 
  FEא  

 

٢ K  6μF   12μFא  א،א א   א
300Vא،W 

EFאאא FEא  
FEא 

 

٣Kאאא،C1  =15μF ,  C2= 6μF,   C3=4μF  ،
،אאאא 250VW 

FEאא EFא     
EFא 

 

٤KFאאא١ J١٠Eא،C1 =5μF,  C2=16μF,  C3  =4μF،
،אאאא 120VW 

FEאא EFא    
EFא 

 
 

F١א J١٠E 
 



א J١ 
 

אאאא 
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٥KFאאא١ J١١א،EW 
C1 = 5μF,   C2= 4μF,   C3 =10μF ,  C4= 3μF,  C5= 7μF 

،אאאא 600VW 
FEאא  EFאV1 ,  V2 ,  V3 

EFא 
 

 
 

F١א J١١E 

٦אK25μFא1100Vא15μF 
   150אV  KKאא  א  א א א

אKאאאאאאא
אאK 
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א 
אא 



א J١ 
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אאWאאאאא
W،אאאאאאK 

Wאא 

F١EאאאאאאKא 

F٢Eאאאאאאאא
Kאא 

F٣Eאאאאא
K 

F٤Eאאא،אאK 

F٥EאאאאK 

F٦EאFאאLאאLEK 

F٥Eאאאאא–אא
אK 
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א 
W 

 אאאא
א אאK

אא
    ??    א   א א

אאאא
  א א     א      

K 

אאאאEאFא،
אאאאא

אאKא 
  

אאKאא
Kא،אאא،אא

א   ،א א א א  אא א
אאא،אא،אאאK

אאאKאא 
 

אאW  
  

אא אא
א א   Kא א  א   Kא

אאא،،אא
א   א א   K א א אא  

KKא،אאאא 
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  א א  א   א 
אאאא Kאאאא

אאKאא،א
אאא Kא

אKאאאאא
K 

אאאKאא
א٥}١א،אאא،אאK

١٢،٢
Kאא 

،אאאאא
אאאאאאאאאK
אKאאאאא 

אאאW 

א א אאF٢ J١EK א א א א  
  א  אא  א    ،אא  

  K  ،א       
Kאאאא 

 א אא       א א 
אאKאא

FLaclanche CellEאאא
F( Manganic CellאאF٢ J١E،א

א(Mn O2)אאא،( Zn) ، 
אאאא

٢٠٪(NH4 CI)Kאא٥}١אא٢}٠٥}٠
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K  אאאא،א
KEאFאאאא  

אאאאאאא
אאאאאKKKKK 

 

 
 

אF٢ J١EK  

EאF א א     א  א א 
אKEאFאאא،

אאאאאKא 

אW،אאא 
١Kאא 
٢Kאא 
٣Kא 

 א  א W    ،א  א 
،א   א א  א ،א Kא  

א،א Kאא
א،אא  Kאא

،אאא  א،אא
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א     א  א ،א  א
א   א ،  א     א

אאא. 

אאאאאא 
אאKא ،א אאא

אאאא، אא
،אאאאא אא
אא. 

אאW ،אא אאא
אאא،אא ؛

אאאא אא. 

אאאאאא 

אאא،א 

אאא 

אאאאא
א אא،א،

אא  אאא 

א. 

 אא אא،אא ،א
Kאא،אא אא

אאאא ،א
אא،אא א٥٨א. 

א: א،א 
אKא،א
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א،א،א 
א. 

Wאא 

אאאאKאא
אאאאא

אאאKW 
١ JאEאאFאF٢ J٢EK 
٢ JאEאאFK 

 
 

אF٢ J٢אאאEK  

אאEאFW 

א אF٢ J٢E
Kאא א

Kאא אאא،
Kאא אKא

אאאא،א
אאאא.אא(Pb)א

א(Pb O2)א،אאאא
( H2  SO4  )K 
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אאא،א

אאאא
אאא،Kא 

אאאאאאא
אאאאאא

אאEאFא1.21 
1.18אאא2.2א

1.8،אא،א
אא2.6אF٢ J٢E 

 
אא:(Sulfation) 

 

 אא
(Pb SO4)אאאאא

Kאאאאא
אאאאאKאאא

Kאא 
 

אאאW 
 

١K Kא 
٢K אK 
٣K אאאאאאא

KאאEFאא 

   
FאEWא  

  

אאא J
א JK 
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١K א J(Nickel – Cadmium )W 

 

אא،אאאא
אאאKא20%אK

אאאאא،אא
אאKא

אאאאאא
K 

אא1006.8אאאא
1001.2אKא 
 

٢K א JW 
 

אאאאאא
אאא،Kא

אאאאK 
אאאאאאאא

אK 
אאW 

א 66.6%אא50%،48%K 
 

Wאא 
 

אFAHEZאאFAE×FאאH،Eא
א300(300AH)،אZאW

،א600אאאK
אKא، 

 



א J١ 
 

אאאא 
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אW 

 

אאאאא،
Kאאא
Kאאאאאא

RK 
אאאאאא

KW 
  R = V / I               
      

W 
 V = I×R 

 
Rא(Resistance)،V،אאIאא،

  א RVolt/Ampere  (Ohm)א א  
אא١٨٢٧Kא

Omega Ω)KEאאOhm’s law )KEאF٢ J٣E
אאIאVאRKאא

אאK 
 

I R

V
+ _

 
אF٢ J٣E 

 
אאאאא،א

אW 
 



א J١ 
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FE  אאW 
 

     א  א    א א
Kאאאאא 

אאאאאאn   ،E،
אאrW، 

אאZn E 
Zאאאאn r 
ZאאאR + n r 

FאאאאWE  

I = 
rnR

En


  

א  R  << n r W 

 I = 
rn

En




 = 
r

E
 

אI،אאאאא
אאKאn r << RWא 

 I = 
R

En
 = n 

R

E
 

 

אn אאאKא
אאאאRK

אאאאא
Kאא 

 
FE  אאW 
 

אאאאא،
אEאאאKאאא،

 

1/n) rE، 
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Wאאא 

 R +  ( r / n ) 

Wא 

 I = 
)n/r(R

E


 

אr / n << R 
 I =  E / R  

אאKאאא
Kא 

אR << r / nI = n ( E /r )FnאאE
א אא א K  אא

אKא 
 

אEFWא 
 

 אאא א א n ، א 
אאאm ، 

Zאאאאאאn× r ، 

W 
אאmZn× r /m K 

ZאאאR + ( nr /m )K 
ZאאאZאE nK 

  

Wא 

 I = 
)m/rn(R

En




 =  
rnRm

EN

rnRm

Enm








  

אאNW 
 N = m×n  
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Fאאאm×R + n×r ،E
W 

 y = m×R+n×r  
   = 22 )rn( )Rm(   

   = rnRm)rnRm(  22  
 

אאאאאאא،
W 

 m×R = n×r  
 

אאאZאאK 
אEאFא٥٠אאא،٪

אאאאאKאאא
אאWא 

 

 m×n = N    ,       m×R = n×r  
 

אא W 
 

 
input

output
 = 

producedpowertotal

poweruseful  

 

   
rR

R

rIRI

RI







22

2
 

 

rאאאאRKא 
 

F٣ J١WE 
 

،אאאא1.5אVאאא2Ω،אא
2ΩF٢א J٤EKאאאאאK 

 Jאא 
 Jאא 
 Jא،אEFK 
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      F٢א J٤E 

Wא 
 JWאאאא 

E = 1.5× 4 = 6 V 
אWאא 

rint. = 2 × 4 = 8 Ω  
אאאWאאא 

 0.6A  
28

6
  

r  r

E
I

extint






  

 JWאאאאאא 
E = 1.5 V 

Wאאא 
rint. = 2/4 = 0.5 Ω 

אאאאאאW 

  0.6A  
2.0

1.5
  

r  r

E
I

extint








5
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 JWאאאאאא 
E = 1.5 x 2 = 3V 

 

אZEאאאאאFאא4 Ω 
אאא 

 2    
1

  
44

1  
 

אאאא،א
אW 

0.75A  
2

3
  

r  r

E
I

extint








2
 

 

Wאאא 
 

א ZE 
א אא Zri  

א  ZR 
אא  ZV 

V = E – I×ri = I×R 
 

 

E=  I (R + ri) 
 
 

P= V×I= E×I – I² ×ri 
 

 
dI

dP = E – 2×I×r 

 

Wאא 
dI

dP Z 
E = 2×I× ri 
 

 

I (R + ri) = E = 2×I ×ri 
W 

R = ri 
 



א J١ 
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 א        א   
Kאאאאאאאא

W 
 

m×R = n×ri 
 

אאאImaxא
 

r.i << R 
 

    אא  א   Imax א 
 

    
 R <<   r×i 

F٣ J١WE 
 

    15  1.4 V   א  0.8Ω 
30ΩEFWKאEF،אKא 

 

אW 
 

Wא 
   E = 15 x 1.4 = 21V                                                                   

Wאאאא 
= 0.8 x 15 = 12 Ω 

Wאאא 
= 12 + 30 = 42 Ω 

WאEF 
I = 21 / 42 = 0.5 A     

אEFWא 
V = I×R = 0.5 × 30 = 15V 

אWא 
 V = E – I×r = 21 – 0.5×12 = 15 V  



א J١ 
 

אאאא 
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F٣ J٢EW 
٢٤אא

5 Ω אא،2.1 Vאא2 Ω
Kאא، 

 

 אW 
Wא 

m×n = N,m×R = n×r 
 

r ،אאאR،אnאא
،  אאm،אא אא  Nא 

Kא 
 

 m×R = n×r     or    5 m = 2n      or     n = (5/2) m  (4.1) 
 

    

 m×n = N  = 24        (4.2) 
 

F4-1FE4-2E 
 

 
 m (5/2) m = ( 5/2 )  m2 = 24        or  m2 = (24 )×(2 )/5 = 9.6  
 

m = 3 ،n = 8 K
Wאאאא 

 

 I = 
)m/rn(R

En




 =  
)3/)28(5

1.28




  = 1.63 A 
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אאW 
 

١K אאאאא، 1.5V  אאא1.0Ω،
 4Ω،אאאאWא 

 Jאא     Jאא 
 J،אאK 

 
٢K    א אא א، 2V   אא א1.5Ω ،

،אא
Wאא 

 J  א 

 Jאאאא 
  Jא    

 Jאאאא 
  Jאאא10Ω אא
א 

 
٣K א0.6Aאא2.0Ωא

0.2Aאא12ΩW 

 JKאאא 
 JKאא 
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אאא  

אא 
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 א אWא אא א א א א א
 א א א א  א אא אא 

אאאK 

אאאW 
F١E א  א אא  א אא 

،אא،אאאא
Kאאא 

F٢Eאאאאא א א 
Kא 

F٣Eאאאאאא א
Kא 

F٤Eא  א א א אא  א א 
אאK 

F٥Eאאאאאאא
אאאKא 
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אא 
  

א،אאאא
،אאא

،אאאא
،אאאאK

א،אאאאאא
אאאא،

אאאא
K 

אאאאאאא
אאאאאאאא

אאאאאאאא
Kא 

  

