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A) Preliminarics

) Thcvmadyaaﬂ&ics
In +h¢vmool/ruvm‘cs, we calewlate .‘rrleve.s-I'rnJ

macvoscopic projerhies of Jyskms. The FUndamental
.&m.w#"y is 4re

Free encfa% f(f, h\)

inV., femp. -Ft.e.ld
De,v.'«d.ves cf Hne ﬁee eﬂers), Jn've wS e MA.CVOSCQ"C

proyw-’.‘cs ) 6.3 .

ma. anc#i 2etion, o (M | "?i.f
(order pararmek v) o
internal emer w - .@. ( f )
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e.n-lro?y S ¥ ,5; - F w
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(Secomd dev’s wrt h and B g Suscsy/;l..‘l'.#] and
+he specific heat )
Problems of combinadovial opfimization (eg L -SAT) are
Zevo - dewp . | mean- field vandon spin systems. Here W
gives Yre ophimal c_nersy (e.q. rvax -k ~SAT = minH of unsof.

Clauses) and S Gives te Number of solutions with this enorgy,

.
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2) Statistical Hechanics
Stotistica) mechanics is on aMempt do clerive -I-hamod/nmaq

cvom micros coPa'c moadlels.

spoce: A
Stokes: S e .O.A_

Homileniam :  Hy (s) arergy of stede ¢

Fu.v\c\o.\m.cn"'cd oSSV p\_.)"' 0 N/

R nH,(>s)
systeen in skte S (Y e ﬁ A
PYOb g{’ iV, +¢,MP F )

epectations :

X QA > R fo ctien
= s 4
/.LA(X) - <X>A -2- Z_ XCS) (3

rmormaliZzation '
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portidion fornchion Z’A - Z- e P HAGs)

s€ 1,
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VNI ~
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B) Models
Comsi der M’/ lafdice medels ¢ QL CIL

Graph G, = (A, E(AY)
(or for k-bedy interackions ) k-wni. bypecgraph)
1) Spin Medels
o= {o.lxeA} e spn cofiguradior

HA (c-) Hawm:i H'on;a..n

a) I_.Sin}
5, € {-1, ) e i1}
H, (6) = -2 3—7 S'x G} 2 -
()t)r)éE(A) rxe A
un\.fo\rm: h} = “)

3—,‘7 = J >0 -re.vrowsa.jné"ic
= -j’ £ (@) O.n"'{’c (romajne,ic

Z (8= ) ePf 5= Fh2S



infinide - volume limi} ( discuss lade.)
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m(ﬁ, w) /_- 7é >A
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L) PoHs
s, € {1,...,%}
Hale) = =3 2 Slecod - h ) 8(s,

()€ E(A) A€ A

J(d’,,o’,)‘{ - Or= Sy

o O, # O,
=%

Nodte : J = —oo (zcro- -'-emP o.,«.#-f}.wb'vnj. Po-Hs)

= geloving problemn
-

Netice +hal Zevo-demmp. models are optimitation
preblems. T wor't have dimme Jo shew you , bud
+he indepermdent set wmede) is a icvo'-iem} 'Isvj
lattice g2s. Armd, as we'll rew> see, random k-SAT

orad rordo~ 'm-hﬁcr P“”\")“.’“‘:‘J ove |ike iero--'-emp

Spim sy stens.
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4) Comb. Op. Problems aos Zero:-Temp Randem Shin Mede)

Mox k=-SAT Problem

5.3.

)(’, ey Ry € {0, I} = {-Fo.I.Se, -lruo.}

Re = 4- X,

Cs xvyvZi
¥y = C|A".ACH
@




Equivolent k—Boe}. Rardom Spin Mode)
c={x,.., %3 € {o, 1}
C> »xV y v&

Ecle) = Xy2 ° {° o Cle) =roe

] £ () S fFalse

uF(G')= Z E (5"> = Z T"‘)’l Exyz(a')
CeFr (x,0%) € -

:rxri,e £°; 1)
Nete: |ED|= (z) ~ NE >3 =2 dilole rode)

Hp(e) o <= F(e) =drue

;‘r (R) = Zd__e—&HF(r)

p % &> Fird o s+ RHp(e) = min (rrox k- SAT)

Mox k-SAT = Lero-demp dilunle k-hacl;l Spin_glass




C) I.-.-Pm'.-l-g‘ VO\UMQ§ a~d Gibbs S-‘-a.-‘eg_

D T hermodyrmamic Limi+ ond Existeace of Free Emw

“Thm' Supyosc L ar~erable

Suppesc N\ s mg&n__ﬂgv_c._.s_f.sbgm.a : .La_/‘l—;o
IN)

T herm -Pcr man/ Modc.)si‘

Ji N Y is-f
A:L o Fa exists

Note: For rardem ~odels, £ is as. indeyendu'rl-

of 1{Tuy} ond {ns.
“ £ s Selp-avt'ng:ng Y

* rmedels s
) Ba,oae = Pa,-Ha, | £ clsth, A

VW) £ oAl
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2) Gibbs Stodes

o) BOuniax;f Conrd ilicns and Finile - Volure Measures

H = W (c—A |l oe)

:HA(c-A) + Z— H-“, (5;.10‘,)
(":7) :
xXe A
y € A€

Common b .C. : Lree

Pe,fl'bd:c_

<+ y = 1$ihj
1, .- Potts
. ’t

+ : Dobrushin ('Isffa)

= Finte- volume shodes:
€9. < >A,-prte
< >,\,+
PN
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b) In-p:ru'le - \/mgvi Stodes (ﬁo’bbs S“aﬁ;)

_D&LJ.( w_m-k__ce_rzxpsd.nm) - doo abst. Ror n»hcdfcn
/ue,b i$ g seq. A, o s.4.

