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I 




،،אא،אW


אאאאאאאאאא
  א א  ،א   א א א א א 
אאאאאא

אאאאאאW
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אאא

     א  א   ،א   
אא،אאK


 א א   ?  אJ١ ?  ?א 

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

אאאאאאא
אאאא،א،

אאאאאK


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

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



א131 

אא–١
 
 

II 




אאאFאאEא


Kאאאא٦٠٠א
אKאאאאאFאאאEא

אאאאKא
אאFאאZElectron

ElectricityKE


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K


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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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Kאאאאאאאא
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אא–١
 
 

II 

אאאאאא
אKאאאאאאא

אאאאאאאאא
א،Kאא

אאאאאאאא
אאK


אאאאאאאא

אאאKאאאא
אאאאאא

אא،אא
K



 

 



 

 

 

אא  

 

אא––11  

אאא
¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö 

אאאא 







א


١
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אא–1א 
 
 

III 

אאWאא،אא
אאK

אאW

אאאאאW

F١Eאאאאאאא
FEאאK

F٢EאאאK 

F٣Eאאאאאאאאא
אאאאK 

F٤EאאאאאK

אאאWאאא٨٠K٪

אאW١٠
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אא

אא
אאאאאאKא

אאKאאא
אאKאאא

אKאאאאאאאא
K

אאW

אאא
FאEאאאאאא،

אאאאKא
אאאא–JK
אW

אK

אאK

אאK

אאK

אאאאאאFאE
אא

אK
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אאWFElectrostatic InductionE

AF١J١E
אBאאA،

אאאBK

- ++++ + +

 A B
F١J١E

אאא،אאאAא
אאאBאKאאא

אאBאAאאאאAK
אאאא،אAKBא

F١J٢Eאאאאא
אאאABאAK



-+++ + +

A B
F١J٢E

אאBאאAKא
אאאאBא،B

אFF١J٣EKE
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--- - -


B 

F١J٣E

אFWE

١٧٨٥אאאא

אW

١KאאאFאאEא
א



٢KKאאאא
F١J٤Eא،

(1.1)2
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Q2Q1
FF

 

F١J٤E
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 
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FאאאQ2Q1r،אKא
אאאאאאאK 

אF١}١EאאאFEאאא
אאאKאא

אאא،אאאK

אFאEW

אאאאאאאא
אא 9 x 109 KאW

 Q1 = Q2 = 1 Coulomb ( C ) ,  r = 1 meter 

W

 F =  9 x 109   Newton (N)                  

אF١}١EW

 K =  9 x 109  Nm2 / C2 

אאאאאKא
אאא،אא

Є0אKKFKאKEאאЄ0
KW

           Є0  = 1 / 4 π K         

 

אF١}١EW

      2
0
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4 r
QQ

F
επ

=        N         (1.2) 
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 
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

 

          Є0 = 2212
9 ./10854.8

1094
1 mNC−×=

××π
 

אW

 2
0

21

4 r
QQ

F
rεεπ

=    N                                                                    (1.3)                   

Єrא،אאאЄr =1Kא
ЄrЄ0אאW

  Є  = Є0   Єr  

ЄאאK

אאאאr
אאאאא،אא

אF١J٤KE

F١J١EW

10 x 10-6  C  א،א
 cm ١٠،אאKאאאK

א

אאא

،אאאאאFABF١J٥Eא
אABFCBאאBC،

אאאא،אאאאFRBK 
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 

- ٦ - 

   
A

B
C

0.1m

0.
1m

0.1m
60o

30o

FAB

FCB

FRB
F5-1E


אא(1.3)אFAB FCBW



 FAB  = FCB  = 7.89
854.84

10
)1.0(110854.84

10101010 4

212

66

=
×π

=
××××π

×××
−

−−

 N     

אאFRB

 FRB   = 2 FAB  30cos× = 2  37.1557.89
2
3

=××           N 



)2-1(W
µc  0.1 0.1m

אאאאאאא
؟אא

א 
אאאא BD
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q coulomb )6-1( ،אא
א  A CאKא  A C

אFACאW 
 

FAC  = 3
212

66

10485.4
)21.0(110854.84

101.0101.0 −
−

−−

×=
×××××π

×××   N 

      = 4.575  410−×    kg . wt. 


 (9.81 Newton = 1 kg . wt. )                                                                                                           
אFACFDC  FBC K
-q q אB DאFCB אFBC 

אFCD אFDC KW

 
 

F6-1E 


FCD = FDC  = 4AC 1023.3
2

F −×=       kg.  wt 

אFCD W
FCD  = 

81.9)1.0(110854.84
101.0q

212

6

×××××π
××

−

−

                kg.  wt.  
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אqW
q  =  9

6

4212

1026.35
101.0

1023.381.9)1.0(110854.84 −
−

−−

×=
×

×××××××π   C      

                                                                                                                                             

F3-1WE        

א– 10 µ c µ c 15 cmKאא
אq K

 الحل
אאאאאאKאאא

אאאKאאr 
אµ c 1F7-1E،

   F2  -  F1  = 0 


0
)05.0r(4

q1010
r4
q101

2
0

6

2
0

6

=
+επ

×
−

επ
× −−

 

W  
 r = 0.0232     meters 

 


F7-1E



אאאאאאאא
אאאאאאאא،W
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אW 

אאאאא
אאאאKא

FPoint ChargeEאFאאE
)8-1(אא،Kאא

אא9-1(א(K،אW

FEאא،אאאא
אאאK

FEאאאאאאאK

FEאאאאK


+Q




)8-1(

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+Q- Q


)9-1(




אאFאEW


אאאאK
אאאאאאאא

אאא  

E10-1) אאא 


Tube Of Flux

ds1

ds2


F10-1E אא

אאאQ אאא
Q Kאאא

،FאאאψאKא
אאE،אW

          
Ψ = Q    coulombs                                                                                                                          
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אאאε،ε
אא،אKאאאQ

ε
Q K 


אאFElectric Field IntensityWE


אאאאאאא

אאKאאאאאאK
אFN/C Eאא،Q


אאFאא،אE

W
E = )C/N(

Q
F            (1.4) 

אאאrFE
FPoint Charge EאQ אאאW

א،אאאא
אאאW

F = 2
r0 r4

1Q
×εεπ

×         N                                                                                                                    

E = 2
r0 r4

Q
εεπ

     N / C                            (1.5) 

                                               
 

E = 2
r

9

r
Q109

ε
××             ( N /C )     or    V / m                (1.6)  

є 0  ،אאє r אKאאא
אאאאK

Q  אאQ/єKאא
אאא(m2)AW

E = 
A
/Q ε               
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D = Q/A،Dאאאאאאא
KאEW

E = Q / є A   = D /є = D / є 0 є r          (1.7)         

     

 

                                                                                                                  
F4-1EW

אאאאאאאK
א31Kg 9.1 x10-א9.8 m/s 2   א1.6 x 10 –19 CK

א

אאEאאא،W

 ):mg(وزنه . ١ 

mg = 9.1 x 10-31   x 9.8   
٢KאאW

F = E x e = E x 1.6  x 10-19 
אאW

E = 5.6 x 10-11               N /C 
F5-1EW

אאW
א5 x 10-8  Cא( 0 , 0) metersא، x 10-8  C4א

( 3, 0) metersא x 10-8  C-6א( 0, 4) metersKאא
א(3, 4 ) metersK
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 الحل

 
F11-1E

אאאאF(1.6
F11-1EW 

AD = m5)4()3( 22 =+  


 E1 =  185/105109 289 =××× −            V / m 
 E2  =  5.224/104109 289 =××× −        V / m 
 E3  =  603/106109 289 =××× −        V / m 

אE1E2E3אאF11-1E،
אאW

 Ex = E1   cos θ  - E3    = 18  cos  53.3  -  60 = - 49.2     V / m 
 Ey = E1   sin θ   +  E2  =  18 sin 53.3 +  22.5  = 36.9      V / m 

אאEW
 E = 22 )9.36()2.49( +−  = 61.5     V / m 

אDEW
 tan Φ = 36.9 / 49.2 = 0.75 


 Φ   =  36.9 0 
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אאFאאאEW
אאאאKא

א(m2)Aא،ΨאאאW
D = 

A
ψ    C / m2            (1.8)                    

