LECTURE __ 47:
SINULATING PURE  GAUGE Twy
_—_—\




| REMWDER: METROPOLIS (fon  lidue  4)
@ Jome rréi(/(/ ff?w'/? '8 Uﬂ&y; gmi’}‘or Jt@’/"{'w‘f cale;
@ (f/lawe 5 _r.;ahfl(?- ‘@-; — -{—Q@«t(_‘@-) uprdloweol cha (J @(Af
5 ¥ | . ac hm (J ‘6&&@
@ acapt 4wl pubablily . .
( Fe f) ~{[a7] => clctiion of AJ'
JA[@"{‘f)“W /

T@ «f ~{L¢ .5: way waber Lol ope;

@Jdn 1 AL Cj[ \/G) Wl

I ) f}\ﬁfp
cpail e T, (e )= L(§<4) & uahifiel
cav JAdtistish
#>TA:FM{MZ{1{€*£{{ ]PW

S = SF) - £ () v by Q(D

.r-' e
" PRt = S o




| A (6Mvon (AND SUBTLE) MISTAKE IN UPDATE ALGORITHH%

e —

fg) m(@“) /@*@J
i)( (L[]
4 7 / 5@

af’-”‘ J :’Urff,f‘f E (_@j o gﬂ”rzfj
J \iﬁ Pl o{ Gt Nat JW%I TLYU@

POA)=Tulgg) (7 )

Cotl s (dﬁdﬁiﬂef (}{1 - —C(kz <
: P O i g
4 fﬁﬂfﬁ‘c}r@{

POy dy = plsc) rdlr o =
(j d P(ﬂQJ 0’!’“0{61 =5 P/V 6’)&: re/”_”(ffz

40 'r‘p we wy l(fj dvl o P&( W?lfi
| Py ol
Jhm tho a’f@;}w@ me);@% o "Eér’-r{r ed. I £[- {] u,,?gm

2 au r h) ,
qutul)mr w! P “7 O gk f gt 2
i Jﬁﬂ)ﬁr ot 9 e, cff il mwﬂg L,;TJ e
=P cov .ue, - g Hoor  mag ety chow - QH{D}H:?“ ;@{M

WA e

Tlﬂe oliilsd bl condlib i el _‘ﬁ% witey g
— ALwAyr

! |

T




(&

GAUGE  THY (4D)

METRoPoLI{ FOR PURE JSu(Nn)
pfaywﬁe ac m)

{%mjg P*’“UPETJOLQ (J{)(/m "”;Dt i/{,y/,,»?

make q
ZAr %— Z ReTe(4-Uy, P;) = Nﬁ ReTr (64 = Uy, §>
2‘ o Jr,}[ﬁ ﬁﬂ{x Y / A= Z D{' Ly 0; \f‘?{?@
6 P{%{?wﬁe} / ¢
2(0(“’1 o 4’9{{4 /
) (%“?ﬂ-ﬁ ;' A= Z(u /i) U {WV)%()
gy [JJ  dmb) | s
T ;rj UG -]y (-9)
| U [tA47)= U ()

45;7 (E m+*(’(k; #—éﬁf‘ Uless])

AS= SThilg, — ¢ |
mé x‘]{? 4[[/{}:’/-41@6 / y-}’/f‘ " (I/ y(w/" —-b [><Jr/’4 J
— £ Eerr[(uwux;,),ﬂ | M(}(W) Ut fx7)



| How 9 MAKE THE PROPofALC o (4
¢ ux!’,.a JL’quJrA & O&.‘(’ ILU M:{//f QMNWFJE EE{FF‘I!WF@ ﬁfﬁg r 7[5'[}" J

— -L'?P;"MQ pmﬁfﬁfﬁ@ Mx;f: KMVM WL'PF'(’, }{é ff:'{’[/i/) f:fr*e}-{ Oéa*" JEF i

Tl tg) = Tl > ) ST (R = TxY
wf”ﬂ N!L[ Hm;g }/‘[p*}fﬂg:?fa f;ﬁﬁﬂf

cire

| @ r}/mai(? ol -FE}.'L( Mxﬂ, pﬂ:‘ﬁ{ qd fdwﬁé’MX aﬂ{:r(
propac U‘”j*’:KMW & ﬂ[}()

