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Fundamentals of Electrical Engineering  
 

Course Code: ME 1206 

Semester Offered (Fall first semester) 
 

Course Objectives/Goals (optional): 

The goals of this course are to enable students to: Knowledge of the basic principles of 

electrical circuits and their most important components and their impact on electrical 

circuits 

Course Learning Outcomes: 

 

By the end of successful completion of this course, the student will be able to: 

1- Explain precisely what the fundamental circuit variables mean  

2- Apply Kirchhoff's current and voltage laws, Ohm's law, and the terminal 

relations describing inductive and capacitive energy-storage elements to circuit 

problems. 

3- Simplify circuits using series and parallel equivalents and using Thevenin and 

Norton equivalents 

4- Explain the physical underpinnings of capacitance and inductance. 

Course Topics:- 

1- Concept of Network and circuit . 

2- •Types of Elements •  

3- Types of Sources •  

4- Source Transformation • 

5-  R-L-C Parameters •  
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6- Voltage - Current relationships for Passive Elements  

7- • Kirchhoff’s Laws. 

 

INTRODUCTION:  

An Electric circuit is an interconnection of various elements in which there is at least 

one closed path in which current can flow. An Electric circuit is used as a component 

for any engineering system.  

The performance of any electrical device or machine is always studied by drawing its 

electrical equivalent circuit. By simulating an electric circuit, any type of system can 

be studied for e.g., mechanical, hydraulic thermal, nuclear, traffic flow, weather 

prediction etc.  

All control systems are studied by representing them in the form of electric circuits. 

The analysis, of any system can be learnt by mastering the techniques of circuit theory.  

The analysis of any system can be learnt by mastering the techniques of circuit theory.  

Elements of an Electric circuit:  

An Electric circuit consists of following types of elements.  

Active elements:  

Active elements are the elements of a circuit which possess energy of their own and 

can impart it to other element of the circuit.  

Active elements are of two types  

a) Voltage source . 
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b) Current source . 

A Voltage source has a specified voltage across its terminals, independent of current 

flowing through it.  

A current source has a specified current through it independent of the voltage 

appearing across it.  

Passive Elements:  

The passive elements of an electric circuit do not possess energy of their own. They 

receive energy from the sources. The passive elements are the resistance, the 

inductance and the capacitance. When electrical energy is supplied to a circuit element, 

it will respond in one and more of the following ways.  

If the energy is consumed, then the circuit element is a pure resistor.  

If the energy is stored in a magnetic field, the element is a pure inductor.  

And if the energy is stored in an electric field, the element is a pure capacitor. 

Charge and Current 

Most basic quantity in an electric circuit – electric charge 

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

measured in coulomb (C) 

 

Basic Electrical Quantities 

Basic quantities: current, voltage and power. 

Electric current: 

Electric current in a wire is defined as the net amount of charge that passes 
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through the wire per unit time , and is measured in amperes (A). 
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Elements of electrical circuits 

Active elements 

Active elements are the elements that can generate energy or power, such 

as 

voltage and current sources. 

➢ Ideally, a voltage source produces Vs volts regardless of the current 

absorbed or produced by the connected device. 
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➢ Ideally, a current source produces Is amps regardless of the current in 

the connected device.        

 

 

➢ In a particular circuit, there can be active elements that absorb power 

– for example, a battery being charged. 
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 Kirchhoff's Circuit Laws 

Kirchhoff’s Laws 

 
 

What are Kirchhoff’s Laws?  

❖ Kirchhoff’s laws govern the conservation of charge and energy in electrical 

circuits.  

•Kirchhoff’s Laws  

1.The junction rule  

2.The closed loop rule  

Kirchhoff’s  currents Laws 

• “At any node (junction) in an electrical circuit, the sum of currents flowing into that 

node is equal to the sum of currents flowing out of that node, or: The algebraic sum of 

currents in a network of conductors meeting at a point is zero”.  

•The sum of currents entering the junction are thus equal to the sum of currents 

leaving. This implies that the current is conserved (no loss of current).  

