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Awo IMPoRTANT  ASPECA of @WME:

') QUANT 1 2A Tion of HALL CoeDVU CTANnCE

D) EXISTENCE ofF EDGE CUORRENTS

@ ® £ WALL  SAMPLE

MAGrHETIC FTED

conNFINTN G fPOTENTTAL
N ()

EvaE

QLAPTENT oF V@ ¥fo onLY AT “gpak” A~D AeTS AS
EFFEcT\WE ErBctrre FTEL D, /\'n TS <ToafTHER WITH T»e
EXTERLNAL MAGNETIC EFIELD PRoDuUcES EDGE Cuf‘lﬂi‘[_

ALTROVAW THE "SNSTEM TS 324\ DINENSTomnAl, THE D, o.f
ALRANGE THEMSELVES L AwWRY  sSucw THRT Tug Puysrey

IS 7DESCRIBED InN TERMS of A THEORY WWICH TS E3IENTIALY
14L DIMEN STOnNnAL

> HoLoGRAPHN,



) TaTRODVCTTON

2 NC ¢S IS THE GENERALT2ATTow oOFf THE GoMMUTATIVE
S “THEoRY WRTCHR ARTSES I~ VARTOUS AREAS of
PRYSTCS AnDd MATHEMATICS,

> THE QELATTION BETWEEN CZoMMUTATIVE <SS AND QuANTVM
RALL EFFECT (QHE) RECEIVED EBXTENSTIVE ATTENTION

T THE LTTERATURE,

—  MORE RECENT LY, THE CowwBCTCow BETWEEN Ne <3}
AND QWE HAS BEEN DIScusSED BY VARToul AUThHoRS

‘CSUS} Kred , hep-K fotetoa? | FRADerwN et q\, tanD- MAT /o2 05¢E3
PoLlcrnRomnALos kg\p-l'k/om:on;, o1 66on MoRART VY lPovlcu&onauosJ
hed-tk Jor0¢ on; HELLERAMAN & RpAMSDoNk, hep-R JorD3 179 ),

> CS on A Drsc oOR WALF PLANE In PRESEmcE of SPATIM
NON-CoMMUTATIVTITY WAVE BEE N STUDITED, WHTCH FAcEID—
OBSTACLES T DJEFTRING THE STAR PRoDueT o A
MANT Fotd AT TH BoundARY. < Prew2ut 2 STERN , heb-K/ore7179;
LuGo, heb /oinogqg) <CS on NC PLANE WTTH A wolLf '
nAS RALlso BEEN DESCUSSED CPraudvl £ STERN h;}-ﬂ. /o'nz_gzc),
(Flso ChEw Ly, heP-Rloniniog? |

—> Ta OUR WORK WE STuDY THE NC &S on AMANTIFOLD
WITH QounNDARM AN A LIMI T of A SYTTABLE MATRYY
MoPEL. WE PAY SPEcTAL ATTENTTon To THE PHYSTecs

AT THE ' EDGE”
CA.P. BALACHAND RAN, KSG £ S, KB&:;‘QoZu, hep-tt /o360 625C )



Th ADDITIow To awe, &S THERY wWAS PLAED A RAJR
ReLE TN 24+l GRANTY

THE CALLULAT 1on ofF THE E~NTRoey ofF 241 3zM. 8T
BLACK HOLE T3 A <ComsEQuEncE ©oF THE doroasAfuic

~NATIRE of €3 -THEoRy,

Ne cs Could BE IMfolTANT Fol ANALY ATNG THE QuayTviM
AIPECTS of GRANTN Tw A w¢ SETUPR

