
 

m
m
mRA

A
R .Ω===⇒=

l
ρρ   or 

.Ωl
  

2

cm.Ω  

2
2

2
⎟
⎠

⎜
⎝

==A π  
⎞⎛ dr π

r = radians of section. 

d = diameter of section. 

 

Con ctance ( G ):-du  

ll ρρ
A

A
R

===
11

      (Siemens (S)) G

Prefix :- 

pico    10   P -12 

nano    10-9   n 

micro    10-6  μ  

milli    10-3   m 

centi    10-2   c 

deci    10-1   d 

Kilo    103   K 

Mega    106   M 

Giga    109   G 

Tera    1012   T 

 

Example: What is the resistance of 3 Km length of wire with cross section area 

6 mm2 and resistivity 1.8 μΩcm . 

Solution: 

( ) ( )
( ) =
×

== − 9
106 6A

R ×××× −− 10310108.1 326lρ
Ω  
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Example: What is the resistance of 100 m length of copper wire with a 

diameter of (1 mm) and resistivity 0.0159 μΩm . 

Solution: 

( ) ( )
Ω=

⎟⎟
⎠

⎞

×
−

−

02.210010
23

6

π
 

⎜
⎝⎠⎝ 22
⎜
⎛ ×⎟

⎞
⎜
⎛ 101

2

πdA
×

=
××

==
− 0159.0100100159.0 6ρR l

 

Effect of Temperature on a resistance :- 

 

 

 

 

 

 

 

 

 

 

 

slop = 
TΔ
RΔ  = constant = 

1

1

212 TTTT
212

TT
RRRRRR

−
−

=
−
−

=
−
−  

 

Example: The resistance of material is 300 Ω at 10Co, and 400 Ω at 60Co. Find 

its resistance at 50 Co ? 

Solution: 

oC
TT
RR /2

1060
300400

12

12 Ω=
−
−

=
−
−

=  slop  

Ω=⇒+=⇒=−

−
=

−
−

=
−
−

=

3803008080300
40

300
1050

3002
1

1

RRR

RR
TT
RR
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E = I.[R1 + R2 + R3] = I.RT 

The current in the series circuit is the same through each series element & 

RT = R1 + R2 + R3 + -------- + RN 

 

3

3

2

2

1

1

R
V

R
V

R
V

R
EI

T

====  

 

Pt = P1 + P2 + P3 = E.I 

 

Voltage Source in Series:- 
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Example: Find the current for the following circuit diagram? 

 
Solution: 

ET = 10 + 7 + 6 – 3 = 20 V 

RT = 2 + 3 = 5 Ω 

A
R
EII

T

T
T 4

5
20

====  

 

Kirchoff's voltage law ( K.V.L. ):- 

The algebraic sum of all voltages around any closed path is zero. 

∑
=

=
m

m
mV

1

0  

Where m is the number of voltages in the path ( loop ) , and Vm is the mth 

voltage . 

 
E – V = 0  

E = V 

R
E

R
VI ==  
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Example: For the following circuit diagram, Find I using:- 

a) Ohm's law. 

b) K.V.L. 

7Ω

10Ω

40V

10V

20V10V

17Ω

6Ω

 

Solution:  

a ) By applying ohm's law :- 

-20-  

A
R
EI T 1

40
40

176710
10104020

==
+++

−+
==

−
 

 

b ) By applying K.V.L. :- 

10 + 6I + 7I - 40 + 10I – 20 + 10 + 17I = 0 

  10 – 40 – 20 + 10 + I ( 6 + 7 + 10 + 17 ) = 0 

  -40 = -I ( 40 ) AI 1
40
40

==⇒  
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⇒

 
 

Example :- Find Va , Vb , Vc , Vab , Vac and Vbc for the following diagram . 

                      
 

Solution :- 

RT = R1 + R2 + R3 

     = 2 + 5 + 3 = 10 Ω 

A
R
EI

T

1
10
10

===  

 

E – V2 – Va = 0 

Va = E – V2 = 10 – (2 * 1) = 8 V 

Vb = V5 = (1 * 5)  = 5 V = Vbc             ; Vc = 0 V 

or  E – V2 – V3 – Vb = 0   Vb = E – V2 – V3 = 10 – 2 – 3 = 5 V ⇒

Vab = Va – Vb = 8 – 5 = 3 V 

Vac = Va – Vc = 8 – 0 = 8 V 

Vbc = Vb – Vc = 5 – 0 = 5 V 
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Example :- For the parallel network in fig. below , find :- 

a) R3 , b) E , c) IT , I2 , d) P2 ; given that RT = 4 Ω ? 

