O"‘CMV\O(Y‘B (O- £ovm ) SUIM IML'ILM‘(g
g;‘j hmw Ul‘/\g ’D\&t—\q A @FT
CUa(Z) B7(9)> = ) <@y

Siv\ct UI\L S\\)W\. %QMQTOC\-OV_S ot coN SERVED /CI)I"WFE WIH HAman;
us(Z) 'S ”’toko(oé(cd“ (as we w.'ll &a)

\n ?iddﬂ\w@‘i& S s jwvariapt owdir de\ Jhoup G ,l-lwz\
Huw evish o couserved oBREMT 9 /‘JM )

Ag')( \& nR "\‘m“b QO‘«GX "‘MM!‘I

S[a's en ]-808) < - Se(x) ) &
,t w.wfov
F . ‘ |
b QFT ms UT \\WanwwdemWwMme_

CCRPH B> = Sy M Ty @

\ : - AS[d]
Nu <9 98> = N 5,0& % () @y e =

- oy ASTET
uog 5 STaewrt Bt ] 8% -
X'Z’O‘) E=

‘tw“gt

: ; (S(6+ € H:bjj) le<o ,
Ffarer =1 8 Woa T Sl

=ie™ '93 SOxu-%;)
k)

. Ty SIQ‘J
(o <o =L 3 NSM' (cﬁ*[33-€(;5’”3@‘§)) e’ f

S€K €=o

- S MY <8y,



\A)e Cath oW )\w\le(jrau('( H{ V\H (0) aww( o(;'l"afu\

. X - ‘ J Calom’
LlR &)y - MR (el

Di  Inkegrake £ <30 () £0g) > = 80eg) '@ i3)
oven e dowmalw Q—Z = ],_j°+€ | 3"-63" R

1S\
S I S @JQO
— N 3
x’x3x3
LHS: Soquad (x) = S&x 3+e,;<) -J (;3 €/;<))
P

= Q(j’“re)' Q (y °-€)

@(3°+€) Q(é—e))ﬁ (3)> <o| T(Q(yue) Q(&_e))g (4) lox

‘H’OU\) O(?CS \'\' wofk &or QX{'CMO(AA o%)czl.l’{ ,)



Qewri\\‘vx ovdh s NG Sﬂ\msj.
QR FGY = ink(z,9) NS5 <BG)y

|

\ > iy

Cb\av\é,g Q o\ O '&\W\L 3“(& (S &euuéwl (Eu()e"cbau Slqwflm)
fo o M @(Z) o o o closed Su(as}\m&z

Q(2) = S;g

The Commutnfion Hlsholg A (NG 05 S and o
Powy  do we dewve Hais te\ajﬁou?

l
Lets \“n{'eéwA‘L W (0) on &2

LHS SQ‘QZ,‘\')"&&-: j&iw_g - gz\g - Qlz)

L LQ(E) @k‘(j)> = &840“5) H% <§d(‘3)7

&L‘j
L\‘v\k(z, 5) =< \0Po LOGICAL
INVAR AT

Alse Hus s
ToPoloGlcAC
due to  covtew. law :



dhder @ conla, o(ﬂgom. 2 -BZ‘=€+ AAYAR 36&

X?
z lnside S%  Hawlis Ao (0SsRTWLL o)
& -
\ > ki /: > Oy’ =0
Q(Z")= &ci)JrS +5 = Q(2)+ Scm‘ = Q(2g)
Sl 2

%:j thvmau-h’a“\'u(‘ iu\ga‘w“'tglww’* &Qu(mﬂvri:
UglE) E6) Y < RO <Py (luwe)

\Jf‘ﬂch ollem‘ﬁ)r (0-din ~o O«{ww\ Sjw-)
ToPo oGl CAL uw\"ravb opem’for o(ehwd."ud o €6 & Z

[ d U2 =4Q() ]

ddl =9
[Tl\g inSertlon of He &‘or. ap. US(Z) can be vemoptd af He c08+oJ {-rousjomiud all the,
Jod opentors uside E . EquivMleddy s wa can sy ot 0] e forua e Spport pasing
-“nwd(a oue ro.op. }w}‘h‘«« . adl oo if by %.]
Discrghe SSM\AAL"M\ES
[ %66 ob‘st/\}./\'&

< Uy 8 W' = R <Edw

I

relakd fo o Towl oteRFTR Uy(€) st

< Ug(z) CE&(“A)) = R/CS(®<¢3(3)> (§ [nked)
¢ Uy () Uy (&) = Ugy (2)



