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the real P is thus longheyconstant in the phase separated

state w̅

Universality

let us look at the behaviourof the system closeto RTim
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Universal quantity II parameter free

exp Many system had to PEF E 0.28 0.33

Notemiversal but close

A At Eta p p α 15 53 exp p p a 15 5 with 8 5 co

for all simplegases Universal

Emptily K 1Fp
P1511 1 him I Ka te

y xp K ftp.cy
Ip for all simple gases

Universal

Two surprises Then are universal observables that an identical

among quite different systems
models

They are not quantitatively predicted by mean field
Why Because fluctuations are important f i so is too

simple an approximation lean more 8.334



4 4 theFerromagnetic transition themeanfieldIsingmodel

The Ising modelis a simplified
modelto accountfor theexchange

interactics between electrons in a solid Caside a lattice

of L sits in d dimensions At each site we associate a

value si E i which correspond to spin 1 1 a 12 and consider

the Hamiltonian

H J I Sis Tu Si where J is the coupling

constant the exchangeenergy A is a magnetic field M is

the magneticmomentof the electrons For sirplicity we devotetheMB
and I uns over all pains of nearestneighbors

A configuration of the system is described by thevalues of

Si 2 configurations when N L is the numberof spins

When J o the spins are man interacting and the systemcan betreated

as a collectionofman interacting two levelsysters

It shows that the spins tend to align withh This is called

paramagnetism and the system'smagnetization M E s
tendstoalign

withh

Her we wanttounderstand the emergenceof ferromagnetism which
describes systems suitthat 1m71 Si remains non zero



as N 000 in the absenceofmagnetic field In suchsysters
the exchange interactions leads to an emergentmagnetization
Fenonagents correspond to Jso whichfavors while JCO

correspond to antiferonagents which favors d 69
Canonical ensemble

At T o P 83 and the 2Nconfigurations are

equally likely so that there will be no netmagnetization

At T 0 P 5.31 0 if all the spins arenotaligned m 1

Q Whathappens in between

Partition function let'skeep h finitefor now

Z e PG Sisith Is

so that cm but ask.FI 1

Can we compute Z

d 1 Yes Transfer matrix

6 1 Yes ath o Pain suffering Onsager 19421

less Wigner Jadan transformation

d 3 No C but recent advance due toextensionofconformalfieldtheory



lots of memories we understand thephysics

Result
A L 00 P m d n tmt d m m

m
Above the critical Cuie

temperature me 0 Below

m m It 0111

Ic DT
Can we understand this

Mean field theory
H JI Sis h Si

letus consider thecontributions involving spin i Hi Msi sE.si Si

5 I S can beseen as theeffectivemagneticfieldthattheneighbors

of i induce on spin i If the system is homogeneous

the fluctuations are small

DE.fm where
g is the maker

ofneighboursofspini 2d on a squarelattice in dimension

This leads to Hi htyms Si

This is like the Hamiltonian of a singlespin in a field hey bitans



we can solve that problemandcapute in hey map
make surethat theapproxiration is self consistent i e

in Beefml m

Partitionfunction zip e β thtomltepcht.ms

MiBef Ipp log
epthtans e β haul

in Bef tanh β higns I

ath o we want m tanh pqm

1ᵗ

ta

For TS Ts aly are solutia m 0

TCTs three solutions m no men

Looking for Tc small m expansion

tallal m βqmJ



TCT β9JJ 1 TC
s
T

CriticalexporentaderpenmeterExpanding.t

uh a a we see that

TCT ME βqmJ By
β β 95m 1 1339353m m α Tate p

2d β

Magneti fiel
m Bh mF F using i 9

T Te m α h's
T T m I c ph X 8th Ic
likefor the Van du Waals fluid
Si ti mi tie co latticemodelfor attractive

fluid
The world of phase transitions is full of such surprises


