
-MeanField Theory

Ising model : H : - 5 [0:0; - H[0,
[ij)

where Jij = Jliki - Ej 1) is the coupling between

sites ; and j . We begin by writing= Mit So:

where mi = <O : ) is a themodynamic average.

Thus So = 0 : -Mi . We assume Mi =m is site

independent. Then 0:0j = - m2 m/0itj) +&
and we drop the last term which is quadratic
in the fluctuations . We then arrive at the

mean field Hamiltonian :

#mF = NzJm2-1z5m +HI [0,
-

The effective field is Heff

Heff= zJm + H
- external-internal



Thus the problem reduces to non interacting sping
in an external field Heft . We now have

Em = Treshme
= C-BN7JmtleBlHtzJmly

Adimensimalize : f = F/N=J , 0 : bBT/z5 , h = HIz]

We then have

f(m
,
0
,
h) = [m2 - Ologcush-Olog2

Extremite wrt the mean field m :

=0 M = tan selfconsista

which is <0% ) = tanh(
Zero external field

When h = 0 we have m = fanb (M/0)
.

Let's

look at this graphically :
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The critical temperative is P
.
= 1

.

For PCEC

the broken symmetry (m + OI solutions to the

self-consistency equation correspond to lower free
energy than the symmetry unbroken (m = 0) solution

I see figure) . How does m depend m 0 ?



Using log coshu = -- +
... we have

f(m
,
0
,h) = Plog2 + [m2-Ologcrsh()

=-Olog2 + (1-m+

= 0 = (l-m+..
Dividing by m , we find

1/2
m == 5 (0c -O+kno m to sol "for 071
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