WאאFElectric CurrentE 
 

אאא
אאKאא

אאאא،אא
אF،אאE
אFא،E

אאKאא
אאאKאאאא

אאא،אאאאא
אאאKא 

،EFאאאאא
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אאאF٣ J١EEאFא،
א،אאKאאא

אאאאא
F٣ J١אאאאEא

אאאאKאא
אF٣ J١א،א،E

Kאאא،אאא
אאKאאא،   

  

 
-1K  2 JK 3–Kא 

אF٣ J١אאE 
  

אאFאאא
אKאאאאאאEאא

I א Qאt،אW 

(3-1)  Coulomb /second   ( C / s)    
dt

dQ
I   

FאAmpereE A،،אא 
 1 Ampere = Coulomb /second 



א J١ 
 

אאאא 
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אאאאאFEא
Wא 

(3-2)            Ampere   (A) 
t

Q
I 

אאאאFmAE0.001 A
FAµ  E  (0.000001A)  א א אא

Kא  א אא אאא   
F3-2אWאE 

(3-2-a)   
dt

dQ
I 

אאF٣ J٢EE
אאKאא

אvvdtdtKא
אAn،אאא

אאאאdtn×A×v×dtאK
eאאאאאאdtW 

 (3-3) dq = e×n×v×A×dt  

(3-4) dQ
I n e v A

dt
    

 
 

אF٣ J٢E 
 



א J١ 
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אW 
 

אFJEאאW 
 

(3-5) J = I / A = n×e×v

F٣א J٥אEאAKאא
אאאאdA 

Wאא 
(3-6) J = dI / dA   

אאאאאKא 
 

WאFQuantity of ChargeE 
 

אאא
אאאK 

אQאאFאE
אאאא،א 

(3-7) Q = I × t        Ampere – second ( Coulomb )

I،אאtKא 
א١א

אאאK 
 

 



א J١ 
 

אאאא 
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אאWFElectric PotentialE 
K،אאאאא

אאKאאאאא 
 

אאא،אאא
KאאאאKא

אאאאאא
אאאאK 

 

אאאWאFElectromotive ForceE 
 

Wאא 

F١EWא 

אאאאא
KKא

אאאאאאאKא
א،אאא

אאאאאאKאא
אאאאאאאאא،

EאאFVoltEVK 
 

 F٢EאאWא 

אאאאאא،א
Kאאא

אאאאאאאK
EK 
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WאFResistance and Ohm’s lawE 
 

אאאאאא،
Kאאא

א?א?Kאאאא
RK 

אאאאאא
KW 

 

(3-8)     R = V / I

Rא(Resistance)،V،אאIKאא
RVolt / AmpereFOhmEאא

  א      א ١٨٢٧ Kא   
Omega)  ΩEאK(3-8)FOhm’s lawKEאF٣ J٣E

אאIאVאRK 

I R

V
+ _

 
אF٣ J٣E 

 

אאא
Kאאאא Vאא

אIא،א
אF٣ J٤KEאאאאאR

אאאא.  
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אF٣ J٤Eאאאאא.  

  

Wאאא 
 

F١E אFLא،EKא 
F٢E אFAא،EKא 
F٣E אאFρא،EאK 
F٤E אאFTE 

א   א    
Wאא،אא 

 (3-9)   )(    
A

L 
R 




ρFאאאResistivity،E
_FOhm_meterKELאFmE،A

Fאאm2EאK
אFσ  (Conductivityאאρ، 

 (3-10) (mho)    
RA

L
  

1 





σ(Ohm- meter) -1S/m1 siemens (S)= 1 (ohm)-1  
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FConductance EGא

،W G = 1 / R ( mho )،Gmho،،ohm)-1E،
،FS (Siemens 
 

Wאאא 

Wא،אאאאאא 

(3-11) ρT = ρ0 (1+ α0 T)

T אא  א   ،α0 אא א 
אאKאאאא
אאW 

         )(    
A

L 
R       ,    )(    

A

L 
R o

o
T

T






       

Wאא 

        T)(1 
A

L 
  

A

L 
R o

o
T

T 





   

 
(3-12)RT  = R0 ( 1+ α0 T)

 
אאאאT1T2W 

 
(3-13)RT1  = R0 ( 1+ α0T1 ),     RT2  = R1 ( 1+ α1T2 )

Wאא 
 

(3-14)RT2  = RT1 [ 1+ αT1 ( T2 – T1) ]
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Wאאאאאאאא 
 

אאאאאא
אאאאאא

אא،אאאK
אאאאKאא

אEFאאF٣ J
٥Eאאא10

אאאאKא 

 
אF٣ J٥E 

 JאאאρאאTK 
   JאאρאאאTאאK 

 
(3-15) αT1 = α0 / ( 1 + α0 T1 )

αT1אאאאאאT1אאK
،אאRאאאTK 

 

F٣ J١EW 
m5אאאmm5א،

א20oCאאא20oC
m..  810721 
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אW 
Wאאאא 

       R = ρ L / A 
 

L،אρ،אא A 
 

        A = π D2 /4    

D،אאאW 
 

       A = π D2 /4 = π ( 5 x 10-3 )² /4 = 6.25 π x 10-6 m2 
 

אאRW 
 

       R = ρ L / A = (1.72 x 10-8) (5) / ( 6.25 π x 10-6 ) = 4.38 m Ω  
 

 

F٣ J٢EW 

א 7Ω0o C،Ω 7.8200o C א،
אא 200o C K 

אW 

Wאאאאא 
       RT2  = RT1 [ 1+ αT1 ( T2 – T1)] 

 
      R0  = RT1 [ 1+ αT1 ( T0 – T)] 

א،אאא 
 

7  = 7.8 [ 1+ αT1 ( 0 – T)] 
 

 αT1 = -.8/(7.8×200) = -5.128×10-4 
 

αT1אאF200o CE{C-15.128×10-4 
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F٣ J٣E 

25 Ωאא10%אא15o
50o C،אאאאC 20o

  30ΩאאK 
 

אW 
Wאאאאא 

RT  = R0 ( 1+ α0  T ) 

 
  R15  = 25 = R0 ( 1+ 15α0  )   , 

  R50 = 25+2.5 = 27.5 = R0 ( 1+ 50α0  ) 

אאW 
          α0 = 0.0029850 C-1     ,    R0 = 23.9286 Ω   

 

אאΩ 30W 
 

  RT =30 = R0 ( 1+ α0  T ) =23.9286 (1+ 0.002985 T ) 

  

אא T = 850 C 
אאא∆T 

 ∆T = 85 –20 = 65° C 
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אאאWElectric Power and Energy 
 

IR
אאאKאאאאV

dQ  dtאW 
dQ = I dt 

Wאאאא 
dW = V dQ = V I dt                                                                  

אאWאא 
(3-16) P = dW / dt = V I dt / dt = V I

אאPאא،joule/s
F (Watt 

  V = I×R   , I = V / R 

אPWאא 
(3-17) P = V×I = I2 R = V2 / R   Watt 

אאאאאאאאא
،א،אאא

אא،אאא
Wאא، 

(3-18) P = E×I  Watt

EאאאאK 
אאאאאWW 

 

(3-19) W = P×t   ( Watt-sec   or  Joules )
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FWאEfficiencyE 
אאאאאאא

אηW 
(3-20) η =  Po / Pi 

PoאאאEאFPiאאאאF
אEאW 

(3-21) Pi = E×I    Watt

 E،אIKאאאPiW 
(3-22) Pi = Po + Ploss

 Plossאאאא،W 
Ploss  = I2 R 

IאRKא 
אηאW 

η =  Wo / Wi 

WoאאWiKאאא 
 

F٣ J٤EW 
אאאאK Ω2אאV16K 

 

אW 
אא IW 

I = V / R  = ( 16 / 2000 ) = 8 m A  

Vא،אRKא 
 
 
 



א J١ 
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F٣ J٥EW 
אאא5אΩ אאאA4K 

 
אW 

אאאW 

P = I2 R = (4)2 (5) = 80 W 

F٣ J٦EW 

אאאאW60K 

Wא 

אאWW 

         W = P×t = 60 (24) ( 365 ) / 1000 = 525.6 KWh 

Pאא tKא 

F٣ J٧EW 

אאאאא80%אא
A8  120 V 

אW 

אηW 

 η % = ( Po / Pi ) (100 %) 

 Pi = V I = (120) (8) = 960 W 

אPoW 

0.80 = ( Po / 960)  
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Po = ( 0.8 )×(960 ) = 768 W 

אאFFhourse_ Power ( hpWE 

 Po = 768 W ( 1 hp / 746 W ) = 1.029 hp 

F٣ J٨EW 

אאW220V110C200
 א K א  א אV110 C1200، א  

אאC  200     0.00393 C- 1K 

אW 

אאאP120W 

 P20 = V2 / R20        

 R20 = V2 / P20 = (110)2 / 220 = 55 

 R120 = R20 [ 1 + α20 ( 120 – 20 ) ] = 55 [ 1 + 0.00393 ( 100 )]  

                  = 76.615 Ω  

 

          P120 = V2 / R120 = (110)2 / 76.615 = 157.93 W 
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אאאא  

W 
אאאאאאא

א،،א
K 

 

Wאאא 
אאא،

F٣אאאאא J٦אKE
אאאRTW 

 
אF٣ J٦אEאאK 

  
RT = R1 + R2 +  R3   Ω   

אאאאNאאאא
W 

(3-23) RT = R1 + R2 + R3 + --------------- + RN    Ω

אאF٣ J٦אEI،W 
(3-24) I = E/RT   A

EאאאאאK
אאW 

 (3-25)V1 = I×R1  , V2 = I×R2  , V3 = I×R3  , --------, VN  = I×RN   V
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אאאאאא
אFR1WE 

(3-26) P1 = V1 I1 = I1
2 R1 = V1

2 / R1  W

Wאא 
Pdel = E×I   W 

NאאאWאאא 
 

(3-27) Pdel = P1 + P2  + P3 + -------------- + PN

א    (Pdelivered ) א א א א
אאאאK 

 

F٣ J٩EW 
אאאF٣ J٧א،EW 
אאEFאאK 

אאEFV1V2V3אR1R2R3K 
אאEFאR1R2R3Kא، 

 
אF٣ J٧E 

אW 
אאEFRTFא23-3EW 

RT  = R1 + R2 + R3 = 2 + 1 + 5 = 8 Ω 

אIא،אא 
I = E / RT = 20 / 8 = 2.5 A 

אאEFV1V2V3אR1R2 R3W 
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V1 = I R1 = (2.5) (2) = 5 V 