אאאE אאאD W
D = є 0 є r   E�           (1.9)          

אє r אאE
אאאאאKאא

אDאאEא
EK
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אא
אא


אאאאK

אאאKאאא
אאאאאאא

אאK?אא?אאאא
KאאARQ
F2J1KEאא،אPr

אQW





F1-2E 

E = 2r4
Q
επ

           (2.1) 


אאr אאאK

אA VA  W

VA  = ∫
=

∞=

Rr

r

  -E.  dr   

אאאא،אEdr
F1-2EאW
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VA   = ∫
=

∞=

Rr

r

-   2r4
Q
επ

   dr 

     
 

  VA =   
Rr

rr4
Q

=

∞=








επ

= 
R4

Q
επ

        (2.2)         

 
אאKVA  אAK


אFPotential DifferenceWE


אאאאאBAא

אאאאאאאAאBKא
אאאABאאאא،

BAKW

VA-B  = VA  -  VB  =  ∫ −
A

B

dr.E   

אאA  BFאArAאQא
BrBאQEW
 

VA-B  = VA  -  VB  = ∫
rA

rB

-  2r4
Q
επ

   dr  =  
rA

rBr4
Q









επ

 

 

          VA-B  =  







−

επ BA r
1

r
1

4
Q          (2.3)  

                                    
،AB KאאF(2.3 

BאאאAאF2.2KE
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- ١٧ - 

אאQ1Q2Q3…KKQnא
אאאr1r2r3…KKK rnאא

W

V = ∑επ
=








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1     (2.4)   

  
                                                     

אFWPotential of a SphereE
אא+Qא

א،אאא
F2-2EאאאאאK

r
+ Q

+

+
+

+

+

+ +

V

E
distance

distance


F2-2Eא

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אא–1א 
 

- ١٨ - 

אאאW
،אאא
אאאאא

א،אאW
١K אאאאאΨ= 0          
 ٢KאאאאאK
٣KאאאאאאK
٤KאאאאK

אאFWEquipotential Surfaces E
אאאאאאאא

،אאאא
F3-2EK



Q+

+

+

++




F3-2Eאא


אאW
FEאא،אK
FEאאאאאאאאא،K

אאאאאK
F1-2EW
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אא–1א 
 

- ١٩ - 

אא4 cm cm6cm8pc +8
pc –64  pcאKאאאאאא

2 cm5 cm 7 cm10 cmK
א

F4-2Eאאאa bcdאאאK
אאאW

١K אאאאK
٢K אאאאאK
٣K אאאאאאK

. . . . .
a b c d

A
B

C
QA

QB

QC




F4-2E


FE aא2 cmאF٢J٤E،
אאאאאאEאאK

E = 0KaאאאאW
 Va = 

r4
q

0επ
  =  ∑×

r
Q109 9  

    

    =  9109× V35.1
08.0
104

06.0
106
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108 121212

=






 ×
+

×
−

× −−−

 

FE bאAאאBC
אאאAאKW
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              m/V8.28

)05.0(
108109 2

12
9 =

×
××=

−

 

 
Vb    =   9109× V99.0

08.0
104

06.0
106

05.0
108 121212

=






 ×
+

×
−

× −−−

 

FEאאCאA
BאKW

Ec     =   9109× m/V67.3
)07.0(

106
)07.0(

108
2

12

2

12

=






 ×
−

× −−

 

 
Vc    =   9109× V77.0

08.0
104

07.0
106

07.0
108 121212

=






 ×
+

×
−

× −−−

 

FEאאd،אאא
 

 Ed     =   9109× m/V4.5
)1.0(

104
)1.0(

106
)1.0(

108
2

12

2

12

2

12

=






 ×
+

×
−

× −−−

 

 
 Vd    =   9109× V45.0

1.0
104

1.0
106

1.0
108 121212

=






 ×
+

×
−

× −−−

 

F2-2EW
3 cmאא1 x 10-8 Cא

א -3 x 10-8Kאא2 cm ،
אW

FEאאא،FEאאK
א 

FEאFאאE
F5-2EW

V = V1  + V2  
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2 m

rr

r=3 cm
1 X 10-8  C-3 X 10-8  C

 
 

F5-2E
אVאW

 V = 
r4

q

0επ
 

אאא
 V1 = 90

1
101109

8
9 =

×
××

−

                  V 

 
 V2 = 270

1
103109

8
9 −=

×−
××

−

          V 

 V = 90 – 270   =  - 180                         V 
FEWאW

  

V = 
R4

q

0επ
            V               

RאKאאFEאW
  

 900
103
103109V 2

8
9 −=

×
×−

××= −

−

−               V 

אאאW
 300

103
101109V 2

8
9 =

×
×

××= −

−

+                   V 

 
F3-2WE

،אcm0.25אא
א50.23 cmאאא،Kא

אאV2500،אאאאא
אאK
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א
אאאאאאE1אאE2

F6-2EK،אאאאאא

1

1
1 t

V
E =  


1

2
111 1002.0 EtEV −×==  



2

2
2 t

VE =  

1
2

111 1002.0 EtEV −×==  

 
 

F6-2E 
 


2

2
222 1023.0 EtEV −×==          (2.5) 

2
2

1
2

21 E1023.0E1002.02500VV −− ×+×==+       (2.6)                     
                              

אאא DאאאKW
22r011r0 EED εε=εε=   
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
  21 E5E =                       (2.6) 
                                                                                                

א( 2.5 )(2.6 )W
  m/V10788.3E 6

1 ×=  
 

      m/V10757.0E 6
2 ×=  
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אא
א

אאאאאאא
FElectrostatic Stress KEא

אאאKאFCapacitance Eא
אאאKא

אאאK
 )1-3( אABאAאא

אB،אאK
אBאAא

אBKאABא
אאAאאא،אB 

אא،אABא
אאאאאאAאB

אאאא،אKאאא
Kאאא

אאאאא
אK


אFWCapacitanceE

אאאאאKא
אאא،אאא

אQ،אVא
אאCאW

C = Q / V            F  (Coulomb / Volt )       (3.1)     
                                 
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 
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
                                            
 )1-3Eא

 
אאאאאאא

אKאאאאאא
KאF(1µ F =10 –6 Fאא

W
 )2-3( אאאQaK

אW
V  = 

a4
Q

0επ
 

אאאW 

C = a4
V
Q

0επ=  
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 
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אא ЄrW 
C = a4 r0 εεπ           (3.2) 

 

+ Q
+Q

+Q

+Q +Q

+Q

+Q

 
 )2-3(  אא

W
FEאW 


 )3-3(  אאא،

א+Q–אאא
،א+QאאאKאא
אאאאאאאאאK

אאKאאאVaאא
+Q W

Va  = 
a4

Q
επ

  V 

aאאאKאאאVbא-Q
אאאא: 


Vb = 

b4
Q
επ

−            (3.3) 
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bאאKאאאW 


V = Va  + Vb  =  )
ba
ab(

4
Q)

b
1

a
1(

4
Q −

επ
=−

επ
      (3.4) 

אCאאW
C = )

ab
ba(4

V
Q

−
επ=   F        (3.5)                   


 r0 εε=ε  



+ Q- Q

++

+
- -

--

-




 )3-3(  א
FEאאW

א+Qאאאא
א )4-3(  אאא،Q1

אאאאאQ2אאW


Q = Q1  + Q2           (3.6)                               

אQ1אאאאא–Q1 
،אאQ1+אQ1+א،א–Q1

אאאKאאאW
F١EאאC1אאאAאאBK

C1אאF3.5EW
          C1 =  )(4

ab
ba

V
Q

−
= επ           F 
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F٢EאאאאBאKאא،C2
W

             
           C2  =  επ4  b        F 
 

 
אאCאW

 
 C = C1  + C2    

 
+ Q 2

- Q 1

+
+

+

+ -

-
-

+

+ Q 1

+

+

+

A

B

b a

 
 

 )4-3(  אא
אאW

F١EאW
) 5-3(  א  MN  A

אєrאdKאאאM אQ
אאאאψ = QאFאא

אWE
D = ψ / A   = Q / A          (3.7)                     

אאEW
 E = V / d     ,     D = є E         (3.8)                     

