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Introduction

When students sit for the Class XII Physics board examination, one of the most important and frequently asked 

subjects is Current Electricity. Chapter 3 of the Class XII Physics syllabus – often referred to as “Current

Electricity” – lays the foundation for understanding how electric circuits work, how voltage, current, and resistance

interact, and how power is generated, distributed, and consumed. This chapter is not just a theoretical exercise; it

has real-world applications ranging from household appliances to large-scale power plants. In this comprehensive

guide, we provide detailed notes, clear explanations, and practical examples to help students master the concepts

and excel in their exams.

Overview of Current Electricity

Current electricity deals with the flow of electric charge through conductors. The basic units involved are voltage

(V), current (I), and resistance (R). Understanding how these quantities relate is crucial for solving problems and

designing circuits. The chapter introduces the following key ideas:

•  Electric current as the rate of flow of charge.

•  Ohm’s law, which connects voltage, current, and resistance.

•  Kirchhoff’s voltage and current laws for complex circuits.

•  Electric power and energy consumption.

•  Applications of current electricity in everyday life.

Key Concepts in Chapter 3

Below we break down the major concepts covered in the chapter, each accompanied by definitions, equations, and

illustrative examples.

1. Electric Current and Its Measurement

Electric current (I) is defined as the amount of charge (Q) passing through a cross-section of a conductor per unit

time (t). The SI unit of current is the ampere (A). Mathematically:

I = Q / t

In practice, current is measured using an ammeter, which is connected in series with the circuit. It is important to

remember that the ammeter should have very low resistance to avoid affecting the circuit.

2. Ohm’s Law

Ohm’s law states that the voltage (V) across a resistor is directly proportional to the current (I) flowing through it,

with resistance (R) as the proportionality constant:

V = I × R

Rearranging the formula gives two useful forms:

•  I = V / R



•  R = V / I

Ohm’s law holds true for ohmic materials where resistance remains constant over the range of applied voltages.

3. Kirchhoff’s Laws

Kirchhoff’s laws are essential for analyzing complex circuits. They consist of two parts:

•  Kirchhoff’s Current Law (KCL) – The algebraic sum of currents entering a junction equals the sum of currents 

leaving the junction.

•  Kirchhoff’s Voltage Law (KVL) – The algebraic sum of all voltages around any closed loop in a circuit must 

equal zero.

These laws allow students to set up simultaneous equations for circuits with multiple branches and components.

4. Electric Power and Energy

Electric power (P) is the rate at which electrical energy is transferred. It is given by:

P = V × I

Substituting Ohm’s law into this equation yields two alternative forms:

•  P = I² × R

•  P = V² / R

The unit of power is the watt (W). Energy (E) consumed over a time interval (t) is:

E = P × t

These equations are vital for calculating consumption, designing power supplies, and understanding energy

efficiency.

5. Resistivity and Resistive Materials

Resistivity (<�• is an intrinsic property of a material that determines how strongly it opposes the flow of electric

current. The resistance of a uniform conductor depends on its resistivity, length (L), and cross-sectional area (A):

R = <�
r�„Â�ò��•

Conductors like copper have low resistivity, making them ideal for wiring, whereas insulators like rubber have high

resistivity.

Ohm’s Law and Its Applications

Ohm’s law is the cornerstone of electrical engineering and physics. It is used to calculate unknown values in simple

and complex circuits. Below are common applications and example problems.

Example 1: Simple Resistor Circuit

Consider a circuit with a 12 /V battery and a single resistor of 4 /:’à Using Ohm’s law:

I = V / R = 12 /V / 4 /:’�Ò�2�ô�

The current through the resistor is 3 /A. The power dissipated by the resistor:

P = I² × R = (3 /A)² × 4 /:’�Ò�3b�õp

Example 2: Parallel Resistor Network



In a parallel circuit with two resistors of 6 :• and 12 :• connected across a 9 V supply, the equivalent resistance is found

using the reciprocal formula:

1 / R_eq = 1 / 6 + 1 / 12 = 1 / 4

Thus, R_eq = 4 /:•. The total current from the battery:

I_total = V / R_eq = 9 /V / 4 /:’�Ò�"ã#R�ô�

Individual branch currents are calculated using I = V / R for each resistor.

