
4 5 TheFerromagnetic transition themeanfield Ising model

Isingmodel accentfor exchange interactions between electrons in a
solid which faras aligned spins

Lattice with N 2dsites where spin Si E are located

Halian H JE Sis h S

J coupling constant exchange energy

hints is the potential energyofthespinwithmagneticmanta
in a magneticfield werefertohas thefield for
simplicity

Eg is a sum over nearest neighbors

Configurations Si 2 configuration

5 0 2han interesting two level systems

M s is the totalmagnetizationofthe system
in is the magnetization per spin

Electras are fermions antisymmetric wave function If spins are aligned the

spinpartis symmetric spatialpartis antisymmetric pushed awayfromearth

other down the Cantabenergy farmed



The
spin tend to align with themagneticfield This is called

paramagnetism

Here we want to understand ferromagnetism which is the

emergenceof non zeromagnetization in theabsence ofmagnetic

field

Fenanagrets correspond to JSO which farms

Antiferonagnets Jco

Canonicalensemble

5 0 P Sib si a β o all configuraticsequiprobable
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What happens in between

Partition function keep h finite for now
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Just need to compute z

1 1 can bedone exactly using transfermatrix

d Yes at h o Onsager 1942 Pain suffering

Wigner Jordan transform

1 3 Noexactresult but progress that to extensionofconformal
field theory lots of muneries well understood
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Q Can weunderstand this
Tobehaviour

Mean field theory H Episi h S

Contributions involving spin i Hi h S J ESj Si
J ESj to effectivemagnetic field createdby Sj on S

If system is homogeneous fluctuations are small S 9m



where q is the numberofneighbors 19 24 on a squarelattice
in dimension d

Hi ht qm 5 Sc single spin withfieldheff htyms

Solve that problem to compute m heff in hap and

check that in beef m so thatthehypothesis is selfcasistent

Selfcasitency condition z hyp e β hums e
β hams

in theft 8 In
epthtant e

β htqusi

in tank p htyms

Tofind the spontaneous magnetization at h o we thuswant

m tanh 9β J m
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TSTc only one solution m o

TCT three solutions m Imo m o

Critical temperature tanh qβJm qβJn as n no
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Q why don't we see the m o solution

Landan free energy why solution is selected
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where r m of cafiguratics
with magnetization n
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In Tate m o

is a local maximum

i of the Landan fine
m m energy

Comment If you do not like the self consistency approach

compute Z Sdn e
film

extraoff 8th 0 m tanh 913J m

Minimizing the Landan fire energy is equivalentto the selfcasistacy

condition Then
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Universality criticalexponents

Expanding tankx1 x we seethat
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Magneticfield
m ph mF using hpTe qJ

T Tc m x b s

IT m If ph 8h1m Etc
Again the MF experents are quantitatively wrong but the real

ones are duniversal

Mi E 0 B is a lattice gas model

ma h maps
onto the 26 expects v v a Ippal's

Theworldofphasetransitions is filledwith these unexpected
mappings