Kirchhoff’s Current Law (KCL) Kirchhoff’s Current Law states that the algebraic 

sum of the currents entering and leaving a node is 

equal to zero 
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By convention, currents entering the node are positive, and those leaving a node are 

negative. For the picture at the right: 

 

 

KCL can also be expressed as “The sum of the currents entering a 

node is equal to the sum of the currents leaving a node 
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Example 3: Determine the values of the the current flowing through each of the 

resistors.  
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EXAMPLE  
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EXAMPLE 
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Example: Find I1, I2 and I3 in the network shown in Fig below using loop current 

method 
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Example: - Use nodal analysis to find currents in the different branches of the circuit 

shown below. 
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Example.: Find the current I for the circuit shown. 
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Example: Find the current through a 20 Ω resistor, and current through a 40 

Ω resistor in the following circuit. 
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Example: For the circuit in Fig. shown, find voltages v1 and v2. 
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Example: Find currents and voltages in the circuit shown in Fig 
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Star Delta Transformation  for Resistive Networks 

 

STAR CONNECTION  Astar network is rearranged formof Tee(T) 

network 

 

 

 

 

 
STAR/WYE(Y) CONNECTION 

 
Three ends of resistors are connected in wye(Y) or star fashion. A common node point 

of star connection is known as neutral. 
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1- STAR CONNECTION 

 

Three ways in which star connection may appear in a circuit. 

 

 
  

2- DELTA CONNECTION 

 
When three resistors are connected in a fashion to form a closed mesh Δ, connection 

formed is known as Delta Connection. 

 
 

DELTACONNECTION  
Three ways in which delta connection may appear in a circuit. 
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DELTA TO STAR TRANSFORMATION 
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DELTA TO STAR TRANSFORMATION 

 

 

 

 

 

 

 

 

 

 

 

 



Anbar University                                                         First year  

Engineering college                                        Fundamentals of Electrical Engineering  

Mechanical Engineering Department                           Rashaq Abdullah Mohammed  

 

 

37 

 

 

 

 

 

 

 

 

 

 



Anbar University                                                         First year  

Engineering college                                        Fundamentals of Electrical Engineering  

Mechanical Engineering Department                           Rashaq Abdullah Mohammed  

 

 

38 

 

 
 

 

 

 

 

 

 

 

 



Anbar University                                                         First year  

Engineering college                                        Fundamentals of Electrical Engineering  

Mechanical Engineering Department                           Rashaq Abdullah Mohammed  

 

 

39 

Example :- 
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Example  
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Nodal analysis and   Mesh analysis 

 

 

Steps of Mesh Analysis:- 

 

1.Identify meshes. 

2.Assign a current to each mesh. 

3.Apply KVL around each loop to get an equation in terms of the loop 

currents. 

4.Solve the resulting system of linear equations. 

 

Identifying the Meshes. 

2- Assigning Mesh Currents. 
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3- Apply KVL around each loop to get an equation in terms of the 

loop currents 

3-1 Voltages from Mesh Currents. 

 

 

 

 

 

 

 

 

 

3-2 KVL Around Mesh 1. 
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3-3 KVL Around Mesh 2. 

 

4- Solve the resulting system of linear equations. 
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Example: Find VA 

 

 

 

 

Solution 

Step 1 was already taken care of above. Notice that here the first mesh 

current is owing CW and the second is owing counter-clockwise (CCW). In 

this case the currents through R2 are owing in the same direction and 

therefore the polarities are identical. This will result in VR2 having the 

same sign regardless of which mesh is being analyzed. The polarities are 

also already marked for Step 2. The KVL equations are 
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Example: Find VO using mesh analysis. 
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Example /  

Using mesh analysis, obtain the current through the various 

components 
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Example / Calculate Node Voltages in the given circuit. 
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Q1/ Calculate Node Voltages in the given circuit. 

 

Q2/Calculate the mesh currents i1 and i2 in the circuit shown 

 

Q3/ Use mesh analysis to determine i1, i2, and i3 in the circuit shown 

 

 

 

 

 

 

 