V2 = I R2 = (2.5) (1) = 2.5 V 

V3 = I R3 = (2.5) (5) = 12.5 V 

V1 + V2 + V3 = 5 + 2.5 + 12.5 = 20V 

אאאEFR1R2R3Wא 
P1 =I1

2 R1 = (2.5)2 (2) = 12.5 W ,  P1 =V1 I1 = (5) (2.5)= 12.5 W  

P2 = I2
2 R2 = (2.5)2 (1) = 6.25 W , P2 = V2 I2 = (2.5) (2.5) = 6.25 W 

P3 = I3
2 R3 = (2.5)2 (5) = 31.25 W,    ,           P3 = V3 I3 = (12.5) (2.5)= 31.25 W    

אW 
Pdel = E I  = (20) ( 2.5) = 50 W 

 
P1 + P2  + P3 = 12.5 + 6.25 + 31.25 = 50  W  = Pdel 

NRאאאאW 
RT = N×R          ( 5-6 ) 

 

F٣ J١٠WE 
אאRTא IאV2אאF٣ J٨EK 

 
אF٣ J٨E 

אW 
 

אR1 = R3 = R4،Wאא 

RT = N×R1 + R2 = (3)×(7) + 4 = 25 Ω 

 I  = E / RT = 50 / 25 = 2  A 

V2 = I×R2 = (2) × (4) = 8  V 
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F٣ J١١WE 
אאאF٣ J٩Eא،אאא=12KΩ RT

אאאאI = 6mA،W 
EFא R1    EFאE 

אEFK 
 

Wא 

 
אF٣ J٩E 

 

EFא R1 
RT  = R1 + R2 + R3 

 12 = R1 + 4  + 6 

 R1 = 12 – 10 = 2kΩ 

EFא E  
 E  = I RT = (6×10-3) ×(12×103) = 72 V 

WאEF 

 V1 = I R1 = (6×10-3) ×(2×103) = 12 V 

 V2 = I R2 = (6×10-3) ×(4×103)  = 24 V 

 V3 = I R3 = (6×10-3) (5) × (6×103) = 36 V 

אאאא
Wאאא 

V1 + V2 + V3 = 12 + 24 + 36 = 72V = E 
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אאאאW 
 

אאאאאא
  א א     אא   א 

אאאאאאאא
   א  א  א  א א א 

F٣א J١٠KE 
 

F٣ J١٢WE 
אאאF٣ J١٠Eא،אא

=100Ω R،W 
אאEF    EFאאא 

 

Wא 

 
 

אF٣ J١٠E 
 

FE  א א F א  ٣ J١٠א  א א  E
אאאאאאאא
אאאאאאא

אאW 
ET = E1 + E2 + E3 

ET = 50  + 30  + 40 = 120 V 

WאאEF 
I = ET/R = 120/100=1.2 A 
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א א F    א   א  
א א  א  א א  אא   א 

Kאאאא 
 

F٣ J١٣WE 
אאאF٣ J١١E،אאא

=10Ω R،W 
אאEF    EFאאא 

 
 

 
אF٣ J١١E 

Wא 
FE  Fאאא٣ J١١،Eאא

אאאא١٠٠אא
אא٤٠אא 

ET = 20  - 25+ 50  + 30 - 15 = 100V 
 

WאאEF 
 I = ET/R = 60/10=6A 
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WFKirchhoff’s Voltage LawE 
 

אאאאא
אאא Kאאאאא

Kאאא 
אאאא،EFאא KK؟

KEFאאW،EFא?א
אFאEאאאאא

א?K 
 ?אZאא،EFא

Eא 
 א   א  א א א     א  

א  K א  א א   א א 
אF٣ J١٢א א אאEא א א

KאאK 

 
 

אF٣ J١٢E 
אאאא

אאאאאאאאa
א،אאa, b, c, d, aW 

 -I1 R1 –I2 R2 - I3 R3 +E = 0  ,  or 

 E= I1 R1 +I2 R2 + I3 R3            
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אאa, d, c, b, a 
 - E + I3 R3 + I2 R2 + I1 R1 = 0   ,    or, 
  
 E= I1 R1 +I2 R2 + I3 R3            
 

אאאאאאא
אאאא،אא

אאאאא
אאאאKא 

      א        א
אWאאאאא 

 א،אאאא
א ،   אא    ، א 

K 

 א،אאאא
، אאא ،א

K 

 אאאאא
א،אKא 

 אאאאא
א،אKא 

 
F٣ J١٤WE 

אאאF٣ J١٣א،EV2 אI 
אR1R3K 
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אW 

 
 

    אF٣ J١٣E 
 

FאאEא 
 -E + V3 + V2 + V1  = 0 

 
 V2  = E - V1 - V3 = 54 - 18 - 15  = 21 V        
 I = V2 / R2  = 21 / 7 =  3  A  
 R1 = V1 / I = 18 / 3 =  6  Ω 
 R3 = V3 / I = 15 / 3  = 5  Ω 

 

F٣ J١٥WE 
F٣אאאאאאא J١٤Eא

7אΩאאא7ΩK 
 

אW 

 
 

   אF٣ J١٤E 
 

FאאEא 
 

 50 – 12.5 – I(4 + 4 + 7) =0 
 

 37.5 = 15×I 



א J١ 
 

אאאא 
 
 

69 

 
 I = E / R T = (37.5) / 15 = 37.5 / 15 = 2.5A 

 

V7Ω = I×R = (2.5)× (7) = 17.5 V 
        

P7Ω = I2 R = (2.5)2×(7) = 43.75 W 
 

F٣ J١٦WE 
 

،אאאאאI 3،I 2،I 1
אאאאF٣ J١٥KE 

 

 
 

אF٣ J١٥E 
אW 

 

אABCDAFאא٣ J١٥E
W 

 6 -10(I1 + I2) – 2I1 =0 
 6 = 2 I1 + 10(I1+ I2) ,          

6 = 12 I1 + I2   ………..  (a) 

אDCEFD W 
 -4 + 3I2 + 10(I1 + I2) =0  

4= 10 I1 + 13I2  ………..  (b) 

א(a)5אא(b)א6א
W 

 I2 = - 0.2143 A ,   
 I1 = 0.6786 A 
 (I1 + I2) = 0.6786 - 0.2143= 0.4643 A 
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WאFVoltage Divider RuleE 
 

אא        ،  א א
אא  אא 

אאאאאFא
א א אE אא  א  א  K אא

F٣ J١٦EW 
RT = R1 + R2   

RTW،אא 

   
R

E
I

T
  

 

 
R

ER
  R 

R

E
 R I V

T

1
 1

T
1


1  

 

 
R

ER
  R 

R

E
 R I V

T

2
 2

T
2


2 I = E / RT 

א،אאW 
 

 (3-28)  
R

ER
  V

T

x
x


   

xFאR1, R2, R3…FאEV1, V2, V3…E
 אא א אא א

אR6V6אא 
R

ER
  V

T

6 6 
 

 
 

    אF٣ J١٦E 
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F٣ J٧١WE 
 א ،א   אאV1  V3 א א

אF٣ J١٧KE 
 

אW 

 
 

     אF٣ J١٧E 
 

אV1 V3Wא 

3

3

T

1
1

10)852(

45102
   

R

ER
  V







  

 

V 6 
15

90
  V1   

 

3

3

T

3
3

10)852(

45108
   

R

ER
  V







  

 

V 42 
15

360
  V1   
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אאא 
 

אאא
אאא،אKאא

K 
 

אאא،
אאאאK     

אGאאאא،GT
W 

 
 

(3-29) GT  =  G1 + G2  + G3 + --------- GN
GאR،(R = 1 / G )،W 

 

(3-30) 
N321T R

1
   ..............   

R

1
  

R

1
 

R

1
    

R

1


RTאאאF٣ J١٨KE 
 

 
 
 

אF٣ J١٨EאאאK 
 

F٣ J١٨EW 
 א א אF٣ J١٩א، Eא אRT א

אGTK 
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אW 

 
 

אFF٣ J١٩E 
 

1/RT = 1/R1 + 1/R2 + 1/R3     
  

           = 1/2  + 1/4  + 1/5 = 0.95 S 
 

 RT = 1/0.95 = 1.053 Ω 
 

 GT = 0.95 S 

 
אאWאא 

 

אאNאאאR
אאאW 

R

N
  

R

1
   ..............   

R

1
  

R

1
 

R

1
    

R

1

T
  

 

אאRTW 

 N

R
   RT   

 

אאGTNא G Wא 
 

 GT = N×G  
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F٣ J١٩EW 
 

אאאF٣ J٢٠،EאאאRTK 
 

אW 

 
 

אF٣ J٢٠E 
 

אF٣ J٢٠،אERTW 
 

RT = R / N = 2 / 4 = 0.5  Ω  

 
W 

 

١KאאאR1 R2אאRT 
 

21

21

21T RR

R  R
  

R

1
  

R

1
   

R

1 
  

 

 (3-31) 
21

21
T R  R

R R
   R


  

٢Kא R1R2 R3אאאאRT
W 

 

(3-32) 
323121

321
T R R R R  RR

R R R
   R
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F٣ J٢٠EW 

אאאRTא،I1I2אא
אF٣ J٢١FאאE3-31KE 

 
אW 

 
 

אF٣ J٢١E 
 

Fאא3-31ERTW 
 

 RT = R1 R2/(R1 + R2) = (2)×(4)/(2 + 4) = 1.3333 Ω 
 

 אאאא = I× RT = 12×1.3333 =15.9996V 
 

 I1 = 15.9996/2 = 7.9998A 
 

 I2 = 15.9996/4 = 3.9999A 

 
F٣ J٢١WE 

 

F٣ J١٨FאאE3-32KE 
 

אW 
 

אאF3-32ERTאF٣ J٢٢E
W 

 



א J١ 
 

אאאא 
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אF٣ J٢٢E 
 

 

        RT = R1×R2×R3 / ( R1×R2 + R1×R3 + R2×R3 ) 
  

             = (2)×(4)×(5)/[(2)×(4)+(2)×(5)+(4)×(5)] = 40/38 = 1.053 Ω 
 

F٣ J٢٢WE 
 

אאR1R2R3אאאF٣ J٢٣Eא
R2 = 2R1R3 = 2R2אאRT = 16kΩK  

 

אW 

 
 

    אF٣ J٢٣E 
 

אF٣ J٢٣EW 
 

 1/RT = 1/R1 + 1/R2 +1/R3  
 

R2 = 2R1R3 = 2R2 =2(2R1) = 4R1אא
R2R3 RTW 

 

 1/16 = (1/R1) + (1/2R1) + (1/4R1) = 1.75(1/R1 ) 
 

אR1، 
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 R1 = 1.75 ×16 = 28 Ω  
אR2R3W 

 

 R2  = 2R1 = 2×28 = 56 Ω    ,    R3 = 4R1 = 4×28 = 112 Ω 
 

F٣ J٢٣EW 
 

אאאאאF٣ J٢٤אEW 
FEאא RTאאIS  אאI1I2K 
FE  אאKEאFא، 

אW 

 
 

