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•  Start with a ferromagne<c chain of spins 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•  Start with a ferromagne<c chain of spins 

•  Then reverse one spin 

•  The spins are exchange coupled and so the excita<on 
becomes quickly delocalised on a <me scale which scales with 
ħ/J 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Number of thermally excited spin waves: 

In three dimensions: 

In one or two dimensions, the integral diverges. 
Magnetism not stable in Heisenberg model in 1D or 2D 
(Mermin-Wagner-Berenzinskii theorem,  
due to also to Coleman)  19 

1.  Spin waves 

2.  Frustration 

3.  Phase transitions 

4.  Magnetism and metals 

Outline 

20 

21 22 

23 24 



8/25/11 

5 

25 

22 

23 

1 3 

2 2 4 

=  + 

=  +  + 

26 

quartet 

2 doublets 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Chirality 

see M. Trif et al. PRB 82, 045429 (2010)  29 
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Phase transitions and magnetism 

•  Liquid-gas phase transition – can avoid the 
phase transition.  Not so for liquid-solid. 32 

•  Simplest model to illustrate symmetry breaking 
comes from Landau theory. 

•  Guess a form for the Helmholtz function (per m3): 

•  Can exclude odd powers because of the 
symmetry: 

•  Choose the constants such that 
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•  Find the minimum by differentiating: 
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•  Now add a magnetic field 

•  Set µ0=1 for ease of notation.  Differentiating gives: 

35 36 

T = TC, M ∝ H1/δ, δ = 3
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•  Effect on Helmholtz function: 

•  Heat capacity: 
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•  If M varies in space, have to generalize: 
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•  Hence the correlation length behaves as follows: 

39 40 
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•  First-order phase transition – extend the Landau 
model to a sixth order term 
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•  Generalized model has a tricritical point 
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Magnetism and metals 
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1D electron gas unstable to SDW forma<on 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Spin‐density wave 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TMTSF salts 

Stacks of TMTSF molecules ⇒  1D chains 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TMTSF salts 

Very rich 
phase diagram 
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