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Chapter 5.5.3 * Magnetism and Matter

Ferromagnetism

The physics of strong magnetic
attraction and domain alignment.
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Macroscopic Behavior

Why Ferromagnets Are Different

Susceptibility Meter @ The Phenomenon

Extremely strong tendency to move from a
weak magnetic field to a strong one. Strongly
attracted to magnets.
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Unlike paramagnetic materials which are only weakly
attracted, ferromagnets dominate magnetic interactions.



Microscopic Cause
The Scale

The Domain Concept <— Typical domain size is ~1 mm. |
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* X R ﬁ’# Spontaneous alignment! Atoms in this

PEe. = volume interact cooperatively to align

moments in a common direction.
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State 1: Unmagnetized Tﬁ% Chaos State
— op

Random Domains Before an External Field

@ e N
Random Orientation
Magnetization varies randomly from domain to

domain based on spontaneous internal
alignment.

Vector Cancellation

Because the directions are completely random
and chaotic, the microscopic magnetic vectors

cancel each other out on a macroscopic scale.
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Net Bulk Magnetization (M) = O
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State 2: Magnetized
Domain Alighment Under an External Field

The Mechanism

Domains forcefully orient themselves in the
direction of the applied external magnetic
field (B_0).

The Result

Favorable domains grow in size, swallowing
opposing boundaries and amalgamating into

a single giant domain. "
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Key Takeaway Panel The magnetic field lines become highly concentrated inside the material.




Material Classification A
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Hard vs. Soft Ferromagnets

[ Behavior when external field (B_0) is removed. ]

a Hard Ferromagnets

Behavior: .
SEE after B_O is removed.

Examples:

Application: e

Magnetization persists strongly

Permanent magnets, compass

d-\ Soft Ferromagnets

Magnetization disappears upon

BeRRRor: the removal of B_O.

Application: Temporary magnets,
electromagnets, transformer cores.
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The Temperature Effect A
Thermal Disintegration of Domains
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Thermal Agitation

High temperatures cause atoms
to vibrate violently, disrupting
cooperative alignment.

Domain Destruction

The structured macroscopic
domains physically disintegrate
under thermal stress.

Magnetization (M)

~ Paramagnetic Phase Shift

Phase Above the Curie temperature,
- extreme ferromagnetic
properties are lost entirely.

e
T, (Curie Temperature)

Temperature (T)

Heat is the enemy of magnetic order.
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Susceptibility Domain Mechanics

X > 1 (Very large positive) ~Tmm domains (10! atoms)
spontaneously align, and grow

parallel to applied external By.

Macroscopic Magnetization Material Types

- Extremely strong attraction; Hard (i)} LGdEStDI‘IE)
‘ [l moves eagerly from weak to Permanent.
sl strong magnetic fields. &

Soft (Ugelg)) = Temporary.

Concept Mastered: Ready for Exam.
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