    אF٣ J٢٤E 
 

FE  אא RTאאIsI1I2W 

          RT = R1×R2/( R1 + R2 ) = (9×18)/(9 + 18 ) =162/27 = 6 Ω 
 

          IS = E/RT = 27/6 = 4.5 A 
 

 I1 = V1/R1 = E/R1 = 27/9 = 3A 
 

          I2 = V2/R2 = E/R2 = 27/18 =1.5A 
 IS = I1 +  I2 = 3 +1.5 = 4.5A   ، א  

FE  אאEאFא،W 
 

 P1 = V1×I1 = E×I1 = (27)×(3) = 81W 
 

 P2 = V2×I2 = E×I2 = (27)×(1.5) = 40.5 W 
 

 PS = E×IS = (27)×(4.5) = 121.5 W 
אPS = P1 + P2،  W 121.5 = 81+ 40.5 
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F٣ J٢٤WE 
 

אאאF٣ J٢٥Eאאאא4Ω،
אW FאER3אEאIS K 

EFא I2אאאR2P2K 
אW 

 
 

אF٣ J٢٥E 
 

FE  א R3אEא ISW 

321T R

1
 

R

1
  

R

1
   

R

1
  

3R

1
 

20

1
  

10

1
   

4

1
  

33 R

1
  0.15  

R

1
 0.05  0.1   0.25   

  10  3R   ,  .10   
3R

1
  

 

E = V1 = I1 R1 = (4×10) = 40 V 

IT = E/RT = 40/4 = 10A 
 

FE  א I2אאאR2P2W 

2A  
20

40
 

R

E
  

R

V
   I

T2

2
2   

 

P2 = I2
2×R2 = (2 )2×(20) =80W 
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FWKirchhoff’s Current LawE 
 

אאאאאאאא
Kאאאאאאאא

KאF٣ J٢٦E
W 

I3 = I1 + I2   
  

א I3  אאאאא I1 I2 Kאא 
 

   
אF٣ J٢٦E 

 

Fא٣ J٢٧Eא I1  אאאאא I2 
I3 I4 Kאא+ I4I1 = I2 + I3 

 
 

אF٣ J٢٧E 
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F٣ J٢٥WE 
 

אאאI3I5אF٣ J٢٨EKK 
 

אW 

 
 

    אF٣ J٢٨E 
 

א I3אa W 
 

 I3 = I1 + I2 = 4 + 3 = 7 A  
 

אI5א،b ،א 
 

 I3 = I4 + I5 
  

         7 = 1 + I5  
         I5 = 7 – 1 = 6 A 
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Wא 
 

אאא
אאאF٣ J٢٩אKE
א IxאאRx،אII = V/RT

אVאRx V = Ix Rx،W 
 

 
אF٣ J٢٩E 

 

I = V/RT = Ix Rx /RT                                                           

RTא،אא 
Ix = (RT/Rx ) I        (3-33)  

 

KאאאאאI1
Wא 

I1 = ( RT/R1 ) I 
 

אאאאאF٣ J٢٩KאE
אI2 

I2 = ( RT/R2 ) I 

אאאאאא
אF٣ J٣٠אא،ERTWא 

RT = R1× R2 / ( R1 + R2 ) 

I1 = ( RT/R1 )\I = [(R1 R2/( R1 + R2 ))/R1] I  
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אI1 
 I1 = I×R2/(R1+ R2)       ( 3-34  ) 
 

 
 

אF٣ J٣٠E 
 

אאI2، 
 I2 = I× R1/( R1+ R2 )       ( 3-35)  

 
F٣ J٢٦WE 

 

אאI1I2 I3אאאF٣ J٣١KE 
 

אW 

 
 

אF٣ J٣١E 
 

אאאI1 
 I1 = [ R2/(R1+ R2)] I = [ (4)/(2 + 4) ]×(12) =  8    A 

אאI2،א 
 I2 = [ R1/(R1+ R2)]×I = [(2)/(2 + 4) ]×(12) =  4     A 

אאI2، 
 I2 = I – I1 = 12 – 8 = 4   A 
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אI3، 
 I3 = I1 + I2 = 8 + 4 = 12   A 
 

אI3אאאא
R1R2א

، 
 I3 = I = 12 A 

F٣ J٢٧EW 
אR1אאאF٣ J٣٢KE 

אW 
אאאאF٣ J٣٢EI1، 

I1 = [ R2 / ( R1+ R2 )] I 

 
 ( R1+ R2 ) I1 = R2 I 

 R1 I1 + R2 I1 = R2 I  

 
אF٣ J٣٢E  

 
R1 I1 = R2 I - R2 I1 = R2 ( I – I1 ) 

R1 = [R2 ( ]/I1 

I I1R2אאאR1، 
 R1 =[R2 ( I – I1 )] / I1 =[(7) ( 27 – 21 )] / (21) = (7) (6) / (21) = 2 Ω 

W 
אאI2، 

 I2 = I – I1 = 27 – 21 = 6 mA 
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אV2V1אR1W 

 

 V2 = I2 R2 = (6) (7) = 42  mV 
 

 V1 = I1 R1 = V2 = 42 mV 
 

  R1 = V1 / I1 = (42 mV) / (21 mA) = 2 Ω 
 

WאאאאאFOpen and Short CircuitsE 
 

אאא،אאא
אאKאF٣ J٣٣Eא

אabאWאאVab = EאI = 0K 
 
 

 
 

אF٣ J٣٣E 
 

אאאאאא
אKאאאאF٣ J٣٤E

אאR،אא
א 

V = I×R = (I)×(0) = 0V 
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אאאF٣ J٣٤EאR 
 

  I = E/R = E / 0 →   A  
 

 
 

אF٣ J٣٤E 
F٣ J٢٨EW 

אאIאVאאאF٣ J٣٥،E
אIאVאR2 K 

 
אW 

 
 

אF٣ J٣٥E 
 

אאאאאIאאא
R1R2אאאR3K 

 RT = R1 + R2  = 2 + 10 = 12   Ω 

 I = E/RT = 6/12 = 0.5   A 

 V= I×R2 = (0.5)×( 10) = 5   V 

אאR2א RT = R1
אF٣ J٣٦EאI 
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אF٣ J٣٦E 

 
 

 I = E/RT = E/R1 = 6 / 2 = 3A 

אV، 
 V = I×R2 = (I)×(0) = 0 V 

 
 

 
 
 
 
 
 
 
 
 
 



א J١ 
 

אאאא 
 
 

87 

 
אא 

אא 
  

אWא 
אאאאאאאאאא

אF٣ J٣٧EאאRTאא
W 

RT

R1

R2

R3

 
 

אF٣ J٣٧E  
 

 RT  = RS + RP  
 

אRS אא،אאאRPא
אאKאאא

אF٣ J٣٧WE 
 RS = R1   ,  RP = ( R2×R3 )/(R2 + R3 )  

Wאאאא 
 

 RT = RS + RP  = R1 + ( R2×R3 )/(R2 + R3 )   
 

אאKאאא 
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F٣ J٢٩WE 
אאא abאא2 10V 

אF٣ J٣٨KE 

Wא 
 

a

b

I

6

21

V

+

-

I1
I2

12

 
אF٣ J٣٨KE 

  
אאאאאאאF٣ J٣٨E  

     AI 5
2

10
  

VRIV

R

Rp

Tab

T

3557

7421

4
126

126










         

F٣ J٣٠EW 
F٣ J٢٩E،אאא 6אאI1I2K 

אW 
5V  15  1I V          ,  VV   12 10  

  

VVVVV ab 2051035126    

    A.I 3333
6

20
1   

  
AI

6

10

12

20
2   
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F٣ J٣١WE 
60W110V230V،אא

110VKאאאאאאא 
אW 

אאאאאאאאF٣ J٣٩E  
 

P = 4×60 = 240 W 
א 

 I = P/V = 240/110 = 2.1818  A 

אא Rאאא 
VR = 230 – 110 = 120 V 

אR 
 R = VR/I = 120 / 2.1818 = 55  
 
 

+

-

230 V

I R

110 V

 
אF٣ J٣٩E 

 
F٣ J٣٢ WE 

 

אF٣ J٣١ Eא)٣ J٤٠E
אאאאאאאא

K 
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אW 

+

-

230 V

I R

220 V

 
א)٣ J٤٠E 

א 

A.
V

P
I

L
09091

220

240
 

IRVVR  10220230 
אR 

 1679
09091

10
.

.
R 

 FאאRI2EאF٣ J٣١EFW./Ploss 82261551202 E
אאאאאאFW9.10167.9/10P 2

loss E 
אאאא

K 
F٣ J٣٣EW 

אאRאאאאF٣ J٤١Eאא
א3300 WK 

אW 

I

3

R

+

-

1

V3

+

-

90 V 6

 
אF٣ J٤١E 
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        W300
3

V
P

2
3

3  

 
 VV 303   

         A
V

I 10
3

30

3
3

3  

 

        A
V

I 5
6

30

6
3

6   

        
R

V
 

)/()(R

V
 A      I







336361
15510 

 
VRV 901545   

 




 3
15

4590
R  

F٣ J٣٤EW 
אאאאF٣ J٣٣Eאאא

Kאאא 
 

Wא 
אאאא 

 

W)/()/(Ploss 1350151153330630 2222  

אאא 
P = 15 x 90 = 1350 W 

 

אאאאאKא 
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F٣ J٣٥EW 
אאא15אVאאאאF٣ J٤٢E 



 





I

I1

I3
I4

I2

+

-
15V

 
 

אF٣ J٤٢E 
 

אאאאא
F٣ J٤٢،EאF٣ J٤٢אאERTאI  

 




I

I1 I2

+

-
15V 

 
 

אF٣ J٤٢E 
 





 52231
62

62
1 . )/(  

)(
 RT 

אI 

A
.R

V
I

T
6

52

15
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Wא 
אF٣ J٣٥אE )6A I= (אאא

אאF٣ J٤٢E   
    A.)/(I 5166222  

אא2א W 
W.).()(IP 542512 22

22  

F٣ J٣٧WE 
אאאאאאאF٣ J٤٢E

F٣ J٣٥EKאאאאא 
Wא 

אF٣ J٤٢EאF٣ J٣٥אE 
I1 = 6 [ 6/ ( 2+6 ) ] = 4.5A 

אF٣ J٤٢EאF٣ J٣٥E 

A).(I 354
63

6
3 


 

    A.).(I 5154
63

3
4 


 

אF٣ J٣٦אE ( I2 = 1.5A)אאא 

P = I2 R 

 
W)(PW.).(PW)(P 3616542512733 2

1
2

2
2

3   

W).(PW.).(P 9451513651 2
4

2
6   

אאPTW 
PT  = 36 + 4.5 + 27 + 9 + 13.5 = 90W 
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אאFΔ – Y (W 
 