Kirchhoff’s Laws in Depth

While Ohm’s law works well for simple circuits, complex networks require the use of Kirchhoff’s laws. Let’s explore

how to apply them step by step.

Step 1: Identify Junctions and Loops

Mark all junctions where three or more conductors meet. Identify independent loops—closed paths that do not

contain other loops.

Step 2: Write KCL Equations

For each junction, set the sum of currents entering equal to the sum leaving. Assign current directions (usually

arbitrarily, but be consistent).

Step 3: Write KVL Equations

For each independent loop, write the sum of voltage drops (positive) and rises (negative) equal to zero. Use Ohm’s

law to express voltage drops across resistors.

Step 4: Solve the System of Equations

Use substitution or matrix methods to solve for the unknown currents or voltages.

Example 3: Complex Circuit

Consider a circuit with a 12 /V battery, two resistors (R1 /= /4 /:’Â�#"�óÒ�ób�ó©) in series, and a third resistor (R3 /= /8 /:’’�6öææV7FVB�–â�

parallel with R2. Using Kirchhoff’s laws, we can determine the current through each resistor and the overall power

consumption.

Electric Power and Energy: Practical Considerations

Power and energy are not just theoretical concepts; they directly affect household bills and environmental impact.

1. Power Factor and Efficiency

In AC circuits, the power factor (PF) describes how effectively the power is used. PF is the cosine of the phase

difference between voltage and current. A PF close to 1 indicates high efficiency.

2. Power Distribution

High-voltage transmission lines reduce power loss due to resistance. The formula for power loss in a conductor is:

P_loss = I² × R

By increasing voltage and reducing current, loss is minimized.

3. Energy Consumption and Billing



Energy consumption is measured in kilowatt-hours (kWh). The formula:

Energy (kWh) = Power (kW) × Time (hours)

Understanding this helps students calculate household bills and adopt energy-saving practices.

Practical Applications and Experiments

Hands-on experiments reinforce theoretical knowledge. Below are some recommended lab activities for Class XII

students.

Experiment 1: Measuring Resistance Using a Wheatstone Bridge

A Wheatstone bridge allows precise measurement of unknown resistances by balancing two legs of a bridge

circuit. Students learn to adjust the bridge until the galvanometer reads zero and calculate the unknown resistance.

Experiment 2: Investigating Ohm’s Law

By varying the voltage across a resistor and measuring the resulting current, students plot a V–I graph. The slope

of the line gives the resistance, confirming Ohm’s law.

Experiment 3: Power Dissipation in Resistive Elements

Using a known resistor and a power supply, students measure the voltage and current, compute power using P =

VI, and verify it against the power dissipated as heat using a calorimeter.

Experiment 4: Kirchhoff’s Laws in Action

Students build a complex circuit with multiple resistors and voltage sources. They then use KCL and KVL to predict

currents and voltages and compare with measured values.

Study Tips for Class XII Students

Mastering the Current Electricity chapter requires a systematic approach. Here are proven strategies:

•  Start with Conceptual Understanding – Before diving into equations, ensure you grasp the physical meaning 

of voltage, current, and resistance.

•  Use Visual Aids – Diagrams, flowcharts, and circuit schematics help in visualizing relationships.

•  Practice Numerical Problems – Solve a variety of problems from textbooks and past exam papers.

•  Teach Others – Explaining concepts to classmates reinforces your own understanding.

•  Review Regularly – Spaced repetition improves retention of formulas and derivations.

•  Use Mnemonics – For example, “V = I × R” can be remembered as “Very Important Rule.”

•  Stay Updated with Exam Patterns – Familiarize yourself with the question format and mark allocation.

Frequently Asked Questions (FAQs)

For most conductors, resistance increases with temperature. This is described by the temperature coefficient of

resistance.

It shows that power loss in a resistor is proportional to the square of the current. This is why high current flows can

cause significant heating.
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