 
אF3.7EF3.8EאCW

C = Q / V = 
d.)/D(

AD
ε

=  є A /d               F      (3.9)     
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
r0 εε=ε  

 




 )5-3(  אא



F٢EאאאW
אאאאєrt2אא

אאt1א )6-3 ( Kא
אאאאאאאאW

D = ψ / A  
אאאE1אאE2אא

W
 E١ = D / є0 єr 1 

 E٢  = D / є0 єr 2              

אאVW
 V = E1  . t1  + E2   t2 

                
     = [ (D / є0 єr 1) ] t1  + [D / є0 єr 2 ] t2      

                    
               = (D / є0 ) [( t1 / єr 1)  + (t2 / єr 2)] = (Q / є0  A ) [( t1 / єr 1)  +  (t2 / єr 2)]    
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אאC W


  C = Q / V = є0  A / [( t1 / єr 1)  +  (t2 / єr 2)]      (3.10)                   





 )6-3(  אאאא


F٣EאאW

אאאאאєr1  єr2 єr3
t1 t2t3א )7-3(  ،W

 V = V1  + V2  + V3  = E1  . t1  + E2  . t2  + E3  . t3         
     

          V =  [ D / є0 єr1  ] t1  +  [ D / є0 єr2  ] t2   +  [ D / є0 єr3  ] t3  
 
 

            =  (D / є0 ) [ ( t1 / єr 1)  +  ( t2 / єr 2)  +  ( t3 / єr3 ) ]   
 

            = ( Q / є0  A ) [( t1 / єr 1)  +  ( t2 / єr 2)  +  ( t3 / єr3 ) ] 
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        C = Q / V = є0  A /  [( t1 / єr 1)  +  ( t2 / єr 2)  +  ( t3 / єr3 ) ]    ( 3.11)  
                  




 )7-3(  אא

 
F٤EאאאאW

אאא
אאאאאKאא

אאאאdKאA
אאאאאn،אא

Fn – 1 EאCW
 C = 

d
A)1n( r0 εε−  Farad       ( 3.1٢) 
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 )1-3(  W
אא3 m2א3 cmא،אא

אא15000 V،W
FEאFEאFEאאאאאK

א

 
 
)8-3(

FEF٣J٨EאאW  


     C = ε0 A / d  =( 8.854  ×  10-12  ×  3  )  / (3 ×  10-3  ) = 8.854 ×  10-3   µ F 


אאW

Q = C V =  8.854 ×  10-3  ×  15000 = 132.75  ×  10-6     C 
א EאאW


E = Q / ( ε0 A ) = ( 132.75  ×  10-6  ) /  (8.854  ×  10-12  ×  3 ) =  = 5 ×  106     V / m 

  אEאאW


E = V / d = 15000 / ( 3 ×  10-3 )  =  5 ×  106     V / m 
אאאDW


D =  ε0  E = 8.854  ×  10-12   ×   5 ×  106  = 44.25 ×  10-6    C / m2 
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 )2-3(  W

،א50 cm21cmא
אא40.7 cmאא،

אKאאא10 Vאא،K

א

אאאF3.10WE
 C  = є0  A /  [ ( t1 / єr 1)  +  ( t2 / єr2 ) ] 

 
 

A،אt1 t2אאאא
F9-3EW


 C  = ( 8.854 x 10-12  x 0.5 x 0.5 ) /  [( 3 / 1) +( 7 / 4) ]  x  10-3   
               =  466       µ F 


א

 
F9-3E
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
F3-3E

،א2 m2 ،
אא( 2 , 3 , 6 )( 0.4 , 0.6 , 1.2 mm )אKא

אא1000 VFWE،אאFEאא
K

א
F10-3EאCא (3.11)W

 
C = Q / V = є0  A /  [( t1 / єr 1)  +  ( t2 / єr 2)  +  ( t3 / єr3 ) ] 

 
 F0295.0

6
102.1

3
106.0

2
104.0

210854.8C 333

2

µ=
×

+
×

+
×

××
= −−−

−

 

 
  Q  =  C V = 0.0295  x  10-6  x  1000 = 29.5 x 10-6     C 

  
   D = Q /A  =  29.5 x 10-6 / 2  = 14.75 x 10-6      C / m2  
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
F10-3E


אאאD،אאא

אW
 E1 = D / ε0 εr1  = 14.75 x 10-6 / ( 8.854 x 10-12  x 2 ) = 833.3   KV / m 

 
E2  = D / ε0 εr2  = 14.75 x 10-6 / ( 8.854 x 10-12  x 3 )  = 555.4  KV / m 

 
E3  = D / ε0 εr3  = 14.75 x 10-6 / ( 8.854 x 10-12  x 6 )  = 277.7  KV / m 
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F4-3E
אא150.25 m2

0.2 cm א3אא،K

א
EW 3.12) אאא   

 C = 
d

A)1n( r0 εε−  Farad 

 
 C = 3

3

12

1048.46
102

25.0310854.814 −
−

−

×=
×

××××        µ F 

                
אW

אאא
Kאאאאאאאא

KאאאאאK
FEאאאW

F11-3EאאKאאאא
Q1Q2Q3،אW

V2V1 V3

Q+

+ + +

Q+ Q+

V



F11-3Eאאא


 Q1  = Q2  = Q3  = Q 

  
 C1V1 = C2V2 = C3V3  = CV 
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 
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C،אאאV ،אאא
W

V = V1 + V2 + V3  
W

 
321 C

Q
C
Q

C
Q

C
Q

++=  


 

321 C
1

C
1

C
1

C
1

++=            (3.13)                  

אאאאCW


 
21 C

1
C
1

C
1

+= =  
21

21

CC
CC +

  


          C =  

21

21

CC
CC

+
           (3.14)                   

  
אאאאאאאK،

n אאאאW                                                                           

           

∑
=

=
n

1i iC
1

C
1            (3.15) 

  
FEאאאW

F12-3E،אאאא
אאVאא،Qאא

אKW
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C1

C2

C3

+Q1

+Q2

+Q3

V


F12-3Eאאא
 

 V1 =  V2 = V3  = V  
Q = Q1  + Q2  + Q3   


  CV = C1V1 + C2V2 + C3V3   

  
אאCאW

  C = C1  +  C2 +  C3         (3.16) 

 

אאאאאאאK،
n אאאאW

  C = ∑
=

n

1i
iC            ( 3.17) 


F5-3EW

2 µ F8 µ Fאאאא،אא
300 V،FEאאאאFEא

אאאאא،אאK
א

FE אאאF13-3Eאא،
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 
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V2V1

Q+

+ +

Q+

V=300 volt

C2C1


F13-3E 


C =  

21

21

CC
CC

+
 =  F6.1

82
82

µ=
+
×  

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

،אאאאא
  
  

 V1 =Q1 = Q2 = Q =  4.8 x 10-4                C 

V١  = V   240
102
108.4

C
Q

6

4

1

=
×
×

= −

−

 

 
 V2 =  V   60

108
108.4

2C
Q

6

4

=
×
×

= −

−

 

FE אאאF14-3EאאW 

C1

C2

+Q1

+Q2

V=300 volt


F14-3E
 

C = C1  + C2  = 2 + 8 = 10     µ F 
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،א،א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 
  






אאאW
א،אאאא

אאאאאKאאא
אאאאK

אאאVא
אqאאdqאאdW = V dq ،

 dW = V dq                               
אqאW

 q = C V 
 

  dq = C dV     
 

   dW = C V dV  
אאW

   W  = 2
V

0

2V

0

VC
2
1

2
VCdVVC =








=∫            Joules     ( 3.18)  

 
   Q  = C V                  ,     V = Q / C     

אW

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   W =  
C

Q
2
1VQ

2
1VC

2
1 2

2 ==                  Joules     ( 3.19) 


אאא(m2)Aאאd א،א

אdאє אאאא،
אW 

 
W = 2

22

)
d
V(

2
1

dAd
VA

2
1

dA
VC

2
1

ε=
ε

=  

     
     =  

2
1  є  E 2 = 

2
1  D E  =  

2
1  

ε

2D         Joules / m 3      (3.20) 