/{-be:rama wITH AREA A,

S o A.
=P Holo GRAPM,




2) EDGE CURRENTS ‘_t;N‘CoHriuTATwE CS THEoRY

4\ Mny

Ovtk. HANTFOLD TS AN e fTeITE
\
STRIP T 1IN R ® R Trme,

T: € (v, %) e® | -L =% = L3,

L3

-\ L

“TWE Actrow Follk. ABELTAW ¢S onT TS

sS= R =A> a I
z; \(‘ A A A A , A /p 4 l l
T2 |

“TRE EavAL Trmuf P.8s ARE *
i A: ["(‘:. 2y 22) R AJ (=, “‘”: ""-?3 = é.t_‘. S{J Sl (:"‘ 0 tjEha,

“THE GAUSS LAW ConSTRAINT IS:
W

gee) = 2 ([ Nwdre =e. (N - TEST Fm)
T
T
DIFFELEs TIABTLTY  of § (N) =D Nl = o

ALN°)  GenELATE _THE GAVGE TRANsFoknATTon A A -dA°

AnD ARE FIRST CLASS comRSTRAINTS @
e ™ e e et e e PS>

S a(n’;), ALY 3 = o



G3n \Wunav PRoyT QOESERVAERLES

O™ v . S —

THE  cHARGES OF THIS THEoRN ARE:

9) = fA/\ nA CN: Test £m.D
a2n .
24 Alyg #o.
THEY ARE  FIasT  cLAsS

{200, guerd =o
An® ARE Tuf ©oBSERVABLES of THE THEORY,

Q- oUW ED GE:

FOR 6 A\" N = I\O’

40)- 26 = —JCA-M) = ©

=N TEsT EnS, A, AnND Ny \HzcH ARE EavAt on 3T |
. I\°‘;c =o ) GENERATE GAVGE EQUIVALENT CHARGES,

=D  9Q(N) ARE TNDEEP EDGE OBSERVABLES,

ALOEBRE _OF oBsERVABLES

iicﬁ‘)) ?'C/‘Jf = %‘7 f—r J'Al A JJ\.. = %LT /\,A/\t

CHooSTiG A BASIS ofF TEST £mMs. o 3T As |
,\\ ll.:L :C‘k‘a‘ Atl'l‘:;,:' efhtx‘ A\ "x‘l-’-l-: o= A‘- ]a.g-l_

wE GET: |
$2(r), 20032 kb $(haky)
,‘\

UL(1) KAC- MOODY ALGEEEA.



WE SHALL Now CONSTDERL AN EAQUIVALENT REFORMULATTIOWN.
CONSTIPER €S THEORY on l’ﬁ.l&D ﬂZ.‘) WITH

2 SPATIAL CoMPONENTS OF A SUPPORTED =~ I 1S L

- Ao SUPPRTED In |z l<L

TWE VUARTATTIon OF S uUNDER Ao GIES G AUSS LAW:

GlN) = _Ejv A’ AdA =o
an W}

TIFFELENCE T (GAUSS LAW  BFEFoRE
2
) RANGE oF TWTEGRATIow nNow ®  (was T BEFoRE)

) N New SUPPORTED ITw \l|\<LJ£.¢.. N =0 fR \m 121
(THIs Fouows FRoM SuPPoRT of SR WiEcH £s SAME Ay THAT of A

NOTE TuaT G (A°) STnL FRsT  CLASS,
THE  ©OBSECVASLES ARE  Now DEFTAED AS:
alN) = wn j’ AN A A
an 2
N cas BE sSufforTEY OR AL of R, BUT F rv =S
SOPPORTED ony om R /T (e, W\7L) | THEN GCA) =o.
Fot A-Mz A° | GCA) —QWUD =- GCA-Mh) = ©

=\ g (A) LocALT2ED AT % =L,



AlLGEELR oF OESERVABLES

faw)d, acnpf = » S A, A dAe
m A

“To  CoMPUTE THIS ALGEBRA AT =L, cChoosE
Ne = 8 ('x.—-L)e‘h" - = ,2),
“THE v ; iaC/\,)) acn) 3= bk, Clo,+ ha D,
SINTLARLY WE cAN GET ALGEBRA AT X =~L \WrrH
) Cho"(;
Ny = (Cv-980at) ) e

