











































































































Wederivethe existence ofa phase transition in a model proposedby Lev
Landau

Wewish to describe asystem which exhibits aphase transition toastate
n which

manyspins point in
thesame direction Forsimplicity leteachspinonlypoint

upordown sit 1,15 This system's magnetizationisgivenby M si

Wemight describe sucha system's free energy using aseries expansion in
themagnetization

F M I Fo t a T MtbM

wherewehave
excluded oddpowersofMbecause theenergyofthesystem doesnot

dependon thesign ofM butratherits magnitude Weassume by0 forsimplicity

Now suppose
there existssometemperature To atwhich a T changes sign The

simplest case isthat a T a T T forsome a 0 Theequilibriumpointofthis

system occurs when

84 0 2M a IT Ti 2bM

M O or M a.FI
Evidently this system has 3equilibrium points butonly one isphysical above

To Weask aboutthestabilityofeachequilibriumpoint










































































La FT 126M

mo

Lao Fto Thus thezero magnetizationstateisstable

for T To and becomes unstablewhenTis
lowered

belowTo

8
me.ge

2aolFT 124ft Ya tot

Soby contrast these twopointsare stable for Ta Tc Thus as wevary
hesystem's temperature through thecritical point itsmagnetization variesinthisway



wherethesolid lines indicate stable configurations andthe dashed lines indicateunstable

configurations This system exhibits a supercritical pitchfork bifurcation

which is tosay acertaintypeofphasetransition asthe temperature isvariedthing

thecriticalpoint Below To oneofthe twostatesof nonzero magnetization
becomes

thermodynamically