@ cdlcalate  he J%P& wwm A => AC

ﬂiﬂi! P!{(L al € [U;‘fj U”;]Q'*M{?'J E{'{CLP’E”L L’{x;
i-sl FA./—@_A {




|

- ONe pmiul. c"lm'ce o-F relia X @@
IDI{L{ Mf Vi é (‘-Zﬂréj uwiﬁg‘;u}ﬁf iﬂﬁfﬂp

=
v

i=Ex /Il =12z Xa= aignry) [T2E7

=D G axieGag =l = X=xwd +i X5 e suk)
E: -4?:’& Fardi'"f’Jrﬂ",: JU.WW}@I ““‘m* X rowmarn (,f_iw ]l{?* jf

r

Ju 13 e 2 _q {/*'{ (2] Hfuﬂ?(?r'i;’upj E:(?E) Lf:/ ]éadf? ?) T

\ AU

X = RET E44pR) RAT da b 4 =p 4w %

ier whdeer — choie A X we  con make if {ymm&m TUQ"{) :_EQ{@)
b? j}’ﬂﬂﬁi{#ﬂg/ X (;?'y W F#m -.,apEfH‘..:;r,{) OIT'LEJ wlc}[m}g ’Hf‘% hﬂm{%m Wbﬁ”ﬂl‘

o Alz o P ()= () + Palfx)r 6]



LOCAL  HEATRATH: GENERAL IDEA

Peage Hir ol fiold except afe,

W(gl9) 0g. Bra 10 solie fll the y o
f \ ks viruble At bu--LMf Uf‘ﬁ" . we )
)

fittl?ﬂ varably Wfﬂlﬂ ﬂﬁ“}% OIHHF}{?/
Vol ;;" AU fﬁ*”"Pﬁhf*’{H [Jﬁi L lE{ G‘ﬂifl..a ol
-l;Pw' Vel b% ; i O [N] > N vor J
o SUQ2) gase

UL DITR: W] = Wik 7) wiF)

bonition — prob, [we. UM’(} (hcxrr?{_ géx) |

1 = A\ ) Sld -9

P(L¢1 —1¢3) &gﬁ ;H;ﬁl 7-9)
'k divect mmpﬁﬂg

Px(ﬁ?x'{*'@) J_) =W(¢£{cﬂ




HEATE‘TH FoE JCHZ) uﬁleii}}u; LITERATURE; ks
,.\/Hﬁ'ﬁﬂé’ Juw Crealz 1420
U”D[[/ yﬂcc-"-“- mp(ﬁ veTri x/M) CMX/‘" __K%nﬂ@[j, Pdleh 1905

JUR) « Jgf[fnif: Jum of 2(7&?79 @éﬂﬁfr%’ o 3%‘0 elom

'::D A: \/ doth = o c = — :
% ¢ rud) ith=a? etV =D oI A
P dPLU] =4 E”’“P/f’ﬂ a f““} — dX e*f"(g"a [ZH?X) (*)
.,..7 |
G+ X'=Uy

lﬁ W@ c?,(m’mwle )( wyf_]i[f? “qu (;,Mln bwlrﬂf’}; we }gnl [/f XV"--_»XA-r
fo dc;i’nfrmle (&) we uJ@ H\g ropr. U= /j—ﬂ X T

=P f X = c/zr}(cf(y{, = ) witl ok
g( ‘"’) (ﬂﬂ};]:? Hae
z,; R -TR) + Sl | U;r'ffﬂ ]

\ =52 klz‘c‘lLf:’:F ” Wzﬂuﬁf)



d 4x = aUX/P? z"—ga Ay Of1- XO) d
:{Op}'ﬁr'{ j{é’ DK £ ! Wod b Q)(l"ﬂ{ Xy l'fla]

wott 11 <D

74 b ;F--f,'?pr,-q.-.@

20y 4 (4 ) 0(1-x7) _ 1 1z ¥
U{X WZ)F p A 126 dx > (P wznze{_gtd{)(o 1—/:;327@(4->®)

FU=d wir Jy TX=2X
=l U‘P(X) —“—"—j%}_ dawt® d¥ Ax, =2 e“ﬁ’v‘?