~Tuzs REFORMULATTonN wWouLD BE HELPFUL T~ THE
NC CASE,



3 NON-CoMHUTATIVE CHERN-STHONS THEORY

onN AN
INFIToTTE STRT?P

A\ PROBLEM WLTTH STRATZT fo

CoNSIDER €S ACTTond op A MOYAL PLANE  WITH nNe Souw~ndAR)

2.
Swces -k |d2o dx Zon (Mt R+ 2 A% A2 A)

Fuz =l AND M, 320,12, Zo Is TrmE AND X, Aa

ALE CooRDTNATES oN THE MOYAL PLANE. “THE * ?no'bvc.—r TS
TNEPN  BY.

€ —3
B¢ (3., Da‘ —sug,q)
f* 3 (‘1)") =f‘(“\)"’.) € aC“\, “t)
“THE <SPATIAL NoNCOMHVTATIVITY I8 ExPRESIED AS
U=, %], = (8

WHERE O Is THE NoNG@MMVUTATIVITY PARPAMETEA AND

[_Ef"so.]» = &a—j "3"‘5’

WE MAY (NATIVELY ConNSIPER THE ABovE Snces oN THE
TNEINITE STRI? U Amnd Do

BUT THERE Is A PRoBLEM
%- PRoducT

THE ¢cANo~NTcAL ANALVYSTS,

WITH THES, NAMELY THE
Is NoT WEW DEFTNED on T, To SFE THIS

NOTE THAT THE FfOoRMULA FoR % PRODVCT coNTAINS

THE Ex POoNENTTIAL Fofk THE DSDIFFERENTIAL oPERAToR
—Ldx,. WITu THE USUAL DEFN.

of ITS DoMAIN, — {Ox,
GENE RATES -TRANSLATTON 5

so

v (~¢ 9:,
S 3‘[’C“O = (= 4c)

CoNSEOVENTLY, =F Y H&s sSuepPoar (L, Ly, e’ (‘Kl’(*‘)‘fr Bbogs NoT
) ' J
ArD % fRomucT Is  NeT WELL. DeFrmsD

e FUNETT oONS
SueporTed =N C-L LD
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Y MATEIY o DEL

TN VIEW oOf THTS Pr.ou{;ﬁ’ WwWE

ConS IDER A
FINITE DIMENSTonNAL MATRIx MNMODEL WHIcHd BEcCoMES
THE CS <THEoRY on A NG INFTNTTE STRIP
IN THE '

LTMIT THE SI2 ofFf THE MATRICBS —» <O
TN oRPER To SET UP THE MNATRIx MODEL, CoNSIDER THE
MoMAL fLANE DESCRIBED BY OPERATORS i, , 2 \WLTW

["h ’ 1,,3

Q_o

CONSTDER row A HARMONTC OSCTUATOR WITH HAMILTONTAN

A A 2 ~

H = X < h Ql *
AnR9 WITH osciLLh‘nod FREQ VENCN = \l /
TH E

HTILBRERT <sPACE '36 SPANNED BY THE EXT GENSTATES of
THES  HAMIL TeRTAN WoulD ACT

CARRTER SPAcCE
OF THE OPERAToRs 7 OVR MODEL. THE NVUMBER aF E~NERGY
A
ESGEN STATES of H

8Etow THE EnErRGY F -\‘uL
BExNG THE cLASSIcAL AMPLITUDE =5

AS THE

»

L
FTWNTTE AND X3 GivEn B

hL —\Gw
29w
wrere [x] rs THE LARGEST TWTEGER SMALLER THAW x
THESE M STATES, LABELLED FROM © +4a M~ (AN 8E TAKEW
AS AR oRTHoNoRMAL BASTS

FoR A Sugseace ‘®n »e Tne
HARMosTc oO3c|LLATOR HILBERT sSPACE K.

