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Problem 1. (&O{Jen{-eu Exerdse 5-1)
Sofu{'ion!
(@) We briefly recall some key results jn  exercise 3-3.
The ac{-ion_ Is ; ’
§= + & (4-H) (THATy)y (% -H) - 3 Z Infawship &)
m which we'Ve added 4o T & constant mathx ATy us eXplamed i 3-3(p) +o
Ehsure positive - a[e{-mi%eness
By extemizig S we get +he saddle pom+ solution ot :
foq(% Hj )= tanh ¢, | (f=3'+)\1”)
+lt€n Usmg My = —5 We et
Mi= tuhpd; (= Z 53 (F -H;)
THom  which equa-hon o stare can  be read
H; Fart mhm - f [T+)\IN),J

Notice +thet  +he Yesult for fhation of sture depznds on +he  (onstqm mamix My Hae we add.
This i because although ?Th S{ s a comstamt since  Sis1 ., we lose swh a

constrhing when Findig +he  exXtremal  solublon , oF equivalently  Yeplecing S& with
54 454> When Joinj Mean —h‘eu +heor%,

But +he +de mean reld +}1cory Yesults  cotlespond 40 N=0. To qre #his  @pdiscrepancy,

imagine that We can  Hrst do the abole steps  for large enowgh  A>0. +hen do an
analy-Hc continuation oy Hhe tinal resulrs and se+ =0

Now set mezm. Then
S(M):’;.'%I'J'Mfmj- ;(OQW
= N{dym- %COjﬁ)
By definion of Gibbs 4vee enersy e  have
Tim) = S(m+ NHm,

5‘0
N T(m) = ,(}”S (m) + /7; arctanh m - (20(]'1— A)m)
= (dT+ z.)\)m - = lojﬁ + FM arc +anh m -'{Ld]'-f)\)m‘ .

gy +h€ s+andaﬂ( 2Xpansion -f'uymldas,
arctanh %= X+ 34 + o)
(14X % - F+3X -3 %Xt i)
logl14x) = X+ ix*+ (ux)



iT+ s straight forwWard  +o et he ,Louow.‘nj ovpunson of (m) around mso

7 Tim) = -ﬁl . {—2'— [1-0d7oNp] Mt 3 Lt -lagaz} + O

AS mentioned abwe, now We can  set h=o by Virtue of  analstc  condimuation 4o
recover +he Famior mean eld -theony Tesults :
~,{7r(m7=-é (£ (-2d5p)m* 4 st - 1042 ) + Otnt)

Tiu eqUarion d'[' stare o H= K’/' 3—91::;?), Hence maghetiZation at Zero -j-:eM (s determnd

Vy extfemal  point of  Tim) : 2—%@) =0 , and  spontaneons magnetizopim  deve foys
When his  efhation hay  nofl-Fero solwtion. (learly +his holds — when  (oeffictent of
uadratic term  hocomes neqative, ie.  zd7Pe =1, and His s T < 2dT/k, .

Now lets calalate 8. For his let

J 1
o=H= N G = 0- g mte3m
hr ["E = = __E = 2
where 5. = ++ O+ .

To 5?7‘ PJ W@ (0"9’&9" —*‘{0 'I’h(? 07(‘{72(1 Phasé, dﬁd, l‘l’ r’S ea Sy +0 see #”
apurt from +he Hilid  solukion of mzo, Hiere ave 4wo  fon eV Soludions as
m= 13t , and so by de j-:'m‘-h‘on B= 1/2.

{
Wl
x

Tken [evs  do §.  For His  we se4 T=Tc so +hg+ H
Gk so m= (3H)F . C/eulg §=3.

() Relation bewween H and m is given by €quation of Stare
H= Furctanh m- ? m.
So
BoH= (144) (m+3m) -m  + higher order +erms
= 4m+ TM + higher ovder terms.
Ze)r’s skewch  +he  relawon B H = tmt 3m

0 HF H

T 7T, T<T,



A,
I
/{ > H > > 1
, e
T>T, T<T,

C,Q“V’j oHe can  see +hat when T<T. & S:'nq’e H  cortesponds 4o +hree  Valyes of m
ard so it is an un/)hjsual region.

Now we define "[analau free onergy ”
L', BY = T im)- Nm b
FLM A = g (F4m* 4 omt - mop, )
We  shesch ‘,6‘/_’(»1,}:[) dor  diferent cases  as  Hollws :

t> O I:l=OL, t<o (Dlil\-fo
LI
" %Lm
@ H >0 @ ‘:'l>b )

From +hese 4igqures we see +hat  +he  condition +hgs L' be  Minimized Tor ixed "
reallj FemoVes —+he unphysial  poltion of the cume  sjnce  now thebe  is only  one
. A
Value I m (OWesponalmg + an H. The m-H cuve pow  hecomes

","4.5 'S Yeal/y M“’(‘W”’S e‘!w-qvea ConsHhichion  Stnce dvea 1 = afea .

/3



Notice +hat  minimi 2ation of L' qives m is  as expecied , since Value of Vimis) a
UXtvemal pom s no-rhinj but +he vee ehersy in Exervice 3-3 Ie),{ o We'le
added NmH  and now We subsiract i+ from T, je- the NG term). So
We are  essentialy SPlec-Hnj out He m (o eqm‘l/ale'h‘/g V) For qived H when Hieve
afe  mote +han oe Saddle  solutions,



Problem 2. ( Goldeteld  Fxevise  ¢-3)

Solution : ‘
(a) For pupose of doing Uaussian Huctustins We oxpard +he acin 40 second okder of SV
S

af +the saddle point T . For +his we need to  calculase 3EE (w3
Mo | Yz

Lt is pety  stnigforward  +o et
22 o To o BUI AR o
[ .4

MY,
Atter doing e Function ibtegral - We - get (de* ?;54») " onstanes  Like g7
l" h

(\Z%/drofped.

