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Chapter 2

Lecture 2 : Basics concepts in statistical physics .

[ MM 08 ]

Thermodynamics :
heat temperature work

.

Macroscopic .

4 laws

microscopic .Statistical physics :
-

St ↳namical

Most important message : The free energy function is

most important quantity to calculate in SP
.

It can be

used to derive most of the properties of physical system .



① Configuration space
and Gibbs distribution

.

Example ( Ising model ) .Concept .

Configuration space
: A D= { It}

" ( r- IR" )

configuration
'

.

6 ER
6 = { +1 , -1 , -11 , -11 , -1 .

. . . }

Observable :
f : N → R f-(6) = ¥2,6 ;

Emery function : H : so -7112 HCG = T.gg?n,Jij6i6j
( Hamiltonian )

Ferromagnetic model : Jij = - I

spin glass model : Jij d NO .de)
.

* Gibbs / Boltzmann distribution
.

Vo is reference measure on r .

Ppl do) = ÷ exp f - pH lot lvoldol .

ZIP) = f exp I
- PHIS) )↳ (do) Partition fmroeron.

g
N

B -

- inverse temperature . T= YB : temperature .

Ensemble average : f : r → IR .

L - 7£,

< f >, = faffs) Pplds) ,
n

. p→o ,
T -70 Pp → Vo

. (Gol
High temperature limit

low temperature limit : A → co
,
1-→ o

.

Pp concentrate on
Roz argmintlo)

slimPp (No) = I
,

p-so

② Thermodynamic potentials .
( Special functions of p )

.

Fix Hehn Pp

Free energy : FCB ) = - ptlogzlp) .
Free entropy : Elp) = log 219)

.

Internal energy , Ulp) = LH >p
= fnHlDPp(do)

.

Canonical entropy : Stp) = - Epp log Ppk)
GER

Z' IB)
a) I' ( p) = Idp ( log -4M] = ⇒ = - SH >

e.
= - Ulm

.

21ps) = ddp ) exp f- PHLOX Volda
= f exp C- AHH ) X C - HH) ) Volda .



b)
.

I'
'

(B) = Varp ( H ) = [ SH ' >p - CHI )
.

E'
'

IM -

- dq[ Iff, ]=
Z'

'

( p) = ftp.fexpc-BHLG) x L-Hla ) Vold o )
= Jexpc- pH lot ) # Lo) )

'

v. (do)
.

I
" ( p) = CH

'

>
p
- LH >5.70 .

c) Scp ) = - E Pelo) log Pelo)
= - Epple) [ - pH lo) - log 26) )

= petty, + logzlp )

= p - U (B) t ELP )

Ftp) = - four) = ULB) - pts (p)

③ Thermodynamic limit and phase transition .

Hn

Fn IB) , Intro) , Unh) , Snl B) .

For large n
,

the potentials are often proportional to n

= tiny Fnl B) In free energy density .

41M = ¥
.

- - In
.

Ulp) =
-

S ( p) = - -

f- ( p) will be always confines
.

Hel is often analytic in some region of p

At some Pc ftp) can be non- analytic .

Phase transition at Pc .



④ Ensemble average of an observable
.

Mls) = Ena
,
Oi

.

H

Goal : to calculate Liff on >Fln .

Some oracles : Given any Hamiltonian Hd we are able

to calculate ftp.x) = - ptlogfexpf-pH.la/vold6) .
Idea : Introduce a perturbed system

Hx # = HCG Td Mk) .

Ppa Lds) = ÷, exp f - photo) ) volda .

Z( B.d) = fexpc ) Volda)

# ( B. d) = log ZIP .
X )

.

ftp.xk-ptlogELB.si ) .
< g >p , = forged Pp.aldd .

* Prop : 2nF ( B. x) = LM >
p,

2x F ( B . o) = LM>p

Ronk : ftp.N-ti?EnlP.N/n.mlp.x)--hiIpsM7p.n/n2xfLp.x
) = mlp.si)

.

⑤ Ensemble variance of an observable
.

Lemma : aiolis .x ) =p
- [ < M -

ha - < Msm)
=p

'

Varp(M )




