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Topic: Introduction 

Class: CBSE CLASS XII  

Subject: Physics  

Unit: Unit 5: Magnetism and Matter 

--------------------------------------------------------------------------------  

1. Why This Topic Matters 

Magnetism is one of the four fundamental forces of nature, a universal phenomenon that 
permeates everything from the smallest atoms to the largest galaxies. While it might seem 
like an abstract concept, understanding magnetism is crucial for explaining the modern 
world. For centuries, the seemingly magical ability of certain stones to attract iron was a deep 
mystery. This unit solves that ancient puzzle by revealing the connection between electricity 
and magnetism. 

Here are the core reasons why this topic is so essential: 

• Explaining Modern Technology: Nearly every device with a moving part, from the 
motor in a washing machine to a generator producing electricity, relies on magnetism. 
Understanding this unit is the key to understanding how electromagnets and electric 
motors function. 

• Understanding Permanent Magnets: This unit explains why permanent magnets, 
like the ones on your refrigerator or in a compass, exist. It's not magic, but the result of 
countless atoms aligning their internal "currents." 

• Connecting Electricity and Magnetism: The breakthrough discovery by Oersted 
showed that moving electric charges create magnetic fields. This insight unifies two 
seemingly separate forces into one—electromagnetism—and makes magnetism 
predictable and controllable. 

• Solving an Ancient Mystery: We finally get the answer to the age-old question of why 
lodestones attract iron. The principles in this unit demystify the force, grounding it in 
the predictable behavior of electrons within atoms. 

To grasp these powerful ideas, it helps to start with simple, intuitive analogies. 

2. Think of It Like This 

Physics often deals with invisible forces and fields. Using analogies, or mental models, is a 
powerful technique for visualizing these abstract concepts and building a strong intuitive 
foundation before diving into the formal definitions. 

The primary analogy for understanding the origin of a magnetic field is The Whirlpool Effect. 
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• The Whirlpool Effect Imagine a whirlpool in a river. The flowing water creates a 
swirling force around it, pulling in nearby objects. Similarly, when an electron moves, it 
creates a magnetic "whirlpool" in the space around it. This magnetic field then exerts a 
force on any other moving charges that enter its vicinity. Moving Charge → Magnetic 
"Whirlpool" → Force on other moving charges 

Here are two alternative ways to picture the same idea: 

• The Spinning Top Think of an electron as a tiny spinning top. Its intrinsic spin is a form 
of moving charge that creates a small magnetic field. When billions of these atomic 
"spinning tops" in a material align and spin in the same direction, their individual fields 
add up to create a powerful, large-scale magnet. 

• Invisible Circles Around Moving Charges Visualize an electron moving through 
space, leaving a trail of invisible circular loops behind it, like ripples from a stone 
thrown in water. These concentric circles represent the magnetic field. Where the 
circles are packed tightly together, the field is strong; where they are spread out, the 
field is weak. 

These simple models provide a mental picture of how motion creates magnetism. Now, let's 
look at the precise ideas you need to learn for your examinations. 

3. Exact NCERT Answer (Learn This for Exams) 

For examinations, it is critical to know the precise definitions and foundational concepts as 
presented in your NCERT textbook. These points form the basis of accepted scientific 
understanding and are what you will be evaluated on. 

Some of the commonly known ideas regarding magnetism are: 

(i) The earth behaves as a magnet with the magnetic field pointing approximately from the 
geographic south to the north. 

(ii) When a bar magnet is freely suspended, it points in the north-south direction. The tip 
which points to the geographic north is called the north pole and the tip which points to the 
geographic south is called the south pole of the magnet. 

(iii) There is a repulsive force when north poles (or south poles) of two magnets are brought 
close together. Conversely, there is an attractive force between the north pole of one magnet 
and the south pole of the other. 

(iv) We cannot isolate the north, or south pole of a magnet. If a bar magnet is broken into two 
halves, we get two similar bar magnets with somewhat weaker properties. Unlike electric 
charges, isolated magnetic north and south poles known as magnetic monopoles do not 
exist. 

(v) It is possible to make magnets out of iron and its alloys. 
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These formal points might seem disconnected from the analogies, but the next section will 
show how they are logically connected. 

4. Connecting the Idea to the Formula 

The intuitive analogies of whirlpools and spinning tops logically lead to the formal NCERT 
principles. The connection is a matter of scale: what happens at the level of a single electron, 
when repeated billions of times, creates the magnets we see and use every day. 

1. From Motion to a Field: The "Whirlpool" and "Spinning Top" analogies illustrate a 
fundamental principle of nature: any moving electric charge creates a disturbance, or 
a field, in the space around it. An electron moving through a wire or spinning on its axis 
generates this invisible magnetic influence. 

2. The Fundamental Source of Magnetism: This idea connects directly to a key concept 
from your textbook. The NCERT states that moving charges or electric currents 
produce magnetic fields. Our analogies are simply different ways of visualizing this 
core fact. The "whirlpool" is the magnetic field created by the moving charge. 