F6-3EW

אאא20 µFא1000 Vא
10 µF א100 Vאאא،Kאאא

אKאאאאK


א
אW  

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

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


אא 

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


אאאאאW


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 W1 = 2
22

2
11 VC

2
1VC

2
1

+  

 
 W1  = 2626 )100(1010

2
1)1000(1020

2
1

×××+××× −− = 10.05  Joules 

אאאW


 W2 = 
C

Q
2
1 2

 

QאאW


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

אאאW
 W2 = 

C
Q

2
1 2

 =  55.7
1030

)021.0(
2
1

6

2

=
×

× −                     Joules 

אאאW


 W  = W1  - W2  = 10.05 – 7.55 = 2.7              Joules 


אאW
 V  = 700

1030
021.0

6 =
×

= −C
Q          V 


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אאא
א

אאאאאאאא
אKאאאאאאאK  

אאאFאאאWE
אאאאא

אאאKאא
אאאאאKא

אא،אאא،א
אא٢٠K٪  

אאאאאאא
אאאאאK

אאFאאWE
אאאא

אאאKאאK
אאאK

FאEאאW
אא،אאאא

אאK
אאאW

١K אK
٢K אK
٣K אאאאאאאאא

אאFEאאK
FEאאW
אאאJאJK
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١K אJWא،אאאא
אאאKאאא٢٠K٪

אאאאאאאא
אאK

٢K אJW
א،אאאאאאא

אאKאא
אאK

אאאאאאאא
אK

אW
אאא،א

אאאKאא
אאאאKRK

אאאאאאK
            R = V / I                     

W
 I  = V / R 

Rא(Resistance)،V،אאIאאKR
Volt / Ampere(Ohm)אאא

א١٨٢٧Kא Omega  Ω )KEאא
Ohm’s law )KEF1-4EאאIאVאRK 



I R

V
+ _

 
F1-4E

אאK 


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،אאאאאא
אW

FE אאW
אאאאאn   ،E،אא

r،W
אאZn E

אאאאZn r
אאאZR + n r

אאאאFEW 
I = 

rR
En
+

 

א  R  << n r W
 I = 

nr
En  = 

r
E  

אאIאאא،אאאאKא
n r << RאW

 I = 
R
En  = n  

R
E  

אn אאאKא
אאאאRKאא

אאאאאK


FEאאW
א،אאאאE

אאאK،אאא 
1/n ) rE،

אאאW
 R +  ( r / n ) 

אW
 I = 

)n/r(R
E

+
 



א131אא 

אא–1א 
 

- ٤٦ - 

אr / n << R
 I  =  E / R  

אאאאKאאאK
אR << r / nI = n ( E /r )FnEאא
אKאאאאאא

אK
FEאאW

אאאאאn א،א
אאm ،K 

אאאאאא=n r ، 
W

אאm    =n r /m K
אאא= R + ( nr /m )K

א=אאא=E nK


אW
 I = 

)m/rn(R
En

+
 =  

rnRm
EN

rnRm
Enm

+
=

+
  

אאNW
 N = m . n  

אאאFm R + n r E،W


 y = m R + n r = 22 )rn()Rm( + =  rnRm2)rnRm( 2 +−  
 

،אאאאאאאW
 m R = n r  

אאZאאאK
אFאEא٥٠٪אאאא،

אאאאאאאK
אאאW
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 m n  =  N    ,       m R = n r  
אא ηW

 
input
output

=η = ''22

2

rR
R

rIRI
RI

producedpowertotal
poweruseful

+
=

+
=  

rאאאאRאK
F1-4EW

15 1.4 Vא0.8 Ω 
30 ΩKFWE،אFEאאK 

א
אW

      E = 15 x 1.4 = 21 V                                                                   
אאאאW

         = 0.8 x 15 = 12 Ω       
אאאW

         = 12 + 30 = 42  Ω 
FEאW

 I = 21 / 42 = 0.5 A     
FEאאW

 V = I. R = 0.5 x 30 = 15 V 
אאW

V = E – I r = 21 – 0.5 x 12  = 15  
F2-4EW

٢٤אא
5 Ω אא،2.1 Vאא2 Ω،

אאK
 א

אW  
m n = N,m R = n  r 
 

r אאא،R،אn אאאא
،m،אאאאNאאK

 m R = n  r     or    5 m = 2 n      or     n = (5 / 2) m     (4.1) 
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 
 mn = N  = 24          (4.2) 

F١}٤EF٢}٤E  
 m (5 / 2 ) m = ( 5 / 2 )  m2 = 24        or  m2 = (24 ) (2 ) / 5 = 9.6  
 

m = 3 ،n = 8 Kאא
אאW  

 I = 
)m/rn(R

En
+

 =  
)3/)28(5

1.28
×+

×   = 1.63   A 
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אא


١KQא،qא
אאאאא

QQK
٢KאאW

א6 x 10-8  Cא( 0 , 0) metersא، x 10-8  C3א
( 4, 0) metersא x 10-8  C-7א( 0, 5) metersKאא

א(4,5 ) metersK
٣Kאאאאאאאא

אq1 = 1.x10-8  C q2 = -2 q1q3 = 3x10-8  Cq4 = 2q1K
٤K،אcm0.35אא

א40.30 cmאאא،Kא
אאV3000אאאאא،

אאK
٥K،אא100 cm2אא

8.9אx10-7   CאאKאאאאא
א1.4אx106  V / mאאא،K

٦K،א2 m2 ،
אא3, 4 , 6 )E( 0.5 , 0.7 , 1.1 mm )אKא

אא1100 VFWE،אאFEאא
K

٧Kאאא25 µFא1100 Vא
15 µF א150 Vאאא،Kאאא

אKאאאאK



 

 

 
 

אאאאאא  

 

אאJJ١١  

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

אאאא 
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א١٣١אא 

אא–١אאא
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אאWאאאאאאאאא
אK



אאW
אאאW

F١Eא،א،אאאאא
אאאאאK

F٢Eאאאאאא
אK

F٣Eאאאאאא
אK 

F٤EאאאאאאאאאK





אאאWאאא٩٠K٪





אאW١٢K



א١٣١אא 

אא–١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K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אKאK

אאWElectric CurrentEE
אאאK

אאFאE،אא
FאEFאE،

אאאK
אאאאאK

אא،אאאאאא
אאאK

אאאאאF
אאEאאאאאאKאIא

Qאt،W

dt
dQI =       Coulomb /second   ( C / s)             (5.1) 



א١٣١אא 

אא–١אאא
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
אFampereE،אא

 1 Ampere = Coulomb /second 
אאאאאFאE

אW

 
t
QI =            Ampere   (A)                          (5.2)     

   

אFWQuantity of ChargeE
אאא

אאאK
אQאFאאE

،אאאאא
 Q = I . t        Ampere – second ( Coulomb )                             ( 5.3)          
    

I،אאtאK
א١אא١

אאK

אאFWElectric PotentialE
،אאאאאKא

אאאאKאאאא
אא،אאאKאא

אK

אאאאFWElectromotive ForceE
אאאאאאא

אאאאKאאW



א١٣١אא 

אא–١אאא
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F١EאW
אאאאאא

KKאאא
אאאאאאK،א

אאאאאאKאא
אאאאאאאאאא،א

אEאאFVolt.(
F٢EאאאW

אאאאא،א
Kאאאאאא

אאאאKEK

אFWResistance and Ohm’s lawE
אאא،א

אאאKאא
אאאאKRK

אאאאאאK
  R = V / I                         F٤}٥E  

RאFResistance)،V،אאIאאKR
Volt / AmpereFOhmEאאא

א١٨٢٧KאOmega)  ΩEKא
F٤}٥EFOhm’s lawEKF٥J١EאאIאV

אRK

I R

V
+ _


F٥J١E
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אאא
אאKאאVאאאI

א،אF٥J٢EKא
אאאאRאאאאK

אאאW


F٥J٢Eאאאאא

F١E א
F٢E א
F٣E א
F٤E אא

אא
אא،אאW

R = ρ ℓ / A           (5.5)    
ρאאאFResistivityE،_

FOhm_meterKEℓ،אAK
אאσ (ConductivityEאאρ،

σ = 1 / ρ  = ℓ / R A          (5.6)      
σ(Ohm- meter) -1S /m1 siemens (S)= 1 (ohm)-1 K

