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Understanding Chapter 3 of Pradeep’s Current Electricity: A Comprehensive 
Guide

When diving into the fundamentals of electrical engineering or physics, one quickly realizes that the concept of 

current is not just a simple flow of electrons but a cornerstone that underpins modern technology. For students and 

enthusiasts alike, Pradeep’s textbook Current Electricityis a trusted resource, offering clear explanations and

practical examples. Chapter 3, in particular, is often regarded as the turning point where theory meets application.

This article provides an in-depth exploration of that chapter, breaking down its key themes, illustrating real-world

scenarios, and offering study tips to master the material. Whether you’re preparing for exams, working on a project,

or simply curious about how electricity behaves in circuits, this guide will walk you through every essential element

of chapter 3.

Why Chapter 3 Matters: The Bridge Between Concept and Practice

Pradeep’s Current Electricityis structured to gradually build a reader’s understanding. The first two chapters lay the

groundwork by discussing basic definitions, units, and simple circuits. Chapter 3 then expands the horizon,

introducing more complex relationships such as Ohm’s Law, resistance factors, and circuit configurations. It serves

as a bridge between isolated concepts and their integration into functional systems. Mastering this chapter is

crucial because:

•  It consolidates the foundational knowledge needed for advanced topics like electromagnetism and power 

systems.

•  It equips learners with the analytical tools to solve real-world problems involving resistors, voltage sources, 

and current flow.

•  It introduces Kirchhoff’s laws, which are indispensable for any circuit analysis.

In short, chapter 3 is the gateway that transforms theoretical curiosity into engineering competence.

Overview of Chapter 3: Current Electricity by Pradeep

Below is a quick snapshot of what you’ll find in chapter 3:

1.  Introduction to Current and Voltage – Definitions, units (ampere, volt), and the relationship between them.

2.  Ohm’s Law – The fundamental equation V = IR, its derivation, and practical applications.

3.  Resistance: Causes and Modifiers – Material properties, temperature effects, and geometric factors.

4.  Series and Parallel Circuits – Equivalent resistance calculations, voltage and current distribution.

5.  Kirchhoff’s Voltage and Current Laws – Circuit analysis techniques for complex networks.

6.  Practical Examples – Real-world circuits, troubleshooting tips, and design considerations.

Each section builds on the previous one, ensuring a logical progression that reinforces learning through examples

and exercises.

Section 1: Fundamentals of Current and Voltage



What is Electric Current?

Electric current is the rate at which charge flows through a conductor. It’s measured in amperes (A), where one

ampere equals one coulomb of charge passing a point per second. In practical terms, you can think of current as

the flow of a fluid (electrons) through a pipe (the conductor).

Voltage: The Driving Force

Voltage, or electromotive force, is the potential difference that pushes electrons through a circuit. It’s measured in

volts (V). A higher voltage means a greater driving force, which, when combined with resistance, determines the

current that flows.

Key Relationship

The relationship between voltage (V), current (I), and resistance (R) is captured by Ohm’s Law, which will be the

focus of the next section.

Section 2: Ohm’s Law – The Cornerstone of Circuit Analysis

The Equation

Ohm’s Law states that the voltage across a resistor is directly proportional to the current flowing through it:

V = I × R

Where:

•  V = voltage across the resistor (volts)

•  I = current through the resistor (amperes)

•  R = resistance (ohms)

Derivation and Intuition

Ohm’s Law can be derived from the microscopic behavior of electrons in a conductor. When an electric field is

applied, electrons accelerate until collisions with atoms dissipate their kinetic energy. The balance between driving

force and frictional resistance yields a steady-state current. The proportionality constant R encapsulates the

material’s inherent resistance to electron flow.

Practical Use Cases

Engineers use Ohm’s Law to:

•  Design circuits that meet voltage and current specifications.

•  Determine the appropriate resistor values for LED circuits, amplifiers, and power supplies.

•  Diagnose faults by comparing expected and measured currents.

