
 

1 

 د. رغد غالب السلطان                                              قسم التقنيات االلكترونية/فرع الحاسبات

ELECTRICAL CIURCITS 

CHAPTER 1 

     Introduction to Electrical Circuits 

 An electric circuit is a path in which electron from voltage or current 

source flow. The path may be closed (joined at both ends), making it a 

loop. A closed circuit makes electrical current flow possible. It may also 

be an open circuit where the electron flow is cut short because the path is 

broken. An open circuit does not allow electrical current to flow.  

 Electric current: is the rate of movement of charge through a conductor. 

The unit of current is the Ampere (A). 

 Voltage (V) or potential difference: is the difference in charge between 

two points in a circuit, the unit of voltage is the volt (v). 

 Resistance: Is the property of materials opposes or resists the movement 

of electrons (current), the unit of resistance is Ohm (Ω). 

When describing voltage, current, and resistance, a common analogy is a 

water tank. In this analogy, the charge is represented by the water amount, 

voltage is represented by the water pressure, current is represented by the 

water flow, and the pipe width represented the resistance . So for this 

analogy, remember: 

 Water = Charge 

 Pressure = Voltage 

 Flow = Current 

 Hose Width = Resistance 
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A complete electrical circuit is a closed path of wire and devices through 

which electricity flows.  The components of a closed circuit are the wire, 

switch, battery, and light bulb. Each component of a complete circuit has a 

symbol as shown in Figure 1. Table 1 shows the basic set of symbols that 

may find on circuit diagrams. 

Figure 1: A simple electric circuit 

 

Table 1: Basic set of electrical circuit symbols 
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1.1 Electrical Units of Measure  

The International Standard (SI) units used for the measurement of voltage, 

current and resistance are the Volt [V], Ampere [A] and Ohm [Ω] 

respectively. Sometimes in electrical or electronic circuits and systems it is 

necessary to use multiples or sub-multiples (fractions) of these standard 

units when the quantities being measured are very large or very small.  

Table 2 gives a list of some of the standard electrical units of measure used 

in electrical formulas and component values. 

Table 2: Standard Electrical Units 

 

 

 

 

 

 

 

There is a huge range of values encountered in electrical and electronic 

engineering between a maximum value and a minimum value of a standard 

electrical unit. For example, resistance can be lower than 0.01Ω‟s or higher 

than 1,000,000Ω‟s. By using multiples and submultiple‟s of the standard 

unit we can avoid having to write too many zero‟s to define the position of 

the decimal point. Table 2 below gives their names and abbreviations. 

 

Table 2: Multiples and submultiples of units 
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1.2 The Sources  

Ideal voltage and current sources can be further described as either 

independent sources or dependent sources.  

1.2.1 Independent sources  

  In which the value of the voltage or current supplied is specified by the 

value of the independent source alone.  

 Independent voltage source: An ideal voltage source is independent 

of the current through it. If a copper wire were connected across its ends 

the current through it would be infinite. The symbol for an ideal voltage 

source is shown in Figure 2. 

 
Figure 2: Independent voltage source 

 

 Independent current source: An ideal current source is independent 

of the voltage across it and if its two ends are not connected to an 

external circuit the potential difference across it would be infinite. The 

symbol for a current generator is shown in Figure 3. 
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Figure 3: Independent current source 

 

1.2.2 Dependent sources  (or controlled source) 

  In which the value of the voltage or current cannot specify unless we 

know the value of the voltage or current on which it depends in the circuit.  

 Dependent voltage source: The symbol for a dependent voltage source 

is shown in Figure 4.  

 Dependent current source: The symbol for a dependent current source 

is shown in Figure 5. 

 
Figure 4:                                                  Figure 5 

Dependent voltage source                          Dependent current source 

1.3 Ohm’s Law 

Ohm’s Law defines the relationship between current, voltage and resistance 

 

 

 

The relationship between current (I), voltage (V), and resistance (R) was 

discovered by a German scientist named Georg Ohm. This relationship is 

named Ohm‟s law in his honor. Ohm found that the current in a circuit varies 

directly with the voltage when the resistance is kept constant. While keeping 

the resistance constant, Ohm varied the voltage across the resistance and 

measured the current through it. In each case, when he divided the voltage by 

the current, the result was the same. In short, this is Ohm‟s law, which can be 

Ohm’s Law: the voltage v across a resistor is directly proportional to 

the current I flowing through the resistor. 
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stated as “The current is directly proportional to the voltage and inversely 

proportional to the resistance.” 

Mathematical expression can be written as: 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡, 𝐼 =
𝑉𝑜𝑙𝑡𝑎𝑔𝑒, 𝑉

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑅
  𝑖𝑛 𝐴𝑚𝑝𝑒𝑟𝑠(𝐴) 

 Ohm's law triangle 

To help remember the formula, it is possible to use a triangle with one side 

horizontal and the peak at the top like a pyramid. This is sometimes known 

as the Ohm's law triangle as shown in Figure 6. 

 
Figure 6: Ohm's law triangle 

 

Ohm’s Law tells us that if a conductor is at a constant temperature, the 

voltage across the ends of the conductor is proportional to the current. This 

means that if we plot voltage on the y-axis of a graph and current on the x-

axis of the graph, we will get a straight-line. The gradient of the straight-line 

graph is then the resistance of the conductor. 

 

The gradient of the straight-line graph is  

related to the resistance of the conductor 

as:      
𝑰

𝑽
=

𝟏

𝑹
 

This can be rearranged in terms of the 

constant resistance as: 𝑹 =
𝑽

𝑰
     

Example 1.1: A resistance of 10 Ω is placed across a 9 V battery. What 

current flows through the battery?  

Solution: Using Ohm’s Law,   
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                V = IR 

                 9 = I (10) 

                 I = 0.9 A 

 

Example 1.2: What is the overall resistance of the electrical circuit if it is 

operated by a 3 V battery and 0.75 A flow through its circuitry?  