M can BE INCREAsE)Y

SNCLEASING R,

KEEPLNG L AND W FrxED wWnILE
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WE wWow SPLIT M As M= Nin  m1e2t  NFo.
WE TAKE TwE GAVGE FIELDS Au (p=2,58 t21,2)
AS PARNTIT- RERMITTAN OPERATORS WITH

A ; .S A
A ’j’epu..“ < %Nﬁ-v‘ A Hruq = {oi
Aa )kﬂ'-\ g 7('"“ A° N~t 303

Tw TERMS oF THE OPERMTOR 3,‘.,, =lm><'«~«)J WHERE

IM> DewoteEs THE 'n'“‘ NORMALT2L D ETGENSTATE , WB HAVE

N-\ L4 A

")N’-O
A
Adam =0 fox M oov m D n-va7,

N2 A
AnD ho® = i (Rednw P

N, 20
(Ao}-um = o &" ™ or m D N~2

TR TepMs oF THE PRoTECTTer ofPERATOR

A K-\ A a | X8 e\ A
.i w = Cit) nw Pawm = > CSJ,‘“ = 5 Pran
W,mseo ,w&b neo

Lilf—)vw*’ @)wu =0 &“" ™M ov WM DK~

WE  WAVE

a

v iN-l-"\

>>

s
2

>
»>
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“TRHE S LAGRANGTAN Felk OvR MODEL T3

' A A A A
LNC&S = -~ RO Ecd' T‘!‘ ("‘ A.‘ AJ' “' 2 Ae [3.‘ hJ 1-2.- Aj))

o

a
WHERE A} = oAy  AND () = %i‘l;'[,"J>(‘)~7

<

REMPRL: -
1)) UNDER TwFENT TESIMAL AAVGE TRASFoRMATTON

A

A . A ~
Ar ——)Ar -4 (arg -t-tfﬁfaQJ)

W HERE 2 Ts A MATRIX WITH TRFINITESINAL ELEMEANTS,
Lnces CHAnGES BY A TotAl DERIVATWE

A a o A )
:9 T, =o C To ConTuaaATE To Ab
=D ?\o NoT oBsSERVASBLE &ND cAnN BE EL i1 MINATED FRoM
THE REST of THE DISCusSTown

PeZsser  BRACLETL

§ (ﬂ“)"‘" ’ G“J‘)fs g = :L £y L:Lu-m Jas @«-ﬂ\ e = A 5{; Sna drer
S :

&b

Wyws), 6 3 €& [0) Nv-l'tﬂj

o . . Lt o
this A2 ~0 (e sy = B = ~a (ven)eg day,

ned b9
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LANe~ICAL  AmALM STS
THE GAUS (AW CoNSTRATNT =8 -
' a A A A
~wo ey T(s e C3ch; +A:AD) =0

o
NOTE: She 5206 omiy To dlu., . HEwce

H

QM) = ko gy T (A" C3chj+ miP)) <o

§
iy
3
[}
o,

a

o _ ' )
wueee K It of TeE sAME Foem A She

e t—

A, A
A° M., € T, " Mo =13

Ao A ~A A
A = j—"—\ Ao iﬂa‘

Ao o NP‘» T A R e N Ca )
%2 5 Q%) Pan (Bhuze for nym >n-2

Pl Se @."):‘; =-L;\°)u~. CAnTT~ HERMITICOTY)

Now NoTE THAT WE CcAN WRITE THE GAUSS LAW ConsTRANT AS
a Ao
FA) = o & T (-3%A°A; +7° & Ay ) =o

with  (2chC) Ko e e (i) Py =1e}
oRr @cll\“’) = A° G: Ao? i

14



CoRNSIDEL Now THE aQuANTUTY
iC.‘é) = ko &, T (-0¢ éA\J + 5 A; 7\,)

Fob.  Am AREITRARY OPERATOR 2. wWE THEw GET
53(2), 2(3,)3 = | ~9([2,2)) - kb & T duym (20 )10 @ 2D
ALAEBLY oF AAUGE ‘emsTRATwT

Fob 3. =A° Clisna), we wave 2 (AT ) e 3 (A%
WE THEREFeRE GET

§QCA), ()=~ 3 (LA, &Y ) =0
=D JCA°)  Fzegr  cuass.

