
Phase transitions :

Part I



Weare all very familiar w/
Phase transitions in oar day to

day life
,

but we don't always think about

many interesting aspects

1) whet is hppui, microscopically

2) what is happening Macroscopically

3) how
many phase transitions home " universal "

properties that don't depend an the specific system

This is what has fascinated people from skt

mech far
n 100

years
4 major modern areas of work !

1) How to sample / observe Ipredict pluses in simulation

2) what happens in unusual environments
, eg w/ confinement

( water in a nanotube
, protein . . . I

3) what  is phase diagram for may components ( lipids . . . )
HI What happens out of equilibrium ?

We had to start w/ the basics to

understand the mare complex phenomena



freeze I crystallize
←

(Tudwmucthkrlb)
meet

→

BasicThese P 9'

liquid
Diagrw solid µ . I condense fugue

droit .

t

Cross a line , discontinuity in some quantity ! e. g. density
Ehrenfest : discontinuity in deriv

.

of free energy [ density n Yqayopy

Modern definition : has to be latent het at crossing

@ For right ,
can go between pluses w/o Latent heart or

weird behavior
.

@ Critical point : 2nd order phone transition

Ehrenfest ! Centimes in first deriv
, but discontinuous

charge in second dot .

Modern !
"

Continuous "
phase transition

,
diverging

susceptibility , power law divergence of camels his length
C Discuss men later )

Typically ,
break symmetry in 1 direction

Liquid -7 solid
, translational Symmetry

Liquid -7 gas ,
o correlation length → finite correlation Kgb) )



Need model systems to analyze to illustrate the important
concepts and which can be " solved "

as

the computer or on paper

Magnetization Phenomenon :

a-

spins:#High.

"keyingIf
ordering . Lower T or increasing
B field has ordering Transition

Need " order parameter
" to describe a phase

transition , a quantity that distinguishes the

phases .

p - p , works far Lian 'd gas or Liar 'd

solid ,
O when a Liquid

,
nonzero otherwise

Here ,
M =

4720
; ) I on - MIN is magnetic her

m

'

It
o

I-Ii
Tc

no field
,

"

spontaneous magnetization "

To is curie temp , Pierre Corrie studied this transition

Can we
' ' doin

" this result . there to start w/
Hamiltonian in canonical ensemble and get

Z I N
,

V
,

T ) to compute M



"

Rent " Hamiltonian :

y
coup

' 'm 'm " '

,

- II. of

7T =
- k ?,

E . J of - IOB -5. FEI

where 5;
 = tho ;

← pali matrix

Approximation ,
consider only Z direction & field in

2- - direction ,
then

H= - I ?jJigoioj  - ? hoi
, oi

-

- Et 's }

if we make the further approx that coupling is short
rayed Jig -_ { J

, iejneighboring sites

0 otherwise

He - Jk -2 sisj -

?

hsi
← Ising Model

✓
kiss sic . C - til )

( Invented by here , gene
to grid student isis to

2 for Study in 1924 )

fable we can solve in Id
, approx & exact

. Onsager ( 19441
count 'T solved Zd exactly , no one has done 3d get . . .

if J > o
,

, liketo align ,
and h > o

,
like to align

faring up , hco
,

down

w/ h =
o

,
His min when all op

or all down

So configuration
-

- TTTTludlow - -
- has

M=O
,

and E = - NJ t J
,

so interface has canst  only
w

Emin
I in N

, hence only at T=o do you expect full ptusetms



in Zd :

TITTER - interface typically of size N
" he

Hulu tht and this is big enough cost to

Stabilize ordered State ( Usw Retorsion " )

Still an learn a
lot from Id is ing model

, including
mapping all sorts of physical problems to it

,
like adsorption to

a surfing or folding of peptides

So whet is Z CNN.TT ?
- I

Lets rewrite He  
- J

.

.sisix.iq - h ?!si

we can add periodic boundary conditions
,

Sat
,

= S
,

and

write in a more symmetric way

H= - J ??
,

sis it ,
- ha77

,

Ksit Siti )

=

.

,$- Jsisiti - hzcsitsitil )

Z  = -2g e- PEZ

=

}
,

-2g
,

"  '

In exp ftp.??fJsisinthzCsitSinl) )

for h=o

= -2 eBJ5t$2eP55253

,
. .

EPJSNSI

St ,Sz ,
. .

,
Sw

Defect
Let s

,

'
-

- Sj Sj . , ,
can only be It

,
but 2 ways

variables



I
BJ of

= 22e = 2 ( §
,

,eBJr)N= 2 lets
'

+ e- BJ
)

N

o
,

'
,oµ'

at

=2(2¢oshCpJ) )
"

f- = FIN = - KINlay 2-  = - ¥ log [ Kosh Cps ) ] t const