Solution: V = IR 

                3 = 0.75(R) 

                          R = 4.0  Ω 

 

Example 1.3: Determine the voltage which must be applied to a 2 kΩ 

resistor in order that a current of 10mA may flow. (Ans. V=20 v)  

 

Example 1.4: A coil has a current of 50mA flowing through it when the 

applied voltage is 12V. What is the resistance of the coil? (Ans. R=240Ω) 

Example 1.5: A 100V battery is connected across a resistor and causes a 

current of 5mA to flow. Determine the resistance of the resistor. If the 

voltage is now reduced to 25V, what will be the new value of the current 

flowing?  (I=1.25 mA)  

 

1.4  Laws of Resistance 

   Resistance: ability to resist the flow of electric charge current (R)   

Mathematically: 𝑅 = 𝜌
𝑙

𝐴
 

 

where ρ is a constant depending  

on the nature of the material of the  

conductor and is known as its 

 specific resistance or resistivity. 
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 The resistance R offered by a conductor depends on the following factors: 

(1)   It varies directly as its length, L. 

(2)  It varies inversely as the cross-section A of the conductor.  

(3) It depends on the nature of the material.  

(4) It also depends on the temperature of the conductor.  

(5)  Two extreme possible values of  R: 

        a) R = 0                 short circuit  

        b) R =   open circuit  

       Short circuit: circuit element with resistance approaching zero 

      Open circuit: circuit element with resistance approaching infinity 

 

 Conductance (G): the ability of an element to conduct 

conduct electric current; measured in mho or Siemens (S) 

 𝐺 =
𝑖

𝑅
=

𝑖

𝑣
 

 The power dissipated by a resistor  

 
 

Example 1.6:   a)A resistor has a conductance of  0.100 S. What is its       

resistance?   b)What voltage is needed to cause a 500 mA current to flow 

through the circuit?  

Solution:  

a) R = 1/G = 1/0.100 = 10 W                    

b)   500 mA = 0.500 A 

       V = IR  

       V = 0.500(10) = 5 V 
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Example1.7: A 110-volt electric device draws a current of 6 amps on its 

highest setting as it converted electrical energy into thermal energy. What is the 

is the dissipated power by the device? 

Solution: P= IV=(6A)(110V)=660 Watt 

Example1.8: Calculate the power dissipated when a current of 4mA flows 

through a resistance of 5 kΩ.(Ans. P= 80 mW) 

Example 1.9: A current of 5A flows in the winding of an electric motor, the 

resistance of the winding being 100Ω Determine (a) the voltage across the 

winding, and (b) the power dissipated by the coil. 
( Ans. V=500V , p=2500W) 

 

1.5 Resistor Temperature Coefficient  

The temperature coefficient of resistance (α), tells how much its value 

changes as its temperature changes. All materials have a certain specific 

resistance (at 20
o
 C), they also change resistance according to temperature 

by certain amounts. A positive coefficient meaning that the R increases with 

increasing temperature. A negative α, meaning that R decreases with 

increasing temperature. If the value of α is very close to zero, meaning that 

the R is constant and hardly changes at all with variations in temperature. 

The temperature coefficient of resistance is calculated  as follows:                 

                    

 

                                              

                              R=R ref (1+α(T−Tref)) 

where 

    R = the resistance at temperature, T 

    Rref = the resistance at temperature Tref 

    α = the temperature coefficient of resistance for the material 

    T = the material temperature in ° Celcius 

    Tref = is the reference temperature for which the temperature coefficient is specified. 

The temperature coefficient of resistance is normally standardised in relation 

to a temperature of 20°C. This temperature is typically taken to be normal 

"room temperature." As a result the formula for the temperature coefficient 

of resistance normally takes this into account: 



 

10 

 د. رغد غالب السلطان                                              قسم التقنيات االلكترونية/فرع الحاسبات

                                    R=R20[1+α20(T−20)] 

Example 1.10: A platinum (pt) resistance thermometer uses the change in R 

to measure temperature. Suppose R0 = 50 Ω at T0=20 ºC. α for Pt is 3.92×10
-

3
 (ºC)

-1
 in this temperature range. What is R when T = 50.0 ºC? 

Solution: 

R=R20[1+α20(T−20)] 

R = 50Ω [1 + 3.92 ×10
-3 1

 (50-20)] = 55.9 Ω 

Example 1.11: A length of copper wire (α = 0.004041 at 20o C) has a 

resistance of 5 ohms at 20
0
 C. Calculate its resistance if the temperature were 

to increase to 50
0
 . (Ans. R50

o
C = 5.606 Ω) 

 

1.6 Nodes, Branches and Loops of a Circuit 

An electric circuit based on three concepts: node, branch and loop.  

1) Node: the point through which a circuit element is connected to the 

circuit. It is better to say, node is a point where, terminal of two or more 

circuit elements are connected together. A node is a junction point in the 

circuit. 

 If there is no element between two or more connected adjacent nodes, 

these nodes can be recombined as a single node. 

2) Branch: when an element exists between two nodes, the path from one 

node to another through this element is called a branch such as a voltage 

source or a resistor. In other words, a branch represents any two-terminal 

element. 

3)  Loop: is a closed path in a circuit where two nodes are not traversed 

twice except the initial point, which is also the final one. But in a loop 

other paths can be included inside. 

4) Mesh: is a closed path in a circuit with no other paths inside it. In other 

words, a loop with no other loops inside it. 

https://www.electrical4u.com/electric-circuit-or-electrical-network/
https://www.electrical4u.com/active-and-passive-elements-of-electrical-circuit/
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1.7  Connecting resistors  

1.7.1 Connecting resistors in series and voltage division 

  

 

 

 

 

 

 

 

A) In a series circuit: 

    (1)The current I is the same in all parts of the circuit. 

           I= I1= I2 =I3 

(2) The sum of the voltages V1, V2 and V3 is equal to the total applied 

voltage:   V =V1 +V2 +V3  

(3)From Ohm’s law:  

V1 =IR1, V2 =IR2, V3 =IR3 and V =IR where R is the total circuit   

resistance. Since V = V1+V2+V3    then        IREqu = IR1+IR2+IR3.  

