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Topic: Magnetic Properties of Materials 

Class: CBSE CLASS XII  

Subject: Physics  

Unit: Unit 5: Magnetism and Matter 

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

SECTION 1: WHY THIS TOPIC MATTERS 

To understand the world around us, we often classify things into groups based on their 
properties. We do the same in physics, and one of the most important classifications is how 
different materials react when placed in a magnetic field. This isn't just an academic exercise; 
it's fundamental to the technology that powers our modern lives. 

Understanding the magnetic properties of materials is crucial for many practical reasons: 

• Building Transformers: The core of a transformer, essential for supplying electricity to 
our homes, is made from a specific "soft" ferromagnetic material that can be easily 
magnetized and demagnetized. 

• Creating Permanent Magnets: From the tiny magnets in your headphones to the 
powerful ones in electric motors and computer hard drives, knowing how to make a 
material "remember" its magnetism is key. 

• Understanding Nature: The ability of birds and sea turtles to navigate using the 
Earth's magnetic field is linked to paramagnetic properties of special proteins in their 
eyes. 

• Medical Imaging: Powerful MRI machines use superconducting electromagnets to 
generate immense, stable magnetic fields, which are crucial for creating detailed 
images of tissues inside the body. 

• Data Storage: Old cassette tapes and modern hard drives store information by 
arranging microscopic magnets in specific patterns. 

By learning these concepts, you'll see that magnetism isn't just about bar magnets; it's about 
the deep atomic structure of every substance. To begin, let's think about these complex 
behaviors using some simple analogies. 

SECTION 2: THINK OF IT LIKE THIS 

The behavior of electrons inside different materials can be abstract and hard to picture. 
Analogies help us create a mental image of how diamagnetic, paramagnetic, and 
ferromagnetic materials respond to a magnetic field, making the concepts much easier to 
grasp. 
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Analogy 1: People Responding to Music Imagine an external magnetic field is like music 
being played in a room full of people. The people represent the atoms in a material. 

• Diamagnetic: These people dislike the music. As soon as it starts, they plug their ears 
and try to move away. They are repelled by the music. 

• Paramagnetic: These people enjoy the music. They start dancing along as long as the 
music is playing. But the moment the music stops, they stop dancing and go back to 
what they were doing. Their response is temporary and they are weakly attracted to 
the music. 

• Ferromagnetic: These people absolutely love the music. They start dancing 
enthusiastically, and they get so into it that they keep dancing even after the music has 
stopped. Their alignment is strong and persistent. 

Analogy 2: Three Types of Compass Needles Think of the atoms in a material as tiny 
compass needles that can be influenced by a magnetic field. 

• Diamagnetic: This is a special compass needle that is always slightly repelled by a 
magnetic field. It tries to push away from the field instead of aligning with it. 

• Paramagnetic: This is a normal but slightly "lazy" compass needle. It will align with the 
magnetic field when it's present but quickly falls out of alignment due to any small 
disturbance (like thermal energy) once the field is removed. It's weakly attracted. 

• Ferromagnetic: This is a high-quality compass needle that not only aligns perfectly 
with the field but also gets "stuck" in that position. Even after the external field is gone, 
it "remembers" its alignment and stays pointing in that direction. It is strongly 
attracted. 

Analogy 3: Three Types of Magnetic Personality Imagine the magnetic field provides "social 
pressure" for atoms to align in a certain direction. 

• Diamagnetic: This material has an "antisocial" personality. It actively avoids the social 
pressure and tries to orient itself against the field. 

• Paramagnetic: This material is "social but forgetful." It happily aligns with the group 
while the social pressure is on, but as soon as the pressure is off, it forgets and goes 
back to its random orientation. 

• Ferromagnetic: This material is "very social and loyal." Once it aligns with the group, it 
forms strong bonds with its neighbours and maintains that alignment even after the 
external pressure is gone. 

These simple ideas provide a good intuition for the topic. Now, let's look at the formal 
definitions you need to learn for your exams. 

SECTION 3: EXACT NCERT ANSWER (LEARN THIS FOR EXAMS) 
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This section contains the precise definitions and formulas from your NCERT textbook. It is 
crucial to learn these for answering questions accurately in your board exams. 

