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(AStAa( LG T :--- -

vertices
( \

- ev~+s

pl~~v.e++es

-area e1ts.

3-ce({s L/-cells

-vo(",~e el+s. - 4-vol. el+s.

Two ~oal s :

• f/t.pre- ~e.,.e-..-&I <A,:>U'ek spec e+.-W1€ s - E,J' dM-'J

PlC W CoW\f'le.x (as tV'.. Sf iy\ ~~S)

• DeScrib~ Ihi~kr~8AA~~ +keD>"j'

l,LS , "'3 LG- T - (:ke. fee t..", ;1"-€ s

A: [p-ceUs] -? G-,

IV\ JEMe..ra( it's Vlot poss;~!e fD dCCOW\fli~h. bo~ ~o;;(s

~V\ CJ.¥\~ cAirec.:t INj' W~0v\. G. IS abeJi<w: J,Je CM do

I+) ';)iV ''''~ 2 tke OV~ 0 ~ J IS c(e{e -p - f".r W\ ~ C1-rDVV\3~VIet; sWI •



?- FORM ElECTROMAGNETIS~
3r-r-/o 510033

+k co~V\ec-hoV\ is+' la +

~

F::::-JA = 0
~ cu.,va+w"~ 2-.roV"'W"\

!jM~G'L-~ ~is S~Vj

l1e 3&l\j e tie/J ;V\ e [ecJ..,o "1 &~ VIe -\-;s11>\ "$ d COVI VIecho VI 0 '1

c UC\) blAV\Jle) locaHj a i--brW\

A :::~JxJA

Ide51ctiVlJ +t.is <910"'3 d ch<v~eJ per-kle ~ wovrd t,'v,e

~iVE' s c WW\ iI-\ tLe eckoV\.

IV\ p-fovw1 e.lec!.voW1&J",eksW1) we.

b~ rroVV\()-k~ A ~ d f-fv~VV\

A ::= A .__ ~ 6')(JAI;\ Jxf1- A ... A JxfAp
')J rf't jAr p.

T~;s IIIJeJact: V\a~rcIlJ ,,:o!- w;R p_o"d- pari-iJes., bu~
HI"I-l lp-l)-ol,W\€V\sIOVlal O~fch -!->--ac ''''j (JvJ p - c!,,'''\eVlSIOO? I

Wov \J$~ee+-s

+le. I P -CoVlV\ectio>'\' is f 18+

~

F :-=- utA == 0

~ct.\nra~rQ. (p+!J- fovVV\



DISCRETE. SPAcETI~e AS A CHAIrJ CoMPLEX

Xo = f VI) VL) •• •~ :: ·Il€. se+ of vert,'c:es

X, = l e,) e'l. ) ~ =: +h~ se-t ()t §'cAJ~~

X :::.S" + + '( -:::+k~ se-t 0+ .faces'L L I) oz.) ) __

To describe olisc.refe spac.e'+iW\e. W\01"e. al~e.brd~c.all~) We.. (eJ

Ck. :"" +he tree abelia •.•.~t'_p"11\ +ke. se:l- Xk. ~ rk
be. the. ~f'O""P ct k- c..hc3'~S) 8.V\c:l J€'+tV\e bOIA.~Ja.r~hoW\oW\()~k\SM1~

~eoW\,e+ri(, 1fJ~) e..,~.:
v'!,

has

oe, =- V'J. -VI € Co

of = e, + €.'L - e~- elf E.: C I

~cA ~e

odf = (V'2.-vC> + (v3- VI.)

-(V3-V~)-(v'-i-v.) ::.C) € Co

The. p"'ill\cipl~ that n +ile. blJl.\..Jat'~ ot a b"•.•."J.a~ is &<'0'" ~s
we. ~et a c~alV\. c.o~p.le..x

a 0 a
o ~ Co ~ C, ~ · u < C 1'\

ThIS is OlAr t11.oJe.1 of Jisc.l'e.h~. spacef-i-.e!



To ~€t pk~$jcal ~ielJ.s> we ~(.(a(i~~ Ou.r 5race+iW\~

o~c <d C ~"'4EO C0' ~

co dC' d d C'r\--) --?'" ) ~O

So we.. cul t

T\NO P-COf\V\€c..+ioV\s are. ~~~~ ~t-\jv~l~+

Cobo~V\J.a.r.-J :

to ~e+ :

whe,.-e c"~;:hoW\.(Ck> u.c t) is +~e. ~ro",p 0+ U(f)-valu.eJ. ~-Cac~tV\s

8h~ the cobotAnJar~~p's dare. de.f''''eJ b~ d.f(c):;::.t(Oc.).

In lattice e!edf'6"'a<Jneh.",) +ke CDMec.+,;'", assi~"s +0 eac~ ed~~
a.~ eteW\~t 0+ U.Ct) - esseV\+ial!~ ~e. ho{on.oW\~ ot the cOt\+it\l,tuW\.

