
Landau Theory of Phases and

Phase Transitions
.

Above we saw that the free energy density

for the Tsing model at h=0 takes

the following form :

f  = vmt + unit

where m is the average magnetization

And r x Te - T while u > 0 .
Thus

,

^ changes sign across the Tc as the

temperature is ranied

yf
f

r > 0 r< oII.



One could have written down the above

expression for fcmtsolely based on the

Symmetry : f must be invariant under

Me - on since at h=0
,

the Hamiltonian

is invariant under Si → - si
,

and

since M= Csi >
, few ) inherits this

symmetry .

For a more general case ,
the analog

of M is called Order parameter
- .

When the Order parameter Is

zed
,

the

system is in a symmetrypreservingphase ,
and when it is

non-zero
,

the symmetry is spontaneously broken
-

Again ,

we reemphasize that the symmetry

is
"

spontaneously
"

broken only if the

Hamil #they ,
the free energy

) has

that symmetry to begin with For examples
-

.

in the presence of a magnetic fields
fcm ) will not be symmetric under m→ - M

,



due to the presence of the term him
.

In this case
,

even though Mto ,
the

symmetry B not broken spontaneously ,

but explicitly#  a

'

Explicit SymmetrySpontaneous symmetry
Breaking CSSB ) Breaking

Inminting.FM/unEieTommYnorstate of the system the state has

doesn't .

e.g . Tsing the symmetrymodel at woot at

eg . Tsing motel
Tete .

-

I at Wto at

any T
.

2 . provides an understanding /
Explainsessentially

of the exsitcnee of distinctMo*Eing.phases of matter .

g



The best pant of the Landau they B

that it only depends on the symmetries
=

and not the details of the Hamiltonian
.

This is a very deep fact related to

the universality of phases and Phare

transitions
.

E. g. consider the Hamiltonian :

H= - Js§; ,
Si si - Jz←§

, ,

Sis ;

- h÷
where ← i. js > denotes next - nearest

neighbor exchange on the square lattice
.

The tandem free

cij¥p§# enemy
is uncharged!

= f= rm2+ unit

< cijs > + hm

since the symmetry is

still the same .



Quick recab of Landau free enemy for

EYYe.ee#=rnmatEyu,Ftnm

)

±
.

#i#iT > Tc
,

w=0 T=Tc
,

w=0 TCTC
,

hfo###u.

second . order transition !

T > Te ,
h > 0 T=tc

,
W > 0 T< To ,h > 0

Item
.



Critical Exponents from Landau Theory
.

The Landau free energy corresponding to the

Ising model is :

f  

= rmt + unit -
hm

Since r changes sign across
I

.
we

write it as r ⇐ACT -Fe ) .

Let's study the critical behavior of this system :

10

DependenceofmonT-Tcath=#

We expect m vs T graph to look like :

he¥twhat's the analytical structure of this plot

close to To ? ?



Minimizing f w.r.t.vn at w= Ot
.

⇒ 2mr + 4um3 = 0

Two solutions m=0 and M2= -1
ZU

'

The Mt =  I makes sense only
ZU

when r < o i. e . Tsta because

Mt is positive .

⇒ m=0 for T }I .

further ,

for r< 0
,

m2= -1 has
zu

a lower free energy compared to MZO

as one may readily
cheek by plugging

these two solus into fcml .
Or

,
one

may simply note that 8¥ is positive
2Mt

at m2= - I ⇒ local minima while

zu

2¥ is negative at m2=o ⇒ local

Fur F
maxima

maxima
. # an

a- minima



⇒ m =Eu ~CT#
'

'
2

⇒ critical exponent B= 1/2 .

-�2� Dependence Of M on h atT=To .

Att=ta,#]
Minimizing f : 4um3 - he =0

⇒ m ~
k£13

⇒ critical exponent 8 =3
.

�3�

spinsusepetibilityat.hr#fasafnofT-Tc=

.

The magnetization m satisfies the equation,

0¥w=o ⇒ Zmr + 4um3 - h=0 .

Differentiating wrt h ⇒ 2=(-12*2)
Now consider two cases

.

r > 0 and

rco spearalely ,

since m is a

singular fn of r .



3a .
r > 0 :

For n > 0 i. e .

T > To ,
m=0

⇒ 2r JI =L

zw

⇒ . JM
= 1- C n > o)

fw|w=o+ = £ •

Ztrlexponent

⇒ 2mbn|~,

,±tos⇒N=1

not

3b .

r < o :

Forn< o
,

at h=o+
.

we just

derived above ,m4E→+- Eu

⇒ ( 2r tennis )2mn==1

⇒ -
4N 2M_ =L

sn
|h⇒+

⇒ ogt=a÷=÷rTtrot

Csinurfnht
- ni ⇒ as

Ftlso ,

2m/2h|r > o
IT -71

/FInlno.to#0nireosae


