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Abbreviation for multiples and submultiple 

 

Derived units 
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Factors affecting the resitance 

1- Length of wire                           (L) meter 

2- Cross- sectional area                  (A) (meter)
2
 

3- Type of material                        (          

                         resistivity  

  

4- Temperature                               ( C° )  

 

 

   = Final Resistance 

   = Initial Resistance 

   = Temperature Coefficient 

   = Final Temperature  

   = Initial Temperature 

5- Type of current Ac or Dc 

Ex: A wire of (2000m) length made of copper with resistivity of (2     Ω.m) 

and has across section area of (      ), calculate its resistance?  

Sol.     
    

 
 

            
                

     

            
        

     

           
        

     

           
               

 
 = 4        = 

 

  
 

       R  =  0.4   
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Ohm's Law 

R

I

V
 

 

Ex: The resistance of a coil (40Ω) at (20ºC) connected to (220V), and the         

temperature increased to (120ºC), if (       ), calculate the final resistance and 

the variation in the electrical current? 

Sol.    

 

       

             [                  ] 

                                                    = 52Ω 

  = 
 

  
  

   

  
       

    
 

  
  

   

  
        

                       

          = 1.27 A 
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Series Connection 

1 2 3

1 1 2 2 3 3

1 2 3

1 2 3

, ,

( )

T

E V V V

V IR V IR V IR

E IR IR IR

E I R R R

E
R

I

  

  

  

  



                       

2V1V 3V

E

I

1R
2R 3R

 

 

                           Rt = Total Resistance 

                                = Equivalent Resistance 

 

Parallel Connection 

1 2 3

1 2 3

31 2

1 2 3

1 2 3

1 1 1 1

T

T

E V V V

I I I I

VV VE

R R R R

R R R R

  

  

  

  

                                           

1I

2I

3I

I

1R

2R

3R

E
 

 

 1 2 3TR R R R   
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Power in Resistance 

2

2

       Watt

   
   =V         Watt

P V I

IR I I R

V V

R R

 

  

 

                          

Ex: In the circuit showin below, find  

1- Equivalent resistance (RT)                                        

2- Total current in the circuit (IT) 

3- Total Power drawn by circuit (PT) 

4- I1 

Sol 

1 2 3

1

(1) ( )

10 10
    5 10 

10 10

20
(2) 2 A

10

(3) 20 2 40 watt

10 10
(4) 2 1

10 10 20

T

T

T

T

T

R R R R

V
I

R

P V I

I I A

 


   



  

    

    


  

Ex: For the circuit shown find RT, VT, I1, I2 

8  11 

11
 

1
5

  V

2I

13 

1I20

 

 

 

 

1 5 R  

2 10 R  

3 10 R  
1I

20 V

                     

1

2

20
2.5 A

8

11
0.7 A

28 11

15 13
1.79 A

(15 13) 11

28 11
(8 11) 26.9 

28 11

     =2.5 26.9

     =67.25 V

T

T

T

T

T T T

I

I I

I I

R

V I R
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Ex (H.W.): For the circuit shown Find  

1- Total Resistence 

2- Current Pass throgh R2 

3- Total Power drawn by circuit  

4- Current in R7 and R4 

 

 

 

 

 

Voltage Divider Rule 

1 2

1
1 1 1

2
2 2 2

1 2

( )

( )

 that the format for V  and V  is

T

T

T T

T T

R R R

E
I

R

R EE
V IR R

R R

R EE
V IR R

R R

Note

 



  

  

         

2V
1V

E

I

1R
2R

TR

 

                                     (Voltage divider rule) 

 

Where VX is the voltage across RX, E is the impressed voltage across the series 

elements, and RT is the total resistance of the series circuit 

 

 

 

 

 

X
X

T

R E
V

R


 

1 10 R  

2 10 R  

3 5 R  

6 12 R  

7 6 R  

8 6 R  

9 5 R  

5 20 R  

4 20 R  

 10 VE 
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1V 3V

1 2R K  2 5R K 
3 8R K 

45 VE 

 Fig (2) 

 

Ex: Determine the voltage V1 for the network of Fig (1) 

 

 

 

 

Sol.    