Y Yt
M= Paong

Def 2 (BLR)

peb f
/‘l( /LA, A‘

(i.e. T e s,s-h-m should be i~ Macroscepic e%ui'{hmum, e
o\l porks of ke syskem are in ebuil. wet dheir exderzvs)

Def 3 (Ldegraded DLR)
/ue.b £ ¥ lecal Ae¢3H

PA) = fdpte) pa g, (A)

Werder cerfain Cirwwﬂs"‘mca (%u&si"CC&‘viy ,e'\’c), drece ‘h\m&
del's ave mbu\'vc.\eﬁ"‘-
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D) Phase Tm.n_&-"t‘m
9. Dyf__. (Inﬂnek syslem)
A phase 4ran6"'l‘on 1% o 'Po'-ﬂ"’ of non-o.ﬂa-)’y-‘:cig

of F(B 1),
“<=3>h %u‘_j;-lc.#ive chounjc in +he sSpoce oFf Gbbs s’-eles

2. Order of Phase Trm'sc'l\oh

o) _C_bn*‘inu.-‘%

A phase +rme.'-':on 'S

~d ~order if all

of 4he “re). ?)uem-';r.e,.s" | (relevont der's of P)

ore Con-' IMmLuoLS .

Tt s fivsi-ocvrder i£ sore of the relevant 8@"]"""3

ave discontinusaus.

b) Gibls Stades

A+ o secord -ovder 4vons.4-on, Yheve s cn\),

one Gipbs sk,

M a first -oder ransidion , there 1S

rmore than one Gibbs shate . ( TF +4here are

N ordered exdremal states amd 1 disovdeved sb.-l-)
Preve are N+l exbemal 6ibhbs shtes af the hansid
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Petts (h=0)
m(p) / -
o —C) — A
B, \
) s’Z}c T '8 exct. Shates
1 end. states
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2) Uniersaldy { Crilieal Eqonents £ 279 Oudee Tarsle
o) Critical Exporeuis

T e wa/ 4 +e r&'evoy\" ﬁw-l.-lms "'eﬂd -|b © or <

08 T >Te , or Hhe woy Hre tunn‘,:".‘es bathave of T
(3 aiw.n br Cri-"ich gxpomn‘fs

ey W(T)~ [T-T I"% T -7
m(T) ~|T-T|F T

(T~ IT-T.1°%F T-T

<6-° GR> ~ T, - c
Ix) 9"+ Tole (j:m q.
' chzd)

/)

L)‘\u n;vgrSa|€-‘?_
E;&youn"’s de.pends on‘): on +he “symme"'v/ 4 of ++e
rMmodel ord Hee s‘PoJ:o.-l A i~enSiorm .

C) Upper eritical dirmension

Above o cc.f-laun dirmesion , The ex}onen{s .#QP
chmsihj with dimenston and assy~e +hre values
+N7 have “iAa rean ';\ie_'cl." - CMS"Q\"\!‘ \«‘L\ft

Alrres} ol of dhis is oF $ne level of folkiore.
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A ) The [Zcoh-??‘e/a' Arprox. For +he
Isina- ﬂoolc.'

6 =(AE) regular, degree D

lowedley B, and A meannt

/4 (GXIEA\\U:':) = _",z'_? C-/BH(EX /(5/"0,9)

X

6.6 =-2_ 6,65 -4L¢%
H ( /Hfl')) 73<X77€2 7 X

:'—5,(("14'72 57>

Aoy ® =Bx(h+ D <677)
= -6,(h+bHh)

= (h+Dr)E

plyw €2 T

2 %ﬁ/é#ﬁﬁ)
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Varialional Agg cgg‘lv
Z S e PH(6,)
4]

A

lbgZ m o [p<HT,  Sie)]
;

nF"Mr Cons dar onl y b1 o
-Me F"f'm (

= Ly 7 - /BMI:;;F Vg (1)
Mean Fn./J EFF fofcn/ a/
= i
V’ﬁ (rt) =&l 5 @244/9(1&1)175]
L)
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In

Saddle-poinf E;utflfom

n= & phron)] (3)

TE (3) has severe| solafrowns
choose -/ha'( one Whiclv M Mmi[2eCS

Ve€f . For h>0/ this fuerns owf fo
be the /drju" solufioa OF (3)
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B)The Pells M=0le! o4 14e¢

M

C‘ome/c'/e Crae‘v

We wanf to celclade +the (arge
ay7mp1°hr: of

Z, = p
chllu-,qsw

h
HigY= -5 2 §¢6;,6,)

- pH(E)
o/

]

Shap | q
-HIB)= 55 2= Zi(s.,h)f . -
— 2
,.;7;'n:"%:'5ﬂﬂ.iwj]
step?:



243p3= Y .
| 2 <, 2- §(6;, m)
Zeno i=!
6"‘ Z\/MX/J:. n-)
= 2. €
A=! ’54
= ( =! Cvm)h
This gives
S |
_ Y2 > -Bly(9)
‘Z”—(%ﬁ-’) fdtve"g” (4)
6"'((’:,"/ 7)
- 2 1 pb,
‘le/@):.-%(b -;5107”2;6 (S)
=

{




9

SQJJ/C /oiui éggbi“cﬂS

o = el
m /%
R=
Sgmmefric Ansadz:

—7 -
47 IS symn . ur-JCl' Perm«‘/a»'//'onf

= -d
= b,,-?

Szmzrvc/rz Brea k rnyg

Ansadz
{7(//7) b ¥
?(,'f'[?—))n) =/

(<)

Saddle Point Eza ef76a
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[g=2]
n { h ’ 7
P <9 £=9 B>
q>2] , '
B<Pe p=pe
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