אאא،אאא
 YTא
πKאאאאאא

אאאאא
אאYΔאKא

אאאאאאאא
אאאאKא 

אאאYΔFא٣ J٤٣Eא
אאΔאY

א N3  N1אΔW 
 
 

 

 
אF٣ J٤٣E 
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 YΔ 

 
2

131223
a R

RR  RR  RR
  R


  

 
3

133221
b R

RR  RR  RR
  R


        (3-36) 

 
1

133221
C R

RR  RR  RR
  R


  

 ΔY 
 

Cba

ba

R  R  R

RR
  R


1  

 

 
Cba

Cb

R  R  R

RR
  R


2        (3-37) 

 

 
Cba

Ca

R  R  R

RR
  R


1  

WE٣٨ J٣F 

F٣אאR1 ، R2   ،R3  لتكن  المقاومات J٤٣EΩ12،Ω 1Ω, 34
אאFאאא F٣ J١KEEYΔK 

אא Ra , Rc , RbKא 
  

Wא 
אא(3-36)אאאF٣ J١KE 

  
Rc[ Ω ]? Rc[ Ω ]? Rb [ Ω ]? R2  [ Ω ] R1  [ Ω ] R3  [ Ω ]  

454 37.833 13.353 34 12 1 1
103.283 42.124 113.87 16.78 45.36 18.5 2

4221 2275 8121 657 2345 1264 3
82.829 24.113 1.593 18.402 1.216 0.354 4
683.886 453.333 272 220 132 87.5 5
140463 147864 29078 66453 12868 13546 6

  

F٣א J١E 



א J١ 
 

אאאא 
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E٣٩ J٣F 

א RA  ، RC  ، RBאאF٣ J٤٣E27Ω , 76Ω , 

16Ω،אאאאFאF٣ J١KEΔYK 
אאR2  , R1 , R3אK 

אא(3-37)אאאF٣ J٢KE  
 

Wא 
  

R2  [ Ω ]? R1  [ Ω ]? R3 [ Ω ]? RB [ Ω ] RC [ Ω ] RA [ Ω ]  
17.244 10.218 3.63 76 27 16 1 
133.027 38.566 92.591 227 545 158 2 
13.226 24.081 459.434 38 725 1320 3 
0.84878 0.444878 0.206754 3.12 1.45 0.76 4 
14634 3849 6454 27210 45625 12000 5 

  

F٣א J٢E 

F٣ J٤٠WE 
 

אאF٣ J٤٤KEאאא
אABK 

 
אF٣ J٤٤KE 

 



א J١ 
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Wא 

אאF٣ J٤٤EאאF٧ J٢WE  

Rao = (9×3) /(3+6+9) = 1.5Ω  

Rbo = (6×3)/(3+6+9) = 1Ω 

Rco = (6×9) /(3+6+9) = 3Ω 

אאאאF٣ J٤٤אE
W،אLא 

 
אF٣ J٤٤E 

 

       Rad = (1.5 + 4.5) (3 + 3)/(1.5 + 4.5 + 3 +3) = 3Ω  

W 

       Rab = Rbo + Rod = 1+ 3 = 4Ω 
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Wאא 
 

١KΩ28אא%12אא18
20°Cא،אאאא

20°C 35Ω אאK 
٢KאאאאΩ4אאV20K 

٣KאאאאאאW850א
אA8V120K 

٤Kאאאאאאאאאא
אF١KE 

 
EFEF 

אF١E 
 

٥KאאאאאאF٢،Eאאא
אIאאK 

 

EF 
אF٢E 
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٦KאאאאF٣EאW 

FEאאאאK 

FE  אאאאא
אKEאFא 

 
(B)     (A) 

אF٣E 
 

٧KאאRאEאאאF٤KE 
 

 
אF٤E 

٨KאאאאF٥אERKא 

 
 

      אF٥E 
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٩KאאאאאF٦E 

 

 
(B)     (A) 

אF٦E 
 

١٠KאאאאאאF٧KE 

 
(B)     (A) 

אF٧E 
 

١١KאאאאIS אאא
אאאאF٨KE 

 

 

(B)     (A) 

אF٨E 
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١٢KאאאאאאF٩Eאאאא
K 

 
אF٩E 
 

١٣KאאאאאאאF١٠KE 
 

 
אF١٠E 
 

١٤אאKאF١١EאW 
 JאVLKאאא 

 Jא2.2א K ΩאVLK 

 JאVLאאKא 
 

 
אF١١E 
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١٦KאאאאאאאF١٢KE 

 
אF١٢E 
 

١٦KאאאאאאאF١٣KE 
 

 
אF١٣E 
 

١٧ JFאאאא١٤אEאאIאאI1  

I2, I3 .  
  

 
  
)١٤(الشكل  

 
 



א J١ 
 

אאאא 
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٢٠ JאאאאאאF١٥KE 
 

 
 

    אF١٥E 
 

٢١KאאאF١٦WE 
אאEFאאאIT EFKא אא  א א

אEFE   אאEFאא 
 

 

 
 
אF١٦E 

 
 

 



א J١ 
 

אאאא 
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٢٢KאאאאאF١٧WE 
אאEF אאאאאEF 

אאאEFאא IT    אאEFKאא 

 
 

אF١٧E 
 

٢٣KFאאאאא١٨W،E 
אאEF10א  אאאאאEF 

אEFE   FאאEאא 
 

 
אF١٨E 
 
 
 
 
 



א J١ 
 

אאאא 
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  אאא  

אאא 



א J١ 
 

אאאא 
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אאWאאאא
אאKא 

אאאW 

 

F١KEאKאאאאא 

F٢KEאKא 

F٣KEאאאאא
אKאאא 

F٤EKאאאאKאאא 
F٥KEאאאKאאא 

  

 
 
 
 
 
 
 
 

 

  



 

א J١ 
 

אאאא 
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אאא 
W 

אאאאאא


אאא،
KEא،Fאאא

،אאאא
Kאאאאאאא

אא،Kא 
 

אאאאאאאא
א،אאאא،

אא
EFאאאאאא
אאאKא 

 

אאFאאWEMesh Current Method (Loop Method) 

אFאאאE
אאאאאאא

א،
אאאאאאא

אאאאאא،אאא
Kאאא 

Wא 








 J١ 

    R3

א1І


٢E

-28 + 2(

-28 + 2I

-28 + 6I

אJ

 R1  R2 

א


F٤J

(I1 + I2) +

I1 + 2I2 +

I1 + 2I2 =



א 

١KE 

F٤ J١،E



אא

+ 4I1 =0 

+ 4I1 =0 

=0 


F٤J

 J١E

א
F٤ J٢KE

J٢E 


א
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אאא
א

F٤

א
א

 

F٤J
 

A,B
א

 

  I1  I2
אא

א 


א

א

B,C,D,A

 א

א


א

 א


 

א
א1І

W 

א

F٤ J١WE
אא

 
 

 

 
 

 

W 

א

א


א

 

אא
 
 

 

F
א

 

א


2I
 


א
א



 

א J١ 
 

אאאא 
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אא 2 W 
-14 + 3I1 + I2 =0 

14 = 3I1 - I2 …………………..  (a) 
 

אאB,E,F,C,Bא2І، א
F٤ J٢WאאE  

-7 – 2(I2 – I1) – 1×I2 =0 

-7 – 2 I2 + 2 I1 – I2 =0 

-7 = - 2 I1 + 3 I2  ………………  (b) 
 

אא(a),(b)אאאF٤ J٢E
א،(a)א3Fא،bאE 2 ،W 

 
I1 = 5A ,    I2 = 1A 
  

F٤א J٣EKאאאאאא 
 

 

אF٤ J٣E   

 

F٤ J٢WE 
אאאFאא٤ J٤אאאאE

אאEאאFI1  I2K 



 

א J١ 
 

אאאא 
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אF٤ J٤E   

Wא 
אI1 , I2  אF٤ J٤E
W 

א1I 
60 – 40 - 5 I1 – 6 I1  – 3(I1 – I2) - 1×I1 =0 
20 - 5 I1 – 6 I1  – 3I1 + 3I2 - 1×I1 =0 
20 = 15 I1 – 3I2  …………… (a) 

א2I 
40 – 10 – 3(I2 – I1) – 3I2  – 4I2  - 2I2 =0 
30 - 3I2 + 3I1  – 3I2 - 4I2 - 2I2 =0 
30 = - 3I1 + 12I2  …………… (b) 

אא(a), (b)אאF٤א J٤،E
FאאbאE 5 ،W 

20  = 15 I1 – 3I2   …………… (a) 
150 = - 15I1 + 60I2  …………… (b) 
170 = 57I2 ,  I2 = 170/57 = 2.98A 

אI2(a)(b) W 
 
I1 = 5A ,    I2 = 1A  

F٤א J٣KאאאאאאE 
20  = 15 I1 – 3(2.98 ) 
I1 = {20 + 3(2.98 )}/15 = 28.94/15 = 1.929A 



 

א J١ 
 

אאאא 
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Wאא Node Voltage Method 

אKאאאא
אאאאאאא

     א א     א א
אאאאKא

K 
אאאאאאאאא

W 
 אאאא

אn אא، N1, N2, N3, …… Nn،
אאאV1 , V2, V3, …… Vn 

 אאאא
Kאאא 

 ، א  א  
 א ،א  א ،  

א אא א  א
אאאK 

 F،אKCLאEN،
F٤א J٥WE 

Ia + Ib + Ic =0 
 

 
 

 
F٤ J٥E 



 

א J١ 
 

אאאא 
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 אאאאא
אאאאאא،א

FאI=V/RFא،E٤ J٦E
Kאא 

 

K אאK 
F٤א J٦E 

 
F٤ J٣E 

אאאאאא
F٤ J٧אE12א אאא

א 0אאא 1 V1 
0א2V20 V1 V2אא

0 אאאאא
W 

 

 
אF٤ J٧E 



 

א J١ 
 

אאאא 
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F1א،א،E
Fאאא1אFא،E0Fאאא،E1E

Fא2WאE 
 

[(V1 – 12)/3] + [(V1 - 0)/6] + [(V1 –V2)/10] = 0 …………. (a) 
 

F2אא،E
Fאאאא،2Fא،E0אא،EF2אE

Fא1WאE 
 [(V2 – V1)/ 10 + [(V2 – 0)/12] - 2 =0  …………. (b) 
  

FאaF،EbEV1     وV2
אא6אW 

I2 = (V1 – 0)/6 
 

אאאא
אאאKאאא 
 

F٤ J٤WE 
Fאאאאא٤ J٨Eאאא

א  V1  , V2  

 
 

אF٤ J٨E 
 



 

א J١ 
 

אאאא 
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Wא 
 

F1אאאE 40VFא1E
Fאא1WאאE 

V1 = 40V …………….. (a) 

F2אWWאאE 
(V2 - V1)/10 + (V2 - 0)/2 + (V2 - 0)/5 – 20 =0 
 

V2 - V1 + 5V2 + 2V2  – 200 = 0 
 

8V2 - V1 – 200 = 0 …………….. (b) 
V1FאbWE 

8V2 = 200 + 40,  8V2 = 240 
V2 = 240/40 = 30V 

 