3. From Atomic Spins to a Bar Magnet: When trillions of these atomic-level "whirlpools" 
or "spins" within a material are coaxed into aligning in the same direction, their 
individual tiny magnetic fields add up. This collective alignment produces a large-
scale, observable magnetic effect—the very bar magnet described in the NCERT 
points, complete with its north and south poles. 

To make this even clearer, let's break down the process step-by-step, starting from a single 
electron. 

5. Step-by-Step Understanding 

The concept of magnetism can be understood as a logical progression, starting from the 
motion of a single subatomic particle and building up to the bulk materials we observe. Here 
is the process broken down into five clear steps. 

1. A Moving Electron is an Electric Current Anytime an electric charge is in motion, it 
constitutes an electric current. This is the absolute starting point. Whether it's an 
electron flowing through a wire or orbiting an atom, its movement is the fundamental 
source of magnetism. 

2. Motion and Spin Create a Magnetic Field This moving charge disturbs the space 
around it, creating a magnetic field. An electron also has an intrinsic property called 
spin, which is another form of motion that also generates its own magnetic field. 

3. The Atom as a Tiny Magnet Because of its moving and spinning electrons, every atom 
behaves like a microscopic magnet, known as a magnetic dipole. This tiny dipole has 
its own north and south pole and can interact with external magnetic fields. 



 

© ScoreLab by Profsam.com   
Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in 
Physics, Chemistry, and Mathematics. 

Profsam.com 

4. Alignment Determines Magnetism In most materials, these atomic magnetic dipoles 
point in random directions, so their effects cancel each other out. However, if they can 
be made to align—all pointing in the same direction—their individual magnetic fields 
add together and reinforce one another. 

5. Bulk Material Becomes a Magnet When trillions of these atomic dipoles align within a 
bulk material, their combined magnetic field becomes strong enough to be observed 
on a macroscopic scale. This is what we call a "magnet"—a material with organized 
and aligned atomic dipoles. 

A simple calculation can demonstrate how these principles apply in the real world. 

6. Very Simple Example (Tiny Numbers) 

Even a very weak magnetic field, like the Earth's, can exert a tangible force. A simple 
calculation using small numbers can show how a compass needle is guided by this invisible 
force. 

Scenario: A small compass needle has a magnetic dipole moment (μ) of 0.5 A·m². It is placed 
in the Earth's magnetic field (B), which has a strength of approximately 50 µT (or 50 x 10⁻⁶ T). 
The needle is initially oriented at an angle (θ) of 30° to the direction of the field. What torque 
(τ), or twisting force, does it experience? 

Calculation: 

1. Formula: The torque on a magnetic dipole in a magnetic field is given by: τ = μBsinθ 

2. Substitution: We substitute the given values into the formula: τ = (0.5 A·m²) * (50 × 
10⁻⁶ T) * sin(30°) Since sin(30°) = 0.5, the equation becomes: τ = (0.5) * (50 × 10⁻⁶) * 
(0.5) 

3. Result: τ = 1.25 × 10⁻⁵ N·m 

Interpretation: The compass needle experiences a very tiny torque of 1.25 x 10⁻⁵ Newton-
meters. Although incredibly small, this persistent twisting force is enough to rotate the low-
friction needle until it aligns perfectly with the Earth's magnetic field. 

Understanding these fundamentals is key, but it's equally important to sidestep the common 
pitfalls in thinking about magnetism. 

7. Common Mistakes to Avoid 

Many students develop misconceptions about magnetism because it seems so different from 
other forces. Addressing these wrong ideas directly is the best way to build a correct and 
lasting understanding. 

• WRONG IDEA: "Only special materials like iron are magnetic. Things like wood or 
plastic have no magnetic properties at all." 
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o Why it's believed: Students observe that magnets strongly attract iron but seem 
to have no effect on wood, leading to the conclusion that magnetism is a rare 
property. 

o CORRECT IDEA: Every material has magnetic properties because all materials 
contain moving electrons. The effect is often incredibly weak and goes 
unnoticed, but it is always present. The real difference between a magnet and a 
non-magnet is the alignment of its atoms, not the presence of magnetism itself. 

o REMEMBER: "All atoms are magnetic. We only notice it when atoms align." 

• WRONG IDEA: "Magnets have 'magnetic charges' at their poles, similar to positive and 
negative electric charges." 

o Why it's believed: The behavior of magnets—like poles repel, opposites 
attract—perfectly mimics the behavior of electric charges, making the analogy 
seem correct. 

o CORRECT IDEA: Magnetic poles are not charges. They are simply the regions 
where the magnetic field lines exit (north) or enter (south) the magnet. If you cut 
a magnet in half, you get two smaller magnets, each with its own north and 
south pole. You can never isolate a single "monopole." 

o REMEMBER: "Magnetic poles are not charges—they're field line endpoints. 
Break a magnet, and you get smaller magnets, not separated poles." 