Diamagnetic substances are those which have tendency to move from stronger to the 
weaker part of the external magnetic field. In other words, unlike the way a magnet attracts 
metals like iron, it would repel a diamagnetic substance. 

Paramagnetic substances are those which get weakly magnetised when placed in an 
external magnetic field. They have tendency to move from a region of weak magnetic field to 
strong magnetic field, i.e., they get weakly attracted to a magnet. 

Ferromagnetic substances are those which gets strongly magnetised when placed in an 
external magnetic field. They have strong tendency to move from a region of weak magnetic 
field to strong magnetic field, i.e., they get strongly attracted to a magnet. 

Key Relationships: µr = 1 + χ µ = µ0 µr = µ0 (1+χ) 

Explanation of Symbols: 

• χ (Chi): Represents magnetic susceptibility. It is a dimensionless quantity that 
measures how much a material will become magnetized when placed in a magnetic 
field. 

• µr: Represents relative magnetic permeability. It compares the permeability of a 
substance to that of free space. 

• µ: Represents the magnetic permeability of the substance. 

• µ0: Represents the permeability of free space (vacuum), a fundamental constant. 

(Tutor's Note: Think of susceptibility χ as the material's 'magnetic personality'—is it negative, 
slightly positive, or very positive? Permeability µ is about the 'total magnetic outcome' when 
that personality meets an external field.) 

With these formal definitions in mind, let's connect them back to our simple analogies and 
see how they relate to the crucial concept of magnetic susceptibility. 

SECTION 4: CONNECTING THE IDEA TO THE FORMULA 

The key to linking our analogies with the formal physics is the quantity called magnetic 
susceptibility (χ). This single value tells us everything we need to know about how a material 
will respond to a magnetic field. The sign and size of χ directly correspond to the behaviors we 
described. 

Here is how to connect the concepts: 

1. Diamagnetism (Repulsion): In our analogy, these are the people who "plug their ears" 
and move away from the music. This repulsion means the material creates a magnetic 
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field in the opposite direction to the external field. To represent this opposition 
mathematically, the material must have a small, negative χ. 

2. Paramagnetism (Weak Attraction): These are the people who "dance along" with the 
music. Their alignment with the field signifies a weak attraction. This supportive 
response is represented by a small, positive χ. 

3. Ferromagnetism (Strong Attraction): These are the people who "keep dancing" with 
great enthusiasm. Their strong and persistent alignment with the field corresponds to 
a very large, positive χ. 

So, by simply looking at the sign and magnitude of χ, you can immediately identify the 
magnetic nature of a material. This single parameter neatly summarizes the complex atomic 
behavior we will explore next. 

SECTION 5: STEP-BY-STEP UNDERSTANDING 

The magnetic properties of any material—whether it's repelled, weakly attracted, or strongly 
attracted—are ultimately determined by the behavior of electrons within its atoms. Let's 
break down this process step-by-step. 

1. Electrons are Tiny Magnets: Every electron in an atom is constantly spinning. This 
spin is a form of moving charge, which creates a tiny magnetic field, making each 
electron a microscopic magnetic dipole. 

2. Paired Electrons Cancel Out: In most atoms, electrons exist in pairs within orbitals. 
According to quantum rules, paired electrons must spin in opposite directions, so their 
magnetic fields cancel each other out completely. 

3. Unpaired Electrons Create a Net Effect: If an atom has one or more unpaired 
electrons (electrons that are alone in their orbital), their magnetic fields do not get 
cancelled. This gives the atom a net magnetic dipole moment. 

4. Diamagnetism Explained: Materials like copper and water have atoms with all 
electrons paired, giving them no net magnetic moment. An external field induces a tiny 
current in their electron orbits that, by Lenz's Law, creates an opposing field, causing 
weak repulsion. 

5. Paramagnetism Explained: Materials like aluminium have atoms with unpaired 
electrons, giving each atom a net magnetic moment. While thermal energy keeps them 
randomly oriented, an external field can partially align them, resulting in a weak, 
temporary attraction. 

6. Ferromagnetism Explained: In iron or nickel, unpaired electrons have a special 
quantum 'exchange interaction' that forces neighbouring atomic dipoles to align 
spontaneously. This powerful cooperative effect forms large magnetic domains, 
resulting in strong, persistent magnetism. 
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This atomic-level battle between alignment and thermal chaos is not just theoretical; it can 
be precisely measured, as the following example using Curie's Law will show. 