Common Pitfalls

Students often misapply Ohm’s Law by ignoring the direction of current flow or assuming all resistors are ideal. In

real circuits, temperature changes and material impurities can alter resistance, requiring careful consideration.

Section 3: Resistance – Factors That Influence It

Material Properties

Resistivity (<�• is a material-specific constant that quantifies how strongly a substance opposes current. Metals like

copper have low resistivity, while insulators like rubber have high resistivity. The equation relating resistance,

resistivity, length (L), and cross-sectional area (A) is:



R = <�
r�„Â�ò��•

Temperature Effects

For most conductors, resistance increases with temperature. The temperature coefficient of resistance (;�• quantifies

this change:

R_T = R_0 × [1 + ;�
r�…B�Ò�T_0)]

Where R_T is the resistance at temperature T, and R_0 is the resistance at a reference temperature T_0.

Geometric Factors

Longer conductors and smaller cross-sectional areas increase resistance. This principle is exploited in designing

resistors: thin, long wires create higher resistance, while thick, short wires provide lower resistance.

Practical Implications

Understanding resistance factors helps engineers:

•  Choose appropriate wire gauges to minimize power loss.

•  Design temperature sensors by exploiting resistance changes.

•  Optimize heat dissipation in high-power components.

Section 4: Series and Parallel Circuits – Calculating Equivalent Resistance

Series Configuration

In a series circuit, components are connected end-to-end, so the same current flows through each element. The

equivalent resistance (R_eq) is simply the sum of individual resistances:

R_eq = R_1 + R_2 + R_3 + … + R_n

Parallel Configuration

In a parallel circuit, components share both ends, so the voltage across each element is the same. The equivalent

resistance is found using the reciprocal formula:

1 / R_eq = 1 / R_1 + 1 / R_2 + 1 / R_3 + … + 1 / R_n

Alternatively, for two resistors:

R_eq = (R_1 × R_2) / (R_1 + R_2)

Voltage and Current Distribution

In series circuits, voltage divides proportionally to resistance, while current remains constant. In parallel circuits,

current divides inversely to resistance, but voltage stays constant across each branch.

Practical Examples

Consider a household power supply: the kitchen appliances are often connected in parallel to ensure each device

receives the same voltage. Conversely, a flashlight’s battery and resistor are arranged in series to control

brightness.

Section 5: Kirchhoff’s Laws – Mastering Complex Networks

Kirchhoff’s Current Law (KCL)



At any junction in a circuit, the algebraic sum of currents entering equals the sum of currents leaving:

"� I_in = "� I_out

This law is essentially a statement of charge conservation.

Kirchhoff’s Voltage Law (KVL)

In any closed loop, the algebraic sum of voltage drops equals the sum of voltage rises:

"� V = 0

It’s a consequence of energy conservation.

Applying Kirchhoff’s Laws

For a complex network, you can set up simultaneous equations using KCL and KVL to solve for unknown currents

and voltages. This approach is foundational for advanced circuit design and analysis.

Example Problem

Imagine a circuit with a 12 /V battery, two resistors of 4 /:’��æB�b�ó© in series, and a third resistor of 8 /:’�6öææV7FVB�–â��� allel 

to the 6 :• resistor. By applying KCL and KVL, you can determine the current through each resistor and the total

power consumed.

Section 6: Real-World Applications and Practical Tips

Designing a Simple LED Circuit

To power an LED, you need a current-limiting resistor. Using Ohm’s Law and the LED’s forward voltage (typically

2 /V), you can calculate the resistor value:

R = (V_supply - V_LED) / I_LED

For a 5 /V supply and a desired current of 20 /mA, the resistor would be:

R = (5 /V - 2 /V) / 0.02 /A = 150 /:•

Troubleshooting Common Issues

•  Short circuits often result in low resistance, leading to high currents that can damage components.

•  Open circuits cause infinite resistance, preventing current flow.

•  Heat buildup can increase resistance, altering circuit behavior.
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