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Course Description 

Course Name: 

Electrical Circuits /1 

Semester / Year: 

Semester 
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Available Attendance Forms: 
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Number of Credit Hours (Total)  

30 hours/2 hours weekly 

Course administrator's name (mention all, if more than one name) 
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Course Objectives 

1. To understand the fundamental principles of electricity and circuit behavior. 

2. To analyze and design basic electrical circuits using laws such as Ohm’s  

Law and Kirchhoff’s Laws. 

3. To gain practical skills in building and troubleshooting electrical circuits. 

4. To prepare for advanced topics in electronics, power systems, and control 

engineering. 

5. To develop problem-solving and critical-thinking skills related to electrical  

systems. 

6. To understand the role of components like resistors, capacitors, inductors,    

and power sources. 

7. To enable safe and efficient use of electrical equipment in the real world  

applications. 

8. To support academic and professional growth in engineering and technology  

      fields. 

 

 

 

Teaching and Learning Strategies 

1. Active Learning through Hands-on Experiments . 

2. Inquiry-Based Learning . 

3. Visual Aids and Circuit Diagrams . 

4. Collaborative Learning and Group Projects. 

  



Course Structure 
 Hours Required   

Learning  

 Outcomes 

Unit or subject 

name 

Learning  

 method 

Evaluation 

method 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

 

 

 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

1. Understand and explain 

fundamental electrical concepts. 

2. Apply Ohm’s Law and Kirchhoff’s 

Laws . 

3. Analyze series, parallel, and 

combination circuits. 

4. Calculate total resistance, current 

distribution, and voltage drops in 

various circuit configurations. 

5. Design and construct basic electrical 

circuits . 

6. Measure electrical quantities 

accurately . 

7. Interpret and draw circuit 

diagrams . 

8. Demonstrate problem-solving and 

critical thinking skills. 

  

1. Systems of Units, 

the elements effect of 

at resistance. 

2. Ohm’s Law, 

Resistance connection. 

3. Resistance connection. 

4. Delta(Δ) - star (Y) 

Transformation. 

5. Kirchhoff's 

laws. 

6. Mesh 

analysis. 

7. Thevenin’s 

theorem. 

8. Norton’s 

Theorem 

9. Supper 

position 

theorem. 

10. Alternating 

current 

(A.C.). 

11. Alternating 

Values. 

12. The effect 

of 

alternating 

current on 

electrical 

circuits in 

series 

connection. 

13. The effect 

of 

alternating 

current on 

electrical 

circuits in 

parallel 

connection. 

14. series 

resonance. 

15. parallel 

resonance. 

 

1. Define basic  

 electrical  

 quantities. 

2. Apply  

 fundamental   

electrical laws. 

3. Analyze 

  different  

 types of circuits. 

4. Perform circuit 

calculations. 

5. Use  

 measurement   

tools correctly . 

6. Interpret and   

construct circuit   

diagrams . 

7. Build and test   

physical circuits.  

 

  

 

Weekly, 

Monthly, Daily  

, and Written 

Exams, and 

Final Term 

Exam. 

Course Evaluation 
Distribution as follows: 20 points for Midterm Theoretical Exams for the first semester, 20 points for 

Midterm Practical Exams for the first semester, 10 points for Daily Exams and Continuous Assessment, and 

50 points for the Final Exam. 

W
ee
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A- Population target 

 

•  Students of first 

year of 

Department Electrical 

Techniques  

 



 

 

 

It is very important to 

study Units system 

Also to study the 

elements 

effect of at 

resistance. 

B –Rationale 



 

 

 

 

• Definition voltage, 

current, and 

resistance. 

• Units’ system 

• The element effects 

resistance . 

 
    



 

 

      

    Pretest 

 

1- Define:-   

( Resistance, current, Potential difference, 

voltage ). 

2- What are the factors that affect electrical 

resistance? 

3- What is the meaning of the Ampere (A)? 

D- Aim of lecture : To let the student   

be able to identify the ana lyses 
different elements effect at the 
resistance value . 
 
 

 



  
 

 

 
 

 

 

Solution 

1. R ( The appetite of material to oppose the flow of electrons, its unit is 

(Ω). 

I ( The electric current means the flout of electrons through the 

conductor ) 

Potential difference ( The difference in potential between two points in 

                    an electrical system , its unit is volt (V)). 

Volt (V) (The unit of measurement applied to the difference in potential 

between two points). 

2. 
) 

Material, Length, Cross-sectional area ,Temperature. 
 