SECTION 6: VERY SIMPLE EXAMPLE (TINY NUMBERS) 

This simple worked example shows how the magnetic properties of a paramagnetic material 
change with temperature. The key relationship we will use is Curie's Law, which states that 
the magnetic susceptibility of a paramagnetic substance is inversely proportional to its 
absolute temperature. 

Problem: A paramagnetic material has a Curie constant C = 1 × 10⁻⁶ K. Calculate its magnetic 
susceptibility (χ) at room temperature (300 K) and at a higher temperature of 600 K. 

Formula to use: Curie's Law for Paramagnetism, χ = C/T, where C is the Curie constant and T 
is the absolute temperature in Kelvin. 

Given Values: 

• Curie constant, C = 1 × 10⁻⁶ K 

• Initial temperature, T₁ = 300 K 

• Final temperature, T₂ = 600 K 

Calculation Steps: 

1. Calculate susceptibility at T₁ = 300 K: χ₁ = C / T₁ χ₁ = (1 × 10⁻⁶ K) / (300 K) χ₁ = 3.33 × 10⁻⁹ 

2. Calculate susceptibility at T₂ = 600 K: χ₂ = C / T₂ χ₂ = (1 × 10⁻⁶ K) / (600 K) χ₂ = 1.67 × 10⁻⁹ 

Means: When the temperature was doubled from 300 K to 600 K, the magnetic susceptibility 
was halved. This shows that paramagnetism gets weaker as temperature increases, because 
the random thermal motion of the atoms makes it harder for the external magnetic field to 
align them. 

This relationship with temperature is a key feature of paramagnetism. Next, let's address 
some common points of confusion to ensure your understanding is perfectly clear. 

SECTION 7: COMMON MISTAKES TO AVOID 

Understanding common mistakes is one of the best ways to avoid making them in an exam. 
Here are three frequent misconceptions about the magnetic properties of materials. 

WRONG IDEA: Diamagnetic materials are not magnetic at all. 

• Students often think this because "magnetic" is associated with attraction, and these 
materials are repelled. They conclude that materials like wood or plastic have zero 
magnetic properties. CORRECT IDEA: Diamagnetism is a genuine magnetic property; 
it's just a repulsive one. Every material in the universe has a diamagnetic component. 
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In most materials, this weak repulsion is simply overshadowed by the stronger 
attractive forces of paramagnetism or ferromagnetism. 

WRONG IDEA: All transition metals (like iron, copper, manganese) must be ferromagnetic 
because they have unpaired electrons. 

• Students learn that unpaired electrons are necessary for strong magnetism and know 
that transition metals have them. They incorrectly generalize that all such metals must 
be strongly magnetic like iron. CORRECT IDEA: Having unpaired electrons is a 
necessary, but not sufficient, condition for ferromagnetism. A special quantum 
mechanical "exchange interaction" is also required to make the atomic dipoles align 
spontaneously. Only a few elements—notably Iron (Fe), Cobalt (Co), and Nickel (Ni)—
have the right combination of atomic structure and spacing for this to occur at room 
temperature. 

WRONG IDEA: A paramagnetic material, once magnetized, will stay that way like a 
permanent magnet. 

• Students see that an external field can align the atomic dipoles in a paramagnetic 
material and assume this alignment will last. CORRECT IDEA: Paramagnetism is 
temporary. The alignment of atomic dipoles only lasts as long as the external field is 
applied. As soon as the field is removed, thermal energy randomizes the dipoles again, 
and the material loses its net magnetization. Ferromagnets "remember" their 
alignment, but paramagnets "forget". 

To help these correct ideas stick, let's look at some simple ways to remember them. 

SECTION 8: EASY WAY TO REMEMBER 

With three different classifications to remember, a few simple memory aids can be very 
helpful for quickly recalling the key concepts during revision or in an exam. 

1. The "D-P-F" Mnemonic 

Remember the order of the material types alphabetically: Diamagnetic, Paramagnetic, 
Ferromagnetic. This sequence also helps you remember the order of their magnetic strength: 

• D (Diamagnetic): Weakly repelled (negative effect). 