    Dividing throughout by I gives  REqu=R1 + R2 + R3 

(B) Voltage Division: to determine the voltage across each resistor : 
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Example 1.12: For the circuit shown below, determine (a) the battery 

voltage V, (b) the total resistance of the circuit, and (c) the values of 

resistors R1, R2 and R3, given that the voltage across R1, R2 and R3 are 5V, 

2V and 6V respectively. 

 
 

 

 

 

 

 

Example 1.13: By using voltage division formula, find the voltage drops at 

each resistor for the circuit shown below. 

 

Solution: 

𝑽𝟏 =
𝑹𝟏

𝑹𝟏 + 𝑹𝟐 + 𝑹𝟐
𝑽𝒔 =

𝟓

𝟓 + 𝟏𝟎 + 𝟕. 𝟓
 × 𝟒𝟓 = 𝟏𝟎 𝑽 

𝑽𝟐 =
𝑹𝟐

𝑹𝟏 + 𝑹𝟐 + 𝑹𝟐
𝑽𝒔 =

𝟏𝟎

𝟓 + 𝟏𝟎 + 𝟕. 𝟓
 × 𝟒𝟓 = 𝟐𝟎 𝑽 

𝑽𝟑 =
𝑹𝟑

𝑹𝟏 + 𝑹𝟐 + 𝑹𝟐
𝑽𝒔 =

𝟕. 𝟓

𝟓 + 𝟏𝟎 + 𝟕. 𝟓
 × 𝟒𝟓 = 𝟏𝟓 𝑽 

  
  To check:  𝑽𝒕

= 𝑽𝑹𝟏 + 𝑽𝑹𝟐 + 𝑽𝑹𝟑 = 𝟒𝟓 𝒗  
 

 

Example 1.14: For the circuit shown below: 

a)determine the voltage across resistor R3. 

b) If the total resistance of the circuit is 

100Ω, determine the current flowing 

through resistor R1. 

c)Find the value of resistors R1, R2 and R3. 
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Example 1.15: A 10V battery is connected in a circuit having three series-

connected resistors having resistance’s of 5Ω, 8Ω and 12Ω. Determine a) the 

current flowing through, b) the voltage across each resistor. C)Find also the 

power dissipated by each resistor. 

 

 

1.7.2 Connecting resistors in parallel current division 

 

A)In a parallel circuit  

(1)The same voltage drops across each resistor. Vt=V1=V2=V3 

(2)The sum of the current I1, I2 and I3 is equal to the total current  

      I= I1+ I2+ I3 

(3) The equviant resistance is: 

𝟏

𝑹𝑬𝒒𝒖
=

𝟏

𝑹𝟏
+

𝟏

𝑹𝟐
+

𝟏

𝑹𝟑
    

B) current divider  

Each path for current in a parallel circuit is called a branch. Each branch 

current equals V/R where V is the same across all branches. To determine 

the current across each resistor: 
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Example 1.16: If two resistors R1 = 10 and R2 = 5 are connected in parallel 

across a V =2V source. Find (a) the power dissipated by each resistor ( b) 

the total resistance. 

Solution: 

a)The power dissipated by R1 

           I1 = 
𝑉

𝑅1
=

2

10
= 0.2 A 

P1 = I1V = 0.2A × 2V = 0.4W 

The power dissipated by R2 

           I2 = 
𝑉

𝑅2
=

2

5
= 0.4 A 

P2 = I2V = 0.4A × 2V = 0.8W 

b) 𝑅𝐸𝑞𝑢 =
𝑅1 ×𝑅2

𝑅1+𝑅2
=

10×5

10+5
= 3.33 Ω 

or     
1

𝑅𝐸𝑞𝑢
=

1

𝑅1
+

1

𝑅2
 = 

1

10
+

1

5
= 0.3 ʊ 

        REqu=
1

0.3
= 3.33 Ω 

 

Example 1.17: Find the current in each 

resistance by using current division 

formula. 

 

Solution: 

Rt= R1||R2||R3 

1

𝑅𝐸𝑞𝑢
=

1

𝑅1
+

1

𝑅2
+

1

𝑅3
=  

1

1
+

1

2
+

1

4
= 1.75 ʊ 

 REqu=
1

1.75
= 0.5714 Ω 

By using current division formula 

𝐼𝑅1 =
𝑅𝑡

𝑅1
 𝐼𝑡                        𝐼𝑅2 =

𝑅𝑡

𝑅2
 𝐼𝑡                        𝐼𝑅3 =

𝑅𝑡

𝑅3
 𝐼𝑡               
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Example1.18: For the circuit 

shown, calculate:  

a)The current in each branch. 

b)Total current drawn from the 

power supply, 

c)The equivalent resistance for the 

circuit. 

 

Example 1.19: Find REqu for the circuit shown in Figure below. 

Solution: 

6||3=
6×3

6+3
= 2 Ω 

2+2=4 Ω 

5+1=6 Ω 

4||6=
4×6

4+6
= 2.4 Ω 

R Equ= 4+2.4+8=14.4 Ω 

 

 

 

Example 1.20: By combining the 

resistors in the Figure below, find REqu.  

( Ans. REqu.=10Ω) 

 

 

 

 

 

Example 1.21: Determine the equivalent 

resistance between the terminals (a & b) of 

the network shown in the Figure below.  
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1.7.3 Star Delta Connection 

Many circuit applications consist of three terminal networks such as star and 

delta networks. The application areas of these networks include three phase 

networks, matching networks and electrical filters, etc. These networks are 

simplified using another useful technique called star-delta transformations.  

 In star connection, components are connected in such a way that one end 

of all the resistors or components are connected to a common point. This 

network is also called as Y (Wye) or T network. as shown in below figure. 

Most of the electrical circuits constitute this T form network. 

 

 In a delta connection, end point of each component or resistor is 

connected to the start point of another component. It is a series connection 

of three components that are connected to form a triangle. This network is 

also called as delta (Δ) or Pi network as shown in figure.  