Sgw\w\a\rj ORDINARY  SYHMgTRIES
GG <> TRLR Ug(%) G ke
w\th

< Uy(2) 8@ = R@)<aly)> Gy lkd) 0

N
h’@’aﬁ\' all pot mu% "\‘fo}a(,
2 is(d-1-0) -dj. &'y s O-dwn

TN "0 ~&0T\M
S:] MMA&.JMj "

We hoye weducd He me\;.m GS .Q'V\d,'ud < vl farkg
o Ha jothem o 5 gmwmﬁ ToPo(0GlCAL oPERATORY |

T\m‘) Cain be SQIA(VJ)HA ‘(’o ’j‘o‘o(a&gu,l (d-4~ p)\op.
i\Q\ P~ .(;own SJMV\A{,\'M\(,S ( we oY nw &O\“ﬁ f\'% '|”MSJM4€
Al Qxalml/(g wil—L P:/l)-

Obsevuakou ©  owne co-o .'u.\trbvd C?‘) Yn‘dﬁw\m\jt

< Ug ()& (DY = RLUN B> + 0 = R4 (9)<d%y)> <L{3(z‘)§“'(7)>
wit, UvruZ:‘;])”f

U C2) I
(o) =2 Ore 0. O



4‘%0‘”\/\ SJW\W\L"'V\'Q& A Man{u H/\Qov-é

Sra)e -1 gF/\xF = -4 gd"x FRE, @)
2e? Gel

F,lw‘_"%«gv"gﬂqr A,A coMPacT (1) ﬂ”“d" L-UM

L= E(ECTRIC CHARGES aw QUAMTIZED

Gauée_ *‘TGMS&OVVN)?\“Q"S?
A— A+X with N o (gloly dfind) clowd 4-fore,
(baty  D=du)

e A (x) s & OO) bamMP/M\w'VV Hot o will d;//Wﬁ/
Lol hwj. e AU VP VRN G P

2

© (fh's take an £ awld ,’Jedm/k F ow ik

LS I R

= () = ol(0) = Qmn
f he7,

> Br V™) Sty groogs U{) gauy grop )

&F c Iy X% g% e Iz
2y, v 01



QM
’\‘Y‘%(\\’){‘W\
= Tov UM) &Ou.u&/k QXVNQ / U\lMA‘Q)V\QS [/\\U'L lmhée/\dl\ﬂ/\},\ ney
W, (V) e A TNe)
S - o(m)(;‘r:)
(,d'(g KAk the adbin as
~nY 4 o~
SCRAT = & [FaxF v 2 (FadR
» new Lﬂérauj&. Ww,&'\yu_
(:\“ Lp g
Jamwh, e
° eu.m ‘J -Fl : dF =0 — Band il.
0 2. M ‘1_\ c 4 yF = 4 E Wil ,‘\:1:0(7:4\’
Q? 2t
= lb\{‘QJmf‘\‘f,d vt E — Stgj i &ﬂ:,\;ﬁ R)fH‘ ¥=@‘4
et
£ — S[A)= 1 ¥F witt Fada
ey o [3)- £, (Fa

awl §°'= ﬂ
p B
~ Examl og DUALITY & He sume H“"V e

[’\as ""«’o Q.Tu(\/@(ew, Y)Kcew*af\\‘ou.



1~ XAYM 5\7&Muncjw‘es

T(A.Q C.0.m_ os ('*) oreC

4 o §Hv - v
y 9,{ =0 . D @th)” =0 ¥Flec,
dxF =o AdF =0

v auwd xF akr +w~JnVM$ Hot aw  foved
= H\‘j ole ‘"M Two /f"'(s:oru« demuf/u’qg uith

CU\NUJS =
:)—0_ 3" F awd Jo.= 1 vF
2T

OTL\L CcowR s)-ov\ob\a CONSERLED CHARGES o

- Electric ,&(ux
5,) = 4 £ -l |
Q, ( ) L fzzF ~ jze-o(s < uu)i’
[
- Hoa(gmd\‘c. &(ux
Q@) L{F ~ (Bl )
2u Sa s, v

o Undin S"O(th*\'] Jo & .
QL —> Q,\M



» Roth QL(S') & QM(&I) ak ToPoloHAL  yuoluwr
c,ob\‘kv\. MOVMOJ\S O& Z;_ ‘
= e shaudd b czYKS}\ouo(:ud SUWIMC'}N'@S

(whose vehakd cosewdd cfunwkhes an fle Al ')
- Hwe

—— glice

aste Qp (&)
o Ul &)ee

) Stle- oh(/w?fb‘r& N \
u.deM| Zz')c QAO(M QM('EZ'>

k)l"l‘\ a/e'VO(&'\‘Q'IT Q\A'( ol aan o O(M*Qﬁ .