FConductance EGא،
 G = 1 / R      ( mho ) 
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Gmhoohm)-1E،FS (Siemens

אאאW
א،אאאאאאW

 ρT = ρ0 ( 1+ α0  T )           (5.7)  
T،אאאα0אאאא

אKאאאאאאW
     RT  = ρT ℓ /A    ,   R0 = ρ0 ℓ /A   

אאW
  RT  = ρT ℓ /A = ρ0  (ℓ /A) ( 1+ α0  T ) 


           RT  = R0 ( 1+ α0  T )                 (5.8)         

אאאאT1T2W
 RT1  = R0 ( 1+ α0  T1 )    , RT2  = R1 ( 1+ α1  T2 )                  (5.9)    
     

Wאא
 RT2  = RT1 [ 1+ αT1 ( T2 – T1) ]                      (5.10)     
    


αT1 = α0 / ( 1 + α0 T1 )                                                                                          (5.11)                 

αT1אאאאאאT1Kאאאא
א،אRאאאTK

F٥J١EW
m٥אאאmm٠}٥א،

C٠ 20אאאC٠ 20m.1072.1 8 Ω× − 
א

אאאאW
       R = ρ ℓ / A 





א١٣١אא 

אא–١אאא
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ℓ،אρ،אאA
        A = π D2 /4    

Dא،אאW
       A = π D2 /4 = π ( 5 x 10-3 )2 /4 = 6.25 π x 10-6   m2 

אאRW
       R = ρ ℓ / A = (1.72 x 10-8) (5) / ( 6.25 π x 10-6 ) = 4.38   m Ω  


F٥J٢EW

 7Ω0OC،Ω   7.8C٠ 200 א،
אC٠ 200 K

א
אאאאאW

       RT2  = RT1 [ 1+ αT1 ( T2 – T1)] 


      R0  = RT1 [ 1+ αT1 ( T0 – T)] 
،אאאא


       7  = 7.8 [ 1+ αT1 ( 0 – T)] 
αT1Fאא٠C200EZ.005130 C-1٠

F٥J٣EW
Ω٢٥אא10%אא١٥C٠ 500 ،

אאאאC٠ 200  

 30ΩאאK


א
אאאאאW

 RT  = R0 ( 1+ α0  T ) 



א١٣١אא 

אא–١אאא
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
 R15  = 25 = R0 ( 1+ 15α0  )   , 
 R50 = 25+2.5 = 27.5 = R0 ( 1+ 50α0  ) 

אאW
          α0 = 0.0029850 C-1     ,    R0 = 23.9286 Ω   

אאΩ 30W
  RT =30 = R0 ( 1+ α0  T ) =23.9286 (1+ 0.002985 T )  

אאT = 850 C
אאא∆T

 ∆T = 85 –20 = 650 C 

אאאWElectric Power and Energy
IRא

VdQאאאאKאא
dtW

 dQ = I dt 
אאאFאאאEאW

 dW = V dQ = V I dt                                                                  
אאאאW

 P = dW / dt = V I dt / dt = V I        (5.12)     
אאP،אאjoule / s

FFWatt
 V = I R   ,  I = V / R 

אPאאW
 P = VI = I2 R = V2 / R             Watt       (5.13) 

אאאאאאאאאא
،א،אא

،אאאא،א
אאW



א١٣١אא 
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 P = E I                Watt         (5.14)     
EאאאאK

אאאאאWW
     W = P t                    ( Watt-sec   or  Joules )                            ( 5.15) 



אFWEfficiencyE
אאאאאאא

אηW
η =  Po / Pi           (5.16) 

PoאאFאEPiאאאFאEא
W

 Pi = E  I           ( 5.17)    
E،אIאאאKPiW

 Pi = Po + Ploss          (5.18) 
Plossא،אאאW

 Ploss  = I2 R 
IאRאK

אηאW
 η =  Wo / Wi 

WoאאWiאאאK


F٥J٤WE
אאאK Ω٢אאV16K

א
אאIW

 I = V / R  = ( 16 / 2000 ) = 8 m A  
V،אאRאK
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- ٥٨ - 

F٥J٥WE
אאא5Ω אאאA٤K

א
אאאW

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

F٥J٦WE

אאאW٦٠K

א

אאWW

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

PאאtאK

F٥J٧WE

אאאא80%אאA٨

  120 V

א

אηW

 η % = ( Po / Pi ) (100 %) 

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

אPoW

0.80 = ( Po / 960)  

Po = ( 0.8 ) (960 ) = 768 W 
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אאFhourse_ Power ( hp((W

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

F٥J٨WE

אאW٢٢٠ V١١٠C٢٠٠K
אאא V١١٠ C١٢٠٠אאא،C 200     

C- 1٠٠٣٩٣}٠K

א

אאאP120W

 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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אא
אאאא


،אאאאאאאאא

،אאK

אאאW
אא،אאא

אאF٦J١KEאאא
אRTW

R2
E

+

-

I

R3

R1


F٦J١Eאאא

 RT = R1 + R2 +  R3    Ω   
אאאאNאאאאW

  RT = R1 + R2 + R3 + ---------------+ RN         Ω     (6.1)      
אF٦J١EאI،W

 I = E / RT           A          ( 6.2)     
EאאאאKא

אאW
 V1 = I R1  , V2 = I R2  , V3 = I R3  , ----------, VN  =I RN         V   ( 6.3)   

אאאאאאF
אR1WE

 P1 = V1 I1 = I1
2 R1 = V1

2 / R1          W       (6.4)    

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אאW
 Pdel = E I       W 

NאאאאאאW
 Pdel = P1 + P2  + P3 +--------------+ PN       ( 6.5)      

אאאאאאאאאK
F٦J١WE

אאF٦J٢E،FWEאאאאFKEא
אV1  و V2  وV3אR1 و   R2  و  R3K

FEאאאR1 و   R2  و  R3א،K

20 V

I

2  Ω
1 Ω

+

- 5  Ω



F٦J٢E

א
FEאאRTאF١}٦EW

 RT = R1 + R2 + R3 = 2 + 1 + 5 = 8       Ω 
אI،אאא

 I = E / RT = 20 / 8 = 2.5    A 
FEאאV1V2V3אR1R2R3W

 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 

FEאאאR1R2R3אW
P1 =I1

2 R1 = (2.5)2 (2) = 12.5                W      
P2 = V2 I2 = (2.5) (2.5) = 6.25               W 
P3 = V3

2 / R3 = (12.5)2 / 5 = 31.25         W 
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אW
Pdel = E I  = (20) ( 2.5) = 50         W 


P1 + P2  + P3 = 12.5 + 6.25 + 31.25 = 50  W  = Pdel 

NRאאאאW
RT = N R           ( 6.6 ) 

F٦J٢WE
אאRTאIאV2אאF٦J٣KE

א


F٦J٣E

אR1 = R3 = R4،אאW
 RT = N R1 + R2 = (3) (7) + 4 = 25           Ω 
   I  = E / RT = 25 / 25 = 2      A 
 V2 = I R2 = (2) (4) = 8         V 

F٦J٣WE
אאאF٦J٤EאאRTאIא،R1

אEK
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א


F٦J٤E

 RT = R1 + R2 + R3 
 12 = R1 + 4  + 6 
 R1 = 12 – 10 = 2     k Ω    
 E  = I RT = ( 6 ) (10-3) ( 12 ) (103) = 72      V 

אאאאW
אאאאא،

אFEאא،
FEאKF٦J٥EאאW

ET = E2 + E3  - E1 = 9 + 3 – 4 = 8            V  



F٦J٥E

FWKirchhoff’s Voltage LawE
אאWאאאאאאא

אאאאאאK
אאאאאK

אאאאאF٦J٦Eאא
אאאאאאKאאא

אאאאFא١KE
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
F٦J٦E

אאאאאא
אאאאאא١،א

א١א٤٣٢١W
 -I1 R1 – E1 + E4 +I4 R4 + E3 + I3 R3 –E2 + I2 R2 = 0              

א١٢٣٤١
 -I2 R2  + E2  -I3 R3 - E3 – I4 R4 – E4 + E1 + I1 R1 = 0 
אאאאאאא

،אאאאאאאא
אאאאא

אאאK


F٦J٤WE
אV3אאF٦J٧EאK

א


F٦J٧E
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אאאa
W

E – V1 – V2  – V3  = 0 


V3 = E – V1 – V2 = 10 –5 –2  = 3    V 
F٦J٥WE

אאF٦J٨Eא،V2אIא
R1R3K

א


F٦J٨E

FאאE
 -E + V3 + V2 + V1  = 0 


 V2  = E – V1  - V3  = 54 – 18 – 15  = 21 V        
 I = V2 / R2  = 21 / 7 = 3  Ω  
 R1 = V1 / I = 18 / 3 = 6 A 
 R3 = V3 / I = 15 / 3  = 5 A  

