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Paramagnetism, spin 1/2
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Curie law
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Atomic physics

In atomic physics, the possible values of the magnetic moment of an
atom 1n the direction of the applied field can only take on certain values.

Total angular momentum

J=L+S Orbital L + spin S angular momentum

Magnetic quantum number
m=-J,-J+L---J-1J

Allowed values of the magnetic moment in the z direction
My =M (g, Ly

Lande g factor Bohr magneton
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Brillouin functions

Average value of the magnetic quantum number
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Brillouin functions
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Magnetic moment (Bohr magnetons/ion)

Paramagnetism
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Hund's rules from atomic physics

Hund calculated the energies of atomic states:

H ‘WN93P> < <WAr4s ‘ H ‘l//Ar4s> < <l//Ne3d ‘ H ‘l//Ne3d>

<l//Ne3s ‘ H ‘l//Ne3s> < <l/jNe3p
WNe3p> <WAr4s ‘WAr4s> <WNe3d ‘WNe3d>

<l//Ne3$ ‘ WNeSs > <WNe3 p

H includes e-e interactions

He formulated the following rules:

Electrons fill atomic orbitals following these rules:

1. Maximize the total spin S allowed by the exclusion
principle

2. Maximize the orbital angular momentum L

3. J=|L-S| when the shell is less than half full, J=|L+S|
when the shell 1s more than half full.



Hund's rules (f - shell)
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The half filled shell and completely filled shell have zero total angular mo




Quantum Mechanics:
The Key to Understanding Magnetism
John H. van Vleck
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Pauli paramagnetism

Paramagnetic contribution due to

free electrons. Total energy, kinetic +
magnetic, of electrons

Electrons have an intrinsic magnetic moment L.
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I[fEp1s 1 eV, afield of B= 17000 T is needed to align all of the spins.

Pauli paramagnetism i1s much smaller than the paramagnetism due to atomic
moments and almost temperature independent because D(Eg) doesn't change
very much with temperature.




Paramagnetism

In paramagnetism the field aligns local magnetic moments

Paramagnetism due to atomic magnetic moments:
Determine total angular momentum J
Quantized values the magnetic moment in the direction
of the field
Use Brillouin functions to describe the field and
temperature dependence of the magnetization

Pauli paramagnetism (another component to
paramagnetism)
Due to alignment of electron spins in a free electron gas
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Ferromagnetism

Below a critical temperature (called the Curie temperature) a
magnetization spontaneously appears in a ferromagnet even in
the absence of a magnetic field.

Iron, nickel, and cobalt are ferromagnetic.

Ferromagnetism overcomes the magnetic dipole-dipole
interactions. Is arises from the Coulomb interactions of the
electrons. The energy that 1s gained when the spins align 1s
called the exchange energy.



Schrodinger equation for two particles
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Exchange (Austauschwechselwirking)
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The difference in energy between the y, and yq 1s twice the exchange energy.



Exchange

The exchange energy can only be defined when you speak of multi-
electron wavefunctions. It 1s the difference in energy between the
symmetric solution and the antisymmetric solution. There 1s only a
difference when the electron-electron term is included. Coulomb
repulsion determines the exchange energy.

In ferromagnets, the antisymmetric state has a lower energy. Thus the
state with parallel spins has lower energy.

In antiferromagnets, the symmetric state has a lower energy.
Neighboring spins are antiparallel.



Mean field theory (Molekularfeldtheorie)
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