
 

 ٥٦

  

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

אאאאאא––١١ 


א


א

א








٣



א ١٠٦ אא 
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אאWאאאאאאאאאא
אאאאאאאאאאK 

אאW 
אאאאW 

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

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 

F٥Eאאאאאאא
אאא 

F٦EאאאאאאאFאא
אKE 

 

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

 

אאW١٠ 



א ١٠٦ 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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

אאאאאאאK 
  

אאWFElectric CurrentE 
 

אאאאא
KאאFאE،אא

FאEFאE،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K 
אאאאFE،אא

אאF٤ J١E،א،א
אKאאאאא



א ١٠٦ אא 

–א א–١ אאא 
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אאאF٤ J١Eאא
אאאאאאאKא

אF٤ J١E،א،א
אאKאאא،א

אא،אאאK   

  

 
-1K  2 JK  3–אK 

אF٤ J١Eאא 
  

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

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

(4-1)      Coulomb /second   ( C / s)
dt

dQ
I 

       

 
אFampereEא،א 

 1 Ampere = Coulomb /second 



א ١٠٦ אא 

–א א–١ אאא 
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אאאאאFאE
אW 

(4-2)            Ampere   (A) 
t

Q
I 

אאאFmAE0.001 A 
(1/ 1000000)AאאאאאאאKא
אאאאF4-2EאW 

(4-2-a)   
dt

dQ
I 

אאF٤ J٢EE
אאאKאא

vvdtdtKאאSn
אאא،אאאאdt

n.S.v.dtKאeאאאאא
אdtW 

 
(4-3) dq =e.n.v.S.dt  

(4-4) Sven
dt

dQ
I ...

 

 
אF٤ J٢E 
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אW 
 

אאאW 
(4-5) J = I / S = n.e.v

אF٤ J٥EאאSKאא
אאאאdS

אאW 
(4-6) J = dI / dS   

אאאאאאK 
 

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

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

،אאאאא 
(4-7)    Q = I . t        Ampere – second ( Coulomb )

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

אאK 

אאFWElectric PotentialE 
،אאאאאKא
אאאאKאאאא

אאא،אאאKאא
אK 
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 

אאאאWFElectromotive ForceE 
אאאאאא

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

F١E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FVoltKE 
 F٢EאאאW 

א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 
(4-8)     R = V / I

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

א١٨٢٧KאOmega)  ΩEKא(4-8)



א ١٠٦ אא 

–א א–١ אאא 
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FOhm’s lawKEאF٤ J٣EאאIאV
אRK 

I R

V
+ _

 
אF٤ J٣E 

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

א،אאF٤ J٤KEא
אאאאRאאאא.   

 
אF٤ J٤Eאאאאא.  

  

אא Jאא JאאW 
 

אא،K
אW 

 Jא 
 Jא 
 Jא 

אאא،אW 



א ١٠٦ אא 

–א א–١ אאא 
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 
אאW 

אאאW 
- אאK 
- אאאאאאK 

- אאK 

- אאWא Jא JאK 

אאאK
אאאאW 

 

אאWאאW 

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WאאאK 
 

אאWאאW 
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W 

אאאאאא،אאא
אK 



א ١٠٦ אא 

–א א–١ 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אאK 
אאאאאאא

אא،אK
אאאא،א

،אאKאאWא،א،א،א،
א،א،אאF٤ J١EאK 

F٤ J١EאFאאEאאאאא  

 
אF٤ J٢Eאאאאא  

א אא rε א [MV/m]  

 3 1.0007  الهواء

 8 6  الخزف
 16 4  زيت المحولات

 27 3  المطاط



א ١٠٦ אא 

–א א–١ אאא 
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 
 
 
 
 
 

Wאא 
אאאאאאא

אאאW 
אאאאאאאאWאא

אאאאאאאאאK
אא1012  אאאאא

אאאאאאK
אK 
אאאאאאאKאאא

אאאאאאKאאאא
K 

אאאאאεאאאא 
א8.8 X 10-12Z0εrεאאא

אאאKאF٤ J٢Eאא
אאאאK 

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אK 

 

 52 2.5  الورق المشمع
 60 2 )تفلون(بلاستيك
 120 7.5  زجاج
 200 5  مايكا



א ١٠٦ אא 

–א א–١ אאא 
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אאאW 
אאאאאאא10-6106א