   3. (A) : The unit of measurement applied to the flow of charge through 

                 a conductor. 

https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download


 

 
 

Introduction 

Electric circuit theory and electromagnetic theory are the two fundamental theories upon 

which all branches of electrical engineering are built. In electrical engineering, we are often 

interested in communicating or transferring energy from one point to another. To do this requires 

interconnection of electrical devices. Such interconnection is referred to as an electric circuit, and 

each component of the circuit is known as an element. An electric circuit is an interconnection of 

electrical elements. A simple electric circuit is shown in Fig. 1.1. It consists of three basic elements: 

a battery, a lamp, and connecting wires. Such a simple circuit can exist by itself; it has several 

applications, such as a flashlight, a search light, and so forth. 

 

 

Fig. 1.1 A simple electric circuit. 

 

 

1.1 Systems of Units 

As electrical engineers, we deal with measurable quantities. Our measurement, however, 

must be communicated in a standard language that virtually all professionals can understand, 

irrespective of the country where the measurement is conducted. Such an international 

measurement language is the International System of Units (SI), adopted by the General 
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Conference on Weights and Measures in 1960. In this system, the units of all other physical 

quantities can be derived from seven principal units. Table 1.1 shows the six units and one derived 

unit that are relevant to this text. The SI units are used throughout this text. 

One great advantage of the SI unit is that it uses prefixes based on the power of 10 to relate 

larger and smaller units to the basic unit. Table 1.2 shows the SI prefixes and their symbols. For 

example, the following are expressions of the same distance in meters (m): 
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Example 1 
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1.2 Charge and Current 
 

The concept of electric charge is the underlying principle for explaining all electrical 

phenomena. In addition, the most basic quantity in an electric circuit is the electric charge. We all 

experience the effect of electric charge when we try to remove our wool sweater and have it stick 

to our body or walk across a carpet and receive a shock. 

 

Charge is an electrical property of the atomic particles of which matter consists, measured in 

coulombs (C). 

 

Electric current is the time rate of change of charge, measured in amperes (A). 

If 6.242 * 1018 electrons drift at uniform velocity through the imaginary circular cross section of 

Fig. 1.1 in 1 second, the flow of charge, or current, is said to be 1 ampere (A) 
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Example 2 The charge flowing through the imaginary surface of Fig. 1.1 is 0.16 C every 64 ms. 

Determine the current in amperes. 

 

Solution: 
 

 

 

Example 3 Determine the time required for (4 * 1016 ) electrons to pass through the imaginary 

surface of Fig. 1.1 if the current is 5 mA. 

 

Solution: 
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1.3 VOLTAGE 

 

Charge can be raised to a higher potential level through the expenditure of energy from an 

external source, or it can lose potential energy as it travels through an electrical system. In any 

case, by definition: 

 

A potential difference of 1 volt (V) exists between two points if 1 joule (J) of energy is exchanged 

in moving 1 coulomb (C) of charge between the two points. 

The unit of measurement volt was chosen to honor Alessandro Volta. 

 

 

a potential difference or voltage is always measured between two points in the system. Changing 

either point may change the potential difference between the two points under investigation. 
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In general, the potential difference between two points is determined by : 
 

 

 

 

Example 4 Find the potential difference between two points in an electrical system if 60 J of 

energy are expended by a charge of 20 C between these two points. 

 

Solution: equ. 1.4 

 

 

Example 5 Determine the energy expended moving a charge of 50 µC through a potential 

difference of 6 V. 

 

Solution : equ. 1.5 
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1.4 Resistance 

The flow of charge through any material encounters an opposing force similar in many 

respects to mechanical friction. This opposition, due to the collisions between electrons and 

between electrons and other atoms in the material, which converts electrical energy into another 

form of energy such as heat, is called the resistance of the material. The unit of measurement of 

resistance is the ohm, for which the symbol is Ω, the capital Greek letter omega. The resistance of 

any material with a uniform cross-sectional area is determined by the following four factors: 

1. Material 

2. Length 

3. Cross-sectional area 

4. Temperature 

At a fixed temperature of 20°C (room temperature), the resistance is related to the other three 

factors by 

 

 

Example 6 Determine the resistance of 100 ft. of copper telephone wire if the diameter is 0.0126 

in. 

 

solution: 
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Homework 

 

 

 

 

1. Convert 0.002Km to mm. 

2. Calculate the resistance of copper wire having a length of ( 1Km)  and diameter 

-( 0.5mm) ( Resistivity of copper = 1.7 x 10-8 Ω.m ). 

3. Determine the time required for (50x103 C ) to pass through the imaginary surface   

           if the current is 5 mA. 

 

 

 



 

  

 
 

 

( The second weeks )  

Ohm’s Law, Resistances connection 

 



 

  

 

 
 

A- Population target 

 

•  Students of first year 

of 

Department Electrical Techniques  

 



 

  

 

 
• It is very important to study 

                  Resistances connection: 

          (  Series circuit, Parallel circuits, and complex connections ) 

• Also, to study Voltage divider rules,  Ohms, law. 