WIiLSonN  LIveES

Cru el obgervakon S\/\”\SA—\‘V\é A - A+3
Witk T a MoN-QUATRED  cloged A- fovm
shll Keps Mo adhon  (wvaront (F>TF)

Houweutn | e Wilion s owe ot inondt -

xp
W (Y) = e Wo(Y) ol B=1% ek, xuw
" ( : L, 7

= “\is s rot 5N \-(du\,\y{g.v\cj /l’)qj" SE Slo)aoﬁ S’Jvmmdfa
O]C H/\ '(:7(\0_ \)‘N‘l‘ JLSW‘L»(A /1'-e‘ S 4—0Eorvm %MW""‘J,

NS Ue wwjt "“AA_. aLSSou:Q.\'i(}\ LJL‘



In oden to derive e (A)\L/uug vyt usuel tuk .
we d&vﬂ& Vamsble b P ,Q-f)pﬂ;]ivg S Sjw\wu;\vn
+ramjorM\O« with o ~ congt }/QMAA»U"‘/\ For A-form

S;jw‘, HN\“S C.DVVL&\DAJJ to Qf \DQI'V\\J Nol)- ¢ (#SeD :
=~i§§ A dxF L g
N A(SA¥F) + SadvF
O:g ng\/\)t(@ dW S Ll/\J SAdyE 4 Anqil)_w/’ [E:J.?ASO{\I(W)
! 7 -
(A-1)-Jom <.t fVlAcY |(7)°fq thy
—— '8

> < AdyF W (MY = on ST cwn)> ¥
Q‘L.

Consider o hb\vk&i@*((j Lh’vx'a/( gu\gmawx Zd-z_
b the Boomlcvg 0\8 o Dy
géd\\(’)) = Dd*'l = Link (/X, Zﬂ(_z)
Do
Lek' s fu&agm)ra X o D ; Fomembintg Je= :eLz‘: \.

<AQIZu) W () > = n Link(Z,,7)<w, 00

i_g ¥ \“/
T T chos wked s b dpop Ul
crol Fhot He Wile L an

Q(l\e/\dbw owolla  Hhis S‘Ljvwwl&‘f\g.



— SJ \MW\L\’VJ HO\\ASXOYMQA\O'« qE ( fackr. clau-«a,( o“ Wil Ui )

A n (A den luk(Zi0) |
d=( < MQ}.JE (Zz) Qkh i > N QA E v ( | <e/“1€&7A>

{
TIRE Qfde Q¢ ()
Sym. Jroup s OU)  olg+2r~ele | dux T ?Um,y},gf 9"
k

Sowmwme -

o y
— Sym 0p Uecae (s°) = el e Qe(t) 2ol '[‘armﬂor_

= Chaggd op oMl 9.=ne€ZL

— Sym- dnap A% e V(1)
b

“ E Lectrlc A- ,K,gyw\ SYMNETRY h



'€ koot T o? T, (7)

~ Probe mofi. fof ((movelsle)
— Cloged Q,k‘/vu. &> ML WWOUA ol o& duad p}\o‘fom

- Q{thﬁl

~ Ogtain  Sauns X‘Nwwe XPU st as befoe  wher,
ot owolre ol hnie < Madmc'h'c.

b

"masvete - &om CYnneTRY

A“—CH\Q_{\VJO [ll/l&e/\,"‘\\\/\& TV\ (/Kol~3> P e ondatov
hAOoL‘AA‘QS DI oQovv\u‘\q ’SI"QCA\A/JLY\J b.c.

S E S OHA  Link (32( Wol%): 1
7 AW

S

SN ol Link (S %)

< U Gty 122) T 7&-3) > /F < Ta(Ws) 7

l
ol F hoo (€ g
Q& MSS‘ZW 52“’
Loed Ho = 3\40‘8{
nowe. = it oo
wAselz QL.