 

We need to transform the circuit from Y to delta or from delta to Y to get the 

series and parallel equivalent of the resistance in the circuit.There are several 

equations used to convert one network to the other:  
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Example 1.22: Convert the Δ network in the Figure (a) to an equivalent                            

Y network.  

 

 

Example1.23: For the Figure below. Obtain the Δ connected equivalent 

circuit for the Y connected circuit.  

Solution: 

R12 = (R1R2+R1R3+R2R3)/R3  

R12 = (10x5+10x20+5x20)/20=17.5Ω 

R23 = (R1R2+R1R3+R2R3)/R1 

R23=(10x5+10x20+5x20)/10=35 Ω 
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R31 = (R1R2+R1R3+R2R3)/R2 

R31=(10x5+10x20+5x20)/5=70 Ω 

 

Example 1.24: In Figure below, find  RAB by converting the Y between the 

points  (c-e-B) to  an equivalent Δ  network 

 

Solution: 

Step 1: converting the Y between the 

points  (c-e-B) to  an equivalent Δ  

network: 

 

 

 

𝑅𝑐𝐵 = 2 + 4 +
2×4

3
= 8.66Ω 

𝑅𝑒𝐵 = 3 + 4 +
4×3

2
= 13Ω 

𝑅𝑐𝑒 = 2 + 3 +
2×3

4
= 6.5Ω 

 

Step 2: converting the Δ between the points  

 (c-A-e) to  an equivalent Y network: 

 

𝑅𝐴𝑜 =
4×2

4+2+6.5
= 0.64Ω 

𝑅𝑐𝑜 =
4×6.5

4+2+6.5
= 2.08Ω 

𝑅𝑒𝑜 =
6.5×2

4+2+6.5
= 1.04Ω 

Step 3: The circuit can further be 

reduced by considering two pairs of 

parallel branches and the corresponding 

simplified circuit as:   

 ( 13||1 and 3||8.66) 

 Reb=(13×1)/(13+1)=0.93 Ω 

 Rcb=(8.66x3)/(8.66+3)=2.23Ω 
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 The resistance between (o , e And B) 

1.04+0.93=1.97Ω 

 The resistance between (o , c And B) 

2.08+2.23=4.31Ω 

 

Stepe 4: Now one can find the equivalent  resistance 

between the terminals ‘ A ’ and ‘ B ’ as:  

 

 

ROB=1.97 ||4.31=1.532 

RAB=1.532+0.64=1.992  ≅ 2 Ω 

 

 

 

  

Example 1.25: In Figure below, find  R12 by 

converting the Y between the points  (a-b-c)              

to an equivalent Δ  network.(Ans. R12=40Ω) 

 

 

 

Example 1.26: Calculate the equivalent 

resistance between the terminals (a & b) of 

the network shown in the Figure below.   

(Ans. Rab=6Ω) 
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CHAPTER 2 

D.C. Ciuruit Anylasis 

2.1 Kirchhoff 's Circuit Law 

Kirchhoff's Circuit Laws allow us to solve complex circuit problems by 

defining a set of basic network laws and theorems for the voltages and 

currents around a circuit. 

1) Kirchhoffs First Law – The Current Law, (KCL) 

“Total current entering a junction or node is exactly equal to the current, 

leaving the node “. 

∑ 𝐼 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 =  ∑ 𝐼 𝑙𝑒𝑎𝑣𝑖𝑛𝑔 

 

 

 

 

 

 

 

 

 

2) Kirchhoffs Second Law – The Voltage Law, (KVL) 

“In any closed loop network, the total voltage around the loop is equal to 

the sum of all the voltage drops within the same loop which is also equal to 

zero” . In other words the algebraic sum of all voltages within the loop must 

be equal to zero. 



 

21 

 د. رغد غالب السلطان                                              قسم التقنيات االلكترونية/فرع الحاسبات

 

 

Example2.1 : Find the current flowing in the 40Ω Resistor, R3 

Solution: 

The circuit has 3 branches, 2 nodes 

(A and B) and 2 independent loops. 

Using  KCL the equations are given as: 

At node A :    I1 + I2 = I3  

At node B :     I3=I1+I2 

Using  KVL the equations are given as: 

Loop 1 is given as :    10 = R1 I1 + R3 I3 = 10I1 + 40I3 

Loop 2 is given as :    20 = R2 I2 + R3 I3 = 20I2 + 40I3 

Loop 3 is given as :    10 – 20 = 10I1 – 20I2 

As I3 is the sum of I1 + I2 we can rewrite the equations as; 

Eq. No 1 :    10 = 10I1 + 40(I1 + I2)  =  50I1 + 40I2 

Eq. No 2 :    20 = 20I2 + 40(I1 + I2)  =  40I1 + 60I2 

We now have two “Simultaneous Equations” that can be reduced to give us 

the values of I1 and I2  

Substitution of I1 in terms of I2 gives us the value of I1 as: - 0.143 A 

Substitution of I2 in terms of I1 gives us the value of I2 as: +0.429 A   

As :    I3 = I1 + I2 
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The current flowing in resistor R3 is given as:                                       -

0.143 + 0.429 = 0.286 Amps 

And the voltage across the resistor R3 is given as: 

0.286 x 40 = 11.44 volts 

The negative sign for I1 means that the direction of current flow initially 

chosen was wrong, but nevertheless still valid. In fact, the 20v battery is 

charging the 10v battery. 

 

Example 2.2: Use Kirchhoff's laws to find the current in each branch 

 

 

Example 2.3: Calculate the current  IV of the voltage source using 

Kirchhoff's laws.(Ans.Iv=0.096 A) 
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Example 2.4: Use Kirchhoff’s laws to determine 

the currents flowing in each branch of the network 

shown in Figure below. 

 

 

 

2. 2 Maxwell’s loop (or mesh) current method 

Mesh Current Analysis is a technique used to find the currents circulating 

around a loop or mesh within any closed path of a circuit. 

 

Example 2.5: For the  circuit shown , 

find the values of I1 and I2. 