אאא،אא
אאאK 

אאאאאאא
אKאאאאא

אאאKאאאK
אאאאאאא

אאK 
אאאאאאא

אאאK 

אאאW 
F١E א 
F٢E א 
F٣E א 
F٤E אא 

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

(4-9) R = ρ ℓ / A

ρאאאFResistivityE،_
FOhm_meterKEℓ،אAK

אאFσ (Conductivityאאρ، 
(4-10) σ = 1 / ρ  = ℓ / R A 

σ(Ohm- meter) -1S /m1 siemens (S)= 1 (ohm)-1 K 
FConductance EGא،

G = 1 / R      ( mho ) 



א ١٠٦ אא 

–א א–١ אאא 
  
  

 - ٨٧ -

Gmhoohm)-1E،FS (Siemens 
 
 

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

(4-11) ρT = ρ0 ( 1+ α0  T )

Tאאא،α0אאאא
אאF٤ J١E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 ) 

 
(4-12) RT  = R0 ( 1+ α0  T

אאאאT1T2W 
(4-13) RT1  = R0 ( 1+ α0  T1 )     ,     RT2  = R1 ( 1+ α1  T2 )

אאW 
(4-14) RT2  = RT1 [ 1+ αT1 ( T2 – T1) ]

אאאאאאאאW  

אאאאאא
אאאאאאא،

אאKאאאא
אאאאKא

FEאאF٤ J٥Eאאא



א ١٠٦ אא 

–א א–١ אאא 
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10אאאאאאא
K 

 
אF٤ J٥E 

 JאאאρאאTK 
   JאאρאאאTאאK 

 
(4-15) αT1 = α0 / ( 1 + α0 T1 )

αT1אאאאאאT1Kאאאא
א،אRאאאTK 

 
F٤ J١EW 

m5אאאmm5،אא
C٠ 20אאאC٠ 20m.1072.1 8   

אW 
אאאאW 

       R = ρ ℓ / A 

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 ١٠٦ אא 

–א א–١ אאא 
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אאRW 
       R = ρ ℓ / A = (1.72 x 10-8) (5) / ( 6.25 π x 10-6 ) = 4.38   m Ω  

F٤ J٢EW 
 7Ω0OC،Ω   7.8C٠ 200 ،א

אאC٠ 200 K 
אW 

אאאאאW 
       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200ZE.005130 C-1٠ 
 

F٤ J٣E 
25 Ωאא10%אא15C٠ 500 ،
אאאאC٠ 200  

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

אאאאאW 
RT  = R0 ( 1+ α0  T ) 

 
  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 ١٠٦ אא 

–א א–١ אאא 
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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 = 65° C 

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

אאKאאאאVdQ
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 
(4-16) P = dW / dt = V I dt / dt = V I

אאP،אאjoule / s 
F(Watt  

 V = I R   , I = V / R 

אPאאW 
(4-17) P = VI = I2 R = V2 / R             Watt

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

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

(4-18) P = E I                Watt

EאאאאK 



א ١٠٦ אא 

–א א–١ אאא 
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אאאאאWW 
(4-19) W = P t                    ( Watt-sec   or  Joules )

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

אηW 
(4-20) η =  Po / Pi 

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

(4-21) Pi = E  I

E،אIאאאKPiW 
(4-22) Pi = Po + Ploss

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 
 

F٤ J٤EW 
אאאאK Ω2אאV16K 

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

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

V،אאRאK 
 



א ١٠٦ אא 

–א א–١ אאא 
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F٤ J٥EW 
אאא5אΩ אאאA4K 

אW 
אאאW 

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

F٤ J٦EW 

אאאאW60K 

אW 

אאWW 

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

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

F٤ J٧EW 

אאאאא80%אאA8 

  120 V 

אW 

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FFhourse_ Power ( hpEW 

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

F٤ J٨EW 

אאW220 V110C20Kא
אאא V110 C120،אאאC 200  

   0.00393 C- 1K 

אW 

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  

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

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

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

אאאאF٥ J١KEאא
אאRTW 

R2
E

+

-

I

R3

R1

 
אF٥ J١EאאאK 

  
RT = R1 + R2 +  R3    Ω   

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

(5-1) RT = R1 + R2 + R3 + ---------------+ RN         Ω

אאF٥ J١EאI،W 
(5-2) I = E / RT           A

EאאאאKא
אאW 
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 
 (5-3) V1 = I R1  , V2 = I R2  , V3 = I R3  , ----------, VN  =I RN         V