B –Rationale 



 

  

 

 

• Connect the resistance as series,  parallel, and 

complex. 

• Voltage divider rule, the current divider rule. 

• Ohms, law. 

 
    



 

  

D- Aim of lecture : 

To let the student be able to identify 

the analyses different kinds of 

resistance connection (series, parallel 

,complex) 



 

  

 
 

 

Pretest 
1) If number of resistances connection in series write total voltage , current laws . 

2 ) If number of resistances connection in Parallel wrights’ total voltage , current 

laws . 

solution
n 1) V

T =V1 + V2 + ….+Vn , I T = I 1 = I 2 = 

I 

n 

2) IT =I1 + I2 + ….+In , VT = V 1 = V 2 = 

V 

n 



 
 

  

Ohm’s Law 

Georg Simon Ohm (1787–1854), a German physicist, is credited with finding the relationship 

between current and voltage for a resistor. This relationship is known as Ohm’s law. Ohm’s law 

states that the voltage V across a resistor is directly proportional to the current I flowing through 

the resistor. 

 

 

 

 

 

 

(2.1) 

 

 

 

 

 

 

 

(2.2) 

 

 

 

EXAMPLE 1 : Calculate the current through the 2-kΩ resistor of Figure below if the voltage 

drop across it is 16 V.
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For an isolated resistive element, the polarity of the voltage drop is as shown in Fig. 4.3(a) for the 

indicated current direction. A reversal in current will reverse the polarity, as shown in Fig. 4.3(b).      

In general, the flow of charge is from a high (+) to a low (-) potential. Polarities as established by 

current direction will become increasingly important in the analysis to follow. 
 

 

 

 

 

A short circuit is a circuit element with resistance approaching zero. 

An open circuit is a circuit element with resistance approaching infinity. 
 

 

 

 

Figure 2.1 

 

(a) Short circuit (R=0) , (b) Open circuit (R = ∞).
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A useful quantity in circuit analysis is the reciprocal of resistance R, known as conductance and 

denoted by G: 
 

 

 

 

 

 

 

The power dissipated by a resistor can be expressed in terms of R. 

 

 

The Power delivered from the source is 
 

 

 

with E the battery terminal voltage and I the current through the source. 

 

 

EXAMPLE 2: Determine the current through a 5-kΩ resistor when the power dissipated by the 

element is 20 mW. 

 

Solution:
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2.2 Series Circuits 

A circuit consists of any number of elements joined at terminal points, providing at least 

one closed path through which charge can flow. The circuit of Fig. 2.2(a) has three elements joined 

at three terminal points (a, b, and c) to provide a closed path for the current I. 

 

Two elements are in series if 

 

1. They have only one terminal in common (i.e., one lead of one is connected to only one 

lead of the other). 

2. The common point between the two elements is not connected to another current-

carrying element. 
 

 

 

 

(a) series circuit (b) R1 and R2 not in series 

 

 

Figure 2.2
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In general, to find the total resistance of N resistors in series, the following equation is applied: 
 

 

The current drawn from the source can be determined using Ohm’s law, as follows: 
 

 

 

The fact that the current is the same through each element of Fig. 2.2 (a) permits a direct 

calculation of the voltage across each resistor using Ohm’s law; that is, 
 

 

 

 

2.3 Parallel Circuits 

Two network configurations, series and parallel, form the framework for some of the most 

complex network structures. A clear understanding of each will pay enormous dividends as more 

complex methods and networks are examined. We will now examine the parallel circuit and all 

the methods and laws associated with this important configuration. 

 

 

Two elements, branches, or networks are in parallel if they have two points in common. 
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Figure 2.3 Parallel elements. 

 

 

Figure 2.4 determining the total conductance of parallel conductances. 

For parallel elements, the total conductance is the sum of the individual conductances. 
 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 Determining the total resistance of parallel resistors. 

https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download


 
 

  

 

 

 

 

EXAMPLE 4 Determine the total conductance and 

resistance for the parallel network of Fig. 2.5. 

 

solution 
 

 

 

 

 

 

the total resistance of two parallel resistors is the product of the two divided by their sum. 
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EXAMPLE 5 Calculate the total resistance of the parallel network of Fig. below ?? 
 

 

 

Solution: The network is redrawn in Fig. below :
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PARALLEL CIRCUITS 

 

The network below is the simplest of parallel circuits. 

All the elements have terminals a and b in common. 

The total resistance is determined by RT = R1R2 /(R1 

+ R2), and the source current by Is = E/RT. 

Throughout the text, the subscript s will be used to 

denote a property of the source. Since the terminals of 

the battery are connected directly across the resistors 

R1 and R2, the following should be obvious: 

 

 

 

The voltage across parallel elements is the same. Using this fact will result in: 
 

 

 

https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download


 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 1: 
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Series-Parallel Networks 

Series-parallel networks are networks that contain both series and parallel circuit 

configurations. 

