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One of the fundamental properties of an electron (besides that it

carries charge) is that it has a magnetic dipole moment, i.e., it

behaves like a tiny magnet, producing a magnetic field.

This dipole moment comes from the more fundamental property of

the electron that it has quantum mechanical spin. Due to its

quantum nature, the spin of the electron can be in one of only two

states; with the magnetic field either pointing "up" or "down" (for

any choice of up and down).

منشا مغناطش

https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Electron_magnetic_moment
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Spin_(physics)
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The spin of the electrons in atoms is the main source of

ferromagnetism, although there is also a contribution from the orbital

angular momentum of the electron about the nucleus.

When these magnetic dipoles in a piece of matter are aligned, (point

in the same direction) their individually( جداگانهطوربه ) tiny magnetic

fields add together to create a much larger macroscopic field.

However, materials made of atoms with filled electron shells have a

total dipole moment of zero, because the electrons all exist in pairs

with opposite spin, every electron's magnetic moment is cancelled by

the opposite moment of the second electron in the pair.
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Only atoms with partially filled shells (i.e., unpaired spins) can have a net

magnetic moment, so ferromagnetism only occurs in materials with partially

filled shells.

Because of Hund's rules, the first few electrons in a shell tend to have the same

spin, thereby increasing the total dipole moment.

These unpaired dipoles (often called simply "spins" even though they also

generally include orbital angular momentum) tend to align in parallel to an

external magnetic field, an effect called paramagnetism. Ferromagnetism

involves an additional phenomenon, however: in a few substances the dipoles

tend to align spontaneously, giving rise to a spontaneous magnetization, even

when there is no applied field.
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When two nearby atoms have unpaired electrons, whether the electron spins are

parallel or antiparallel occur the quantum mechanical effect called the exchange

interaction.

This in turn ( خودنوبهبه ) affects the electron location and the Coulomb

(electrostatic) interaction and thus the energy difference between these states.

The exchange interaction is related to the Pauli exclusion principle, which says

that two electrons with the same spin cannot also be in the same spatial state

(orbital). This is a consequence of the spin-statistics theorem and that electrons

are fermions.

Exchange interactionبرهمکنش تبادلی 
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Therefore, under certain conditions, when the orbitals of the unpaired outer

valence electrons from adjacent atoms overlap, the distributions of their electric

charge in space are farther apart when the electrons have parallel spins than

when they have opposite spins. This reduces the electrostatic energy of the

electrons when their spins are parallel compared to their energy when the spins

are anti-parallel, so the parallel-spin state is more stable. This difference in

energy is called the exchange energy.
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This energy difference can be orders of magnitude larger than the energy

differences associated with the magnetic dipole-dipole interaction due to dipole

orientation.

The materials in which the exchange interaction is much stronger than the

competing (رقابت) dipole-dipole interaction are frequently called magnetic

materials.

For instance, in iron (Fe) the exchange force is about 1000 times stronger than

the dipole interaction. Therefore, below the Curie temperature virtually(ًعملا) all

of the dipoles in a ferromagnetic material will be aligned.
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In addition to ferromagnetism, the exchange interaction is also responsible for

the other types of spontaneous ordering of atomic magnetic moments occurring

in magnetic solids, antiferromagnetism and ferrimagnetism.

There are different exchange interaction mechanisms which create the

magnetism in different ferromagnetic, ferrimagnetic, and antiferromagnetic

substances.

These mechanisms include direct exchange, RKKY exchange, double exchange,

and superexchange.
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The above would seem to suggest that every piece of ferromagnetic material

should have a strong magnetic field, since all the spins are aligned, yet iron and

other ferromagnets are often found in an "unmagnetized" state. The reason for

this is that a bulk piece of ferromagnetic material is divided into tiny regions

called magnetic domains (also known as Weiss domains). Within each domain,

the spins are aligned, but (if the bulk material is in its lowest energy

configuration; i.e. unmagnetized), the spins of separate domains point in different

directions and their magnetic fields cancel out, so the object has no net large scale

magnetic field.

Magnetic domainsحوزه های مغناطیسی           

دارد؟دلیل اینکه چرا آهن معمولی که یک ماده فرومغناطیس است خاصیت آهنربایی ن
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Ferromagnetic materials spontaneously

divide into magnetic domains because the

exchange interaction is a short-range

force, so over long distances of many

atoms the tendency of the magnetic

dipoles reduce their energy by orienting in

opposite directions .

If all the dipoles in a piece of

ferromagnetic material are aligned

parallel, it creates a large magnetic field

extending into the space around it. This

دلیل وجود حوزه های مغناطیسی چیست؟
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contains a lot of magnetostatic energy. The material can reduce this

energy by splitting into many domains pointing in different directions, so

the magnetic field is confined to small local fields in the material, reducing

the volume of the field. The domains are separated by thin domain walls a

number of molecules thick, in which the direction of magnetization of the

dipoles rotates smoothly from one domain's direction to the other.