CoV\Y\€c.+ion. IY\ the, P.--toOV\. ~eV\e.ra\i~a+ioV\J We. sho~tJ ~e.+ 8Y\.ett,

o~ U(() ~r eac.~ R-="c_e.[f. We 1'h\,lS d.etit'\e a Jisc.ret-e L(C!}

~- c:oV\Y\ec::.t-i6"1 +6 be 8 hoW\"W\orp~;S'W\

A:Cp~U(J)

SO the. ~r~lAp ot- p-co~ned'-i~~$ OY\ fhe._ chai"\ ('oW\p[e.x C is

ACC):= CP,

Simi la.r'~) +ke tie Id s'h'e.~~t.bor Cl4rvatlAre i~ ~e. (Pi" l)-coc.~aiV\.

F::: JA : Cpt! ~ u.( l) F€CP+\

it ~e~,ttk- b'J a

"3<{> €;. Cp-\

q((.):,.; Crl

tke. ~ro~p 0~ ~~~ {y-Ov\.$ ~..,C\+io"\~ .

-



W~eV\ G == fR) +~eJe IS ~ obV'O\l\5 C~iC(~ ~ ~e ~c.f-;~V\

S : Cr ~ rR

NaVl1er~) .si"ce. Cr+I:= hol'>\ (CPH) /R.) ~ r<r+r IS d real I/ec.J7>r

Sfdce) we c~ Jive i+ ~ IV\V\U f'0J",c.~<-)-) avJ let

S(A):= -i2 (dA)JA> == b<~F) "-
-r1 _ I I -' /" - II - t I a na ~qOIA5 to

I hIS edrAS TO (J't9<AS5ICM po~ 1"\ e~(,2 S -L J~

:7 - S -5 J - -' /F F) 2e2 JFA""Fc - e = e.. 2et.\.I)

IV\ the CDse G:::: U{I)) we. Je~~~ V\Dt ~e..

acJlOV\ S) b,A Re 8-v\~lo~ 0.(' +-le· <PQ<A.SS i3'V\

e-s .(r-oW\ ~e l12. - +~eor~ :
A A

e-S ::: I: e-fe>< F - 2rrl'\) F - 2rrYlI
Y\G ZXfJ, l

Her€.-

F=JA E- U(I')Xp+l

~ Tl, is; s rea 1/J
~ +le.:b~\ RII\c. ~o V\ •



S-E:--S~'''~So I ~-I

To JeSCJ'ibell +i1'\ e.. €Vo "Jio,," "VI J•.sere h: f -+'0 (" WI ere c.[,.-""""'3"e~·s>'1 J

We~ \;ke. a V\cJ~o", J; spacet-iWle Co'\'1ech'J ~;(ices of 'space." :

If . L '\,
Sp~Ce:rI~e.

jV\

o objects: chain coW\ple.xe.s

• ~orp~isW\S: chaiV\ coboYd.isW\s

S ~ p. ~ 5o ~-\

.L- J-
M ~ '" ~M ~M. oro r\~\"t f
S/~ '_'~Slo 'H



J", af'\alC)~'J -b -hpoloj ica I !t.l8N\+c..~ t-,'e fJ ~eorJ > I J~tiO'\~d c~aiY\.

fie. tel ~eoY"l1. h> be. ;) SYI/II\M~fr.I~c:... W\of'\O,-Ja I ~"\c.for ~

Z: Yl Chain. > ~il b

5

r
5'

5 ~ ...~ So ~-\

~ ~
M ~ .- ~ Nt. ~AAb ( . "f\-I I" \"i t
5',,::-···~S'o 1\-1

/ I'Hilberf space. o,f2(5') states ov\ S

~l~M)~ IiJ'\€8r Oper8-hrr-'lL~ I L ~TtM~ evtJ l.\,-ioV\

;t(S') ~ '-- "

ffilbe.r+ space. ot
sfe1-e S 0\1\ SI \'

T~€br€.Yv\. ~ Di$c.re +~ p- fo Y"I"". e.{ec..-\roW\ a JY\ef-i s""'-.

c~,v\ t-ie\J. tle.o",'J) wi~ ~

• ~ eac.h o'oy~c.+ S ~ Y\C~ai"\.,

'-e..(5) )l($) -== L q.($)

~
1$ a

• tor e.8c:.~chai",- cobo-rJisW\ M.: S ~ S I +ke... +iW\~)

evo\",-koY\. :c.(M.): r.(S; ~ =lest) JiV~ bJ ~~ r~
i'"teJ r8\

<1{>, ?=(M.)q, > = 1 FAls') f{Als) e-~t'A)])A .­}t{M.)

(where,. J)A is Ii rrt1J~ct o~ UCl) - !-taar ~aslAre5) $lAi+ab(~

normal i=t:.eclJ