 

EXAMPLE 2 Find the indicated currents and voltages for the network of Fig below ?? 
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           Solution: 
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 Posttest   

 

 

 

 

 

 

 

 

 
 

 

 
 

 

                                               H.W.

Ex3/ Find (I
T

) 

Ex2/ Find (R1,IT) 

Ω 

EX1/ For the CCT .shown find RT .  

 



 

  

 

 

 
 

                                                                           

(The fourth week) 
 

4 Delta(Δ) - star (Y) 

Transformation 



 

  

 
 

A- Population target 

 

•  Students of first year 

of 

Department Electrical Techniques  

 



 

  

 

 

1. Simplification of Circuit Analysis: 

Converting between Delta and Star configurations helps simplify complex three-phase circuits, 

especially when solving for current, voltage, or impedance. 

2. Facilitates Calculations: 

Certain circuit configurations are easier to analyze when transformed into an equivalent form.   

For example, star networks often allow easier calculation of line and phase values in  power 

systems. 

3. Compatibility with System Design: 

Some equipment or loads are designed to be connected in either Delta or Star. Understanding the 

transformation ensures proper matching and compatibility in real-world systems. 

 

B –Rationale 



 

  

               
 
 
 

    The transformation between Delta (Δ) and Star (Y) is essential                   

f or simplifying the analysis and design of electrical circuits, 

especially in three-phase power systems. 

 It enables easier calculations, improves compatibility with 

different system components, and supports efficient and flexible 

electrical network operation. 

 

 

 
    



 

  

D- Aim of lecture : 
          To let the student be able to identify Delta-to-Star (Δ-Y) and 

          Star-to-Delta (Y-Δ) transformations is to simplify the analysis  

          of complex electrical circuits, facilitate the calculation of                                

          voltages, currents, and impedances, and ensure proper 

           configuration and operation of three-phase power systems  

           for both balanced and unbalanced loads.



 

  

 

Circuit configurations are often encountered in which the resistors do not appear to be in series 

or parallel. 
 

 

The Y (T) and D (p) configurations. 

 

 

Under these conditions, it may be necessary to convert the circuit from one form to another to 

solve for any unknown quantities if mesh or nodal analysis is not applied. versa. Two circuit 

configurations that often account for these difficulties are the wye and delta configurations. They 

are also referred to as the tee (T) and pi (π), respectively,. Note that the pi is actually an inverted 

delta. The purpose of this section is to develop the equations for converting from D to Y, or vice 
 

 

 

 

Introducing the concept of D-Y or Y-D conversions. 
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2. To obtain the relationships necessary to convert from a Y to a D 
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3. If R1 = R2 =R3 or RA = RB =RC 

 

 

EXAMPLE 1 Convert the D of Fig. below to a Y . 
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EXAMPLE 2 Find the total resistor of figure below. 
 

 

 

 

Solution: 

 

https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download


 

  

Example 3 : Obtain the equivalent resistance for the circuit in Figure below and use it to find 

current ( i ) . 
 

 

 

Solution : 
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H.W. 

 



 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

                Kirchhoff's Laws 

5 
( The fifth week) 



 

  

 
 

A- Population target 

 

•  Students of first year 

of 

Department Electrical Techniques  

  



 

  

 

 

 

It is very important to 

study Kirchhoff's laws 

B –Rationale 



 

  

 

• Definition Kirchhoff's current law in 

any electric point . 

• Definition Kirchhoff's voltage law in 

any electric closed circuit . 

 
    



 

  

 
 

 

To let the student be able to 

identify the analyses network 

by using Kirchhoff's laws . 

D- Aim the lecture 



 

  

        Pretest 

 

Define : electric Node(Point), electric closed circuit 

 

Solution 
 

 

 



 

  

1. KIRCHHOFF’S VOLTAGE LAW 

 

Kirchhoff’s voltage law (KVL) states that the algebraic sum of the potential rises and drops 

around a closed loop (or path) is zero. A closed loop is any continuous path that leaves a 

point in one direction and returns to that same point from another direction without leaving 

the circuit. 

 

 
Example1 Using Kirchhoff’s voltage law, determine the unknown voltages for the network of 

Fig. below . 

 

Solution: 
 

 

For Fig a 
 

 

 

 

For Fig b 
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2. KIRCHHOFF’S CURRENT LAW 

the sum of the currents entering an area, system, or junction must equal the sum of the currents     

leaving the area, system, or junction. 
 

 

 

 

 

Example1 Determine the currents I3 and I4 of Fig. below using Kirchhoff’s current law ?? 
 