 
 

Solution :- 

a) 

Ω==⇒=

=−−

++=

++=

++=

10
1.0

111.0

105.01.025.0

105.01.025.0

1
20
1

10
1

4
1

1111

3
3

3

3

3

321

R
R

R

R

R

RRRRT

 

b) E = V1 = I1R1 = 4 * 10 = 40 V 

 

c)   

A
R
E

R
VI

A
R
EI

T
T

2
20
40

10
4

40

22

2
2 ====

===
 

 

 

d)  ( ) ( ) WRIP 8020.2 2
2

2
22 ===

 

or  
2

2
2

2 R
VP =  , or P2 = I2V2 
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Current Source :- 

Example :- Find the voltage ( Vs ) for the circuit below: 

10 A

Solution :-  

I RL (2-5)ΩVs = IRL = 10 * 2 = 20 V  if RL = 2 Ω Vs

Vs = IRL = 10 * 5 = 50 V  if RL = 5 Ω 

 

Example :- Calculate V1 , V2 , Vs for the following cct.: 

 
Solution :-  

R1

R2

Vs
I = 5A

V1

V2

2Ω

3Ω

 

V1 = IR1 = 5 * 2 = 20 V   

V2 = IR2 = 5 * 3 = 15 V 

Vs = V1 + V2 = 10 + 15 = 25 V   

 

 

Source Conversions :- 

 A voltage source with voltage E and series resistor Rs can be replaced by 

a current source with a current I and parallel resistor Rs as shown :- 

sR
EI =

⇔

 
Current source to voltage source 

Voltage source to current source 
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Solution :- 

   
4
1
2

0
2

1

240
012
321
−
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−=D

 

( )[ ] [ ]

[ ] [ ] 148228002402

2*2*21*0*43*1*04*2*30*0*22*1*1

−=+−=++−−+=

∴

D

D −++= − + + −
 

 

Example :- Find V1 , V2 , V3 from the following equations :- 

  2V1 + 4V2 +2V3 = 8 

  5V1 – 2V2 – 10V3 = 18 

V1 + 8V2 – 20V3 = -8 

Solution :- 

   
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−−

8
18
8

2081
1025
242

3

2

1

V
V
V

 

8
2

4

1
5
2

2081
1025
242

8
2

4

8
18
8

2088
10218
248

1
1

−
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−−

−
−⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−−
−−

==
D
DV  

 
( ) ( ) ( ) ( )[ ] ([ ) ( ) ( ) ( ) ]

( ) ( ) ( )[ ] ( ) ( ) ( )[ ]4*5*202*10*82*2*18*5*21*10*420*2*2
4*18*208*10*82*2*88*18*28*10*420*2*8

1 −+−+−−+−+−−
−+−−

=V − + − − − + +− −

 

VV 35.4
684
2976

1 ==  
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684
8

18
8

1
5
2

2081
10185
282

2
2

−⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−−
−

==
D
DV  

 

684
8
2

4

1
5
2

881
1825
842

3
3

−
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

==
D
DV  

 

Star – Delta ( Δ→Υ  ) and Delta – Star ( Υ→Δ ) transformation :- 

 

1. ) Delta – Star ( ) transformation :- Υ→Δ

If the value of RAB , RCA , RBC are 

 

known, and we need to get the values 

of RA , RB , RC ; then :- 

If  RAb = RBC = RCA = R∆ , in this case Υ
Δ ==== RRRRR CBA 3

 

or  
3
Δ

Υ =
RR  

BCCAAB

CAAB
A RRR

RRR
++

=  

BCCAAB

BCAB
B RRR

RRR
++

=  

BCCAAB

BCCA
C RRR

RRR
++

=  
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3Ω 15Ω

40Ω

5Ω

60Ω

50V

75V60V

I1

I2

 
-I1 ( 5+15+60 ) + 60I2 - 50 – 75 = 0 

 -I2 ( 3+60+40 ) + 60I1 + 60 = 0 

Rearrange:- 

  -80I1 + 60I2  = 125 

  60I1 - 103I2  = -60 

 

-------------------     ( 1 ) 

-------------------     ( 2 ) 

D
DI 1

1 =  

 

D
DI 2

2 =  

 

 

Example( 6 ):- Solve the following circuit diagram: 

10Ω

4Ω
2Ω

6Ω

20V

I1 I2

6AVo

 
 

 

 

 أكمل الحل
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Kcl at C: 

 I6 + I1 – I4 = 0 

( VB – VC ) G6 + [( VA – VC )- E1] G1 – VC G4 = 0 

 

