
First Order Transition in Landau Theory
-

Consider a system Where the landau free

energy
Is given by :

g- = eye - wm3 + unit
[sE¥Ifw]

where in is the order parameter ,
n =

A¢#TD
2

and U , W are in

#
of the temperature

.

Two physical systems which one described

by the above form of free energy
one

liquid crystals and liquid to solid transition
.

?

What  is the Phase diagram and the nature

of phase transitions ?

Let as plot f as a function of

temperature for a range of temperatures .
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lo=*mfor T > Ts
, only one local minima

.

for Tc > T >Ts, two local minima
, global

minimastill at m=0 .

At T=Tc
,

the two minima are

degenerate Ci . e. have same free energy f)
.

for T > To ,
the global minima is at

m # • .
Note that mo is OCI )

,

⇒ first-Order transition
.

Lets plot f for T ( To now
.



d T=Tc T=Tz

t¥dw¥÷
for To > T > Tz ,

two local minima one at

m=0 and the other at M¥0 .

The

global minima continues to be at M¥0 .

At T=Tz ,
one chooses the local

minima at M=0 ⇒ For TCTZ ,

only one minima Cat into )
.



Phase Diagram as a fn of Temperature

-

Ordered Disordered Phohl
phase - →

TIP
2 -- metastable

metastaticKordas ordered phone if heating
Phase if cooling from T< To

from T > Tc .

Let's determine To and Ts in terms

of the parameters in the Landau

free energy
C r

,
U

,
Tz ,

W )

At Tc
, 21=0 has two solutions

am

m=0 , and M¥0 such thatFCMFO )
G- Mo ) =fCMo )

.



Han = ( r - 3wm +4um2)m=o

f = [ rz. wm +um2]m2=fCm⇒
= 0

The above equs .
have two solns ,

m=0

and r -3wmot4um3=OI -
wmotum.2=o} uformkdmoeoms

.

⇒ wm=
= umi ⇒ Mo =

WZU

n = a C Tc - Tz) = WI

⇒ Fitly2-
Latently : Since the order

parameter jumps across the transition
,

the transition is first order and

Is accompanied by talent heat
.



It is essential to note that

the free energy
is continuous

across the transition a 't always

is .B
, as Is obvious from the Plots

above
.

A . F =  Fordered -F- disordered

= DE - T AS = 0

⇒ DE  
= TDs

C
d

- talent heat §
ordered - Sdisordend

.

What B AS ?
Recall

.
S = - JF

. T
.

 
=

i

- V Jf
z

C Vi volume
of the

= - Vay
systems

2

⇒ S ordered - Sdisorsend
= - vzmI = - ±va(¥a)2



⇒ talent heat -

=
- DE = Edisordend - Eordened

= -

IDS
=

Tzva@zaj2-vfztFuaT.a
@aeJ

Let's calculate Ts now .
At Tis ,

If = 0 and 22£
am -2ms

= 0 has a

non-zero solution at M¥0 .

22£
= ACT - Tz ) - 6 Wmo-

z2Mt
+ lzu met = 0

Jtgm = [ACTETZ) -3wmot4umo2]m
⇒ 3wMo = 8 Ump ⇒ Mo = 31

=°

⇒
ACTETZ

) = 6W 3w/gu - 12¥138¥ 9w2%u



⇒

T=T+9nTf1216cL
Hysteresis , Superheating and

-
apereoolingjvaively

, the phase transition occurs at

T=Tc . But imagine cooling the

system from T > Tc .

The local

minima at m=o will make it

difficult for the system to
6 tunnels

to the global minima until the

temperature T= Tz Is reached

C i.e. when the global minima at

Mao is lost ) .

This is the

phenomena of
•

Superheating .
The

system can support a non - equilibrium
disordered state

.



Similarly ,
let's start from Tstz

and heat the system .

The local

minima at into survives until

T= Ty ,

' thus thlsystem will be

in a non . equilibrium ordered state

for Ty > T > To .
The actual

transition will take somewhere between

Ts and Tc , depending on
the

dynamics of the system ( which we

havent had the chance to discuss
.

This is the phenomena of
'

Supercooling



Continuoussymmetries

So far we have focussed on the Tsing models

of various kinds
,

where spins only
take

'

Only values Sizt 1
, or slight

generalizations where spins take a

few number of discrete values C says

Si
 ⇐±1 ,

0 ) .

In real systems ,
there often exist

cases where spins take a continuos

Set of values . for examples electrons

carry spin -112 and there exist models

where the Hamiltonian is :

*→

He- JESI . S ;
< ijy

⇒
where s = [ six

, 5y , 52 ] is a

there component Operator with