 

 

 

 

 

Solution: 
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: Using Kirchhoff's theorem to calculate the current at 

each Resistance . ( H.W ) 

 
solution 

 

 

 

 

 

I3 

I2 
 

 

I1-I2 
1 

 

 

 

I1-I2+I3 

I2-I3 

 

 

I 

10=8I1+3(I1-I2)+7(I1-I2+I3) 
:.10=18I1-10I2+7I3 ….(1) 

0=4I2+5I3-3(I1-I2) 

:.-3I1+7I2+5I3 =0……(2) 

0=6(I2-I3)-7(I1-I2+I3)-5I3 

:. 0=-7I1+13I2-18I3…………(3) 



 

  

( The 6th week) 

  

6  
Mesh method 

 

 

 

 

 

 

 

 

 

 



 

  

 
 

A- Population target 

 

•  Students of first year 

of 

Department Electrical Techniques  

  



 

  

 

 

 

It is very important to 

study Mesh method. 

B –Rationale 



 

  

 

• The study of Mesh Theory focuses on using loop currents 

to simplify the analysis of electrical circuits, especially 

planar circuits. It allows for the systematic application of 

Kirchhoff’s Voltage Law (KVL) to determine unknown 

currents in a circuit, making the analysis more 

efficient and organized. 

 
    



 

  

 

 

To let the student be able 

to identify the analyses 

network by using Mesh 

analysis . 

D- Aim the lecture 



 

  

Pretest 

 

  
 

 

 

Solution: 



 

  

 

Mesh analysis 
 

 

Mesh analysis is also known as loop analysis or the mesh-current method. The mesh-analysis 

approach simply eliminates the need to substitute the results of Kirchhoff’s current law into the 

equations derived from Kirchhoff’s voltage law. 

 

 

1. Assign a loop current to each independent, closed loop. 

2. The number of required equations is equal to the number of chosen independent, 

closed loops. 

3. The column to the right of the equality sign is the algebraic sum of the voltage sources 

through which the loop current of interest passes. 

4. Solve the resulting simultaneous equations for the desired loop currents. 
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EXAMPLE 1:Write the mesh equations for the network of Fig. below, and find the current 

through the 7-Ω resistor. 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 
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EXAMPLE 2: Find the current through the 10-Ω resistor of the network of Figure below. 
 

 

Solution: 
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EXAMPLE 3:Using mesh analysis, determine the currents for the network of Figure below. 
 

 

 

Solution: 
 

I1 = 6 A 
 

(2 + 6+ 8) I2 – (2) I1 – (8) I3 = 0 
 

I3 = 8 A 

From mesh 2 : 

 

Mesh 
1 

Mesh 
2 

Mesh 
3 
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 ( The 7th week) 

Thevinin,s theorem 
 



 

  

 

A- Population target 

 Students of first year 

of 

Electrical Techniques Department 

  



 

  

 

 

It is very important to study 

Thevenin’s theorem. 

Also to study how apply the three 

step to the saving theorem . 

B –Rationale 



 

  

 

 

• Definition Thevenin’s theorem . 

•How we find the current at each 

resistance in the network by the 

above theorem. 

 
    



 

  

D- Aim of lecture 

To let the student be able to 

identify the analyses network by 

using Thevenin’s' theorem. 



 

  

 

 

Pretest 

 
       

Solution 



 

  

 

1.  The′venin’s Theorem 

The′venin’s Theorem states the following: Any two-terminal, linear bilateral dc network can be replaced by an 

equivalent circuit consisting of a voltage source and a series resistor, 
as shown below: 
 

 

 

 

 

Fig.1 Thévenin equivalent circuit. 

 

 

The following sequence of steps will lead to the proper value of RTh and ETh. Preliminary: 

RTh 

1. Remove that portion of the network across which the Thévenin equivalent circuit is to be found. In Fig.1, this 

requires that the load resistor RL be temporarily removed from the network. 

2. Mark the terminals of the remaining two-terminal network. (The importance of this step will become obvious as we 

progress through some complex networks.) . 
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3. Calculate RTh by first setting all sources to zero (voltage sources are replaced by short circuits, and current sources 

by open circuits) and then find the resultant resistance between the two marked terminals. (If the internal resistance 

of the voltage and/or current sources is included in the original network, it must remain when the sources are set to 

zero.) ETh: 

4.  Calculate ETh by first returning all sources to their original position and finding the open- circuit voltage between 

the marked terminals. (This step is invariably the one that will lead to the most confusion and errors. In all cases, 

keep in mind that it is the open-circuit potential between the two terminals marked in step 2.) Conclusion: 

5.  Draw the Thévenin equivalent circuit with the portion of the circuit previously removed replaced between the 

terminals of the equivalent circuit. This step is indicated by the placement of the resistor RL between the terminals 

of the Thévenin equivalent circuit as shown in Fig. below. 
 