 
אWFSuperposition TheoremE 

 

אאאאא
Kא 

אWאאאאא 
 אאאאאאאא

אאאאאא
אאK 

 אאאאאא
FאאShort CircuitE 

 אאאא
FאאOpen CircuitE 

 

 



 

א J١ 
 

אאאא 
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F٤ J٥WE 
אאאאא6ΩאאאאF٤ J٩E

אאK 

 
אF٤ J٩E 

Wא 
 

אאאא
אאא،אאא

אאאKאK
אאאF٤ J٩KE 

 

 
F٤ J٩E  

 

א3A א 6Ω3ΩKא
Wאאאא 

 R = (3×6)/(3+6) = 2Ω 



 

א J١ 
 

אאאא 
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Wאאא 
 V = I×R= 3×2 = 6V 

6ΩWאא 
I1 = V/R = 6/6 =1 A 
 

א א  אא אא
אF٤ J٩אE2Іא6ΩK 

 

 
אF٤ J٩E 

 

I2 = 18/(3 + 6) = 2 A 

אאW 
         V2 = 2×6 = 12 V 

6ΩWאאאא 
I = I1 + I2 = 1 + 2 = 3A 
 

V = 6 + 12 = 18 V 

F٤ J٦WE 
 

Fאא٤ J١٠אE  IאאK 



 

א J١ 
 

אאאא 
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F٤א J١٠E  

אאאF
אאאאאא،E

Kאא א א א10Vא20Vא
אKאאאאF٤ J١٠،א KE

אI10.0636A 

 

אF٤ J١٠E 

א10Vאא،אF٤ J١٠KEאI2، 

 
אF٤ J١٠E 



 

א J١ 
 

אאאא 
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I1 = 0.0636  A 

I2 = 1.744  A 

 

I = I1 + I2 = 0.0636 – 1.744 = -1.68 A 

F٤ J٧WE 

אאאאאF٤ J١١E
אK 

 
אF٤ J١١E 

 

אW 
 

א  א  אא
אא א Kאאאא

אאאאאWא 

 JFא120אVEאF٤ J١١KE 

 



 

א J١ 
 

אאאא 
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אF٤ J١١E 

 

I'
1אאא 

R' = 10 + 20 + 10 = 40 Ω   

אאאEאאF 

 Rab = 40/2 = 20 Ω 

Wאא 

R = 20 + 15 + 15 +30  = 80 Ω   

I1' = 120/80 = 1.5 A 

I2'אא،a،bK 

Vab = I1' x Rab = 1.5×20 = 30V 

I2' = 30/40 = 0.75 A 

I3' = 30/40 = 0.75 A 

 JFא240אVEאF٤ J١١אאE
W 

I1" = 1.5 A,   I2" = 3.75 A,  I3" = 2.25 A 

 



 

א J١ 
 

אאאא 
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אF٤ J١١E 

 

 J F א 60א V   E אF٤ J١١ א  E
W 

I1"' = 0.375 A,  I2"' = 0.562 A,  I3"' = 0.937A 

 
אF٤ J١١E 

אאאאאאאא 

K 

I1 = I1' + I1" + I1"' = 1.5 + 1.5 + 0.375 = 3.375 A 

I2 = I2' + I2" + I2"' = 0.75 + 3.75 – 0.562 = 3.938 A 



 

א J١ 
 

אאאא 
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   I2"' א    א אI2'   I2" אא א
אא،I2אאI2'I2" 

 

I3 = I3' + I3" + I3"' = 0.75 – 2.25 + 0.937 = -0.563 A 
 

 אאI3  ،א אא
אאI3"K 
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אאאא 
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אאWא 
١K א אאFאא ١אאא א E

אאEאאF  I1  I2  

 

אF١E 
  

٢K אאאFאא٢אEאא
א V1   V2   

  

  

אF٢E 
  

٣K Fאאאאא٣אאאE
א V1   V2   

 
אF٣E 



 

א J١ 
 

אאאא 
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אא  

אא 



א J١ 
 

אאאא 
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 א אWאא א א
Kא 

אאאW 
F١E אאאאא

אא 
F٢E אKאאא 

F٣E אאאKא 

F٤E אאאאאK 

F٥E אאאאא
אK 

F٦E אKאאאא 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א J١ 
 

אאאא 
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אא 
W 

אא אF Eא  א א 
   אאEאF  א 

אאאאא
א  א א  Kא  א א א

 א  א א  א א א   K
א  א  Kא א  א א 

אאאאא،
 K 

אאKאא 

אWא 

א،
אאאא
אF٥ J١،א،אאאKE

אאאK
א،אאא

אאאK 
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  N S 
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א
א

K 


 

א



אא


א

אאא




F٥J

 

K 

 

א




F٥ J٢E

אא
K




،
אאא
א

א
א 

אא

א
 

אא
א




אF
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אאW 

אאא
Kאאא

Kאאאאאא
Kאא،،אאא
אK 

W 

אK
אאא،אא

،אKאא
אא،אאא

אKא 

אאW 

אEאFאאאא
   א א א א       ؛

 KE  א  F       א א
  א  אא،א

אאאאאאאאא
אאK 

אא אאאF٥ J٣E
א אא

Kאאא אא א
אאא B א. 



א J١ 
 

אאאא 
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אF٥ J٣E 

אאאאאWEאאF 

אא
אאKאא

Kאא
אאאאאאאא

אאאאאאא
אאאאא

F٥ J٤EאאאאאF٥ J٤KE 

 

 

EF  
EF 

 

אF٥ J٤E 



א J١ 
 

אאאא 
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  אאא 
  אF٥ J٥E       

אF٥ J٥KE 

 

EF 


 
EF 

אF٥ J٥E 

אאאאא
Kאאאאאאאאא

Kאאאאאאא
אKא 

WאEאFא 

אאא
Kאאאאא אdA

אF٥ J٦Eא،
אאBאאdAKא

.Φm 

m   B dA            (5-1) 

  cos AB  m



א J١ 
 

אאאא 
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F٥א J٦E 

AאאאΦKΦويبر Wb(Weber)KBال
T 

2 Weber/m Tesla  
erAmpere.met

Newton
  

second

meyer
  Coulomb

Newton



 

 Teslaאאאא
  Tesla = 104 Gauss 

 
 dA א אאאא

א. 

 

אF٥ J٧E 

 אF٥ J٧Eאאאא dA 
א. B אאאאאB

Kאא 



א J١ 
 

אאאא 
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F٥א J٨E 

 

אF٥ J٨Eאא  B×A   א dA א
א  B  אאאאK 

אאאאאW 
 

 
 

 
 
אF٥ J٩E 

 



א J١ 
 

אאאא 
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אאF٥ J٩WE 
EFאWאא 

אאאאא 
אאאWאאאאאא 

Eאא Fא א W א אאא 
אאאאאאאא

Kאאא 
 

Fאא٥ J٩WE 
אאאאא

אאאאא،
אאאKא 

אאאאאW 
  

אאאאF٥ J١٠E
RWאא 

(5-2) 
R2

NI
B




 

WNא،R1אאא، R2אא،
 IאאאK 
  

،    א א  אא א    אא
אK 

 
אאR1  , R2 א B אאא


R2

NI
B




  



א J١ 
 

אאאא 
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אF٥ J١٠E 

Wא 
 

אאאאאאא
אμFאmL(Henry

m)LHאאKEμ0K 
(5-3) m/H104 7

0


אאאμ0Kאאμ0
אאאμr، 

(5-4) 
0

r 




אאאאK 
 

Wאאאא 
אאאאאאאאאאאאא

אא،א،
אKאאא

אאאאא
אאאאKאאאא

W 



א J١ 
 

אאאא 
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١ JאEאFאParamagnetic 

אאאאאאאא
،אאאאאאאא

אאאKאאאאא
אאאאאאא

FאFerromagneticאאEא،
Kא 

 
٢ JFאאDiamagneticE 
א،אאאא

אאאKאאאא
אאאאאK 

אאאאאאאא  B0אא
אאאאאBאא

Wא 

(5-5) μr  = B / B0

 א F٥ J١١E א אא
אאאK 

 

אF٥ J١١EWאאא 

  



א J١ 
 

אאאא 
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אWאאאא  

١ JאВאאאאK  

٢ JאВאKאאאא  

٣ JВKאאאא  

אWאא 
١K  אאאא  Wאא 

אאאאאאאא
Kאא 

٢K Wאאאאאא
א א א א F א א 

א–Eאאא 

٣K Wאאאאא
אאאאאא

אK 

 

Wאאאאא 
 

١KFאאI Eאא(B α I) 

٢KFאא(d FאB α 1/dE 
٣FאKNאאE(B α N) 

 
F٥ J١WE 

אאאא A אאF٥ J١٢E210-5Wb
אKאא 

  



א J١ 
 

אאאא 
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Wא 

T104
5.0

102

A
B 5

5









 

F٥ J٢WE 

אאאאאA1، A2  אF٥ J١٣Eא
אאאB=10-5Tא،

אA1K 
 

 
 
 
 
 

Wא 
 

אאA1W    Ф = B×A1 =  0.610-5 Wb 

אאA2אאאאא
K 

 

אאW 
אאH אאאא

א،אא 

(5-6) 


B
H

 

Φ A=0.5m
2

)١٢-٥(الشكل

B 

A1=0.6m
2

A2=0.6m
2

F٥א J١٣E 



א J١ 
 

אאאא 
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אאFАT/mא،E

א Kא אא א א  א
،אא،אאאאא

אF א א  K Eא  
אאKא 

F٥ J٣WE 

20AT/mKאאא
אאאWאא 

 J  μ0EאאאאF 
 J  1.000022×μ0EאWאF 

 J  0.99×μ0EF 

 J  5000×μ0KEWאF 
 

אW 
 

א(5-6)HB W 
 

- B = μ0 H = 4π  10-7  20 = 2.51 10-5 T 
 

- B = 1.000022× μ0×H = 1.000022  4π 10-720 
=2.513 10-5 T  
                

- B = 0.99 μ0×H = 0.99 4π10-720 = 2.4810-5 T  
            

- B = 5000 μ0×H = 50004π 10-710-5 T 
 

אא
K 

 
 
 
 



א J١ 
 

אאאא 
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אאאאW 
 

אאאאאאא
אF٥ J١٤Eאאאא

א،אא،אאאאKא 
אאאאI א 

(5-7) a2

I
B






  aאאאאאאא
،אאF٥ J١٥KE 

א(5-6)אאאא 

(5-8) a2

I
H




אאАT/mא،א
אKאא 

  

  
   

  

  

  

F٥א J١٤Eאא

I 

Ha

אF٥ J١٥אאE
 



א J١ 
 

אאאא 
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F٥ J٤WE 

15AKאאאא
אא4אcmKא 

Wא 
א(5-5)F5-6Eאאm/H104 7

0
 

 

 
אאאאאW 

 

אאFאI
 Bאאאא

F٥ J١٦אEWאאאא،א
אאאאKא 

אW 
(5-9)  sinIB F l

lא،θאאאאKאא
אB l Iאא90K

אאא0Kא 
 

m/A7.59
1042

15

a2

I
H

T105.7
1042

15104

a2

I
B

2

5
2

7





































 J١ 

א
،

sinI

F
B

12





B
102




א

 

 

אJ

אא
א

 

.

n

1010

040
2 





.