אאאאאאF
אR1WE 
(5-4) P1 = V1 I1 = I1

2 R1 = V1
2 / R1          W 

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

NאאאאאאW 
(5-5) Pdel = P1 + P2  + P3 +--------------+ PN

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

F٥ J١EW 
אאאF٥ J٢E،אFWEאאאאFKEא

אV1V2V3אR1R2R3K 
FEאאאR1R2R3א،K 

20 V

I

2 
1 

+

- 5 
 

 
 אF٥ J٢E  

אW 
FEאאRTאF٥ J١EW 

 RT = R1 + R2 + R3 = 2 + 1 + 5 = 8       Ω 

אI،אאא 
 I = E / RT = 20 / 8 = 2.5    A 
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FEאאV1V2V3אR1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 

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           ( 5-6 ) 

F٥ J٢WE 
אאRTאIאV2אאאF٥ J٣KE 

אW 

 
אF٥ J٣E 

אR1 = R3 = R4،אאW 
 RT = N R1 + R2 = (3) (7) + 4 = 25           Ω 
   I  = E / RT = 50 / 25 = 2      A 
 V2 = I R2 = (2) (4) = 8         V 
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F٥ J٣WE 
אאאאF٥ J٤EאאRTאIא،

R1אEK 
אW 

 
אF٥ J٤E 

 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

FאEאKאF٥ J٥EאאW 
ET = E2 + E3  - E1 = 9 + 3 – 4 = 8            V  

 
אF٥ J٥E 
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FWKirchhoff’s Voltage LawE 
אאאאאאאאWאא
אאאאאK 

אאאאאאאK
אאאאאאF٥ J٦Eאא

אאאאאאKאאא
אאאאFא١KE 

 
אF٥ J٦E 

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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 

 
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F٥ J٤WE 
אאV3אאאF٥ J٧EאK 

 
 

אW 

 
אF٥ J٧E 

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

W 
E – V1 – V2  – V3  = 0 

 
V3 = E – V1 – V2 = 10 –5 –2  = 3    V 

F٥ J٥WE 
אאאF٥ J٨Eא،V2אIא

R1R3K 
אW 

 
אF٥ J٨E 
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FאאE 
 -E + V3 + V2 + V1  = 0 

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

WE٦ J٥F 

אאאאF٥ J٩EאIאא7Ωא
אא7ΩK 

אW 
אאאאאאא

אאאKאF٥ J١٠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 

 
אF٥ J٩E 

 
אF٥ J١٠E 

 
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אFWVoltage Divider RuleE 
 אא،א

אאאאאאאK
אאאאאאF٥ J١١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 
(5-7) Vx = (Rx  E/ RT ) 

xאFR1, R2, R3……EאFV1, V2, V3…Eא
אא6אאאR6

V6אאE/RT)V6 = (R6 

 
אF٥ J١١E 

F٥ J٧WE 
،אאאאV1 V3אאאF٥ J١٢KE 

אW 
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 
אF٥ J١٢E 

אV1 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K
K 

אאאW 
 

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

אGאא،אאGTW 
(6-1) GT = G1 + G2 + G3 + --------- GN

GFאאEאR(R = 1 / G )،W 
(6-2) 1 / RT = 1 / R1  + 1 / R2 +  1 / R3 + ---------+ 1 / RN

RTאאאF٥ J١٣KE 
 

 
אF٦ J١EאאאK 

F٦ J١EW 
אאאF٦ J٢E،אאאRTאאGTK 

 
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אW 
 

 
אFF٦ J٢E 

 
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אW 
 

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  
F٦ J٢EW 

אאאF٦ J٣E،אאאRTK 
אW 

 
אF٦ J٣E 

אF٦ J٣E،אRTW 
 RT = R / N = 2 / 4 = 0.5  Ω  
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W 
١KאR1R2אאאאRT 

1/ RT = 1 / R1  + 1 / R2 = (R1 + R2 ) / R1 R2 
 

(6-3) RT = R1 R2 / ( R1 + R2 )