[’mE CEANTRAL TERM TN THIS CALCULATIod VANTSHAS!

A 2 Ao a
P T S ) 712 e B AZ) = - &y TWCa: A (3 1,°)

= —beTe Se(AS 300 )

- O

STNCE TLAcE of ToTAL DERVVATIVE VASHES on A FmTE

DIH. HILEERT sPhcf |

15



OFcgevABlES

—_—

®  Com3TRUCT THE oBSERVABLES (oh cwaRGEsY), CHosse

A A A A
=2 =A = A+ .A°

A

WITH /\° AS BEFoLE AN

AL AL -1- L
A ’3{"'\ =0 N '}CNM < .}LN-\
A Ky
(A Mo s (9,4 REY¥a € Hols
ot .
Al &
©° = iv‘-\ 74\ j.Nﬂ

IT THew Fouews THAT

$9Ch), 9(AN Y ~ o

] i
= 9CA) witd A=A +A°  ARE Frast ciAsy £ oRIERVABLAS

FuetuebHo RE, For

~ Al Ag NPV 2R
AT R Ax = A4 NS

2ChN-2 () = 3 (A, -8) =o.

= 92(A) £ 2CA) AReE GAuar EQUIVALENT.

16



Al Epea 8  cBSEFEVABLES
?i(ﬁl)) i[ﬁ;)i: "?v(E/?,, ['L_J)-h,gs. T A “4‘,(;,‘ )j““ @ n&)

WHIeH Ts A FIATE DI MENITONAL  ALGEBRA ANALOGOoUS
Te THKE Non ~ABELIAN  KAC-HooDM AL GFE BRA.

D) It cAn ge  SHowws THAT

ié‘z.o.)u“, Q) =o

FG”'- Y'\‘ ok m >/N AnD Fol2 N=wm= N-—" THVS
1 (é;_)nn FoR N or m 2w~ FAred FoR vz na N =1
ARE OBSERVA BLES OF ouR THEoRY

2) THNOEPENDEWNT oOF VALUE onfz 9 CA) :,&c.a Fo R
Non2ERD ENTRIES /'\\.....‘ Nt I\,.-‘,, [ n~ -t W A
GIVEN /’\‘ WE THUs HAVE 3 VNI QVvE Non-ARELTAN
OBSERVABLES,

17



A THE LARGE M LTMIT

A
WE Focus on THE OFPFRATOR Fuipey ° ] M- 7(4‘1—!‘,

TN TEEMS OF THE COHERENT STATE 12>

.L ‘&“l oo <

{2)= e 3 = _ 2 |+ >

=0 J—B"—L’;
A

“THE DIA GoNAL C(oHERENT STATE ELEMENT OF Pyyqm~ TS

~ - e o
PH"\ [&)%) 2 —\- é‘%\ "—')(H—!.‘2> = Q,_' -*—-;- )z] @‘ l)
R4 LU &HZ(H-I)

Pu, HAS MAXTHA AT 2 2 2o WITH (2)°= &M-1),
In TERMS oOF THE VARTABLES

2, - Le\& 1D: L ay
JQ““‘/:.)&
% s Ze\Gle) = 2 J(r-%)e e
L

WE (AN REWeRrTe FM-. (23,2) = Qu-« (0, 2.,
“THE FuNe Tiowm Apmy (%,5%,) HAS MAXTMA o~ THE ELIPSE

2 r
x| + .Y > —_— |
M= )L” HH= (M=) (M='A))
~Y L*

WITH AXES GivEn BY M-t L A 29 J@“' )(M"'/r)
L

18



Plot

of
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Qlowu P

ofF

62“-‘ ("‘\, 2y )

Fof M=to0O
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WE CAN  GRAPHICALLY SEE THAT &u-{(,%) HAs