Solution:  

From Loop 1: 

10I1+40(I1-I2)-10=0 

10I1+40I1-40I2-10=0 

 (10+40)I1-40I2-10=0 

50I1-40I2-10=0...........(1) 

From Loop 2: 

40(I2-I1)+20I2+20=0 

40I2-40I1+20I2+20=0 

(40+20)I2-40I1+20=0 

-40I1+60I2+20=0.............(2) 

From Equ.(1) 

40I2=50I1-10               divided by 40 

I2=1.25I1-0.25              substituted in Equ.(2) 

-20=-40I1+60(1.25I1-0.25) 

I1=-0.143  A 

I2=-0.429 A 
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Example 2.6: Find i and v. Using mesh current method. 

 

 

Example2.7: Use mesh analysis to 

find Ix in the circuit below. 

(Ans.Ix=6.25A) 

 

 

 

 

Example2.8: Apply mesh analysis of the circuit of Figure below to 

determine Ix.  

 

 

 

 

2.3 Thevenin's Theorem  

General Idea: Thévenin’s theorem simplifies analysis of complex circuits by 

allowing us to replace all of the elements with a combination of just one 

voltage source and one resistor. 

 “A complex two-terminal circuit can be replaced by an equivalent circuit 

consisting of a voltage source VTh in series with a resistor RTh .”                     
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Example 2.9: Find the Thévenin equivalent circuit 

for: 

Solution: 
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Example 2.10: Find the 

Thévenin equivalent circuit 

for the shown circuit: 
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Solution: 

First, find Rt:  

Rt =10//40 + 4=12Ω 

  

 

 

Example 2.11: Find 

current i using Thévenin’s 

Theorem. 

 

 

Example 2.12: Find Thévenin 

equivalent at terminals 1-2 in the 

circuit shown below: 
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Example 2.13: Find 

Thévenin A & B) equivalent at 

terminals )in the circuit shown 

below: 

 

 

2.4 Norton's Theorem 

Is an analytical method used to change a complex circuit into a simple 

equivalent circuit consisting of a single resistance in parallel with a current 

source. 

 

Example 2.14: Find the Norton Equivalent 

Circuit for: 

Solution: 
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Example 2.15: Find the 

Norton Equivalent Circuit for: 

 

 

 

 

Example 2.16: Find Norton’s 

Equivalent circuit of the following circuit. 

 

 

 

 

2.5 Transformation between two methods 

From the description we have seen at least two similarities. Firstly, they 

both use load equaling to 0 finding current. Secondly, the way they find 

equivalent resistors are precisely matched. Thus we conclude that those two 

are essentially the same. 

 

Transformation equations are:  

Rno = Rth  

Vth = Ino * Rno 

 Ino = Vth / Rno 
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Example2.17: Determine Thévenin and Norton equivalent circuits of  the 

following circuit. 

` 

 Example2.18: For the circuit shown, find the  

the equivalent circuit between the 

terminals (a & b)  by using:    

    (A) Thévenin Equivalent Circuit 

    (B) Norton Equivalent Circuit 
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2.6 Superposition Theorem 

" The total current in any part of a linear circuit equals the algebraic sum of 

the currents produced by each source separately". 

To evaluate the separate currents to be combined, replace all other voltage 

sources by short circuits and all other current sources by open circuits. 

 

Example2.19: Find Ix using superposition rule: 

Solution: 

1- By considering 10V only: 

𝑹𝒕 = 𝟏𝟎 +
𝟓×𝟏𝟓

𝟓+𝟏𝟓
= 𝟏𝟑. 𝟕𝟓 Ω 

 

It= Vt/Rt=
𝟏𝟎

𝟏𝟑.𝟕𝟓
= 0.7272 𝐴 

 𝑰′(𝟏𝟓Ω) = 𝑹𝒕 ∗
𝟓

𝟏𝟓 + 𝟓
= 𝟏𝟑. 𝟕𝟓 ∗

𝟓

𝟐𝟎
= 𝟎. 𝟏𝟖𝟏𝟖 𝑨 

 

2- By considering 1A only: 

𝟏

𝑹𝒕
=

𝟏

𝟓
+

𝟏

𝟏𝟓
+

𝟏

𝟏𝟎
= 𝟎. 𝟑𝟔𝟔ʊ 

𝑹𝒕 =
𝟏

𝟎. 𝟑𝟔𝟔
= 𝟐. 𝟕𝟐𝟕𝟐 Ω 

𝑰′′(𝟏𝟓Ω) = 𝑰𝒕 ∗
𝑹𝒕

𝑹𝟏𝟓Ω
= 𝟏 ∗

𝟐. 𝟕𝟐𝟕𝟐

𝟏𝟓
= 𝟎. 𝟏𝟖𝟏𝟖 𝑨 

𝐼(𝟏𝟓Ω) = 𝐼′ + 𝐼′′ = 0.1818 + 0.1818 = 0.3636 𝑨  

 

Example 2.20: Find the current in 

each branch using Superposition 

Theorem. 
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2.7 Simplify Circuit Analysis-Transforming Sources in Circuits 

Changing the practical voltage source to an equivalent current source (or 

vice versa) requires the following conditions: 

 The resistors must be equal in both circuits. 

 The source transformation must be constrained by VS = IsR. 

This sample circuit shown here illustrates the conversion of a voltage source, 

in Circuit A, into an equivalent current source, in Circuit B. The resistors, R, 

are equal, and the constraint equation was applied to change the voltage 

source into a current source. 

 

 

 

 

 

 

 

The sample circuit below shows the conversion with some numbers plugged 

in. Both circuits contain the same 3-kΩ resistor, and the source voltage in 

Circuit A is 15 volts. With this information, you can find the source 

current, is, for the transformed Circuit B. 
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Converting a practical current source connected with a resistor in parallel to 

a voltage source connected with a resistor in series follows the conditions for 

equivalent circuits: 

 The resistors must be equal in both circuits. 

 The source transformation must be constrained by vS = isR. 
This circuit illustrates how to convert a current source into a voltage source. 

