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Lardau constructed a systemachc formubdion To dexcrbe a2l

Sorfs of phaae Tramifion within mean-Rd approximation. The
ke@ & o intoduce +he notion of order parameten €, which can
be magnetzahion in Bromognelic franaiton, dielectnc polerzation
N feroeloctne Agdfemxs, fractkon of Sape(’(bﬂowoh‘rg elbotrons ch
Q dupercercluctar ardl 20 on.

D larndaw ﬁEQene/gy fenction 3
Corwider a phasa trenwition or the order pammeter § with 2,
symmetry (Le. §<“*‘§Sy/rmdry). The Lardauw free enepgy

ostn® F(§7) = UlT) - Totex)
The eguilibrium volue 5(T) minimizes FL and #he free energy

| FO=RED S B 60w
| | é‘.:(‘c) and F(T) ¥

OK, #hes docrds 84'@]"@2"' how can we get F(ETY? Nean
the Dhase franphon, [anchi amumes F(ET) qan be Croeercled,
Lﬁ"@g’:) = —ZLQ(T~Q)§2+ZLL5§“+ e

Tnh generml, ¥, Q,b,C are Sncoth fanchons of femperatede
ard can be freated apd condant: The () factor needls

Some physica¥ insght-

CoefBcient of” & - ahould
" { T>T, we hant §=0" be posifive
R T<T,, We expect &+ 0 @~ Cocfficient of € should
Th;"kooo be neacvhue )
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The prevfc:m cugwnem" means the coeffioent oF éz C?La/@ea S‘@n

when Croading T=Tc. Although the motivation s Justifed] and

I the critia temperzdure of #he sacond-orden

w , _ phasetransiiin & indeed . But,

/ c - for the first-order phave frenyition, the
apprexindled  fransition femperiare T S o gerens.
by a(t-1%)

@ 2" oveder phase framdifion.
Fer- 6>0, UF & rot necessary To indludle higher-order ferms,

fi(g=) = Fo+'2L'Q(T‘Q)§l+ZLL6§ﬂ iw;&?“’

N FL ™ ™ = e PN < T
\;f \ e / é
>4 ¥ T o 5
=0 § llé i : 1‘

= o very it

The profiles of F.(§<) are shawnabove. for T>T, therely
cry one minimim &=0. For T<T there are fwo minina
f\é&(@oafeof by Z, %mmeh*y) At the critical pont, the
EZ term vanishes and the profibe s very l;‘Paj"f

ggzo —  a(eG)é+bE =0 §=r/0ﬁ;~r)‘)
[«] (o] '_'_6—_—
Substitute & into Fi. T get FO)2 C oy B << |
[ - NET)
o -C>TC ey
F<)= 2 NEX
) { F—p (ee), To% ol
= //v
torder §40 Statdize = =
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TH$ obviown that F(T) (» conbinucwn. What aboud
B /_'—— o denvadives?
) O j g
|- : 25 (-T) T<T

T The 15 denvative & 21l continuowes. T implies
the Latent heat o zero 2

L=Tao=1 [orH-0(]=0

Let§ compule The recend
dervative @ _éLLE:_@”:,;C: {o; Lol
/9’ ort 3T T v ~ Ay, T
. _at  Thua, the Specific heat Ras a gump
,  ShJemp=tse o
S SR TR b e BUeT
. CF o called  the 272 order phase frezmition

c

D 1 order phase trannition 2
When 6<0, one must indude € tem To epse Sobilaty -
F(§T)=F+ 5a(TT) ¢~ £ &%+ 4 &8

The evclufion o F (€ T) p@@Q@Q Ly Aifferent2

N {5 o [; g f
—.éo §°=l-‘0

£=0 ~% © é,*o
Cne can féllow the 2ame Eogic To Compule e

i or Ts T Caae |
aéL:O - o(r-n)«*%—/b/is"’“czis:o g
- ] — The other rooT
Lt 2 e (o e paneA it
£% 5L [ b1+ /65 4ac o) | i
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IF one plots the order parameter €, o id clear To Mo a Jump.

£ON The tramsition Temperafere T can be Compuled,
— F (€=0, ) =f-7_(s‘o=f=qt¢>\ T
L ;r > Affer rome anrebm g&b"
g T ' T e l6ac

The ffez energyy Can be Compuled ad well and (s plotted below.

AN F(T)
o O“('c:) - O“(-(;“ )= ACJ“:“-[-S?F-_‘_—* g—%_] e
fini
g;r <= Thus, the afent Aeat o Not zero.
—— {:/_:__ T A >0 Since. Pt & alreadly
e Singediar; I called
D Revisit Tsirg modlel.
It & hephS to revdsit the Tsing mochel) dleacussed befere.
The energyy of a Pin at »ife L s { mean-Gell
E' = Z/ — ’._)OE 3'{ <O\>
T o g9 () = —Eator o 1

The average energy of the whole agatem &

_ 0 _ N 2 A/M‘:(U')toa\/tﬁd
&) (E> 2 ? (E<1> o €2 m Confzudion wsith enfrepy o~

Fc'mﬁg.fuen Spin pokarizaton M= <7, the Pokabilihy dotribation
W guite i z

:77\6 Corresporaling enfropy 13 cone Spin w
%= = & Kbk

- - (52)eg (42) - (52)0 ()
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[reating m a» order parametes, the Landauw ffee energy fanction o

F(mT) = C}(mt)—-”co*(mr) =62 Cntical femperdiuie

= - FgmeNT (D )Cog (L1 )+ T (E2) g (120
WWW\M
QL(/DT'OdO]uPOKQQSP:M-—-WNﬁmeAO"

Spand FM,T) near m=0, one gets the follovwing sened,
E:(m,t)-: —2—/— (‘c—-‘q)/r\l—f- —-'cm + O(m°® )}

Landaw (s smart To get the farm Rght with cbing actual
colcubationd ¥y
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