1 1
1

1 2

(20)(64) 1280
  16 V

20 60 80

T

R E R E
V

R R R
 



  


                

 

 

 

 

Ex: Using the Voltage divider rule, determine the voltages V1 and V3 for the series 

circuit of Fig (2) 

So 

1
1

3

3

3

3
3 3

(2 )(45) (2 )(45)

2 5 8 15

(2 10 )(45) 90
    = 6 V

15 10 15

(8 )(45) (8 10 )(45)
V

15 15 10

360
     = 24 V

15

T

T

R E K K
V

R K K K K

R E K

R K

 
  

   


 



 
  

 



 

 

 

 

 

1V

64 E V

1 20R   2 60R  

 
Fig (1) 
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Current Divider Rule 

RT is the total resistance of the parallel branches. Substituting V= IX RX into above 

equation, where IX refers to the current through a parallel braanch of resistance RX, 

we have 

1

1

2

2

1 2

1 2

1 2

1 2
1

1 1

 the particular case of tow parallel resistors as shown in Fig

R

X X

T T

T

T

T

T

I RV
I

R R

R
I I

R

R
I I

R

For

R R

R R

R R

R R R
I I I

R R

 









 

1I2I

I

1R
2R

  

 

 

 

 

Ex: Determine the current I2 for the network of Fig (3) using the current divider 

rule. 

Sol 

1
2

1 2

(4 )(6 )

4 8

4 1
  (6) (6)

12 3

  2

TR I K A
I

R R K K

A


 

  

 



  

 

 

 

 

T
X

X

R
I I

R
 

2
1

1 2

1
2

1 2

R I
I

R R

R I
I

R R







 

2I

6 ATI 

1
4

R
K




2
8

R
K




 

Fig (3)    
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Ex: Find the current I1 for the network of Fig (4) 

 

 

 

 

 

 

 

Sol 

 

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

1I

42 mATI 

1
6

 
R




2
2
4

 
R




3
2
4

 
R




TR

 

Fig (4) 

3

1 

1

6  24  24 = 6 12 = 4 

(4)(42 10 )
 28 mA

6

T

T

R

R
I I

R
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Delta-Star (∆→Ү) transformation 

 

Fig (5) 
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Ex: In the circuit Shown in the figure. Find the Total Resistance and Total Current. 

1

2 

R




3 4 

R




2
6 

R




5

10 

R




100 V

6 8 

R




1R

3
R

2R

4
R

5R

100 V

I

aR

b
R

cR

 

                            Fig (6) 

1 2

1 2 3

2 3

1 2 3

1 3

1 2 3

2 6

2 6 4

12
    1 

12

6 4

2 6 4

    2 

4 2

2 6 4

8
   0.66 

12

a

b

c

R R
R

R R R

R R
R

R R R

R R
R

R R R


 

   

  


 

   

 


 

   

  

  

4

5

1 8 9 

2 10 12 

9 12
( ) 5.14 

9 12

5.14 0.66 5.8 

100
17.24 A

5.8

d a

e b

f d e

t f c

t

R R R

R R R

R R R

R R R

E
I

R

     

     


   



     

  

        

cR

0.66 

9 dR  

12 eR  

 

 

1 

aR



2 
b

R




4 8 

R




5
10 

R 


100 V

I

cR

0.66 

 

cR

0.66 

5.14 fR  
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Ex: In the circuit Shown in the figure. Find the Total Resistance and Total Current 

by using Star- Delta transformation. 