100

040
2  




  B2 א




 


א

30oK

sin o90




sin o30







א
א 

  

Kא
 ،א

א

T.20
 

 

T.40  

W


אא

 I2א
א

ليد اليسرى
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0.04N

א

א




א

 I1 ،2

א

عدة فليمنج لل

 


א

אא

 =




א


א, F1 

عقا )١٦-٥

א
 


10cm

א 


(

א= 30o

א


א




א:
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א
 

F٥ J٥WE

א


W 
F5-9

א

 א




١٧E
א

אא

אא
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2A،
א
Wא

א



א


 

F٥J
א
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אאאא 
   

 

141 

 

אF٥ J١٧E 

אא אא 2אא: 

 
a

I
 B o





2

2
2              (5-10) 

אאא אאא a 
אF٥ J١٧E،א א  F1  א: 

 (5-11)  
a

II 
  )

a
(I  IB F ooI

112 








22
21

1
2 l

ll

אא א:
 

 

 (5-12)  
a

II
 

F o





2

211

l


אאא2، F2א،
F1אאKאאאא،א

אאאאא،אאא
א. 

F٥ J٦WE 

אאאאא،
אא30cm،2010-7 N/mKאא

אאאאאאא2.אA 



א J١ 
 

אאאא 
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Wא 
אF12 J5E 

A.

I

Fd
I

51
2104

102010302

2

7

72

10

21
2















 

F٥ J٧WE 

אאאאאאאKא
،אאאאאK 

Wא 

N 102  
1041

  
a

II 
F 7-

7-
o 










12

11

2
21

 

F٥ J٨WE 

א30א600A
אKאKאאאאא

אא72000AאאאKא 

N 0.24  
.

104
  

a

II
F

7-
o 










302

600600

2
21  

WאKא 

N 2456  
.

104
  

a

II
F

7-
o 










302

7200072000

2
21  

אאאאא
Kאא 
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אאאאאW 

אאאאאא 
Kאאא אאא Self Inductance א

אאאא
אK EאאאFאא א אאא

אא א. 

אאא :Self Inductance  

 

אF٥ J١٨E 

 א א        א
F٥ J١٨E،  אא אא   א א
 אא. ؟   

 אאאא: 

١K אא אאאא. 

٢K אא אאאא. 

٣K א אאאאאא
א א.  Lenz's Law   



א J١ 
 

אאאא 
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א אאאאאאאאא
 אאKKKאאאאא 

אאאאאא  Self Induction . 

אאאא.   א 

א א אא א אאאא
אא אאא אא א. 

dt

dI
L   

dt

d
 N E m 


         (5-13) 

אאא L א אא C א
אאא  L א אאKא N L 

 אW 

 (5-14) 
I

N
 L m

אא אאאW 

 (5-15) 
(dI/dt)

E
 -L  

אא אאאאא
א אאאאאאא . 

אאא א Henry K 

אאאאאW 

א N    L  א.  
אW 

I 
N

   B o 


         (5-17) 
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אאWא 
 

I 
AN

   AB om 





       (5-18) 



AN
  

I

N
 L

2
om 




         (5-19) 
 

אאאא אאFאא
אE  

אא Mutual Inductance 

 

אF٥ J١٩E 

א אאאאאא 

אKאאאאא 
אא  Mutual Inductance  א. 

אF٥ J١٩Eאאאא
א   N1    I1  א  

א  N2    Φ21 אא  I2 

. 
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א אא M21 אאאאW 

 
I

N
 M

1

212
21




  
       (5-21) 

1
2

21
21 I 

N

M
 

   
      (5-22)

 

אא I1 אאאאאא אא
אאאאא: 

dt

dI
M   

dt

d
 N E 1

21
21

22 


        (5-23) 

אאא I2 אאאא א
אאאאאאא אW 

dt

dI
M  E 2

121           (5-24) 

אאאאאאא
אKאא 

W 

אאF (dI1/dt) = (dI2/dtאאאא 
E1 = E2          (5-25) 

א 
M21 = M12 =M         (5-26) 

אאאאא 

dt

dI
M  E 2

1   ,  
dt

dI
M  E 1

2      (5-27)  

אאאHenry 
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אW 

אWאא 

אא،אאא،א
אאאKא

אWאאא 

אEאFאאאאאאאא
אאאאאאא

Kא 

אאF٥ J٢٠EאאL1א
אא L2אאMאאאאאאI

אאB1،B2אא
אF٥ J٢٠KE 

  

אF٥ J٢٠EWאאא 
 

 J  אאK 

 J  אK 
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אאאאאאאאאאא
אאאK 

Fאאאאאא1WE 
(5-28)  

אאאאFא2אWE 
(5-29)  

Wאאאאא 
(5-30)  

(5-31)  

L'Wאאאאא 
(5-32)  

אאIB1،B2א
F٥ J٢٠E 

אEאFאאאאאאאא
W 

(5-33)  

W 

١ Jאאאאאאא
אM= 0אאאא

F5-32E ،F5-33E 
(9-34) L = L1 + L2

٢ JFא٣٣ J٥EFא٣٢ J٥EWאאא 

dt

dI
M

dt

dI
LE2  2

dt

dI
)MLL(EEE 21 221 

dt

dI
'LE 

MLLL' 221 

MLL'L' 221 

dt

dI
M

dt

dI
LE 11 
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(5-35) M = 1/4 (L' – L'')

M2  =K2  L1×L2 

 

(5-36) M = K 21 LL 

אאאאאא
Kא 

Wאאא 

אאאאאאIא
אאW 

(5-37) I = I1 + I2 +……….

אI1 אאאאאL1אI2אא
L2Kאאא 

אאא I1
I2Fא5-37WE 

(5-38)  

W 
(5-39)   

 

 (5-40)   

 

(5-41)   

dt

dI

dt

dI

dt

dI 21 

L

E

dt

dI


1

11

L

E

dt

dI


2

22

L

E

dt

dI
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Fא9-38،Eאאא
W 

(5-42)  

אאאא
אאKאא 

 

F٥ J٩WE 

אאNF،
Eμl،B=μNI/ l،IKאאאא

אאאdKאא
אאN=100T ،l=10cm، μr=1000EF

d=5mmK؟אאא 

Wא 
אF(5-2אאФ 

A
IN

  AB  



  

א .A=d2/4א)(9 – 5א 

mH5.2H105.2
10104

)105()100(1000104

4

dNAN
L

3
2

2327

22
r0

2



















 

אאאμr، 

H5.2H105.21000/105.2/105.2L 63
r

3    

אאאא
אKא 

n321 L

1
...........

L

1

L

1

L

1

L

1
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F٥ J١٠WE 

אא1cm240cm
4000Kאא0.5Aאאא

0.4Wb/m2FEKאאאאאא
K 

Wא 

H = N×I / l = 4000 x 0.5 / 0.40 = 5000 AT/m 

µ= B/ H = 0.4 / 5000 = 8 x 10-5   

µ µ  = o×µr 

 µr =  8×10-5/ 4π  10-7 =  63.69 

L = N×Φ / I = N×B×A / I  = 4000 × 0.4 × 0.01 / 0.5 = 32 H 

א W 

א
،א אאאא

Kא  אאאאא
אאאא١٨٣١

אאFaraday's law of inductionK 
אאKאא 

F٥אאאאאא J٢١E
א   א   א    א

 א אא אF٥ J٢١E א  א
א א אא ، אא
אInduced Currentא

Induced Electromotive ForceK 
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  )٢١-٥(الشكل 

 אF٥ J٢٢Eאא
א אאאא،אאא

 אאאאא
אאאאאאא،

.אאא א 

 

אF٥ J٢٢E 

 אאאאאאאאאאא؟
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אאאאאאאא
אאאאאKאאאW 

 
dt

d
 E m           (5-43) 

FאאN = 1.0 T،EΦmאאא
אאאKWאאא 

  dAB m          (5-44) 

א N אא
Wאא 

 
dt

d
 N E m          (5-45) 

Wאאאא 
 Kאא 
 אאאK 
 Kאאאאאאא 

אאאW 

אאאאאאאאאא
אאKא א

א،אאW 

אאאאאאאאא
אאאK 
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F٥ J١١WE 

 אאאאאא1.0m
6×10-4 m21000Kאאאא
אא500א،אאאאאאא

אאאא15KL 
Wא 

 

 
H10x54.7

1

10x6   )1000(104AN
L 4

4272
0 









l
 

Wאאא 
 

 
H377.0

1

106  10 104
    500

ANAN
L

467

2
r0

2













ll

 

 dt

di
LE  = 0.377 x 15 = 5.655 V 

F٥ J١٢WE 
1.0 m6×10-4 m2N1=1000T ،

אN2 = 20TKאW 
١ JKאאא 
٢ JFאאאאאאאאאא1אE

10KאL 
 

Wא 
١ J Fא1Eאאאאא

I 

l
IN

B 10
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Wאאאאא 

 l
AIN

 AB  10
  

Fאא2EWאא 
 

 M = (N2×Ф)/ I = μ0 (N2 N1 A/l) 

 

 
H377.0 

1

10610104
500 

AN
  

AN
 L

467

2
r0

2















 

 

 
H377.0 

1

10610104
500 

AN
  

AN
 L

467

2
r0

2















 

 

 
H.  