— hove o fﬁﬂrwle g Ma@ﬁﬂoéw% fﬂmlﬂ”’? Vdrjab@

X EEIA]
Wit e[‘-m} a grifeen kfﬂjﬂ ? Log. mde

on of £ prenc Yoils €/ 44 unilds
Y 6L012t) Lur W, olprll ,ic E‘%?zf;éf

\-fx,}l?_ _dliteor



quatng xp e wy b d w0
, v

)(ﬂ 1 - o o
Glxo e/a[g 1— Xf}z ZC. AN Zle

X =4-24% = -x = V’?—(’I#Zﬁz i= I AT AE m:/)t(d—ﬁl
Xo é[‘ffrﬂ J':D ’?h'{n eC 'QUM\
% € [0]

;"/?? ﬂvp @ yﬂﬁrcf'l‘e /) wilh P4 (;A) o Ne 2 aO*

o @ aapt A wih pzmoc. W
iq. br Plde PRk —
k /Jﬁ‘sky the JQ” ibutin  of Yo w!aé; Wn{;bﬂ? \

\ (J;r d wmé?ihf{lf"hb&’. /" uriiov) #Zﬂ (3(}( "'ZZJ O’
\ o | o= L‘)E - d(; z 2 1\
bk ol B ekl yﬂ# " (: 46 < e e 019, 1

__F.fx._____,\\h_ﬂ

= - e —

___,..-"'\-n___ mp—

e R \"‘--._.____._,_._.--‘N e =

Fc an efbomt woe b o Lhoe

V{y ’ L Fivg
Keuml;[j } Pmﬁgﬂm /[«chS



[]ﬂﬂ' Jim} w‘fp {f—

1[214'” B! WN) NE,J_/?)
'?ﬂérf 0(;(?{: #;%

HEATBATH R 1U[5) [CABIEEO— MARINAR))

Tho{g i ] not head I:?m[ Jﬂ ?fr{“’-‘“‘? I{'D Pmc/ U fu{g)
e g P--f“?u'olu }"fiii bﬂlh rlﬁu'ie

ur(!(z) jqb&lr{}”’?ﬁ

laa Taz L 0 1y, 1 0 o
= {1 20 = =
I ("’;’ O) =2 & fﬂ)

0 o1 ¢,

e ve vk gy e U B 44 mb with R
. F_Ee(

agWag + 0w, + oW+ I wa)

: + F o rw(m{*
o ok of W Pi(}l “»e role J?C
/4 f/} Our DJU(H!J;M U)C “"é f(j{g) }’M’a
boﬂl/l m{é[ﬁ%m H‘ J ﬂu av) Q,&?W U?C
JUR) am ~ wt evm  prpe one, , bur

b on
¥ ﬂ'fwwﬁﬂc:i’/ M:{% M%Tfy E'z‘{vmﬂ mﬂ%TrfiwiM




OVERRELAYATION. =

A-.f-‘l O Eh!'“’rﬂr.&'}f_ﬂ#ﬁ{g-@ qugﬂ?ﬁhwq [W1lﬂf9ﬁﬂ{ WﬂJﬁl ﬁlﬁwdi Uro r‘/)
L\D hu%‘ ﬁ%ﬁﬂﬂ"fé ( (E'v'ﬂ]’?r?‘fi w. MF’!WP.:IFJ 2l "WJW% o Wﬁf’ jo f”g;f )

r__o[_vgn_: we d Lymmetys (g, q “raffpphw” B Dy the cfn%
AN L’Wh"ﬂ-([-‘l @vf’}‘ (7 Sff’(fzw f yﬁ{ !3 Jg[z@, b J /Ip,r }.?9 J __D J "‘}‘ﬁigé!‘