1

2

3

1

2

3

6 8
   6 8 26 

4

8 4
   8 4 17.33 

6

6 4
   6 4 13 

8

26 26
13 

26 26

18 18
9 

18 18

13 13
6.5 

13 13

13  in series with 9 

13+9=22 

 Req=

a b
a b

c

b c
b c

a

a c
a c

b

f

g

d

R R
R R R

R

R R
R R R

R

R R
R R R

R

R R

R R

R R

  


    

  


    

  


    


  




  




  



 




22 6.5

5.017 
28.5

10
1.993 A

Req 5.017

10 1.993

                 =19.93 watt

T

E
I

P E I


 

  

   

    

 

 

 

E = 10 V

dR
= 
13

 

a
R

=
 6

 

f

R
= 26 

CR bR

4  8 

g  = 18 R 
 

3R
1R

2R

 

13
 

13
 

26 
26 

18 

18 

E

 

6.
5 


13 

9 

10 VE 

 

6.5 

13 9

22 



 10 VE 
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Ex (H.W.): In the circuit shown below find: 

1- Total Resistance. 

2- Total Current pass through circuit. 

3- Total power drawn by circuit. 

 

 

 

 

Kirchoff's Law 

1- Kirchoff's Current Law (KCL):  

The first law, also called Kirchhoff’s current law, states that the algebraic sum of 

currents entering and leaving any point in a circuit is equal to zero. 

The sum of currents entering a node must equal equal the sum of the currents 

leaving a node. 

İf all currents entered a single point in a circuit then we would have an equation  

Ia + Ib = 0 

•Here are some examples of currents entering and exiting a point in a circuit. 

 

 • Current Ia enters while Ib exits 

Ia + Ib = 0 

 • Currents Ia , Ib and Ic enter while Id exits. 

Ia + Ib + Ic – Id = 0 

Point Z or NODE Z has currents Ia + Ib – Ic – Id = 0 

20

20

10


1

0


1

0

E

V20
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2- Kirchoff's Voltage Law (KVL) 

The algebraic sum of the voltage across each resistance in any closed path in a 

network plus the algbric sum of the (E.m.f) (electro motive force)= Zero  

1 2

1 2

1 2

0E VR VR

E VR VR

E IR IR

  

 

 

     

 

  

 

 

 

1 2 1 2

1 2 1 2

1 2 1 2

0E E VR VR

E E VR VR

E E IR IR

   

  

  

     

 

 

 

 خطٕات انحم 

َقٕو أٔلا بفزض ٔتزييز انتيبرات ٔإعطبء الاتجبِ انًُبسب نٓب. -1  

كيزشٕف الأٔل نهتيبر. َكتب انًعبدنة الأٔنى حسب قبٌَٕ -2  

انحهقبت اندٔراٌ نهتيبر في اندائزة بشكم عشٕائي.َقٕو بفزض اتجبْبت  -3   

 

 

 

 

 

 

I

1I 1R

1I

2R
E

1V

2V

                        

                       

 

1R

2R

1E 2EI
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Ex: Determine the current in each resistance using (K.V.L.) and (K.C.L) 

1 8 E V 2 10E V

1I 5  6 
2I

10 

3I

1I 2I

 

Sol  انطزيقة الأٔنى 

3 1 2

1 3

1 1 2

1 1 2

1 2

1 2

2 1 2

1 2

1 2

1 2

1 2

1

8 5 10 0

8 5 10( ) 0

8 5 10 10 0

8 15 10 0

8 15 10

10 6 10( ) 0

10 10 16 0

10 10 16

by sowing eq.(1) & eq.(2)

8 15 10

10 10 16

15 10
240 100 140

10 16

8 10

10

I I I

I I

I I I

I I I

I I

I I

I I I

I I

I I

I I

I I

I

 

  

   

   

  

 

    

   

 

 

 

  



2

3

16 128 100 28
0.2 A

140 140 140

15 8

10 10 150 80 70
0.5 A

140 140 140

0.2 0.5 0.7 A

I

I
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Sol طزيقة انثبَية 

1 1 1 2

1 2

5 10( ) 0

8 15 10 0..........(1)

E I I I

I I

   

  
  

2 2 1 2

1 2

1 2

1 2

6 10( ) 0

10 10 16 0............(2)

by solving eq.(1) & eq.(2)

15 10 8   2

10 16 10  3

E I I I

I I

I I

I I

   

  

  

  

  