 

 

 

 

 

Fig.2 Substituting the Thévenin equivalent circuit for a complex network 
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Example 1 Find the Thévenin equivalent circuit for the network in the shaded area of the network of Fig. below. 
 

 

 

Solution 

1- RTH 

 

 

 

 

 

 

2- ETH 
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3- Equivalent Circuit 
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Example 2 Find the Thévenin equivalent circuit for the bridge network of Fig. below . 
 

 

 

 

Solution : 

1- RTH 
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2- ETH 
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    Homework : Using Thevenin’s, theorem To Find ( IL ) . 

 

 

 

 

Solution 

 

I1=20/(5+15)=1A ,Vat15Ω =1x15=15v 

I2=10/(2+10)=1A  :.Vat8Ω =1x8=8v 

:.Eth=15-8=7v 
 

 

 RTh=(5x15)/(5+15) +(8x2)/(8+2)=5.35Ω  

 

 

 

 

 

Posttest 

A B A ETH B 

I1 I2 

R Th 

:.IL=IT=7/(5.35+10)=0.456 A 



 

  

  

 

 ( The 8th week) 

Norton's theorem 



 

  

 

A- Population target 

 Students of first year 

of 

Electrical Techniques Department 

  



 

  

 

 

It is very important to study 

Norton's theorem. 

Also to study how apply the three 

step to the saving theorem . 

B –Rationale 



 

  

 

 

• Definition Norton's theorem . 

•How we find the current at each 

resistance in the network by the 

above theorem. 

 
    



 

  

D- Aim of lecture 

 

To let the student be able to 

identify the analyses network 

by using Norton's theorem. 



 

  

Pretest 

 

Define : short circuit , Open circuit 

 

 

solution 

 

 
Short Circuit: A short circuit occurs when there's a direct, low-resistance connection between two points in a circuit— 

usually across a power source—bypassing the normal load. This causes a sudden surge in current, which can damage components, 

trip breakers or even start fires. 

 

Open Circuit: An open circuit is the opposite: there's a break or gap in the electrical path, so current can’t flow at all. Even if a                                                                                   

voltage is present, no current means the circuit is inactive—like a switch turned off or a broken wire



 

  

Norton’s Theorem 

Norton’s theorem states the following: 

 

An equivalent circuit consisting of a current source and a parallel resistor can replace any two-   

terminal linear bilateral dc network. 

The discussion of Thévenin’s theorem with respect to the equivalent circuit can also be applied to 

the Norton equivalent circuit. The steps leading to the proper values of IN and RN are now listed. 

 

 

1. Remove that portion of the network across which the Norton equivalent circuit is found. 

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

 

RN: 

3. Calculate RN by first setting all sources to zero (voltage sources are replaced with short circuits, 

and current sources with open circuits) and then finding the resultant resistance between the two 

marked terminals. (If the internal resistance of the voltage and/or current sources is included in the 

original network, it must remain when the sources are set to zero.) Since RN = RTh , the procedure 

and value obtained using the approach described for Thévenin’s theorem will determine the proper 

value of RN. 

 

IN: 

4. Calculate IN by first returning all sources to their original position and then finding the short- 

circuit current between the marked terminals. It is the same current that would be measured by an 

ammeter placed between the marked terminals. 

 

 

5. Draw the Norton equivalent circuit with the portion of the circuit previously removed replaced 

between the terminals of the equivalent circuit.
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Example 3 Find the Norton equivalent circuit for the network in the shaded area of Fig. below . 
 

 

 

 

Solution: 

1- RN 
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2- IN 

 

 

 

 

 

3- Equivalent Circuit 
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Example 4 Find the Norton equivalent circuit for the network external to the 9-Ω resistor in Fig. 

below. 
 

 

 

 

 

 

Solution 

1- RN 
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2.  IN 

 

 

 

 

 

 

 

 

3. Equivalent Circuit 
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Example 5 Find the Norton equivalent circuit for the network below. 
 

 

Solution: 

 

 

1- RN 

 

 

 

 

 

 

 

 

2.  IN 
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3. Equivalent Circuit 
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Example 6 

Find the Thévenin equivalent circuit for the network in the shaded area of the network of Fig. 

below. 
 

 

 

Solution: 

1- RTH 
 

 

 

2- ETH 
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                    (12+4) i1 – 12 i2 = 32 
 

 

 

 

3 – Equivalent circuit 
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Posttest 

 
Homework: For the cct. Shown find 
(IL at 6Ω) using Norton's theorem 



 

  

 

 

 

 

1 I s.c=I1+I2 , I1=72/8=9A 

I2 =18/3=6A IN= Is.c=15A 

 

2 3 

IL=(15x2.18)/(2.18+6)=4A 
RN=3x8/11=24/11=2.18Ω 



 

  

 
 

Suppers position theorem 
 

( The 9th week) 



 

  

 

A- Population target 

 First year Student 

of 

Electrical Techniques Department 

  



 

  

B –Rationale  

 

It is very important to study 

Supper’s position theorem. 

