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Introduction to Magnetism
Hamiltonian in Magnetic Substances

H = -2JΣij Si・Sj

J < 0 （in case of   wave functions mixed ）

：Antiferromagnetism

J > 0 （in case of wave functions being orthgonalized ）

：Ferromagnetism

Model Hamiltonian for Strongly Correlated Electrons Systems 

- 2JΣij Si ・Sｊ

Coulomb repulsion

Transferred integral

(6-2) In order to improve the HL wave function;

We incorporate the following states, using φa (1) φa (2) and φｂ(1) φｂ (2)

Then, the improved trial wave function is expressed by Φ =c1ΦHL +c2Φ’ .

Show how to get the following relation and solve an eigen energy for this state 

If U0ｰU1 > >| t | is valid for Mott insulator, show that the eigen
energy is given as the follow;
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Hund’s Coupling JH ＞ CEF splitting 10Dq

Electronic Structure of Manganese oxides When J is negative due to the overlap of wave functions among 
nearest neighbor atomic sites,  Spins are anti-parallel. On the 
other hand,  if the wave function is orthogonalized, J is always 
positive and hence ferromagnetism is realized

Proof:

1 / r is expanded in a Fourier series as

J = －2St + J’ = J’ (because of  S=0)
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Electric-field control of  ferromagnetism



Read the reference; 

H. Ohno, D. Chiba, F. Matsukura, T. Omiya, E. Abe, T. Dietl, Y. Ohno, 

and K. Ohtani,   “Electric-field control of ferromagnetism”,  

Nature 408, 944 (2000).

1.  Describe the origin of ferromagnetism in Mn-doped semiconductors.

Magnetism on Report (deal line: 11/11)

2.  Consider why the decrease (increase) of the hole  concentration by the 
application of electric field results in a reduction (an increase) of hole-
mediated ferromagnetic exchange interaction among localized Mn spins.