1 2

1 2

2

2

2

1 1

3 1 2

30 20 16

30 48 30

   0  28  14

14
0.5 A

28

ةً (1) ي عٕض ق َI ة عبدن ً ي ان ف

3
8 15 -(10 0.5)=0 = =0.2 A

15

0.2 0.5 0.7 A

I I

I I

I

I

I I

I I I

 



  

 

  

    

  

 

 

Ex:Find the current in each branch by using Kirchoff  law 

 

3 

4 

110 V

100 V
5 

220 V

1I

2I

2
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Sol: For loop (1) 

1 2

1 2

3 110 100 4 0

3 4 10.........(1)

I I

I I

    

  
  

For loop (2) 

1 2 2

1 2 2

1 2

1 2

220 5( ) 4 100 0

220 5 5 4 100 0

5 9 120 0

5 9 120........(2)

I I I

I I I

I I

I I

    

    

   

   

  

1 2

1 2

2

2

2

3 4 10     5

5 9 120   3

           0  47   410

   8.7 A

ط عٍ  (1)  عٕي ت بن ة )I( ب عبدن ً ي ان ف

I I

I I

I

I

   

    

 



  

1

1

1

1

1

1 2

3 4(8.7) 10

3 34.8 10

3 10 34.8

24.8

3

8.3 A

8.3 8.7 17 A

I

I

I

I

I

I I
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H.W. Apply branch-Current analysis to the network of Fig. 

1I
2I

3I

I I
4 

15 V 20 V 40 V

1
0

  5 

 

 

 

Source Conversions 

It is often necessary or convenient to have a voitage source rather than a current 

source or a current source rather than a voltage source. If we consider the basic 

coltage source with its internal resistance as shown in Fig(7), we find that 

                             L

S L

E
I

R R



 

Or by multiplying the numerator of the  

equation by a factor of ( I )  which we  

choose to be S SR R . We obtain 

 

 

( ) ( )( )( ) S S S S S
L

S L S L S L S L

R R E R E R R II E
I

R R R R R R R R
   

   
  

 

if we define SI E R . The resulting equation is actually an application of the 

current divider rule to the network of Fig (8). 

LI

LR

SR

E

 

Fig (7)             
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S

E
I

R
 SR LR

LI

 

      Fig (8) 

For the load resistor RL of Fig (7) or (8) it is immaterial which source is applied as 

long as each element has the corresponding value. That is, the voltage across or 

current through RL will be the same for each network. For clarity, the equivalent 

sources are repeated in Fig (8) with equations necessary for the conversion. Note 

that the resistor RS  is unchanged in magnitude and is simply brought form a series 

position for the voltage source to the parallel arrangement for the current source. 

Ex: Convert the voltage source of Fig (9) to a current source and calculate the 

current through the load each source. 

Sol: 

                                       

6
1 A

2 4
L

S L

E
I

R R
  

 

LR

SR

E

2 

6 V

4 

a

b

 

6
3 A

2S

E
I

R
  

SR LR

2 3
1 A

2 4

S
L

S L

R I
I

R R


  

 

2  4 

a

b

3 A

 

                                Fig (9) 
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Ex: Convert the current source of Fig (10) to a voltage source and find the current 

through the load for each source. 

Sol: 

SR

3 3

3 3

3 10 9 10
3 mA

3 10 6 10

S
L

S L

R I
I

R R

  
  

   

3 K

a

b

9 mA

9 mA LR 6 K

LI

LR

SR

27 VSE I R 

a

b

3 K

6 K

27 27
3 mA

3 K +6 K 9K
L

S L

E
I

R R
   

   

Fig (10) 

 

Thevenin's theorems     ٍَُظزية ثف 

 خطٕات انحم 

 A,B( ثى َٕجد انجٓد بيٍ انُقطتيٍ openَٔجعهّ )َزفع يقبٔية انًزاد إيجبد انتيبر انًبر فيٓب -1

 Vth.َٕٔجد 

( إٌ ٔجد في Open( ٔيصبدر انتيبر )Short( عٍ طزيق جعم يصبدر انفٕنتية )Rthَٕجد )-2

 اندائزة َُٔظز إنى اندائزة يٍ خلال ْذِ انُقطة.