NO‘H‘(e +that We can take out a4  markX f-‘ From 2
Thee eneryy + be
F=s(¥%)t a,g °ﬁ Jé’f/ - fli- -I'anlt{’“h)TJ) +  (ohstante
h We'Ve absovbed - loy(w @%_—J -2 o +the constant Ferm.

wneve
So we cn fust Agke free ehe'ﬂy 4o be
),

Fr SUB)* 35 1og des (8 - purs donkif B) T
S“E;H1)+

D) Lo¥s wiwe = Sehow £6T . Frally we will take e=1.

and 96+ +he

The B o quaton state 1
Zﬂ Uf - 95 . E_E—J—]——- ¢ 9“- h / d -

1= 37'74 EY T oH4 Temi - SHe (wheve ye'Ve  denote iy

+o be +he  mean Hreld

hence W= mi + ¢ 290 tague 2 atioy )
9 Hi
In prinuple We can ge +he velation between Hj and M4 From

Bg o(vj'!'m‘Hoh
T (me)= Fimg)+ 2 Him;
=S4
S(m)+ 8T + = Himg
)+ £ 8T + 1Z.Hf(/;ﬂ' -t ’95%;)

+h,’g €7uuh‘on,

n..)‘

= 5 (mig)
= Tmg)+ €47~ EZH,QW.
‘;(m1+€—2—5—1)+ £8T - £ZH aaiT
1
a‘”+O(£’)—r E§T - & 2 Hi 9

1

xl

o r(”‘{) + £ Z )m1

So oup v Ole) we gu
i) = T (M) + £§T
where f denotes  +he mean reld Tun ction.



() ¥ To et stadic  Magnekc  suscepriblivy  wo ot oz om,  and +hen
Timl= T (m+ §T |

Then . _
- aHl r 1T (m) MT
T amm:o Bm: 2 m2 [m=o oms | .o

whete  we'Ve  se+ m=o sice we consider  Hie  dissrdered p/:ue, and  notice +hay
?m,}m‘, is +he mean frdld X n t

Heﬂte
- 0riT
- A+ t Im: )m:o
A ui .. L 9Yr
Then A7 Vanishes a+ 2 }mw ,

One Cin chec/z +that  in mean +eld +heo'y 7_(;._‘: 2T, 4, so
A= 2k T 50 | Thm ;'j- we can prove  that 32__57'/ >0 , # we
“ m=o
Wl'” V‘Hain -J!e conclusion -I'ha# CV}“HqI -hlnfem-wn ‘?sm 5‘1!{'0:1 downward .

For a (onstant con‘p’jumk'on My zm, +_ =F Js also a (onstant jn spate. 3o
2 qr [m=o = M, _\p log det [5,J Bli- tanh (P?))Ij] /m__

oms

- L L3

=2 35+ kg [Ty pui- ek P“/)T] s
Notice hat 7= tanhp¥ = pF when m is  small , gnd  m=m up 4o Oree),
Hente We can oapproximate ~he abdve  @xpression as

EC e P T
-5 2 [y o)),

wheVe we'Ve approx»mued pous B

Notice +hat b = 333‘ ,and it +he porwe=e= matrix norm  of EF‘ s smaller
Hﬂm that u.l— Iy . oF gqu,Va}m.Hﬂ f all  eidenValues of ,@C 'S sﬂv‘c-ﬂ}
swaller +han 1, we can do un expansion of log- funchon. Actually s
}wUs —for ma+ix T With  No  constant  matrix acldea/ as cdn he seen Hom g
stvaight forWard  diagonalization U‘f' Hhe M;’:uj M« T usng +anslatina|
inVatiance. e °




Toke T=7, then by +he alove comment +he expansion s legitimase.
Since eu'gen\/alues of the l«oppmj Madix T appear vn pairs £ E®) L We Ste +hat
trl B TI" Vanishes —for n +o be odd, and psiHve  For A 4o be  epen.

So 0
2 ] ——
o 5T ey = 2t (3.7)% >0 .

Tl’h's shows +hat  -+he Chiticd +emperasure  will be shifved downwerd. A Ainal  comment |
et We Hake T=7 by Virtue of cmafy-m ConH Milation — Mentioned bofore.



Prol;lem 3. (&ala{enfeu Exercise 7-‘)
So’uh'onf
(@) Leots set {X'= 4y’
4 - {,-4/1 py
| = [ by (-HV'V)I PRI _’%. (-£)d+n ‘flh]
So upper  critical dimensin i
(i- -g)dc‘f n=o =&,

D I 2"

-~

n/y ~{ " ne-z

(dﬁlﬂro:?-*),-flteﬂ

©

(b) Let nab, we giud 4 = 3,

Hence -the (vitiaal exX ponents obfa/'ml o L2 ave accurare when A>3,

not reliable when d<3. WL'ZQ 1’0}' d=3 Ug 1 marj,}m/ by hdille
Aimensiona  andlysis  and  mean field +heomy may not he  corvect.

(¢) Cg¢ﬂq‘u'm& O'f’ (V (l’)'l (n>2) aqa,-re; ‘g "%-(H-Z) dj-nr 795641174], heme -f'yre/eVam‘

It we add move derVakives, +hen each devivative Contributes o 47 hence
(rielevand when T T,