 

 

The sample circuit shown below 

depicts the same transformation of a 

current source to a voltage source 

with some numbers plugged in. Both 

circuits contain the same 3-kΩ 

resistor, and the current source in 

Circuit A is 5 mA. 

 

 

Example 2.21: Find Vo using source transformation. 
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Example 2.22: Find the current 

i using source transformation.  

 

 

2.8 The Maximum Power Transfer  

The Maximum Power Transfer Theorem  is another useful circuit analysis 

method to ensure that the maximum amount of power will be dissipated in 

the load resistance when the value of the load resistance is exactly equal to 

the resistance of the power source. The relationship between the load 

impedance and the internal impedance of the energy source will give the 

power in the load. Consider the circuit below. 

In our Thevenin equivalent circuit above, the maximum power transfer 

theorem states that “the maximum amount of power will be dissipated in 

the load resistance if it is equal in value to the Thevenin or Norton source 
resistance of the network supplying the power“. 

In other words, the load resistance resulting in greatest power dissipation 

must be equal in value to the equivalent Thevenin source resistance, 

then RL = RS but if the load resistance is lower or higher in value than the 

Thevenin source resistance of the network, its dissipated power will be less 

than maximum. This concept is illustrated in following figures. 

 

The amount of power dissipated across the load resistor is 
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Example2.23:  Find the value of RL for 

maximum power transfer to RL. 

Solution: 

Rth=30||150=25 Ω 

Vth=𝑉𝑡
𝑅𝑎𝑏

𝑅1+𝑅2
= 360 ×

150

150+30
= 300 𝑣 

RL=25 Ω 

I=V/Rt=300/30=6A 

𝑃 = 𝐼2𝑅𝐿 = 62 × 25 = 900𝑊 

 

Example 2.24:  Find the value of RL for the given 

network below that the power is maximum? And 

also find the Max Power through load-resistance 

RL by using maximum power transfer theorem? 
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Solution: 

 To find the RL. We have to find-out the equivalent resistance like that for 

this circuit:- 

 make the voltage source (S.C) 

 6||8=
6×8

6+8
= 3.43Ω 

 12+3.43=15.43 

 5||15.43=3.77 

 So, RAB=RL=3.77 

 

Now, For finding Maximum Power through RL we have to find-out the value 

of  Vo.c. Here, Vo.c is known as voltage between open circuits. 

So, steps are:- 

For this circuit using Mesh-analysis. 

We get 

Applying KVL in loop 1
st
:- 

6-6I1-8I1+8I2=0 

-14I1+8I2=-6         ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (1) 

Again, Applying KVL in loop 2
nd

:- 

-8I2-5I2-12I2+8I1=0 

8I1-25I2=0             ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (2) 

On solving, eqn (1) & eqn (2), We get 

I1 = 0.524 A 

I2 = 0.167 A 
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Now, From the circuit Vo.c is 

Vo.c = VAB = 5I2 = 5x 0.167 = 0.835v 

So, the maximum power through the RL is given by:- 

 

 

Example 2.25: What is the maxmum power that can be extracted between 

the termenal a and b.   
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PROBLEMS 

Q 1: In the circuit shown in Fig. 2.8, calculate the current i,                               

t       the conductance G, and the power p. 

 

 

 

 

Q2: Transform  the figure below from delta to star.  

 

 

 

 

 

Q3: In Figure 3, By converting the Δ   network  

between the points  (a-b-c) to an equivalent Y 

network, determine the equivalent resistance R12 

 

 

 

Q4: Find  Rab and i.  

(Ans. Rab=40.26Ω, i=2.48A) 

 

  

 

 

 

 

Q5: Find the value of the voltage source (VS ) 

that delivers 2A current through the circuit 

shown below. 

 (Ans. Rt=3.1Ω, Vs=6.2v) 
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Q6. Determine the currents through various resistors of the circuit shown in 

Figure below using the concept of mesh 

 

 

 

Q7. Use the superposition theorem 

to find v in the circuit.  

 

 

 

 

Q8. For the circuit shown, use the 

superposition theorem to find i. 

 

 

 

 

 

 

Q9. Use source transformation 

 to find vo in the network. 

 

 

 

 

Q10. Find the Thevenin equivalent circuit of 

the circuit shown below. 

 

 

 

 

Q11. Find the Norton equivalent circuit of 

the circuit at terminals a-b. 
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Q12. For the circuit shown, find the the 

equivalent circuit between the terminals               

(a & b)  by using:    

    (A) Thévenin Equivalent Circuit 

    (B) Norton Equivalent Circuit 

Q13. For the circuit shown , find the the 

equivalent circuit between the terminals 

(a & b)  by using:    

    (A) Thévenin Equivalent Circuit  

    (B) Norton Equivalent Circuit 

 

Q14: Find the maximum power that can    

be delivered to the load resistor RL of the 

circuit shown in the following figure. 

 

 

 

Q15. In  the Figure shown below, find the value 

of  RL for the given the maximum power. 

Then  find the maximum power transfer 

through  load-resistance RL. 

 

 

 

       Q16. Find the Thevenin equivalent 

circuit between A & B for the circuit 

shown below. 

 

  

 

        Q17. Find the voltage across (8 Ω)               

by using Kirchoff's law. 
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Alternating Voltage and Current 
 

The AC generator principle 

 

An electrical generator is a machine which converts mechanical energy                 

(or power) into electrical energy (or power). Induced Electromotive force 

(e.m.f) is produced in it according to Faraday's law of electromagnetic 

induction. This e.m.f cause a current to flow if the conductor circuit is 

closed. 

 

Simple loop generator 

 

In Figure 1 is shown a single turn rectangular copper coil ( AA'BB' ) 

rotating about its own axis in a magnetic field provided by either 

permanent magnets or electromagnets. The two end of the coil are joined 

to two slip-rings which are insulated from each other and from the central 

shaft. Two collecting brushes (carbon or copper) press against the slip-

rings. The rotating coil may be called (armature) and the magnets as (field 

magnets). One way to generate an AC voltage is to rotate a coil of wire at 

constant angular velocity in a fixed magnetic field, slip rings and brushes 

connect the coil to the load. The magnitude of the resulting voltage is 

proportional to the rate at which flux lines are cut (faraday's law), and its 

polarity is dependent on the direction the coil sides move through the 

field. 