• WRONG IDEA: "The strength of a magnet depends only on its size. A bigger magnet is 
always a stronger magnet." 

o Why it's believed: It seems intuitive that more material should result in a 
stronger effect. Students may observe that a large iron nail can be turned into a 
stronger magnet than a small one. 

o CORRECT IDEA: A magnet's strength depends on the alignment of its atomic 
dipoles, not its physical size. A small magnet with perfectly aligned atoms can 
be much stronger than a large block of iron where the atoms are randomly 
oriented. 

o REMEMBER: "Strength comes from alignment, not size. A million randomly 
oriented atoms are weaker than a thousand perfectly aligned atoms." 

To help these correct ideas stick, you can use simple memory aids. 

8. Easy Way to Remember 

Memory aids can help connect complex physics concepts to simple, unforgettable phrases or 
ideas. Here are two effective ways to remember the core principle of magnetism. 
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• Mnemonic: MOVING → MAGNETIC This simple arrow reminds you that magnetism 
only appears when electric charges are moving. Stationary charges produce electric 
fields, but it is their motion that generates magnetic fields. Whenever you see the word 
"magnetic," your first thought should be "moving charges." 

• Key Phrase: "No motion, no magic—magnetism is moving charges doing their 
dance." This catchy phrase reinforces the central idea that magnetism isn't some 
mysterious, independent force. It is simply the observable consequence of electric 
charges in motion. 

With these ideas in mind, let's consolidate the most important points for a quick review. 

9. Quick Revision Points 

For rapid review before an exam, focus on these five essential takeaways. This list 
summarizes the core concepts of this introduction to magnetism. 

1. The fundamental source of all magnetism is moving electric charges. This can be an 
electric current in a wire or the intrinsic motion (spin and orbit) of electrons in atoms. 

2. Every electron behaves like a microscopic magnet due to its spin and orbital motion, 
creating what is known as an atomic magnetic dipole. 

3. A macroscopic magnet is simply a material where a vast number of these atomic 
dipoles are aligned, causing their individual magnetic fields to add up. 

4. Magnetic fields are an intrinsic property of the universe. They are produced by and 
surround any moving charge, and magnetism cannot be separated from electricity. 

5. Understanding magnetism as "charge in motion" provides the scientific explanation for 
how electromagnets function, why permanent magnets retain their properties, and 
why some materials can be magnetized while others cannot. 

For those who wish to go beyond the basics, the next section explores some of the deeper 
connections this topic has with other areas of physics. 

10. Advanced Learning (Optional) 

For students who are curious about the broader context, this section explores the deeper 
connections between magnetism and other fundamental concepts in physics. These points 
are not typically required for basic understanding but offer a richer perspective on the 
subject. 

• One of Four Fundamental Forces: Magnetism is not just a curious property of certain 
materials; it is a manifestation of the electromagnetic force, one of the four 
fundamental forces that govern the universe, alongside gravity, the strong nuclear 
force, and the weak nuclear force. 
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• The Unification of Forces: The realization that magnetism is produced by moving 
electric charges was a monumental step in physics, unifying two forces—electricity 
and magnetism—into a single, more fundamental theory of electromagnetism. 

• Systematic vs. Introductory Role: Unit 4 (Current Electricity) introduced Oersted's 
discovery that currents create magnetic effects. This unit moves beyond that initial 
observation to provide a systematic and deep explanation of the phenomenon, its 
atomic origins, and its consequences for different materials. 

• Qualitative to Quantitative Shift: The study of magnetism in this unit follows a classic 
scientific progression. It begins with qualitative, visual tools like magnetic field lines 
and then transitions to a rigorous quantitative framework with mathematical laws and 
equations that describe the field's behavior precisely. 

• A Conceptual Leap: This unit requires a conceptual shift from thinking about electric 
current as a simple scalar quantity (amperes) to understanding that it creates a 
complex vector magnetic field that has both magnitude and direction at every point in 
space. 

• A Bridge to Atomic Physics: This topic serves as a crucial link between classical 
physics and atomic physics. The explanation for magnetism lies in the quantum 
properties of electrons, such as intrinsic spin. 

• A Foundation for Materials Science: Understanding the different magnetic properties 
of materials is central to materials science and engineering, enabling the design of 
everything from computer hard drives to medical MRI machines. 

• Laying the Groundwork for Induction: Grasping that moving charges create magnetic 
fields is the first half of a profound physical symmetry. Later, you will learn that 
changing magnetic fields can, in turn, create electric fields and drive currents—the 
principle of electromagnetic induction that makes generators possible. 

• The Monopole Mystery: A profound and unanswered question in physics is why 
isolated magnetic poles (monopoles) do not exist, whereas isolated electric charges 
do. This asymmetry is a fundamental feature of our universe, codified in Gauss's law 
for magnetism, but its ultimate cause remains a mystery. 

 