• P (Paramagnetic): Weakly attracted (small positive effect). 

• F (Ferromagnetic): Strongly attracted (large positive effect). 

2. The Electronic Structure Rule 

Connect the underlying atomic structure to the observed behavior with this simple rule: 

• All paired = repel. (If all electrons are paired, the material is diamagnetic and repels 
fields). 
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• Unpaired = attract. (If there are unpaired electrons, the material is paramagnetic and 
is attracted to fields). 

• Aligned = stick. (If the unpaired electrons align cooperatively, the material is 
ferromagnetic and the magnetism "sticks"). 

These anchors provide a quick mental checklist for the main ideas. Now, let's consolidate 
everything into a final set of revision points. 

SECTION 9: QUICK REVISION POINTS 

This section summarizes the most important facts you need to know for last-minute revision. 
Focus on these core concepts to ensure you have a strong foundation. 

• Materials are classified into three main types based on their response to magnetic 
fields: diamagnetic (weakly repelled), paramagnetic (weakly attracted), and 
ferromagnetic (strongly attracted). 

• The origin of these properties lies in the electronic structure of atoms. Diamagnetism 
is a universal property, while paramagnetism requires unpaired electrons, and 
ferromagnetism requires both unpaired electrons and a cooperative exchange 
interaction. 

• Diamagnetic materials have a small, negative magnetic susceptibility (χ < 0). 
Examples include copper, water, and bismuth. 

• Paramagnetic materials have a small, positive susceptibility (χ > 0) that decreases 
with temperature (Curie's Law). Examples include aluminium and oxygen. 

• Ferromagnetic materials have a very large, positive susceptibility (χ >> 1). They exhibit 
strong, persistent magnetization due to the alignment of atomic dipoles into magnetic 
domains. Above a critical temperature called the Curie Temperature, they lose their 
ferromagnetic properties and behave like paramagnetic materials. 

With these key points memorized, you are well-prepared for most exam questions. For those 
who are curious, the next section offers a glimpse into some more advanced concepts. 

SECTION 10: ADVANCED LEARNING (OPTIONAL) 

This final section explores some deeper concepts related to magnetic materials that go 
beyond the basic syllabus but are fascinating and important for a complete understanding. 
These points are derived from the source material and provide richer context. 

• Magnetic Domains: A key feature of ferromagnetic materials is the spontaneous 
alignment of atomic dipoles into large regions called magnetic domains. In an 
unmagnetized piece of iron, these domains point in random directions, cancelling 
each other out. Applying an external field causes the domains aligned with the field to 
grow in size, creating a strong net magnetization. 
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• "Soft" vs. "Hard" Ferromagnets: Not all ferromagnetic materials are the same. Soft 
ferromagnets (like soft iron) are easily magnetized and demagnetized, making them 
perfect for transformer cores. Their magnetic domains realign easily with minimal 
energy loss when the AC current switches direction, a property related to a narrow 
hysteresis loop. Hard ferromagnets (like Alnico) are difficult to magnetize but retain 
their magnetism strongly, making them ideal for permanent magnets. 

• Hysteresis: The relationship between the magnetizing field (H) and the resulting 
magnetization (M) in a ferromagnet is not a simple straight line. It follows a loop-like 
curve called a hysteresis loop. This means the material's current state of 
magnetization depends on its past history of being exposed to magnetic fields, which 
is the very reason permanent magnets can exist. 

• The Exchange Interaction: The force that causes atomic dipoles to align in 
ferromagnets is a purely quantum mechanical effect called the exchange interaction. 
It is a powerful, short-range force that is particularly strong in iron, cobalt, and nickel at 
room temperature due to their specific crystal structures and electron configurations. 

• Beyond the Main Three: While your syllabus focuses on Dia-, Para-, and 
Ferromagnetism, other complex types exist. Ferrimagnetism (like in ferrite magnets 
used in electronics) and Anti-ferromagnetism involve neighbouring atomic dipoles 
aligning in opposite directions, leading to unique magnetic properties beyond the 
scope of this course. 

From the compass in your hand to the data stored in the cloud, the magnetic properties of 
materials are shaping your world. Understanding their atomic origins gives you the power to 
see the invisible forces behind our technology. 

 