 

Electronic signal generators (Function generators) 

AC waveforms may also be created electronically using signal generators 

as shown in Figure 2. The signal generators can produce a variety of 

variable frequency waveforms, including sinusoidal, square wave, 

triangular, and so on. 
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   2 
 

 

                                        Figure 2: Simple loop generator 
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   3 
 

Electronic signal generators (Function generators): 

AC waveforms may also be created electronically using signal generators. 

The signal generators can produce a variety of variable frequency 

waveforms, including sinusoidal, square wave, triangular, and so on. 

 

                                        Figure 2: signal generators   

Alternative Current (AC) 

DC stands for “Direct Current” meaning voltage or current that 

maintains constant polarity and direction, respectively, over time. 

AC stands for “Alternating Current” meaning voltage or current that 

changes polarity or direction, respectively, over time. 

 

The wide range of theorems and methods introduced for DC networks 

will also be applied to sinusoidal AC systems. 

A sinusoidal is a signal that has the form of the sine or cosine 

function 

The sinusoidal waveform as shown in figure. 
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Definitions: 

Waveform: The path traced by a quantity, such as the voltage in Figure, 

plotted as a function of some variable such as time (as above), position, 

degrees, radians, temperature, and so on. 

Peak amplitude: The maximum value of a waveform as measured from 

its average, or mean, value, denoted by uppercase letters (such as Em for 

sources of voltage and Vm for the voltage drop across a load). For the 

waveform as shown in figure, the average value is zero volts. 

Peak value: The maximum instantaneous value of a function as measured 

from the zero-volt level. For the waveform as shown in figure. 

Peak-to-peak value: Denoted by Ep-p or Vp-p, the full voltage between 

positive and negative peaks of the waveform, that is, the sum of the 

magnitude of the positive and negative peaks. Similarly, peak-to peak 

currents are denoted as Ip-p. 

 

Periodic waveform: A waveform that continually repeats itself after the 

same time interval. The waveform as shown in figure, is a periodic 

waveform. 

Period (T): The time interval between successive repetitions of a periodic 

waveform (the period T1 = T2 =T3 in Figure), as long as successive 

similar points of the periodic waveform are used in determining, (T). it is 

the inverse of frequency. 

Cycle: The portion of a waveform contained in one period of time. The 

cycles within T1, T2, and T3 of figure.F
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Frequency (f): The number of cycles that occur in 1 s. The unit of 

measure for frequency is the hertz (Hz), Since the frequency is inversely 

related to the period. 

𝑓 =
1

𝑇
                           𝑇 =

1

𝑓
 

Example 1: The oscilloscope is an instrument that will display alternating 

waveforms as shown. Determine(a) the period, (b) frequency, (c) peak 

value of the waveform. 

Vertical sensitivity =0.1V/div 

Horizontal sensitivity =50μ/div 

 

Solotion: 

(a) One cycle spans 4 divisions. 

The period is therefore: 

𝑇 = 4 𝑑𝑖𝑣 × 50
𝜇𝑠

𝑑𝑖𝑣
= 200 𝜇𝑠 

(b) T frequency is:  

𝑓 =
1

𝑇
=

1

200 × 10−6
= 5 𝑘𝐻𝑧 

 
(c) The vertical height above the horizontal axis encompasses 2 

divisions. 

       Therefore, 

    𝑉𝑚 = 2 𝑑𝑖𝑣 × 0.1
𝑉

𝑑𝑖𝑣
= 0.2 𝑉 

 

The Sine Wave 

The sinusoidal waveform is the only alternating waveform whose shape is 

unaffected by the response characteristics of  R, L, and C elements. 

A sinusoidal voltage can be described by the equation: 

    𝑉(𝑡) = 𝑉𝑚 sin(𝑤𝑡 + ∅)   or               𝑉(𝑡) = 𝑉𝑚 cos(𝑤𝑡 + ∅) 

 

Where v(t) instantaneous value of the voltage and called Time Function , 

in Volt (V) 

 Vm maximum or peak value of the voltage, in volts (V) 

 T period: the time taken for one cycle, in seconds (s) 

 f  frequency : the number of periods in 1 second, in Hz or 1/s 
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Sine wave Angles: The angular measurement of a sine wave is based on 

360˚ or 2π rad for complete cycle. A half 180˚ or π rad , quarter- cycle is 

90˚ or π/2. 

 

 

         𝑓 =
1

𝑇
             𝑤 = 2 𝜋𝑓          𝑓 =

𝑤

2𝜋
 

 

Radian Degree Conversion: Degrees can be converted to radians using 

equation : 

 

2π(rad)= 360 (degree) 

  

𝑟𝑎𝑑 = (
𝜋

180
) × 𝑑𝑒𝑔𝑟𝑒𝑒 

𝑑𝑒𝑔𝑟𝑒𝑒 = (
180

𝜋
) × 𝑟𝑎𝑑 

 

Root Mean Square: The RMS or effective value of a sinusoidal 

waveform gives the same heating effect of an equivalent DC supply. 

ي شدة التيار المستمر الذي يولد نفس الطاقة الحرارية التي يولدها التيار المتردد :ه القيمة الفعالة
 نفس الموصل وبنفس الزمن . في عند مرورهما 

 

               𝑽𝒓𝒎𝒔 =
𝑽𝒑

√𝟐
= 𝟎. 𝟕𝟎𝟕 𝑽𝒑                     𝑰𝒓𝒎𝒔 =  

𝑰𝒑

√𝟐
= 𝟎. 𝟕𝟎𝟕 𝑰𝒑 

      𝑽𝒑 = 𝟏. 𝟒𝟏𝟒𝑽𝒓𝒎𝒔                                     𝑰𝒑 = 𝟏. 𝟒𝟏𝟒 𝑰𝒓𝒎𝒔     
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The Average value: of a waveform is calculated over one half of a cycle. 