U ’?frﬁeéﬁy}
| (?E‘fu Jb

/ g~ Thple Jum
J* CZ 58 "—CZQJ} M}{/AA
£ dod'= AUA = T (UA)= Tr(Au)= T AUAA)=TfuA)
[/{‘ et rw@wr{@ oV SYW) W"’ﬁk'r bt ' Ju{z} el | '

Zw: chaw  Thad Jum o Jwo JUR)  rutriy) = (}m;ﬂb,} I4R) m,}f{/
&5 P(Utfmu) EFJ{MJP['{: P(H{FUI}EﬂJZH|J Dut' e AU‘A ) A(Vu’r gf{, K’H/ar“ 5

)

du [N) N}}? : Colv] WU(L( WerL’) IL{[Z Iub&'rﬂu &ME

jJruLﬁuC«”w»m} Frr P.{er Jg‘y{: (dmbiﬁflﬂﬂ 0£ }Ufjb*;” ﬁ ﬁ?\f?ﬁ’d!ﬁ’fﬂ*f %!5'1'4



Lf?z

CORRELATION  Fugre Tign(
€. Cotlelute mC Dgﬂ;fw ﬁﬁaﬁf P[X) = U

(TPt T P(#)) g *-aa(r‘f)/“f
£ Jrol.J_rr?: ?’Uiffh wu:ls‘?uﬂilc

2y fF ! 2
P 1 enegyy

O“"‘?r {Pmnfﬁ}&J: % f{]’lfﬁﬁi !(;r 01C %TW&J :
¢ CDTfBFH .lm" GP Qw(jg Wgimov T Jfﬂ.-'fr {’/GWE?_:}' {?';f,

Colv] b Wafualﬂf d“*"’i{jn but WC"’” Pue  qauyr Fhy HWF N
R R R Y A

mudk Lovell jﬂfr') . &’MM 0 0414
Nph@/ 0209145




J c-fL"iQFn(

. tﬂﬂ%nuu‘r’ﬂ

obwm@

: mﬂi} Ay

):yf U—{ 'MMJMM/ D‘Hdﬂd'[‘ Jdbifi 1[ C?
‘yﬂj{r -H/Wrr JuFfOﬁrf‘

T afpac dnf rbinooed path )[-\ﬂ:fn-f
RX !0 i’? y 710 ] ;.-m,v, f..; G

¢

We fﬂ% a ﬂ?mB. Dfi\hlh po(p ,“]C
\[ﬂr aﬂtg/ jp-!up w o dhi Jﬂpﬂﬂ?y/

P(x))= ZP A) Py (X) Py ly)

Lo, X and ﬂf&?ﬂc& anh ot hor

QFT w cmlwﬁ QJ 7&7“{? N O@ﬁ’méy@

fw”m& —Fefo( -1 W. mﬂ{fhj\ﬂﬂ{}h{ noxf h- Mr’q} ;:Jr [ Fiaile ru??)

(0w pﬂw

9.]{, v+ Tl rru[ -‘w-r-‘:u + rt arg ﬂn-rr«r! out,



whore | <OI>A:% PJ’(()C) @X(X> ond <@}7‘E:;15;(YJ03M

\ 9
S S @:E? we l’lﬂ\"l?, 2 _ﬂ_dlﬂﬁtﬂUWJ and /] bouno{urg, N
.,,r"""“ Nl ﬁ dl 7 NZ4)
/ LQ y v upodie] Wy u Pa(milﬂ' i
| fbﬁ;ﬂ =D Nn M( UPJU}(?J B iﬂ} o/ ; YU
M ” g%{} fbﬁ T
busalary fo:L