. 



 

  

C – Central Idea  

 

 

• Definition Suppers position theorem. 

• To calculate the load current flows from 

each source and to find the result from    

the total currents. 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

  

 
 

 

 

 

 

Pretest 

Define : Current load (IL) ,draw Norton equivalent 

Solution: 
 



 

  

Superposition Theorem 

The superposition theorem, like the methods of the last chapter, can be used to find the solution to networks with two 

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. 

 

The superposition theorem states the following: 

 

The current through, or voltage across, an element in a linear bilateral network is equal to the algebraic sum of the currents 

or voltages produced independently by each source. 

 

 

Example 1 Using superposition, determine the current through the 4-Ω resistor. 
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Example 2: Using superposition, determine the current 

through the 6-Ω resistor. 
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IT 

 

I 
1=120      E2=0 , RT 

 

 

 

=(60//20) +10+30=(20x60)/80+40=55Ω 

IT=120/55=2.182A , :.I1=60/(60+20)x2.182=1.64A 

 

 

E1=0 , E2=65v , RT=[(10+30)//20]+60 
=(40x20)/60+60=73Ω

Posttest 

(I2) 

(I1) 

E 1 



 

  

 
 (The 10th week)  

 

 

 

                                

                                Alternating current (A.C) 
 

 

 

Aim of lecture: To let the student be able to identify 

and Study Alternating circuits. And finding t h e  Instantaneous value, 

Maximum value, the Root mean square value, and Average value.  

 



 

  

overview  

A- Population target 

 

Student of the first year 

of 

Electrical Techniques Department 



 

  

B –Rationale  

              It is very important to study. 

Alternating current (A.C) 

 

Also, to analyze the sine wave. 



 

  

C – Central Idea  

 

 

• Define the sine wave 

• To learn how the sine wave 

is generated 

• To learn how we find R.m.s current 

and average value. 



 

  

        

 

 

 

 

أ

  و

Define :1- frequency 

2- Angular frequency  

1- Frequency is the number of times a repeating event occurs per unit of 

time. In electrical and wave systems, it refers to how many complete 

cycles of a wave happen in one second. 

It’s measured in hertz (Hz), where   1 Hz = 1 cycle per second 

 

2- Angular frequency (often represented by the Greek letter ω\omega) 

measures how quickly something rotates or oscillates in terms of angle, 

instead of cycles. 

It's defined as:   ω=2πf\omega = 2\pi f where: 

• ω\omega is the angular frequency (in radians per second) 

• f is the regular frequency (in hertz or cycles per second) 

 

 

Solution: 

Pretest 
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A- Population target 

Students of first year 
of 

Electrical Techniques Department 

 

  



 

  

B –Rationale 

 
It is very important to study 

Alternating Values 



 

  

 

 
• Definition Alternating Values 

 

• To learn the Pooler simple 

and J-operator. 

 
    



 

  

 
 
 
 

 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

solution 

Pretest Define: The polar symbol , J - operator 

Polar Symbol 
In mathematics and electrical engineering, the polar symbol typically refers to the notation used to express complex numbers or 

vectors in polar form. Instead of writing a complex number as A + Bj (rectangular form), the polar form uses: 

r∠θr \angle \theta 

Where: 

• r is the magnitude (or modulus) of the complex number. 

• θ\theta is the angle (or argument), usually in degrees or radians, representing the direction from the origin. 

This form is especially useful in AC circuit analysis and phasor diagrams, where sinusoidal signals are represented as rotating 

vectors. 
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a =c x cosө ( c ) 
( b ) 

b= C x sinө 
ө 

( a ) x 

Analysis method 

Ex . 1 : Find the resultant of A. c. current for : 

i1=3<30 i2= 4< 60 using Analysis method 

 

I cosө =i1cosө1 + i2 cos ө2 =3cos 30 +4 cos 60 = 4.59 

 

I sinө =i1sinө1 + i2 sin ө2 =3sin 30 +4 sin 60 =4.964 

 

:. I= ( Isinө )2 + (I cosө) 2 =6.76 , ө=tan-1 Isinө/ Icosө=47.24 o 



 

  

weekth 12 

                       The effect of alternating current on electrical circuits in series         

                       connection. 

Aim of lecture:  

To make the students should be able to 
determine the impact of AC circuits linking 
series, and to learn to find the relationship 
between the current and voltages in connecting 
series and finding the phase angle and total 
defiance of the electrical circuit. 



 

  

 

A- Population target 
Students of first year 

of 
Electrical Techniques Department 

  



 

  

Pretest Define: Phase shift, Phase diagram, Phase angle(ф), 

Inductance (L), Capacitance (C), Inductive reactance (XL), 

Capacitive reactance (Xc), Impedance(Z). 