Gencenls sahoing
G ()~£arw\ SUW\W\L"IbI v ol d)‘w\ :
- S‘éw\ %- u‘a (Zd,?_J
- CL\M‘J&A do;)eu{‘s U()(ﬂ, 'Xp)
~ Syn- g <Uy (20 ) W(q,%)> <RI < W (g% )
[ Uaked

Tolle—oms MeshedL E xisteua o& /M = EXidece J TofoloGidL
O SRATORS



AM‘VU' X7 [JI
(A vewmewmber  [ow /l~£,9m Ty lon L

Il we pow ovlod Cl/wz(@( F(:(u(dﬁ Blx) il M 9
Hrauwe uﬁ(( be_ ﬂau(re w.uarmk{* L s Hak can enA

ot Locahde x a[ H&WOMV :/u.,fauf
te  gauy Haag/. 00 Hhe  whemmn x of Ao WL

Cowkm!’n/(’td 5\7 He Jrg VlM o/ d(x)

o .‘
4 iy
I
To be UM‘S\HI'(Q‘"?
/ / U;@ 1
D = ek

q

pu) > 2y

This is  called "SCIZ.earJU(r by bt dm gpetors |
(Now Bl s uwdmvaea{)



Nonw - AReial  Ehdet THEORIES
S= -4 [TCFavE) Segegrp &
267_

P. 1, l'm‘rﬁ\\mku ot «M G — budlg X their CQMWO{\'OV'S
Mooldo gouge Hams%f\w:i\bw&

S -bwdl
vcover LU
o Manehon 6\,&}5 3 wmu&- — G ol Qg R e = 1

C/OML/LQC/{\DV' A [
o Jocd 4 &DVME 44‘6 Qq(u;/%) 5&40/ PAY

~1

AJ = 9y A, 84'& +Lgﬁ& 40[30
This  shoedd wf be cau(JdSr@{ U/’u‘d"‘% “{Vu{)f )UM;(
et Q(L&)/MM 238 U u - G W c».ds el

~ |

Ais U AU 400 dU; 8,7~ V. 85U,



-1 s
Ay - 8 A Bag 43 d@g

~ ~1 ~ 1 \ ~1 =11
A U AU +iU dU, g U 8sU; = 95 % Y 8 Uy
\ ~\ ‘ ~\
—I =~ X o U~1 0- -1
= Uy gy Acag Uy 4 AU g s Uy +<Updo
-1 =~ ~A ~A -1 -1 -\
< U a0 U AU Uoa U+ cUcd’ Us Ug ol [ HOQS,
J%(‘)U*U’\ AR &%bd . 384‘- £ Y4 %{3 ) AN

1 _ =1 - - =\
A (AL - « UgolU, )%\5 * égl.; (d%‘fd - dUA‘gGU&'?* U«‘g\&d[&)

_ Celoa Ny v oA \ T .
BT A %4‘3‘ N {8‘13 0{’5,{.0. — 3&3}\% JU4 8{)‘ [ .
. ~1 . > o UdJ "'OH/U =
gy IO g, - U]+ 0l = dfW')=o

TWSFVMM“ ol D S sy okt con fuui, brosg

VA \
4 N A,(

AL
fdj s L
!

Jd - AJ\




"\);lSDV\ QJ'(/LLS ;
b % comsoln the Wl Lis

Wa (T)= 1o, Pe kgA

. To du&)w, e Y)odlhmo(- &K Ou om wb'r‘/xmd e ff
we et T (w4 cweld 24 (4 /A’{Cu_/( aud

vee A; o Coupnile ho(r(/l\(\: ?Q«‘Sﬁ\( ,
' Duden J M me{‘ hoe'y - U, ('xw\\\’\ﬂ&[ 9(4.»\)
Pt - T hly (A4)916,, (0,

=1 — i

. 74
ol Q‘V@w%m{vm& xfo UL( X“U P@ v %[?('an) :
Yo S

/[—#V\M EO\MW\U}N‘QQ .

Lek e couctdn abthian canc Q(VEJY:
o A- }DVW\ SyM- AH A+9\ A Ao ’/“&OVM

o Ou patds We = Al s 0(") |

o We . Weke @ focol Jowge fmmfcﬁayw U= 6_”1‘.
Hrot Cam}ouﬂls to moaéa&ﬁ% Mo trauefo (fbw(s S

&) Qqi ™ e V”‘%AS - 4G Ci; < & i)