٣K א R1R2R3אאאאRTW 

(6-4) RT = R1 R2 R3 / ( R1 R2 + R1 R3 + R2 R3 )

 
F٦ J٣EW 

אאא  RTאאאF٦ J٤EאאF6-3KE 
אW 

 
אF٦ J٤E 

אאF6-3ERTW 
 RT = R1 R2 / ( R1 + R2 ) = (2) (4) /( 2 + 4 )  = 1.3333   Ω 

F٦ J٤WE 
F٦ J١EאאF6-4KE 

אW 
אאF6-4ERTאF٦ J٥EW 

 
אF٦ J٥E 

        RT = R1 R2 R3 / ( R1 R2 + R1 R3 + R2 R3 )  
                  = (2) (4) (5) / [(2) (4) + (2) (5) + (4) (5)] = 40 / 38 = 1.053  Ω 
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 
F٦ J٥WE 

אאR1R2R3אאאF٦ J٦EאR2 = 2 R1 
R3 = 2 R2אאRT = 16 k ΩK  

 
אW 

 
אF٦ J٦E 

אF٦ J٦EW 
 1 / RT = 1 / R1  + 1 / R2 +  1 / R3  

R2  = 2 R1R3 = 2 R2 =2 ( 2 R1 ) = 4 R1אאR2
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 
 

F٦ J٦EW 
אאאאאF٦ J٧EאW 

FEאאRTאאIS  אאI1I2K 
FEא،אאFאKE 

 



א ١٠٦ אא 

–א א–١ אאא 
  
  

 - ١٠٧ -

אW 

 
אF٦ J٧E 

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

 I1   = V1 / R1 = E / R1 = 27 / 9 = 3  A 
           I2   = V2 / R2 = E / R2 = 27 / 18 = 1.5  A 

אIS = I1 + I2 ،4.5 = 3 + 1.5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+ 40.5K 
 

F٦ J٧WE 
אאאF٦ J٨E،אW 

FEאR3אEאISK 
FEאI2אאאR2P2K 

אW 

 
אF٦ J٨E 
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FEאR3אE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 

FWKirchhoff’s Current LawE 
 

אאאאאאאא
אאאKאאאאא

אאKאF٦ J٩EW 
 

I = I1 + I2    
 

אIאאאאאI1 I2 אאK 

 
אF٦ J٩E 

 
 
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F٦ J٨WE 
אאאI3I5אF٦ J١٠EKK 

אW 

 
אF٦ J١٠E 

אI3W 
 I3 = I1 + I2 = 4 + 3 = 7   A  

אI5،א 
 I3 = I4 + I5  
           7= 1  + I5  

          I5 = 7 – 1 = 6   A 

אW 
 

אאא
אאאF٦ J١١KEאאIxאאRx،

אII = V /RTאVאRxV = Ix Rx
אF٦ J١١E،W 

 
אF٦ J١١E 

 I = V / RT = Ix  Rx /RT                                                           
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RTא،אא 
 Ix = ( RT / Rx ) I          (6-5)  

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

 I1 = ( RT / R1 ) I 
אאאאאF7 J9EאK

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

אאאאאאא 
F٦ J١٢E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 )        ( 6-6  ) 
 

 
אF٦ J١٢E 

אאI2، 
 I2 = I R1 / ( R1+ R2 )         ( 6-7)  

 
F٦ J٩WE 

אI1אאאF٦ J١٣KE 
אW 

 RT1 = 24 /2 = 12    Ω 
אאRT 

 RT = RT1 R1 / ( RT1 + R1 ) = (12) (6) / ( 12 +  6) = 72 / 18 = 4   Ω 
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אאI1 

 
אF٦ J١٣E 

 I1 = ( RT / R1 ) I = ( 4 / 6 ) (42)  = 28    mA 
F٦ J١٠WE 

אאI1I2 I3אאאF٦ J١٤KE 
אW 

 
אF٦ J١٤E 

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 
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F٦ J١١EW 
אR1אאאF٦ J١٥KE 

אW 
אאאאF٦ J١٥EI1، 

I1 = [ R2 / ( R1+ R2 )] I 
 

 ( R1+ R2 ) I1 = R2 I 
 R1 I1 + R2 I1 = R2 I  

 
אF٦ J١٥E  

 
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 
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אאאאאWFOpen and Short CircuitsE 
 