It is also known as the Mean value. 

 

𝑽𝒂𝒗 =
𝟐𝑽𝒎

𝝅
= 𝟎. 𝟔𝟑𝟕 𝑽𝒎                  𝑰𝒂𝒗 =

𝟐𝑰𝒎

𝝅
= 𝟎. 𝟔𝟑𝟕 𝑰𝒎 

 

 

Example 2: An alternating current (sinusoidal) of 120 rms amperes 

and a periodic time of 0.02 second find (a)  Peak value (b)  Frequency                       

(c)  Average Value (d)  Time Function . 

Solution: 

(a) Irms=
𝐼𝑚

√2
  =>    𝐼𝑚 = √2 × 𝐼𝑟𝑚𝑠 = √2 × 120 = 170 𝐴 

(b) 𝑓 =
1

𝑡
   =  

1

0.02
= 50 𝐻𝑧     

(c) 𝐼𝑎𝑣 =
2𝐼𝑚

𝜋
=

2×120

3.14
= 108.2 𝐴 

(d) 𝑤 = 2𝜋𝑓 = 2 × 3.14 × 50 = 314 𝑟𝑎𝑑/𝑠 

(e) Time function= 𝐼𝑚 sin 𝑤𝑡 =>  170 sin 314𝑡 
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Example 3: The peak value of a sine wave is 12 Volts and it has a 

periodic time of 16 mS. Calculate the following: 

1. RMS value 

2. Average value of full wave 

3. Average value of half wave 

4. Frequency of supply. 

Solution: 

          (1) RMS value  = Peak value  x  0.707 

         RMS value =12  x  0.707= 8.484 Volts 

        (2)  Average value of full wave  =  0, since the negative half cancels    

         the  positive half exactly. 

          (3) Average value of half wave 

         Average value = Peak value  x  0.637 

         Average value = 12  x  0.637 = 7.644 Volts  

          (4) Frequency of Supply 

𝑓 =
1

𝑇
=

1

16 × 10−3
= 62.5 𝐻𝑧 

 

The Phase (ϕ): Let’s consider a more general expression for the 

sinusoid 

)(sin)(   tVtv
m                     

where  is the phase 

Let’s consider the figure below: 
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Where: 

 
tVtv

m
sin)(

1


    

 
)(sin)(

2
  tVtv

m  
 

 we say that V2 leads V1 by  or that V1 lags V2 by . 

 If  = 0, then V1 and V2 are said to be in phase. 

 For   0, we could also say that V1 and V2 are out of phase 

 

 

AC through Pure ohmic resistance only 

For a purely resistance element the voltage across and the current through 

the element are in phase: 

 
 

 

 

 

𝑰𝑹 = 𝑰𝒎 =  
𝑽𝒎

𝑹
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Example  4:  A 60 Hz voltage source of 115 V (RMS) is impressed on 

a 100 Ω resistance, write the time equation for the voltage and the 

resulting current. 

Solution: 

 

 

 

 

 

 

 

 

 

 

 

AC through inductance only 

 

 

 

 

 

𝑿𝑳 = 𝟐𝝅𝒇𝑳 
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Example  5: A 60 Hz voltage source of 230 V (RMS) is impressed on 

an inductance of 0.265 H, write the time equation for the voltage and the 

resulting current. 
Solution: 

 

  

AC through capacitance alone 

 

 

𝑿𝑪 =
𝟏

𝟐𝝅𝒇𝒄
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       Example 6: A 50 Hz voltage source of 230 V (RMS) is impressed on a 

capacitance of 26.5 μF, write the time equation for the voltage and the 

resulting current. 

Solution: 

 

  

Series AC circuit R-L circuit 

 

 

 

 

  

Where Z is the impedance in ohms (Ω) 
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Example 7: An impedance coil has a fixed resistance of 10 Ω and a 

inductive reactance, what is the inductance of coil when a fixed resistance 

takes 1 Kw from a 220 v, 60 Hz source? And find the phase angle . 

Solution: 

 

 

 

 

 

∅ = 𝑡𝑎𝑛−1
𝑋𝐿

𝑅
  =  𝑡𝑎𝑛−1  

19.6

10
= 62.969° ≈ 63° 

 

Series AC circuit R-C circuit 

 

𝑍 = √𝑅2 + 𝑋𝐶
2 

𝑋𝐶 =
1

2𝜋𝑓𝑐
=  

1

𝑤𝑐
 

∅ = 𝑡𝑎𝑛−1
𝑋𝐶

𝑅
 

𝐼 =
𝑉

𝑍
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Example 8: For the circuit shown calculate (a)  Total impedance  

(b) the Current (c) phase angle.  
Solution: 

 

 

  

R-L-C Series circuit 

 

𝑿 =

𝑿𝑳 −

𝑿𝑪 

𝒁 = √𝑹𝟐 + 𝑿𝟐        ==≫            𝒁 = √𝑹𝟐 + (𝑿𝑳 − 𝑿𝑪)𝟐 

∅ = 𝒕𝒂𝒏−𝟏
𝑿

𝑹
                          𝑰 =

𝑽

𝒁
 

 

Example 9: For the circuit shown find (a) Impedance (b) the current. 

Solution : 
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Parallel R-L-C circuit 

 

 

 

 

 

𝑰𝑿 =  𝑰𝑳 − 𝑰𝑪                                     𝑰𝒁 = √𝑰𝑹
𝟐 + 𝑰𝑿

𝟐           

           𝒁 =
𝑽

𝑰𝒁
                                                𝑿 =

𝑽

𝑰𝑿
                           

                    ∅ = 𝒕𝒂𝒏−𝟏 𝑰𝑿

𝑰𝑹
 

  

Example 10 :For the circuit shown below find the total impedance 

(Z), the power(P) , and the phase angle (ϕ).  

Solution: 

 

 

 

∅ = 𝒕𝒂𝒏−𝟏
𝑰𝑿

𝑰𝑹
= 𝑡𝑎𝑛−1

4

3
=  𝑡𝑎𝑛−1 1.3333 = 53.13° 