 َزبط دائزة ثفٍُ انًكبفئة -3

L

L

Vth
I

Rth R


  

Vth

Rth

LR

 

 

Ex: By using thevenin theorem find the current in 2Ω. 

10 V

3 

4
 

2
 

A
6 

B
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Sol: 

 6 4) 3( 5.4 Rth   

A

B

6

4

3

 

4 10 4
4 V

6 4 10

E
Vth

 
  


 

A

B

6

4

3

10 V

 

 
4

0.5 A
5.4 2

LI  


                      

5.4 

2 
4 V

 

 

 

Ex:Find thevenin equivalent for the network shown. 

10 V 20 V

5  15 

1 

a

b
 

 

Sol: 
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5 15 75
3.75 

5 15 20
Rth


   


 

5  15 a

b
 

1

10 15 150
7.5 V

5 15 20
V


  


 

10 V

5  15 a

b
 

2

20 5 100
5 V

5 15 20
V


  


 

20 V

a

b
 

                  7.5 5 12.5 VVth            

12.5
2.6 A

3.75 1
L

L

Vth
I

Rth R
  

 
 

12.5 VVth 

3.75 Rth  

1 LR  
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Noton Theorem 

 خــطـــٕات انــحـــــم

( إٌ ٔجد في Shortانفٕنتية )  ( ٔيصبدر Openعٍ طزيق جعم يصبدر انتيبر ) RNَٕجد  -1

 اندائزة

 IS.C( َٕٔجد Shortَجعم انًقبٔية انًزاد إيجبد انتيبر فيٓب )   -2

 INَزسى دائزة َٕرتٍ انًكبفئة َٕٔجد  -3

NR LR

.S CI
NI

 

 

Ex:Find the Current in (5 Ω) by norton theorem. 

10 A
8 

2 

5 

6 

4 

 

 

(6 4) (2 8)

10 10 100
5 

20 20

NR   


     

8 

2 

4 

6 
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.

10 8 80
8 A

8 2 10
S CI


  



10 A
8 

2 

4 

6 

 

 

8 5 40
4 A

5 5 10
NI


  

  

8 A

5  5 

 

 

 

Ex: For the network Shown. Find the curren in (3Ω) by Norton theorm.      

(1 2) 4

1 2
4

3

2
4 4.66 

3

NR  

 
 

 

   

1 

10 V

4 

2
 

3
 

 

2 

1  4 

  

2 

1  4 

10 V
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2 1 

4 

10 A

  

4 2 8
1.33 

4 2 6


  


                           

2 1  4 
10 A

 

1.33

.

10 1
4.3 A

2.33

4.3 2
1.43 A

2 4
S C

I

I


 


 



                                                    

10 A
1  1.33 

 

.

1.43 4.66
0.87 A

4.66 3

N
N S C

N L

R
I I

R R
 




 



                                      

1.43 A
4.66  3 

 

 

Ex: By using Norton theorem find the current in (2Ω). 

6 

4 

15 V

10 V

2 
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6 4

6 4
2.4 

6 4

NR 


 



 

6 

4 

 

. 1 2

1

2

.

15
2.5 A

6

10
2.5 A

4

2.5 2.5 5 A

S C

S C

I I I

I

I

I

 

 

 

  

 

6 

4 

15 V

10 V

1I

LI

.S CI

 

2.4 12
5 2.73 A

2.4 2 4.4
NI    


 

5 A
2.4  2 

 

 

Superposition Therem 

The superposition theorem, can be used to find the solution to networks with tow 

or more sources that are not in series or parallel. The most obvious advantage of 

this method is that it does not require the use of a mathematical technique such as 

determinants to find the required voltages or currents. Instead, each source is 

treated independently, and the algebraic sum is found to determine a particular 

unknown quantity of the network. In other words, for a network with n sources, n 

independent series-parallel networks would have to be considered before a solution 

could be obtained. 
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