


We want to find <m(x)m(*K
,

and for simplicity

we focus at TSTc ( <ME = 0) .

Otherwise we

should weitem(s) = m#+ M(X) and the free energy

reduces to a function(al) of u(r)

Let's
go back to the partition function

N(d[ttm2 + = blim)"]
z = (8mpe

where=a 3 close to To

Let's go to Fourier space : m(F) =-> in (E)

m(X) and i (E) are two perfectly equivalent representations

of the fieldm,

Let's use the convention

(E) = Je
it.

m(x)

m(x) =(d)dEgiEm(E)



Then we have : complex conjugate

m(x) is real : m(x) = m
*

(*) conjugate

=> m()=dec]d e-iEYne) =

Fin(deiEm *
( - E)

E - - k

From which we have (e) = m * ( - 1)

Moreover :

Mi =/dinin= JeiE(E)

=> FTFm] = iEi(E)

Now we write

m2() =[i] "JetfolE git(E)i(E)

and Jdzmibe) = [Ee) "JedEin (E) in(E)

· Je ei(E
+Ei

=

= )dEdE'i(E)m(E) S(E + E) =

= EadEin(5)m(5) = cJdEmIE)m * (E)



We treat in thecame way (Min)" :

(ii)" = Tena) "SE/dE eCE +Elin]i(E) in (Ei)

them

Jal()"= Je ECE) m* (i)

ThePartition function is thus

-]d[( + bk)m(E)m * (E)]
z = /$me

Now let's write m(F)m(J') using Fourier

*=+
-

m((m(y)) = m()m(x +) =

= at(dfd ei
+i+(E) =

- /detei(h
+X +it

in (E) in(E)



Actually ,
we can compute the correlation

averaged over spence :

(Cr) = +(d)m(x)(X+ 5) =

de

= Jd(din(E)(E) efei(E
+E

+E)

= (d)dEmE) in (b) eiPSCE-E) =

= ]dEm()m()e-iE . =

- din(E)*() e - it.

At last we can put everything together :

<k= ) Em /din()*(E)-EJEE
+but in

Z
↑
integrating over all

possible m(E) or all

possible in (E) is the

some thing because they are

in correspondence due to Fourier

Cit is just a change of variable
, if you

Hwan



- NVS[t+ bb2](+mdi

(=&m (i))m +) .

<

Z
&

·

e-it .d

A few considerations :

1)
&m -> Du BE seems like

doubling the
variables !

It is not
,

because (5) = id (-E) and

↑ (E) = - m
=
(- 2)

so
that it is divided by two in Espace

2) The integrals for up and i will be identical

3)
How do we perform that integral ?
Let's learn how to manipulate it using a bit of
intuition

SEMRGM runs over all possible values that
each i

,
and in can take for eachI

Let's write it as a sum
,
ifI was discrete (far finite

volume
, actually ,

it is) .



then

/DiGi- MESSE
Likewise the free-energy (argument of the exponential) is :

Jon Ti) + biki) (m + mi)] -> [=(t + b()(mi +m)]

The partition function is thus

-NVJdE( + + bk2)(m + in
t = SamGe

↓

J()di((
=IE with ICE) = /-Altbb

We can now compute (CCE)) :

(()) =xdmt)Chtblm
+

must
Ex

· jidE +

+ same for(E)



Thus
-Nv[2 (++bli]

<(5) =mE-mil.
+ same for inI

The final result for R and i is the same

=S-

normalized Gaussian

=

=

-t

x()=



We t have that the Fourier transform of Schrk is

f[x]& = F(b

which is real and even
,
that is

,
F(E)=**( - E)

,
and

,
as

a
consequence ,

(CCF) is real (as expected)

The antiteansform is (apart from multiplicative constants) ,

in 3d (see exercise session (

((r))
where i is the correlation length 3==1 +

*

In general it can be shown that

<a F() alway with 3 a +

and F(x)

(Mathematically much heavier to derive in df3 ; careful is

dis -fr :

22d =n
-

=
- am

= 1 -chr)
d = 2+ E



It is remarkable that zet--> if +- (T+Tc)!

We have now the list of mean-field critical exponents :

mut B = 1 me
B

use
" S = 3

mu

specific heat <v
- &

a = 0 we did not derive it explicitely

X - +
2

U = 1 x vt
- j

32t v= z-t
0

Then there is

<>t