א،אאאאאא
אאKאF٦ J١٦Eאאa

bאאאWVab = EאI = 0K 

 
אF٦ J١٦E 
אאאאאא

אKאאאאF٦ J١٧Eא
אR،אאא 

V = I R = (I) (0) =0    V 
אאאF٦ J١٧EאR 

  I = E / R = E / 0 →     A  

 
אF٦ J١٧E 

F٦ J١٢EW 
אאIאVאאאF٦ J١٨Eא،I

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

 
אF٦ J١٨E 

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 
אF٦ J١٩EאI 

 
אF٦ J١٩E 

 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–אW 
 
אאאאאאאאאאF٧ J١E

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

RT

R1

R2

R3

 
אF٧ J١E  

 
 RT = RS + RP  

אRSאאאא،אRPאא
אאאKאאF٧ J١E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 
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F٧ J١WE 
אאאא abאא2

10 VאF٨ J٢KE 

Wא 
 

a

b

I

6

21

V

+

-

I1
I2

12

 
אF٧ J٢KE 

  
אאאאאאאF٧ J٢E  

     AI 5
2

10
  

V3557RIV

7421R

4
126

126
R

T

T

T









         

F٧ J٢EW 

F٧ J١Eאאא6אאI1I2K 
אW 

V2051035VVVV 126    

 

    A333.3
6

20
I1   

  
A

6

10

12

20
I2   

 
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F٧ J٣WE 
60W110V230Vאאאא

110VKאאאאא 
Wא 

אאאאאאאאF٧ J٣E  
P = 4 x 60 = 240   W 

א 
 I = P / V = 240 / 110 = 2.1818    A 

אאRאאא 

VR = 230 – 110 = 120 V 

אR 
 R = VR / I = 120 / 2.1818 = 55    
 

+

-

230 V

I R

110 V

 
אF٧ J٣ E 

F٧ J٤ WE 
אFF٧ J٣ Eא)٧ J٤E

אאאאאאאאK 

 
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אW 

+

-

230 V

I R

220 V

 
א)٧ J٤E 

א 

A0909.1
220

240

V

P
I

L

 

     IRVVR  10220230 

אR 

 167.9
0909.1

10
R 

 אאFRI 2EאF٧ J٣EFWPloss 82.26155/1202 Eאא
אאאאFWPloss 9.10167.9/102 KE 

אאאאK 
 

F٧ J٥EW 

אאRאאאאF٧ J٥Eאאא
3300 WK 

אW 

I

3

R

+

-

1

V3

+

-

90 V 6
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        W
V

P 300
3

2
3

3  

 
 V30V3   

         A10
3

30

3

V
I 3

3 

 

           A5
6

30

6

V
I 3

6 

        
R

V

R

V
AI







3)36/()36(1
15510 

 
V90R1545V  

 




 3
15

4590
R 

F٧ J٦EW 
אאאאF٧ J٥Eאאאא

אאK 
 

אW 
אאאא 

W1350151153)3/30()6/30(P 2222
loss  

אאא 
P = 15 x 90 = 1350     W 

אאאאאאK 
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F٧ J٧EW 
אאא15אVאאאאF٧ J٦E 



 





I

I1

I3
I4

I2

+

-
15V

 
 

אF٧ J٦E 
 

אאאאאF٧ J٦E،
אF٧ J٦EאאRTאI  W 

 




I

I1 I2

+

-
15V 

 
אF٧ J٦E 

       


 2/5)2/3(1
62

)6()2(
1TR 

אI 

A
R

V
I

T

6
2/5

15
 
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F٨-٧WE 
אאאא2אאאF٧ J٦EF٧ J٧E 

אW 
אF٧ J٧EאF6AI=Eאאאא

אF٧ J٦E   
    AI 5.16)62/(22  

אאא2 W 

WIP 5.42)5.1()2( 22
22  

F٧ J٩WE 
אאאאאאאF٧ J٦EF٧ J٧E 

אאאאאK 
אW 

 

אF٧ J٦EאF٧ J٧Eא 
I1 = 6 [ 6/ ( 2+6 ) ] = 4.5    A 

אF٧ J٦EאF٧ J٧E 

A3)5.4(
63

6
I3 




 

