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Magnetic Anisotropy:   OBSERVATIONS 



Phenomenology of Magnetic Anisotropy

• How to characterize MA?

𝑢𝑎 =
𝑈0

𝑉0
= 𝑢𝑎(𝜃, 𝜙), T fixed

𝑀

Free Energy Surface



Phenomenology of Magnetic Anisotropy

1.Uniaxial Anisotropy



2. Cubic Anisotropy

𝛼i =
Mi

M



Easy: <100>; Hard:<111> Easy: <111>; Hard:<100>



Mechanisms of Magnetic Anisotropy

1. Magnetocrystalline Anisotropy

Lattice
(Crystal
Field)

Electronic
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𝑳 ∙ 𝑯𝑪𝒓𝒚𝒔𝒕𝒂𝒍

S∙ 𝑯𝑪𝒓𝒚𝒔𝒕𝒂𝒍
S∙ 𝑳

Two limiting responses:

1) Crystal Field > SOC, 𝜇𝑆 weak anisotropy,
𝜇𝐿quenched, 3d transition metals and alloys

2) Crystal Field < SOC, 𝜇𝐽 = 𝜇𝐿 + 𝜇S,

large anisotropy, rare-earth metal



2. Shape Anisotropy

In a homogneoursly magnetized spheroid, free energy density

𝑢𝑎 =
𝜇0𝑀

2

2
𝑁⊥𝑠𝑖𝑛𝜃

2 + 𝑁∥𝑐𝑜𝑠𝜃
2

=
𝜇0𝑀

2

2
𝑁∥+

𝜇0𝑀
2

2
(𝑁⊥−𝑁∥)𝑠𝑖𝑛𝜃

2

Uniaxial anisotropy!

Demagnetizing Field: 𝐻𝐷𝑖 = 𝑁𝑖𝑗𝑀𝑗

Demagnetizing factor:𝑁𝑖𝑗



3, Inverse Magneto-strictive Effect

For a single crystal of cubic
symmetry,
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