F٦J٦WE  

אאF٦J٩EאIאא7Ωאא
א7ΩK 
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א
אאאאאאא

אאאKF٦J١٠Eא12.5 V
א4 ΩאאאK

 R T = 4 + 4 + 7 = 15 Ω 
 I = E / R T = (50-12.5) / 15 = 37.5 / 15 = 2.5  A 

V7Ω = I R = (2.5) (7) = 17.5  V 
       P7Ω = I2 R = (2.5)2 (7) = 43.75   W 


F٦J٩E


F٦J١٠E


אFWVoltage Divider RuleE

אאא،
אאאאאאאK

אאאאאF٦J١١EW
 RT = R1 + R2   

RTאא،W
 I = E / RT 

 

 V1 = I R1 = (E / RT ) R1 = (R1  E/ RT )  
 V2 = I R2 = (E / RT ) R2 = (R2  E/ RT ) 

،אאאW
 Vx = (Rx  E/ RT )          ( 6.7) 
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
F٦J١١E

F٧J٦WE
א،אאV1 V3אאF٦J١٢EK

א


F٦J١٢E

אV1  و  V3אW
 V1 = (R1  E/ RT ) = (2 ×  103) (45) / ( 2 + 5 + 8 ) ×  103 

         = 90 / 15 = 6  V 
 V3 = (R 3 E/ RT ) = (8 ×  103) (45) / ( 2 + 5 + 8 ) ×  103 

         = 360 / 15 = 24  V 

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אא
אאאא

אאאאא
אא،אאאאK

K
אאאW

אאאא،א
אאK

אGאא،אאGT W
 GT = G1 + G2 + G3 + --------- GN        (7.1)        

GFאאEאR(R = 1 / G )،W
1 / RT = 1 / R1  + 1 / R2 +  1 / R3 + ---------+ 1 / RN     ( 7.2) 

RTאאF١J٧KE



F1-7(אאא


F1-7EW

אאF2-7Eאא،RTאאGTK
א


FF2-7E
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 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 

אאאאW
אאNאאRאאא

W
 1 / RT = 1 / R  + 1 / R +  1 / R + ---------+ 1 / R  = N ( 1 / R ) 

אאRT
          RT = R / N 

אאGTNאGאW
 GT = N G  

F٧J٢E
אאF٧J٣Eאא،RTK

א


F٧J٣E

F٧J٣E،אRTW
 RT = R / N = 2 / 4 = 0.5  Ω  


W

١KאR1R2אאאאRT
1/ RT = 1 / R1  + 1 / R2 = (R1 + R2 ) / R1 R2 


RT = R1 R2 / ( R1 + R2 )                   ( 7.3)     

٢KאR1R2R3אאאאRTW
RT = R1 R2 R3 / ( R1 R2 + R1 R3 + R2 R3 )      ( 7.4) 

F٧J٣EW
אאRTאאF٧J٤Eאא)7.3.(
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א


F٧J٤E

אאF7.3ERTW
 RT = R1 R2 / ( R1 + R2 ) = (2) (4) /( 2 + 4 )  = 1.3333   Ω 

)٤-٧(W
F٧J١Eאא )7.4( K

א
אאF7.4ERTF٧J٥EW

 
F٧J٥E


         RT = R1 R2 R3 / ( R1 R2 + R1 R3 + R2 R3 )  
                  = (2) (4) (5) / [(2) (4) + (2) (5) + (4) (5)] = 40 / 38 = 1.053  Ω 

F٧J٥WE
אR1 و  R2    وR3אאF٧J٦EאR2 = 2 R1

  R3 = 2 R2אאRT = 16 k ΩK 

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א


F٧J٦E

F٧J٦EW
 1 / RT = 1 / R1  + 1 / R2 +  1 / R3  

R2  = 2 R1 و   R3 = 2 R2 =2 ( 2 R1 ) = 4 R1אאR2  و R3
RTW

 1 / 16 = (1 / R1 )+ (1 / 2R1 ) + (1 / 4R1 ) = 1.75 ( 1 / R1 ) 
אR1،

 R1 = 1.75 (16) = 28  Ω  
אR2R3W

 R2  = 2 R1 = 2 (28) = 56 Ω    ,    R3 = 4 R1 = 4(28) = 112  Ω 
F٧J٦WE

אאאאF٧J٧EW
FEאאRTאאIS  אאI1I2K
FEא،אאFאKE

א


F٧J٧E

FE אאRTאאIsI1I2W
          RT = R1 R2 / ( R1 + R2 )  = (9) (18) /( 9 + 18 ) = 162 / 27 = 6  Ω 
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           IS   = E / RT = 27 / 6 = 4.5  A 
 I1   = V1 / R1 = E / R1 = 27 / 9 = 3  A 

           I2   = V2 / R2 = E / R2 = 27 / 18 = 1.5  A 
אIS = I1 + I2 ،4.5 = 3 + 1.5אאאK

FEא،אאFאEW
 P1 = V1 I1 = E I1 = (27) (3) = 81   W 
 P2 = V2 I2 = E I2 = (27) (1.5) = 40.5   W 
 PS = E IS = (27) (4.5) = 121.5   W 

אPS = P1 + P2، 121.5 = 81+ 40.5K
F٧J٧WE

אאF٧J٨E،W
FEאR3אEאISK
FEאI2אאאR2P2K

א


F٧J٨E 

FEאR3אEאISW
1 / RT = 1 / R1  + 1 / R2 +  1 / R3 
1 / 4    = 1 / 10  + 1 / 20  + 1 /R3 
0.25   = 0.1  +  0.05  + 1 / R3 
0.25    =  0.15  +  1 / R3   , 1 / R3 = 0.1    ,   R3  =  10  Ω 
E = V1 = I1 R1 = (4) ( 10) = 40  V 
IT = E / RT  =  40 / 4 = 10   A 

FEאI2אאאR2P2W
I2 = V2 / R2  = E / RT = 40 / 20 = 2   A 
P2 = I2

2 R2 = (2 )2 (20) =80   W 
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FWKirchhoff’s Current LawE
אאאאאאאא

אאאKאאאאא
אאKF٧J٩EW

I = I1 + I2    
אIאאאאאI1 I2 אאK

 
F٧J٩E

F٧J٨EW
אאI3I5F٧J١٠EKK

א


F٧J١٠E

אI3W
 I3 = I1 + I2 = 4 + 3 = 7   A  

אI5،א
 I3 = I4 + I5  
           7= 1  + I5  
          I5 = 7 – 1 = 6   A 
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אW 
אאאאא

F٧J١١KEאאIxאאRx،
אII = V /RTאVאRxV = Ix RxFF٧J١١EE،W




F٧J١١E
 I = V / RT = Ix  Rx /RT                                                           

RTאאא،
 Ix = ( RT / Rx ) I          (7.5)  

אאאאאKI1
אW

 I1 = ( RT / R1 ) I 
אאאאF7J9EאK

אI2
 I2 = ( RT / R2 ) I 

אאאאאא
F٧J١٢Eאא،RTאW

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

אI1
 I1 = I R2 / ( R1+ R2 )        ( 7.6  ) 
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
F7J12E

אאI2،
 I2 = I R1 / ( R1+ R2 )         ( 7.7)  