    
A5.1)5.4(

63

3
I4 




 
אF٧ J٨Eא ( I2 = 1.5 A)אאא 

P = I2 R 

 
W361)6(PW5.42)5.1(PW273)3(P 2

1
2

2
2

3   
W94)5.1(PW5.136)5.1(P 2

4
2

6   
אאPTW 

PT  = 36 + 4.5 + 27 + 9 + 13.5 = 90   W 
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W 
Pbattery = V I = 15 x  6 = 90  W  = PT  

PbatteryאאאK 

אאFΔ – Y (W 
 

א،אאאאאY
TאπKא

אאאאאאאא
אאאאYΔ

אKאאאאאאא
אאאאאאאK 

אאאYΔאF٧ J٧Eאא
אΔאYא N3  N1

אΔW 

 
 

אF٧ J٧E 

 YΔ 

(7-1) 
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 ΔY 
  

(7-2) 

  

 
 

 
 

 
 

WE١٠ J٧F 

F٧אאR2  وR3  ،   R1  لتكن  المقاومات J٧EΩ34 Ω, 12 Ω, 1
אאFאאא F٧ J١EEKYΔK 

אאRa, Rc, RbאK 
  

אW 
אא(7-1)אאאF٧ J١KE 

 
  

Rc[ Ω ]?  Rc[ Ω ]? Rb [ Ω ]?  R2  [ Ω ] R1  [ Ω ] R3  [ Ω ]    
454 37.833 13.353  34 12 1 1

103.283  42.124 113.87 16.78  45.36  18.5 2
4221  2275 8121 657 2345 1264 3

82.829 24.113  1.593 18.402 1.216 0.354 4
683.886  453.333 272 220 132 87.5 5
140463  147864 29078 66453 12868 13546 6

  

אF٧ J١E 
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E١١ J٧F 

אRA  ،   RCو  RBאאF٧ J٧EΩ76 Ω ,27 Ω ,16

אאFאאאF٧ J١KEEΔYK 
אאR2, R1, R3אK 

אא(7-2)אאאF٧ J١KE  

אW 
  
  

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

  

WE١٢ J٧F 

אאF٧ J٧KEאאאאABK 

 
אF٧ J٧KE 

Wא 
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אאF٧ J٧EאאF٧ J٢WE  

Rao = (9)(3) /(3+6+9) = 1.5Ω  

Rbo = (6)(3)/(3+6+9) = 1Ω 

Rco = (6)(9) /(3+6+9) = 3Ω 

אאאאF٧ J٧Eא
אLא،W 

 
אF٧ J٧E 

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

W 

       Rab = Rbo +Rod = 1+ 3 = 4Ω 

 

 

 

 
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אאW  

 
١K4mאאא0.4mm،א

אC20°אאאC 20°m.1072.1 8   
٢KΩ28אא%12אא1820°C،

אאאאא20°C
 35Ω אאK 

٣KאאאאΩ4אאV20K 

٤KאאאאאאW850אא
A8V120K 

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

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

אF١E 

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

 
FE 
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 
אF٢E 

٧KאאאאF٣EאW 

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

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

 

 
FE 

 
FE 

אF٣E 
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٨KאאRאEאאאF٤KE 

 
אF٤E 

٩KאאאאF٥EאRאK 

 
אF٥E 

١٠KאאאאאF٦E 
 

 
FE 

 
FE 

אF٦E 
 
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FE 

 
FE 
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FE 

 

 
FE 

אF٨E 
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 Jאא2.2 K ΩאVLK 

 JאVLאאאK 

 
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 
 



א ١٠٦ אא 

–א א–١ אאא 
  
  

 - ١٣١ -

١٦KאאאאאאאF١٢KE 
 

 
אF١٢E 

١٧KאאאאאאאF١٣KE 
 

 
אF١٣E 

١٨KאאאאאאאF١٤KE 

 
אF١٤E 



א ١٠٦ אא 

–א א–١ אאא 
  
  

 - ١٣٢ -

١٩ JאאאאF١٤EאאאIאאI1, I2, I3K 
 

 
)١٥(الشكل  

 
 
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 
אF١٦E 

 
 
 
 
 


