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Definitions 2

☞ Heitler–London Calculation for Ferromagnetism

☞ Heisenberg Model of Ferromagnets

☞ Néel State

☞ Indirect Exchange

☞ Spin Waves

☞ Schwinger Bosons

☞ Holstein–Primakoff Transformation

☞ Stoner Model

☞ Anderson Model

☞ Kondo Effect and Scaling Theory

☞ Hubbard Model
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Weakness of Magnetic Dipole Moments 3
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Heitler–London Calculation 4
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Figure 1: Setting for the calculation of Heitler and London (1927).
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Heitler–London Calculation 5
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Heitler–London Calculation 6
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Heitler–London Calculation 7
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Heitler–London Calculation 8
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Lieb-Mattis Theorem 9
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Figure 2: The energy of a wave function with a cusp is always lowered by smoothing out
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Spin Hamiltonian 10
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Heisenberg Model 11
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Heisenberg Model 12
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Heisenberg Model 13
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Spin Waves 14
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Spin Waves 15
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Spin Waves 17
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Spin Waves in Antiferromagnets 18
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Spin Waves in Antiferromagnets 19
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Spin Waves in Antiferromagnets 20

� � � 	 � J � NzS2 � � J � S

�

k

�
�

� �
� a� �

k

� a� � �

k

� � a�

k

� a � �

k �

cos �
�

k�
�

� � � 2� a� �

k

� a�

k�  (L63)

� a�

k

� cosh � �

k

�
�

�

k � sinh � �

k

�
�

� � �

k � (L64)

tanh2 � �

k

� 	 1
z �

�

cos �
�

k�
�

� � (L65)

� � � 	 Nz � J � S � S � 1 � � 2 � J � zS

�
k

�
�

� �

k

�
�

�

k �

1
2

1	 tanh2 2 � �

k (L66)

	 NS2

� J � z 1 �
�

zS
 (L67)

� �

k

� 2 � J � S z2	 � �
�

cos

�

k�
�

� � 2 (L68)

12th October 2003
c� 2003, Michael Marder



Comparison with Experiment 21
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Figure 4: (A) Dispersion relation for ferromagnetic magnons in iron. [ Yethiraj et al.

(1991), and Lynn (1975),.] (B) Dispersion relation for antiferromagnetic

magnons in CuO. [ Aı̈n et al. (1989).]
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Stoner Model 22
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Calculations Within Band Theory 24
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Calculations Within Band Theory 25
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Element: Sc Ti V Cr Mn Fe Co Ni

Calculated m � � B (bcc): 0 0 0 0 0.70 2.15 1.68 0.38

Experimental m � � B (bcc): 0 2.12

Calculated m � � B (fcc): 0 0 0 0 0 0 1.56 0.60

Experimental m � � B (fcc): 1.61 0.61
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Figure 5: Resistivity data for MoxNb1 � x alloys. [Source: Sarachik et al. (1964).]
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Figure 8: Low-temperature specific heat of the heavy fermion compound UBe13. [Source

Ott et al. (1983, 1984).]
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Figure 9: Six representative phase diagrams of the two-dimensional Hubbard model
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