J?»H’ W G-Wﬁjr PR hﬂ*t/@ N2 g
=D Wt emr LW



LATWE FIELD THY T “Toc"
|
(‘) UMIVERSALITY N
~ RENORMALIZATioN ~GRouP f@d hy {
—WT‘N - e , N l { ?EI[ T
U:th? {AO_L wé thff,-}' d{f-@-[}prgml- £Pom Mﬂws% bmk{?‘w = U a:i Gﬂ*%?r Lg-zfm
Hivetizy mu{_:’_i? d;% e qimg ant. Bt but  alip ex-PP;(-‘#'F; Prika Ez? m?:f:(}

in 'Lfr;llg%. Hf

Wh? I b? l’lamr vur ZV(J Gruﬂ?r" PI"UJE E- chirad J(y wﬁ‘.*':;v i t‘“ﬂl‘.’_’fl_:;-fai;,..* ] X cD
Fransibons universag ¢ ( o lilie  “chirat fgion b Giag preg —Wilas 7@,,. s
=) fenil rf-'-‘-i‘j'f—ff atim drod 73 fy 1 i lion | o overla 4 ol wing 4
. i BN AR | o ;
® _’,Lﬁ‘g rf}iﬂ}{iﬂbilzﬂf'}{'{}ﬁ :-Ff'ﬁi_,*P 0 dgeag W’Uffg ‘F{’fﬂ'i‘w
' AV

.;f h"ﬂ{ver;;at:?f'l}/y - [‘ {"P"FSY' d[ f!fgf {Jﬁﬂ”: dex— thw

o the Dol Jhaekl RO,

* AaXl f;!if;}w;fftj j
' N el i ; E | i 4
p- {uﬂfm Jeially, oy o v Yo dhind dowte f e Bothe— Cuckr relibn

fiHr
] A f
ir&gm | Y o the chirdl t:ahme TSN o
*  Rouly —2aly 7[\:3&’!{ Pa.’ml q,lp@m%f i N |
/ fo f e f "—;f"TF']'E } W L r'JJ
wrogus . ° ¢ ,,Ff Trdre
° '19:=<p@"{j / aniveged, 1_5,'-’ 1
cawtwctieg 1N raff-f-.; M)
( ol




® HA_DF" IP ® SIMULATIONS W. DYNAMICAL™

- 2¢ + e

2 u
® hmjl-?ﬂu'? ) P?’P{Jﬂﬂi"ff ;_,Th_tl FE RM'ON[ (W“ MO{ .F.p,{uﬁ}((f
. How o dl_wihn - e MIU) S Loy -rangt inferechy
COfT el oV s s F‘\’ 1Pl E_L'P f’?f@ {}, Iﬂ*fu;njt e‘PMbﬂ
o cr,d?f cti:}ﬂ o£ m:n‘l{ ! dc +Hov)
me?w’h“ ( sl ,j [he ’ htj prid  Morte  Curfy ﬂ”“’f{f)
f Y. y ;
discieliced — Dime ﬂ]w)w) {b(]ﬁ fu’“'" Howilhiinn ~ Hotle (o ‘%)
V) Hﬁrd-liufg w@.lh;([ (i ® (‘(“(g {-ﬂ,ﬁu{ }H}}’: ]g;dl Pﬂ{?lmm ;{
—Qi:«’lﬁ;r fﬁ%’fbrﬂ E ate C{ﬂd Vd j’ﬁ]lﬂb\-g GFPN 5 Tl L'{V«J {‘-JE 0\
Cfﬁ.’r‘& ﬂf+~> ﬂﬁ-fm mﬁlm”
o 3
® Qﬂ‘rm‘i{féf. lhe hﬁ'tc’hjﬂ « (akmeld H y bedd Mok (url ( PHM L.i_'j_' i

Malfef ﬂrﬂwcl jf ex flﬂ! ol ".154'4%'
® r@[} Mail(z) / 1, &4ﬂ£/€€

FU‘I’ZLEGQQ] N o _I:\{mg]le