 
    

Phase shift refers to the horizontal displacement between two waveforms of the same frequency. It indicates how much one waveform 

leads or lags another in time. It's typically measured in degrees (°) or radians. 

A phase diagram is a graphical representation showing the states of matter (solid, liquid, gas) of a substance at various temperatures and 

pressures. In electronics, however, it can also refer to a phasor diagram, which shows the phase relationships between voltage and 

current in AC circuits using vectors. 

The phase angle φ is the angular difference between the voltage and current waveforms in an AC circuit. It determines whether the 

current leads or lags the voltage: 

• In inductive circuits, current lags voltage (positive φ). 

• In capacitive circuits, current leads voltage (negative φ). 

Inductance is the property of a coil (or inductor) that resists changes in current. It stores energy in a magnetic field and is measured in 

Henries (H). 

Capacitance is the ability of a capacitor to store electric charge. It resists changes in voltage and is measured in Farads (F). 

Inductive reactance is the opposition offered by an inductor to AC current. It increases with frequency and inductance. 

Capacitive reactance is the opposition offered by a capacitor to AC current. It decreases with increasing frequency and capacitance. 

Impedance is the total opposition to AC, combining both resistance (R) and reactance (X). It’s a complex quantity with both magnitude 

and phase. 

 



 

  

  



 

  

 

  

 



 

  

 

find (f), then what is the value of (R) that 

connected with (C) to reduce the current to (0.5A) with the same frequency. 

 

Xc= Vc /Ic =250/1=250 Ω 

Xc=1/ω.c=1/2πfc  :. f= 1/(2π.c.Xc) 

f=1/ (2x3.14x8x10 -6 x250 ) =79.5 HZ 

 

Z = (R2+Xc2 = (R2+2502, Z= 250 /0.5 = 500 Ω 

:.500 2 = R2 + 250 2 :. R2 = 500 2 _ 250 2 :. R= 433 Ω 

i 
250v 

 
 

 
R 

 
0.5A 

250v 

Solution 



 

    

1- The cc.t is inductive 
 

2- Ө is positive 

3-  VT led IT by Ө 
 



 

  

 



 

    



 

  

 



 

  

weekth 13 

                       The effect of alternating current on electrical circuits in parallel         

                       connection. 

Aim of lecture:  

To make the students should be able to 
determine the impact of AC circuits linking 
parallel, and to learn to find the relationship 
between the current and voltages in connecting 
parallel and finding phase angle and total 
defiance of the electrical circuit. 



 

  

 

A- Population target 
Students of first year 

of 
Electrical Techniques Department 

  



 

  
  

Pretest 

 



 

  

 



 

    



 

  

 



 

    



 

  

 



 

  

 

 
 

week th14 

series resonance 

overview 

A- Population target 
Students of first year 

  of 
Electrical Techniques Department 



 

  

 

 

 
To make students able to learn circuits respectively ringing 

and how to access them and calculate the current and voltage 
and impedance at resonance condition, as well as finding the 
bandwidth and finding a quality factor and how to draw a 
relationship between the inductive reactance and capacitive 
reactance with frequency. 

Aim of lecture 
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IR VR 

IT 
 
 

 

IL 

pretest 
Ex: Draw the phaser diagram at parallel circuit 
contain (L,c) If XL> XC 

solution 
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15th week 

Aim of  the lecture: 
Student to be able to tell the parallel ringing and how to calculate the voltage 

and current impedance and phase angle and the resonant frequency and 

bandwidth with the knowledge of drawing graphs relations with the frequency 

and find the quality factor. 

Parallel resonance 
 



 

  

overview  

A- Population target 

 

Student of the first year 

of 

Electrical Techniques Department 



 

   



 

  

 



 

    



 

  

IR with the same phase with (v) , If the supply frequency is 
adjusted until XL and Xc are equal, the admittance becomes: 
Y=1/R , and the cct. Impedance, R=Z . Consequently, 
the current taken from the supply source is I=V/R 

The current through (R ) is in phase with the supply voltage. 
The current through (L) lags the supply voltage by 90o . This is 
illustrated by the phaser diagram (b), and by the cct. Wave forms 
in figure (C) .When XL ,Xc are equal, the inductive and capacitive 

currents are equal and opposite, as illustrated in the 
phaser diagram. Thus, the total current supplied by the voltage 
source is IR ,Ic and IL are the result of the energy stored in the cct. 
Being continuously transferred from the inductor to the capacitor 
, and back again . 



 

  

 

When we discussed series resonance, we found that the impedance is lower in 
the case of parallel resonance, and the current taken from the source in the case 
of resonance is as shown. 



 

    



 

  

 



 

    



 

  

 