Rearrange: 

A : ( VB – VA ) G5 -VA G3 + ( VC – VA ) G1 - E1G1 = 0 

B : (VA – VB ) G5 + ( VC – VB ) G6 -  VB G2 + E2 G2 = 0 

C :  ( VB – VC ) G6 – VC G4 + ( VA – VC ) G1 - E1G1 = 0 

 

Hence, we can arrange the above equations in the following form:- 

A :  - VA ( G1 + G3 + G5 ) + VBG5 + VCG1 + E1G1 = 0 

B :  - VB ( G2 + G5 + G6 ) + VAG5 + VCG6 + E2G2 = 0 

C :  - VC ( G1 + G4 + G6 ) + VAG1 + VBG6 - E1G1 = 0 

 

Then, we can find VA , VB , VC by the determinate method . 

 

Example 2 :- Solve the following circuit diagram using nodal voltage  . 

 
Solution: 

First we simplify the circuit and make a less nodal point. 

 

 

 

-----------     ( 1 ) 

-----------     ( 2 ) 

-----------     ( 3 ) 
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                               قسم الھندسة الكھروميكانيكية/ المرحلة الاولى

 

Network Theorems:- 

1- Superposition Theorem:- 

 In any circuit network contain more than one sources ( voltage or   

current ) to find the current ( or voltage ) in a certain part of a network , remove 

the sources of the network and find the current ( or voltage ) in the existence of 

only one source each time. The resultant current ( or voltage ) will be the 

algebraic sum of current ( or voltage ) due to all sources when acting 

independently once a time . 

(Removing the sources means:- Short circuiting the voltage source and open 

circuiting the current source) .  

 

Example 1:- In the following circuit diagram, find all branch current's using 

superposition theorem:- 

3Ω

6Ω

7Ω

25V

3A4Ω

I5

I2

I1I4

I3
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                               قسم الھندسة الكھروميكانيكية/ المرحلة الاولى

2-) Thevenin's Theorems:- 

  .في اغلب الاحيان اذا كان المطلوب ايجاد التيار او الفولتية في مقاومة محددة في الدائرة تستخدم 

 Any two terminal linear network can be replaced by an equivalent circuit 

of a voltage source ( Eth ) and a series resistor ( Rth ); as shown in figure below:- 

⇒

Hence;  
Lth

th

RR
EI
+

=  

Steps to find Eth & Rth :- 

1. Remove that portion of the network across which the Thevenins 

equivalent circuit is to be find. 

2. Mark the terminals of the remaining two – terminal network. 

3. Calculate Rth by first setting all sources to zero ( voltage sources are 

replaced by short circuits and current sources are replaced by open  

circuit ), and finding the resultant resistance between the two marked 

terminals. 

4. Calculate Eth by first returning all sources to their origin positions and 

finding the open circuit voltage between the marked terminals. 

5. Draw the Thevenins equivalent circuit with the portion of the circuit 

previously removed replaced between the terminals of the equivalent 

circuit. 
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Example 2:- Find the current in the 25Ω resistor for the following circuit 

network? 

 

10Ω 40Ω

25Ω

20Ω 20Ω

2V

 
Solution:- 

1.) Find Rth : 

10Ω 40Ω

20Ω 20Ω

A B

 

( ) ( )

Ω=
+

+
+

=∴

+=

20
2040
20*40

2010
20*10

20//4020//10

th

th

R

R

 

2.) Find Eth : 

10Ω 40Ω

20Ω 20Ω

A B2V

Voc

A
60
2

A
30
2

 

VE

VV

V

th

oc

oc

67.0

67.0
60
40

30
20

60
80

0
60
2*40

30
2*10

=∴

==−=

=⎟
⎠
⎞

⎜
⎝
⎛−⎟

⎠
⎞

⎜
⎝
⎛+
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⇒

 
 

RRR theq =Ω=+++==∴ 102314.  

2.) Find Eth :- 

-101-  

Preview from Notesale.co.uk

Page 101 of 105



1Ω

1Ω 2Ω

6Ω 6Ω

2A
4Ω

10V

6V

2Ω

2Ω 4Ω

6V

A

B

IY

IX

IZ

2A

Voc

 
 

( )

( )

( ) AII

AII

AII

zz

yy

xx

25.102*268

33.106*261012

202*1104

=⇒=++−

=⇒=+−+−

−=⇒=+−−

 

 

From KVL 

( ) ( ) ( )

VV

V

oc

oc

154856

02*233.1*625.1*46

=−++=

=−++−∴
 

 

AI 75.0
1010

15
=

+
=  
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