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Last time 

• Crystal fields  

• d,f electrons 

• angular momentum quenching 

• p-d interactions, splitting of levels 

• Spin peierls 

• Jahn Teller 

• Charge, orbital, spin ordering 
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Today 

Today Itinerant magnetims Ch.7 
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Magnetism in metals 
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Free electron gas 

• Pauli paramagnetism, Landau diamagnetism 

• Spontaneous spin polarization (Stoner) 

• RKKY 

𝜂 = ℏ 
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Pauli paramagnetism 
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Stoner magnetism 

Spontaneous spin polarization 
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Stoner criterium 

Exchange interaction 

Density of States at EF 

Product 

Stoner criterium 

In agreement with  

Fe, Ni, Co ferromagnets 
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Stoner magnetism 
• If UD(EF)<1 then still change in susceptibility 
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Spatially varying fields 

• RKKY interaction (Ruderman-Kittel-Kasuya-Yosida)  

(par. 7.7) 
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RKKY interaction 
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RKKY interaction 
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Ch. 5 Ordered magnetism 

• Ferromagnets 

• Antiferromagnets 

• Ferrimagnets 

• Helical order 

 

• Weiss model (Mean field, ferromagnetic, L=0) 

 𝐻 = −Σ𝑖𝑗  𝐽𝑖𝑗𝑆𝑖 ⋅ 𝑆𝑗 + 𝑔𝜇𝐵Σ𝑖  𝑆𝑖 ⋅ 𝐻 



Magnetism – SS19 – Lecture 4 – PvL – 13 

Mean field model 

• Each spin feels the field of all other 

Field of other spins: 𝐻𝑚𝑓 = 𝜆𝑀 

𝐸𝑖  =
𝑚.𝑓.

 −2Σ𝑗  𝐽𝑖𝑗  𝑆𝑖 ⋅ 𝑆𝑗  =
𝑛.𝑛.

 −2𝐽𝑧 𝑆 ⋅ 𝑆𝑖 == 𝑚𝑖𝐻𝑚𝑓 = −𝑔𝜇𝐵𝑆𝑖 ⋅ 𝐻𝑚𝑓 

𝐻𝑚𝑓 =
2𝐽𝑧

𝑔𝜇𝐵
𝑆 == 𝜆𝑀

𝑆 =
𝑀

𝑛𝑔𝜇𝐵

  𝜆 =
2𝐽𝑧

𝑔𝜇𝐵
2 𝑛
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Above ordering temperature 
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Below TC: Sponteneous order 
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Below TC: Sponteneous order 
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Below TC: Sponteneous order 

Numerically solved m=tanh(m/t) 
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Ferromagnets 

z n [1022 cm-3] g p C [K] Tc [K] J [meV]  

Fe 8 8.5 2 5.4 0.51  1043 2.3 2045 

Co 12 9 2 4.8 0.43 1388 2.3 3228 

Ni 12 9.1 2 3.2 0.19 627 0.6 3300 

Gd 12 3 2 8.0 0.40 293 0.2 733 

M(0) 

[gauss] 
M(0)/NB 

Hmf  [106 

gauss] 

Fe  1740 2.22 3.6 

Co 1446 1.72 4.7 

Ni 510 0.606 1.7 

Gd 2060 7.63 1.5 
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• 3.1; 3.5 ; 3.11 

• Which 3d ions can be Jahn Teller active, what 

are the corresponding d-electron occupations ? 

• The lowest 3d levels in an octahedral field are 

the t2g  triplet (states like dxy). Can you predict the 

energy splitting in a tetrahedral environment  

• 4.4; 4.5; 5.1; 6.13 