THE GEoMETRY oF AN ELL)1PSE EXTE~NDEY Aloweg X
VIrLECTTON. AlSe |

/A
SEMr MATJoR AXxIS - 2/'- 8‘5”)
SE HI MINok P XIS L
AS M= 00, TUE FLLTPTICAL SKEOHETRY ‘oanvERGBES To

AN TeRFINITE STRIP WITH PEAKS AT X, = 3L,

MSo, AS M— o0, TuE “suarpwess” of
IS aGiveEe BY

THE E£DGF

ERANED

L’ ORDER .

wWire WIEFIH AKX

|

H-p oo

=

e
¥

AN ek e DEL TUE ETGE IS Fu #3v

AS M— 2 | Fok frIxE) L 0% — 0 AND wE GET SHARP
EDGFES. |

IT s & THIs SENSE TMAT THE
DEFINES A NoN-LOMMUTATI\VE
OR THE <TRFINITE STRIP

Lyt M =
CHERN-~ STMowNy THEORY
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5) (OHMVTATIVE LIMIT

HERE WE (onsi1DPER THE LIMIT M — o0 A~D 60,

UStiNG STANDAR) RELATIONS Fop THE M PRoDUCT, wE
cAN EXPRESS T HE ALGKEBRA OF THE OBSERVABLES Twa
THE DITAGOoNAL (oHERENT STATE REPRESENTATION AS

LI, 20§ =- 2 (00, M) -2 65 [ 2,0 B0 e 20,45

2T

AS f—c THE FresT TERM ©rN RHS ™ o,

b

ALso As M— @ Ay = 4 dEwce WE REcovER THE
C STARNDARD  UC1) KAC-MooDY ALGEBRA of THE EDGL
ORSERVABLES of THE ZoMMUTATIVE cS THEoRY

Y2Cr), 201) 3= - & gi‘a G:T\)Q}\nl)
4n

2 2 A
WHERE WE uave vsED Jd2 Fea,p) =Y [dx Fln, )
D wWHERE ?'[m., %.) DENCTES THE MoNAL REPRESENTATION

OF THE oOPERATor F.

OTHER AS Wodov, MAxzNpA afF QA on f'_L.‘ 2y 2 )
g oy, nt

Fo ALL LTMITS ofF B8 =206 $ucH THAT HM =2 @ A5 M~®
WE GQET STRI1P GEo METRY,

on THE OTHER HAND TF O = o Sucw AT &M s Rzxghd
AS M — e, WE GET THE &LoMETRY OF A Disc, an.s :
LESOLT WAS ALSo TNPEPENDESTLY o8TAT~ED BY 112z et al

Cheh-t/e30¢ 247)
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€) ConCLVUSToN
> WE WAVE GENERALVZED THE WEL ¥Nown USuAL RESULTS

OoF “THE CONMY TATIVE csS THEORY T© MNoR-CoMMyYTATIVE
MAN(FOLD s WITH SounwDARY.

—> WE WAVE DEVELOPED A NEW MATRITX MODEL WHICH TN
THE LTMIT oF LARGE MATRTXx Sra2€e DEFInES THE
NC ¢S ©OnNn AN o sTRP

» THE C(OMMUTATWE LEMIT of THIS THEORY AMRERS wWTH
THE RESVLTS oF CoaMMV TAT\VE cS on A MAm fFoOLD

witH 8ov DA RN

2> “TRE CLASSICAL ToPoLoGN OBT ATNED DEPETVDSY on MHaw
LiMITS  ARE TAcEN,

> “THERR QARE M™MARNY oOPFEN PROBLEMS:®
® TREATMENT of DFFFOMORPHTSME T WNC  SET VP
* SUGAWARA CaNSTRUCTIoN

* ANALYSTS of OTHER TYPE oF &EFoMETRN | ey,
YIRS
/ \\\-v

" ToPoLogY CHANGE TN THIS PteTurE,

14

— ARAV TN ?
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