F٧J٩WE
אI1אאF٧J١٣EK

א
 RT1 = 24 /2 = 12    Ω 

אאRT
 RT = RT1 R1 / ( RT1 + R1 ) = (12) (6) / ( 12 +  6) = 72 / 18 = 4   Ω 

אאI1


F٧J١٣E

 I1 = ( RT / R1 ) I = ( 4 / 6 ) (42)  = 28    mA 
F٧J١٠WE

אאI1  و I2و   I3אאF٧J١٤KE
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א

 
F٧J١٤E

אאאI1
 I1 = [ R2 / ( R1+ R2 )] I = [ (4) / ( 2 + 4 ) ] (12) =  8    A 

אאI2א،
 I2 = [ R1 / ( R1+ R2 )] I = [ (2) / ( 2 + 4 ) ] (12) =  4     A 

אאI2،
 I2 = I – I1 = 12 – 8 = 4   A 

אI3،
 I3 = I1 + I2 = 8 + 4 = 12   A 
 

אI3אאאאR1
R2،א

 I3 = I = 12   A 
F٧J١١WE

אR1אאF٧J١٥EK
א

אאאF٧J١٥EI1،
I1 = [ R2 / ( R1+ R2 )] I 


 ( R1+ R2 ) I1 = R2 I 
 R1 I1 + R2 I1 = R2 I  

 
F٧J١٥E  



א١٣١אא 
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R1 I1 = R2 I - R2 I1 = R2 ( I – I1 ) 
R1 = [R2 ( I – I1 ) ] / I1 

I I1R2אאאR1،
 R1 =[R2 ( I – I1 )] / I1 =[(7) ( 27 – 21 )] / (21) = (7) (6) / (21) = 2   Ω 

W
אאI2،

 I2 = I – I1 = 27 – 21 = 6 mA 
 

אV2V1אR1W


 V2 = I2 R2 = (6) (7) = 42   mV 
 V1 = I1 R1 = V2 = 42  mV 
  R1 = V1 / I1 = (42 mV) / (21 mA) = 2   Ω 

אאאאאWFOpen and Short CircuitsE
אא،אאאאא

אאKF٧J١٦Eאאab
אVab = EאI = 0K


F٧J١٦E

אאאאאא
אKאאאF١٧J٧Eא

אRא،אא
V = I R = (I) (0) =0    V 

אאFF٧J١٧EEאR
  I = E / R = E / 0 = ∞     A  
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F٧J١٧E

F٧J١٢WE
אIאVאאF٧J١٨Eא،I

אVאR2 K
א


F٧J١٨E

אאאאאIאאאR1R2
אאאR3K

 RT = R1 + R2  = 2 + 10 = 12   Ω 
 I = E / RT = 6 / 12 = 0.5   A 
 V= I R2 = (0.5) ( 10) = 5   V 

אאR2אRT=R1
F٧J١٩EאI


F٧J١٩E

 I = E / RT = E /R1 = 6 / 2 = 3  A 
אV،

 V = I R2 = (I ) (0) = 0   V 
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אא
אאאאJא


אאאאאאאאF٨J١E

אאRTאאW

RT

R1

R2

R3


F٨J١E  


 RT = RS + RP  

אRSאאאא،אRPאא
אאאKאF8-1EW

 RS = R1     ,  RP = ( R2 R3 ) / (R2 + R3 )  
אאאאW

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

אאאאאK 
 

F٨J١EW
אאא abאאΩ 2 

10 VF٨J٢EK
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12


F٨J٢KE

 
אאאאאאF٨J٢KE
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
F٨J٢E 
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אאאאאK


א 

F8J6bEF٨J٧Eא
I1 = 6 [ 6/ ( 2+6 ) ] = 4.5    A 

F8J6aEF٨J٧E

A3)5.4(
63

6I3 =
+

=
 

    
A5.1)5.4(

63
3I4 =
+

=
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אאPTW

PT  = 36 + 4.5 + 27 + 9 + 13.5 = 90   W
W

Pbattery = V I = 15 x  6 = 90  W  = PT  
PbatteryאאאK



א١٣١אא 

אא–١אאא
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אא


١K٤mאאא٤}٠mm،

C٢٠٠m.1072.1אאאC٢٠٠א 8 Ω× −
٢KΩ٢٨אא%١٢אא١٨C٦٠٠،

אאאאC٢٠٠
Ω 35אאK
٣KאאאΩ٤אאV20K

٤KאאאאאW٨٥٠אא
A٨V١٢٠K

٥KאאאאאאאאאאF١KE


FEFE

F١E

٦KאאאאאF٢Eאאאא،
IאאK



א١٣١אא 

אא–١אאא
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FE


FE

F٢E

٧KאאאF٣EאW

FEאאאאK

FEאאאאאאא
אFאKE


FE



א١٣١אא 

אא–١אאא
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
FE

F٣E
٨KאאRאEאאF٤KE

 
F٤E

٩KאאאF٥EאRאK



F٥E










א١٣١אא 

אא–١אאא
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١٠KאאאאאF٦E



FE


FE

F٦E


١١KאאאאאF٧KE


FE


FE 

F٧E 
١٢KאאאאIS אאאא

אאF٨KE



א١٣١אא 
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FE 

 

 
FE 

F٨E 
١٣KאאאאאF٩EאאאאK

 
F٩E 

١٤KאאאאאאF١٠KE

 
F١٠E 

١٥KאאF١١EאW
K אVLאאאK

FEאא2.2 K ΩאVLK
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FEאVLאאאK

 
F١١E 



١٦KאאאאאאF١٢KE
 

 
F١٢E 

١٧KאאאאאאF١٣KE
 

 
F١٣E 

١٨KאאאאאאF١٤KE



א١٣١אא 
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F١٤E





 

 ٥٦

 

אאאא  

 

אאJJ١١  

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

אאאא 


א


א







3



א١٣١
אא–١

אא
אא 
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אאWאאאאאאא
אאK

אאW
אאאW

١KאאאאאאK

٢K،א،אאאאאא
א،אא،אK



אאאWאאא٩٠K٪
 

W٦אא



א١٣١
אא–١

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

אאאאאKאא
אאאאאאאאאא

אאאK
אאאא

אאKאאאאאא
אאאאאK

אאW
אא

א،אאאא
אאאKאא

אאאKאא
אאאאא

אאאאאא
אאאK

אאW
FEאאאאאאK
FEאאאא

א،א،א
אאאאאאאא

אאאאK



א١٣١
אא–١

אא
אא 
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אW
אאא

אאאאאKאאא
W

FEאWאאאאאא
אאK،אאאא

אאאאK
FEאWאאאK
FEאאAccuracyWEEאאK
FEאFResolutionWE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אאK
אW

א،א
W

WאאFWSystematic ErrorsE
אאאאאא،

אאאKאאW
١KאאאFWGross errorsE

אאאאאא
אאאאKאאאאאא

אאאאאK
אאW



א١٣١
אא–١

אא
אא 
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אאW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K
אאWאאאאא

אאאאK
אאWאא،אאאאא

אאא،אא
אאאאא،אK

אאאWאאאאאא
אK

F٢EאFWInstrument ErrorsE
،אאאאאא

אאאאאK
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Kאאא

אאאK
F٣EאFWEnviromental ErrorsE
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١٣١
אא–١

אא
אא 
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אאאאאאאאא
אאאKאאאאאא

אאאאK
F٤EאאWMeasurment ErrorsEE

אאאאאאא
Kאאאאאא

אאאKאאא
אאK

WאאאFWRandom ErrorsE
אאאאאא

אאKא،אא
אא،אK

אאאאאK

אW
אאאאאW

FEאאW
،אאאאאאא

אKא،
אאאאאאK

FEאW
אאאאאאאא

،אאאאאאאאא
K

FEאW
،אאאא

אאאאאאא،אא
אאK



א١٣١
אא–١

אא
אא 
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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K
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

אאאאK

אW
א،אאאא

אאאאאאאאא
אאאאKא

Kאאאאאאא
F١٠J١EאאאאKא

אאאאאאאאK
אאאאאא

،אאאא
אאאא

Kאאאאאאאאא
F١٠J١Eאא

אאאאאאא



א١٣١
אא–١

אא
אא 
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א،אאאאאאא
אאאK


אאאאTאא

אאW
 T = B A I N                          Newton- meter ( N-m )     (10.1)       

Bאאweber / m2،A،אI،א
NאKאאאאאא

אI،אאW
 T α I  


F١٠J١Eאאא

אאאאθאא،
אאא،אθ،א

 θ α I  



א١٣١
אא–١

אא
אא 
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אאאא،אאאאK
אW

אאאאאא
אאאאK

אאW
 SI = d / I              ( 10.2)    