Mfﬂf\/\fa A (W\IO\\/\‘QM)T ‘ '&R
N @f&?m ‘_%é@( AV, (>< AV]{{}}(&L): e 1 J



lh sbdlien H/\Lmj H\( achon 03 /I‘FW Sy 1S @?>
This  can b u\s\‘(:) Semwl,‘&(y{ o fon- eotd e Huovty

s Afrw sym %~ o &y

o o prswe the oyl condibon Ty must commuk
wiHe any possble gy =ty € 2(6) "
Moveor, it must happon Heok B b =4
[(u) 2(6)= P/ 2&6[ 2354:3 H@GG} IS

P CenvmER oj{ Hh, 8NUP G . \b ' A\BEUAN.']

o Constoln e Wilsow Line \AJR('D') = H~R PQ&f’bA
will, R wn 'N\lep Then tQéZ([ﬂ c
a. matnix p/om‘\\bm& To s {o\w\\\‘\\é wit,

Clador Wit phose b () = TR
wop- qeser Why R phase (0= T .

T\Ak w\.[@t« QJ\{ &\\/\L\/\ W&}mw& Qs
We (1) = dyla) Welrd

Wi Ha %C\\Xt&g QZ(C‘)
U,\kc
\A’\&\(s\‘]{#%
= We o bue opic changed
ondtn He Qo sy Z(6)Y



« Tor G = SUW) 2(6) =7y awl
W (1) = &M% We 17)
eIt a0 40 Bslade Ty geop-chw. ol
<0/ WA ¢ N M-abb OA fr q)
v There exist &  SURFACE OPERATOR
U(Z)  Haot  will b FL.&M oé o
AN owe - &ovw\ S;jwwxdgj ;e Jadt

U)W (1) > oud <»;m)) > twn od o
oz fen k} « fattor S AR

° \/\)M 7N RWS\VQQQ\ o& (Y CQJ\\\‘MQ\)& X%W\QJ\LQ\V\
<Ez’SQ‘LMQ-V\ SR A \GANEN ?
(A ewmember o 4- Loru i o

7

z,,// ) ef‘ﬁ/y
/Q)

L we row ovold d/waeb( ,(:u/(olj @(x) will, ohuf;( 9
Hawe I b ﬂau(re fpyariant Lias Hak can  end

o e locakdn x af Ha Waﬁay%v .-m,faaf
e gy traugf. 0o fhe wohemnn xof WL

Counpensobadl by e o s o/ d(x)




Now , %/ V
) .
e Q)

a0y dwd

l
To be cogiHnt

/ / =7 Pey
4 N
Q)’ /" %} Le. B = Ack

9
o>

W 5o ives CoVRC}dA.ﬂ(,’MJ fo /wo&fc wilL d/mn?/eg élf 72
cahinol  tral oL 4{ [}(} oo W e I,w}f 8. N
taall er»d}o TR N VAL, _&,‘“)

- \V\ meucu \-0\4,0\:3 H*b« \S e c)@ad —jw/wé// My,
bl 0[”/ U /v@[’ff oyt anone JM\A'J U(ﬂwi—ms(ﬂ;rm?ﬁ'oc\ .

- Howewr, s YR Hew o AD)OIVT  TIELDS
Lo Al %&AOMS Jaur boson¢ .

Probes i Ho sdjolnt acp  peclucs WL fhof
can el ot He  Mocaba o‘/ o am(fb/'uf Qﬁp/o(o{ /
etk o e vnliul e & drow dL Ure tuof
He Cavwc;@uo(,iv WL muet hax Rep c/w,\,aq

On "’f"o‘*“’ i st o ot /\r..f (6) ‘e WL +w~3$ovu~‘
eJV\ﬂ\a\~"\’N\‘\{j\‘:‘i'l,j D Z;?-‘Smm _ a 'Ad



Mebter
(e o edd woler W P R o &.
\bwo V\)fl COUA Q,x/\@[ 0N [OCQJLO«% o& e Qddf

@(Am
A %Q\,\ml, %EZCG)U) acke o Wp (ak 4 aeks mR)
ol Hue ¢ po fop Q(Akw bed weein QWZMO{ ope
= o Top. op lekd ™ M 3 .
The ov\@ top. op rmedniyy O Mose oot b
with  ddunufs o) e Sgvosp

M= 03¢z | dla) 1Y e Z(6)

b ot e Huy o s L fleand sy .
A watbten &'J\D\ & « gl by o &%\W&J od Louzﬂj

dofoasl & on e Ui, i 6 R g
e 1 Uially o

=50y <.
A A fran sgwn- Prauy] 9 = 9 T alfets @ by
o {yivy th gy CovdAons ontss 4 € Tp



