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Orbtial magnetism – connection to angular momentum
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Orbtial magnetism – connection to angular momentum
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Orbtial magnetism – connection to angular momentum

(see Mike Coey’s lecture on 
Tuesday on the single electron)
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s-orbitals

p-orbitals
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d-orbitals
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Magnetic elements and ions
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S.J. Blundell, Contemp. Phys. 48, 275 (2007) 

Partially filled 3d shell gives 
rise to a magnetic moment

Transition metal
(3d) ions
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Transition metal
(3d) ions

CuII = 3d9

Partially filled 3d shell gives 
rise to a magnetic moment

S.J. Blundell, Contemp. Phys. 48, 275 (2007) 
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(see Mike Coey’s lecture on 
Tuesday on the single electron)
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A parable: p-orbitals

real eigenfunctions, for V(r) which is real
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A parable: p-orbitals

Ylm(�,⇥) l = 1 m = 0 cos �
m = 1 sin � ei�

m = �1 sin � e�i�

L̂z = �i� ⇥

⇥�
|m�

|pz� = |0�

|px⇥ =
|1⇥+ |� 1⇥⇤

2
|py⇥ =

|1⇥ � |� 1⇥⇤
2i

imaginary,                  eigenfunctions

note that these contain
the eigenfunctions          and

in equal mixtures
|m�

| �m⇥
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d-orbitals

93

3 cos2 ✓ � 1

|2, 0i

|2,±1i

|2,±2i

sin ✓ cos ✓e±i�

sin2 ✓e±2i�
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d-orbitals
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Jahn-Teller distortion in a 3d4 ion
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wikipedia
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wikipedia
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1. Exchange interaction of two half-filled orbitals is strong and 
antiferromagnetic

1. If this overlap is at 90o, exchange interaction is weak and ferromagnetic

1. Exchange interaction of half-filled with empty (or doubly-occupied) 
orbital is weak and ferromagnetic

Goodenough-Kanamori-Anderson (GKA) rules
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eg orbitals
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t2g orbitals
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Compasses work!
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• Shape anisotropy

• Volume anisotropy
• Surface anisotropy
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Magnetocrystalline anisotropy in elemental ferromagnets

cubic hexagonal
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Magnetocrystalline anisotropy ~M = (M1,M2,M3)

↵1 = cos ✓1 =
M1p

M2
1 +M2

2 +M2
3
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Origin of magnetocrystalline anisotropy: spin pair model

But also have to consider intrinsic single-ion effects (via spin-orbit)
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Bloch wall

Néel wall
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Ea = K sin2 ✓

Thin film case

Angle between surface 
normal and M

Film thickness Volume anisotropy

Shape anisotropy
Surface anisotropy

K =
2Ks

t
+Kv �

1

2
µ0M

2
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Does the 
sample 
disintegrate 
when it 
magnetizes?
No, but 
magnetization 
leads to 
stresses and 
this an energy 
contribution 
that must be 
considered
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SUMMARY

1. Orbital magnetism and angular momentum
2. Spin orbit
3. Crystal field and orbital quenching
4. DMI
5. Magnetic anisotropy
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