SIאdאאאאIאK
אאאאW

 SV = d / V            ( 10.3)     
SVאdאאאאVאK
F١٠J١EW

אאא،א٥}١µAא،
אא٧٥mm١٥٠mmאK

א
אF٢}١٠EאאW

 SI = d / I   
אאאW

 SI1 = d1 / I = 75 / 1.5 = 50  mm / µA     
אאאW

 SI2 = d2 / I = 150 / 1.5 = 100  mm / µA 
F١٠J٢WE

אאאאאאאא
א١}٠אWeber / m2אאא١cmcm

٨}٠א٥٠KאאאFmA١}٠E،
אאאאאK



א١٣١
אא–١

אא
אא 
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א
אאF10.1EאאאTW

 T = B A I N = 0.1 x 0.8 x 1.x 10-4 x 0.1 x 10-3 x 50  
              = 4 x 10-8        N-m 

אאFWAmmeterE
،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FאE

אאK
אאאאאאאאא
אאאא،א

אאאKAאא
F١٠J٢EאאRאאKאאא

،אאאאא
אאFEאאאא

אאאאF١٠J٢KEאא
אIAאאIאאאאאא

אאFאאE،W



א١٣١
אא–١

אא
אא 
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

R p

G
R A

Ip

IA

I


F١٠J٢Eאא

     IA = I  [ RP / ( RA + RP ) ]         (10.4)      
RAאאאRPאאאאאK

אIPאאRP،
 IP = I  [ RA / ( RA + RP ) ]         (10.5)       

אIP،א
 IP = I - IA            (10.6)      

אאRPאV،א
 V = IA RA = RP IP          ( 10.7)     

אRP
 RP = V / IP            ( 10.8)    

F١٠J٣WE
אאΩ١٠٠٠אאFIAE µA٥٠א،

RPאאאאאאאא    mA٥٠K
א

F١٠J٢EאאאRP
 IP = I – IA = 50 – 50 x 10-3 = 49.95  mA  

אא
 V = IA RA = 50 x 10-6 x 1000 = 50  mV = IP RP  
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אאאRP،


  RP = V / IP = 50 / 49.95 =  1 Ω 
 

אW
FEאWFVoltmeterE

אאאא،
אאאאאאKאאא

אאאאKאאא
אאאאאא

אאאאKאא
RS،אאF١٠J٣Eא

אאאV،

RS

G

RV

VS

V

VV

I


F١٠J٣Eא

 V = VS + VV  
 V = I (RV + RS )  
 RS = ( V – VV ) / I   

אאאאV،
אא



א١٣١
אא–١

אא
אא 

 
 

-١٠٤- 

 V = (RV + RS ) VV / RV 
 V = K  VV   

אאאאאFKE
אאאFKEKאאאW

  RT = RV  + RS    
FK١٠J٤WE

אΩ٥אאא
mA١٥אאאאאא،V٥א،

אאאאאK
א

F١٠J٤EאW
 VV = I  RV RV   = 15 x 10-3 x 5 = 75 x 10-3     V 
 
 VS =  V - VV   = 5 – 75 x 10-3 = 4.925     V 

אאאאא
  RS = VS / I = 4.925 / (15 x 10-3) = 328.33      Ω 

RS

G

RV

VS

V

VV

I


F١٠J٤E
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אW
אFאEאאאFIfsdE

אאΩ / Vא،SW
 S = 1 / Ifsd       Ω / V         (10.9)      

F١٠J٥EW
אאאR2אF١٠J٥E،אא

אאΩ / V١٠٠٠אΩ / V٢٠٠٠٠אאV٥٠K
אW

FEאFEאאאאK
א

אאאVW 
 V = VS  R2 / ( R1 + R2 ) = (100) (10 x 103) / (20 +10) x 103  
              = 33.3    V 

R1

VR2100 V

1

2



F١٠J٥E

אאΩ / V١٠٠٠אF٩}١٠E
אאאV٥٠

  RTV  = (1000) (50) = 50 x 103   Ω 
אאR12אF١EF٢Eאאא
אאW

  1 / R12 = 1 / R2  + 1/ RTV  = [1 / (10 x 103)] +[1 / (50 x 103 )]  
 R12     =  8300   Ω 



א١٣١
אא–١

אא
אא 

 
 

-١٠٦- 

אאא
 RT = R1 + R12 = 20000 + 8300 = 28300   Ω 

אאF١EF٢Eאאאא
 V12 = VS (R12 / RT) = (100) ( 8300 / 28300) = 29   V 

אאאW
 Error = [( 33.3 – 29 ) / (33.3)] x 100 = 1.2 % 

 
אאΩ / V٢٠٠٠٠א

אאאV٥٠
 RTV  = (20000) (50) = 10 x 105 Ω 

אאR12אF١EF٢Eאאא
אאW

 1 / R12 = 1 / R2  + 1/ RTV  = [1 / (10 x 103)] +[1 / (10 x 105 )]  
 R12     =  9900   Ω 

אאא
 RT = R1 + R12 = 20000 + 9900 = 22900   Ω 

אאF١EF٢Eאאאא
 V12 = VS (R12 / RT) = (100) ( 9900 / 29900) = 33.1   V 

אאאW
Error = [( 33.3 – 33.1 ) / (33.3)] x 100 = 0.6 %  

٦E}E%٠אאאאאאא
אאאF %٢}١אאאEK

FEאFWאE
אאאאאאא

אאאKאאאאא
אאKאא

Kאאאא
אאKאאא



א١٣١
אא–١

אא
אא 
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אאאאא،אאאK
F١٠J٦Eאאא،א

אאאאK


F١٠J٦Eאאא

אW
אאאא،אאא

אאאאאאא،
אW

١אK
٢KאFאKE 

٣KאK
אא،אא،אא

אFאEאא،אא
אאKאאאאא

،אאאא
F١٠J٧EאK

FEאאאW



א١٣١
אא–١

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
אאאאKF١٠J٨Eאא

אאK


F١٠J٧Eא




F١٠J٨Eאא 

FEאאאW



א١٣١
אא–١

אא
אא 
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א،אאאאאא
אאאאאאאאאK

F١٠J٩EאאאאFאאE


F١٠J٩Eאא

אאW
א،אאא

אאאאKא
אאאFאE،

KF١٠J١٠Eאאאא
אאאאאאא

אאא،אK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אאא
אאאאאאא،א

אאאאאאK




א١٣١
אא–١

אא
אא 
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
F١٠J١٠Eא



אאW
F١٠J١١EאאאאאאK

אאא
אא،אאא

אאאא
אא،אאאא

אאאאאK

אאFWWattmeterE
אאאאK




F١٠J١١Eא


F١٠J١٢EאKF١٠J١٣EאFCCE

אFPCEאאK



א١٣١
אא–١

אא
אא 
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
F١٠J١٢Eאא

 


F١٠J١٣Eאאא



א١٣١
אא–١

אא
אא 
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אאW
א،אאאאא

FWheststone bridgeEאאאאא
F١٠J١٤EKאא،אאאR1

R2אR4FRXEאאK
אFGEאABאאאא

CDאא،R1R2אR4א
א

FGEאאאאאW
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1

R
R

R
R X=                 (10.10)   

אאאאאRXK
א،אCD

אאאABK





F١٠J١٤E 
 
 





א١٣١
אא–١

אא
אא 
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אא
 
١Kאא؟א 

٢KאאK
٣Kא،א،אאK
٤KאאאאאK
٥KאאאאK
٦KאאאאאאאאאאK
٧KאאאאאK
٨K אאK
٩KKאאא،אµA٦}١א،

אאmm٨٠mm١٦٠אK
١٠KאאΩ١١٠٠אאFIAEµA٥٠،

אRPאאאאאאאא
mA٥٠K
١١KאΩ٦אא

אmA١٥אאאאאא،V٥،
אאאאאאK

١٢KאאאR2אF١٠J٥Eאא،
אאΩ / V١١٠٠אΩ / V٢١٠٠٠אאV٥٠K

אW
FEאFEאאאאK



א١٣١
אא–١

אא 
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אא
 

1. Engineering Electromagnetics, William H. Hayt, JR. Mcgraw Hill, 1981 . 
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