ANN
  

I

N
 M

5
47

1202

105071
1

106100020104 














 

 
Fאאאאא2אWE 

dt

dI
.ME 1

2  

 

V     .E   2511010125 6
2 
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Wאא 

1W2A Kאאאא
אא8אcmKא 

2W 4A10cmKאאאא
אא0.06TK

אאאאאאº 40؟ 

 3W 0.5m8A
0.40TKאאאאאאאא 15°؟ 

4אWא8cmאא
2A4A KאאKאא 

5Wאאא200א،8cmא،
50003.0mm 

6Wאאאאא100אא
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אאא  

אא 
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אאW אאאא
Kא 

אאאW 
)١( א،אאFאאאא

א،אאאKEאא 

)٢( אאאאEאאFאא
K 

)٣( אאאאKאאא 

)٤( אKאא 

)٥( אKאא 

)٦( אאKאאא 

)٧( אאאK 
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אאא 

 

W 

אאאאא
       

אK       א א
א א  א אא אא
אאאאא،

L AK 

אאא
אאאאאאאאא

אאאא،
אKאאאא

،אאאKאא 
אאאאא

א 
אא،אאBאא

Wא 
(6-1) F= BIl     N

Fאאאא(N)א
l(m) ،،I(A)،

B(T)K 
אא،אאא

Wאא 
(6-2) ALΦ     B = = B A Φ
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אא(Wb) ،(6-2)W 
 

1.0 Wb/m² = 1.0 T 
 

  ،א Wא א K 
אא  Eא F،אא

אאאא(mmf)K 
   AT)turns-(Ampere      IN         (6-3) 

(AT)                 (6-4) 

(AT/Wb)     
A

  



         (6-5) 

IאאN אאא،
א (AT)،אF٦ J١Eא

،אאאאmmf،ΦK 
 

 
אF٦ J١E 

 

אאאאאIאאH
Kאאא 

    I N  d H           (6-6) 

HC× IC = N×I         (6-7) 
 

אאא١אאL
א،אאאאא

Wאאא 
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BC = µ HC          (6-8) 

BC= μr μo Hc     

μo = 4π×10-7  Wb/AT.m 
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אא 
I N     mm   

 A
 m 


  





 A
   

 A
  IN    

 
 AI N 

    

or
m

or

m

m














      (6-9) 

 

 
 

אF٦ J٢אאאאאאאE 
 

אאאאא،
אאאF٦ J٢FאKE٦ J١אאאE

Kאאאא 
אאאWא 

١ JאאאאאRI2 אא
،RΦ²Kאא 

٢ JאאאאF٦ J٣،E
אFאאKEא 

אאאKאאא
אאאLeaking flux Kאא

KאאאF٦ J٣אאאE،
Wאא 

אאLאאZא 












 J١ 
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א


Saturatio

H
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אJ
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א
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א




א
א




B،


א

 

א

٦ J٣אE

א
א
אא

אא
א

א
٦ J٥EK

א

א

אF٦

א
Fring

،
Kא

E

rµ


אKE
אF٦

א

אא

         

אאא
ging flux

אאא
א

אFא

א


F٦ J٤
א
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אא
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אF٦ J٤E 
אF٦ J٥אEאאאrµ

BrµאBKאrµ
Kאא 

 

 
אF٦ J٥E 

 

 

   
 

אF٦ J٥E 
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Wאאאאאא 
  אאאאאא 

١  
אא Jא

K 
אא J

 

٢  

?אאV?
?אאIK?

?אФ?אא
אאאאFE J

?אאФ? 

٣  
אאא

Kא 
אא

Kאא 

٤  
?אאI?

K 
?אאФ?

K 

٥  

?אjא?
?אA? 

J = I /A 

?אאB?
אא
Lאא

 
٧  W   voltV = RI WAT =  m Ф

٨  

WאאResistance 

R=(ρ×L)/A           
 :Lא،ρWאא
 :AKא 

אאRא
אL ،
אA K 

אאReluctance   W 
m=(L/μA)            

 :Lאאא 
μW  אא 

 :AKאאא 
אאאאm

אאא
Kאאא 

٩ 
אאא

אאאa , b 

V ab = I×R ab

אאאאאא
a , b 

ab = ф× ab
 

F٦ J١Eאאאאאא 
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Wאא 

 

אאאאאא
אאF٦ J٦Eאא?אא،אא

?אאאKאא 1ф
2ф،3фWאא 

ф1 = ф2 + ф3 

0  
k

K 
1

          (6-10) 

 
אF٦ J٦E 

W 

אFאא،א
אHאאאא،EH  (AT/m)

KLK 

 f.m.m =   H     I N         (6-11) 

3m32m2 m1       IN  1  
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Wאא
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F٦J

J٨،E


 

F٦J

 

א

F٦J
(KVL،

א

א
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FL 
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F٦ J١WE

אאא


אא
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Wא 
 

Wאאא 

 
 

Wאאאא 

ggCC  H   H  I N     

CCC
 CC

C
C

C

C
CC     

 A
   

B
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ggg
 gg

g
g

g
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 A

g
   

B
   H 







   

אאאאא 
       gC  

 

  )  (  gC  

F٦ J٢WE 
 

אאאF٦ J٩WE 
١ Jאאאא 

٢ JאאאאאאKאא 
٣ JאאaK 
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אF٦ J٩E 

Wא 
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F٦ J٣WE 

 

FאאאאF٦ J١٠WE 
١ Jאאאא 
٢ JKאאא 

 

 
 

אF٦ J١٠E 
Wא 

 

 
 

2 1  
 

)-(    IN  IN 21211221 1  
 

) - (    IN 13233 33  
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F٦ J٤WE 

 

  א א   5cm2  א  40cm
200 אאאא،
800µWbאאא، 3500AT/mF٦ J١١WE 

 

 
אF٦ J١١E 

 

אאאBW 
 

B = ф/A = (800×10-6) / (5×10-4) = 1.6 Wb/m2 
m.m.f  = H   = 3500× 0.4 = 1400 AT 
I = m.m.f/N = 1400/200  
I = 7A 

F٦ J٥WE 
 

Fא٦ J١٢WE 
١ JאKאאא 
٢ JKא 
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אF٦ J١٢E 

Wא 

 
 

 

  11   (x) 2      I N - IN g21221  

11   (x)  I N - IN 221  

F٦ J٦WE 
 

א3m25cm2
א1K350אKאאא

800אא1.2Kאאאא
0.3 אmWb Kאאא 

Wא 
Wאאא 

Bg = Φ / A 

Bg = 0.3 x 310 / 5× 410  = 0.6 Wb / m² 

Hg = Bg/μ0  = 0.6/ 7104  =  47.7×
410 AT /m 

2  1
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ATg = Hg ×lg = 47.7×
410 ×1x 310 = 477 AT 

Wאא 

Bi = λ×Φg /A = 1.2 [0.3× 310  /5× 410 ] = 0.72 Wb / m² 
 

H i = Bi/μ0×μr = 0.72 / 7104  ×800 = 715 AT/m 

 

AT i = H i l i = 715 x 3 = 2145 AT  

Wאא 
 Ampere-Turn = 477 + 2145 = 2622 AT  

Wאא 
  I = AT/ N = 2622 / 350 = 7.5 A 

 

F٦ J٧WE 
 

אF٦ J١٣KEאאA،B،C
 א  D   40 × 30mm)  א  KE

אA،Cאא1500Kא
אאאאא  900אA،B،C 

750 D   א א א  1.6mWbא 
Kאא 

 
 

 
 

אF٦ J١٣E 
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Wא 
 

Wאאאא 

Bg =[1.6 x (1/1000) /40×40×(1/1000000)] = 1Wb / m² 
 

Hg = Bg/μ0 =1/ 7104  = 79.54× 410 AT/m 
 

Lg = 2×1.5 = 3mm 
 

ATg =79.54x 410 × 3× 310 = 2386 AT 

C,B,AKאא 
B =  1 Wb / m² 
 

H = / 7104  x 900 = 884 AT/m 
 

Lmean =160 +280 +160 =600 mm 
 

AT =884 x 600 x 310  = 530 AT 
 

B = Φ / A =(1.6 x 310 ) / (30 x 40 x 610 ) = 4 /3 Wb/m² 
 

H =(4/ 3)x 7104  x 750 = 1415 AT/m 
 

Lmean = 320 – (2 x 20) = 280 mm 
 

AT = 1415 x 280 x 310  = 396 AT 
 

Total AT = 2386 + 530 + 396 = 3312 AT 
 

I = 3312 / 3000 = 1.014 A 

WE٨ J٦F 

 

אאאאF٦ J١٤E
3א18cm0.4cm

×3Kאאא 
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אאאא1
WאאאאאKאא 

Wאא 

B[T] 1 1.1 1.2 

H[A/m] 900 1020 1220 

 الحديد:

B[T] 1.2 1.4 1.45 

H[A/m] 590 1200 1650 

 

 
 

אF٦ J١٤E  

Wא 
1 JאCK 

אB = 1 Wb/m 
Hc = 900 AT/m 

א 
Lc = [ π (24-3) ] /2 = 66/2 = 33 cm 
ATc = 900 x 0.33 =297 

2 JאDK  

 فإن نفس الأمبير لفات موجودة عليه، أي أن C  على التوازي مع Dن  إحيث 
ATD = 297  = HD lD 
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HD = 297 / 0.18 = 1650 AT /m 

Wא 
 BD = 1.45 Wb/m² 

Φc = Bc Ac =1 x 9 x 410  = 9 x 410 Wb 

ΦD = BD AD = 1.45 x 0.4 x 3 x 410  = 1.74 x 410 Wb 

ΦA = Φc + ΦD = 10.74 x 410 Wb 

BA = ΦA / AA = 10.74 x 410  / 3 x 3 x 410  = 1.193 Wb /m² 

 من الجدول و بالتقريب:
HA= 1200 AT/m 
ATA = HA lA = 1200 x 0.33 = 396  

 و الأمبير لفات الكلية تصبح:
ATt = 396 + 297 = 693 AT 

אWEאFא 
אW 

 א  
א:  

אW  
אאא אאאא: 

١ J אאEF WאF٦א J١٥Eא
אאא אאאEאFאאא 

. 
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٢ JאWאאאF٦ J١٦E،א 

אאאא، Kא
אאא10 K 

 
 

F٦א J١٦E 
  

א،אא אאאא א 
אא  א א  א א א   ، אא

אאאאאאאא Kא
א א  אא  א    א  א

אא . 
אאאאאאא א

אאאK  

٣ J אא Wאאא 
 אF٦ J١٧E     א    ،

א אאאאא،
K 
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٤ Jאא Wאאא 
אF٦א J١٨E،אא 

אאאא،א . 
 

 
 

F٦ J١٨E 
W אא  

-1  אא   

א אאאאאא،אאא  

20  20  .אאאאאא . 

-2 אא  

  א א  א אא   א א ، א אא
אא A M  465  . אאאאא

אאא . 

 -3 אא  

אא אאא2 א אא،
אא .אא אאאאא . אא

אא،א אא
אא אאא  אאא   א א

אאאK 
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G    א א    א   
  ،  א     א א  

F٦א J١٩KE 

 
 

F٦א J١٩E 
  
  

 
 

F٦א J٢٠E 
  

אFאאEאא אאK
Fאא EF

אE  .F٦א J٢٠EאאאאK 

אאאW 

   Kא  א א
Kאאאא אאא

אאKאא Kאא
. 
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אאאאW  
 

،אאאא
אא אאא אK 

א א   א א א א ، א
، א א ، א  א   אא  א א 

אKאאאא Kא
א אאאKא א

אאK 

אאאאW  
 

،א  אא א   א
אאאאאא 

 

 א אא .אאא
אK 

אאאאKאא
אאF٦ J٢١Eאאאאא

אאF٦ J٢١EאאF٦ J
٢١EאאK 

  

   
 

FE  א  EFא 

אF٦ J٢١E 
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5א،
א
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אJ

F١E

א
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