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Tue p-Form GENERALIZATION oF ELECTROMAGNETISM

In e(ecl'romasne‘l'ism, -H\e basic Fl\ﬂsica( ‘Fz‘e‘d ¢ & connection on
a WD bundle | low”b a2 1-Grm

A= Aﬁd%# the %wﬂe_ field

Tke A"‘Cielo\ iwﬂuev\ces 'H\e Mo“'fon o-c 8 Cb\araeo' Par‘l’iﬁk_:

TL\e connection is -ﬂd‘

LA is 2 term 1‘;

Y in the gchion for S,‘A = SX'A fr Y2y
the particle to move @ crones
alm\3 -H'\e, Pa'l’k ‘6 4
F=dA=0 ¥

N — curvahwe 2-form

In P—Form electromagnetism, we yneralfae this sty lmj
Promoh"\% A 4‘0 3 P—Czrf'w\:

A=Aﬁ/k...,‘f ';T doctr Aot A e A dyete

This interacts na+ural(xj not with Poiv\‘l’ Par+ic‘e5, but with
S"'riv\«js (p=2) or l'\l'aher dimensions] ‘branes’ (p23):

T‘\Q 'P-CanneC'Hd'\\ (s ~F|8+
SI" A s a term ﬁ
n 'H\?/ getion 5 A =0 over sv\n contracti ble P-SPl\ere
ﬁ STOKES
F = olA =0

- QLA{.‘./.#‘A'@ (P+ 1=Form



Discrere Seacetime as A Cua Comprex
We can mode] discrete sPacewLime as some n-dimensional cel| complex:
Xo = {\/”V,_,...g = the Se"’ °'F Y.";I_ii'és;

X‘ = 1e,,€.,5 = the set of edaes
X, = 06,5 = th b of s

= the set of n-cells

To describe discrete spacetime more 8‘3e—braicall«3, e lot
Ck:’:'- %e,-cree al:JEav\ srmP on 'H\Q_ set Xk 2 Zxk
l)e- 'H\e. SrO\AP a§ _ls:ﬂc;béjgé ) and A&‘cif\e Mﬁiﬁf&q__wm

3 : Ck—-—-) Ck..‘
n 'H'\Q oBvIous se_ow\e.‘h‘l'c. Na«ts N e.3.:
v, &g’ 2e, = V,-v, eC,
e, € has OF =e+e,-e-e, &,
3 and hence
5 e, * aa{' = (V,_-VD "'(V;"Vz)

(v -y~ = 0 e C,

The P,;V\C;qu 'H\a{' “the bow\a\arb o‘ a baw\olava s 2evo' Sajs

we 9get 3 chain_complex

Oé—-v—-—acof-—a..—-c‘e_—a-—- cos é——a--. Cn

This is our madel of discrete space.‘l’i»\e!



Discrere p-Convections, CurvaTuRE | & Gause TRANSFoRMATIONS

TO ﬁe+ Pl\bsica‘ '(:l'elols, we aluahze ouwr SPace:Hme Cl\aa‘n Complex:

0 C, <, e,
to je“’: Co’_Cl"’C"é""‘ —é'*ch“*’O

wkere Ck'.== hom(Ck,u(t)} s ~H\Q 31‘0“‘) aF L((I)—valued ’S_:_S"C"‘?_"\f
and_ the c_g_‘gg&qé_al’% _maps d are defined Lt’ dfle):= £(2c).

Tn lattice elec+romaane+"sm, the connection assigns to each edge
an element of WD) — esSevd“ia"c_,, the holonomy of +he Con'l‘i:\_u;m
connection. In the p_-_-Egr_q\ 381\2:‘3“28‘{"'0“ , We should 3e+ an ekt

of WD) for each ﬁ_—_c_e_ﬂ . We thus define a discrete. U(D)

p-connection To be homomorphism
A:Co— U
so the group of p-connections on the chain complex C i
A(O)=C".
Similacly , the field strenth or curvature is the (pr1)-cochain
Fi= dA: Cpyy — WD Fec™
Two Pp-comechions are gouge equivalet if they differ by o
coborndany : , , o
A~ & N=Avdp FgeC

So we cal( -1
Gey:=C!
He group of gauae fronsformations.



EucLipean Path InTEGRALS

AV\ obger ‘[3}2,[3; in discrete P“FO"'*‘ e(ed('\fomajne'l't'SW\ s & j&«ae—-

invariav\"' -(-'“n(_l'iov\ O‘F ‘H’\Q Conﬂec'{"fan!
£: AC)/g(c)—R

A simple QX%P'Q is ‘H«e resl Par‘!' of He curvshure on Some._

(pr-cell c:
£A) = Re F(&) = Lo dA(
This is qauge ivariont, since
F(A+de) = Lo d(A+d@)o) = R JAL) = £(A).
Tn the quastum Version of the 'H\Corlj’ e obseveble f

L‘.»ecow\es 3 Yavdom Var‘iaue, wH*L expec+eo( Va,ue. 3ive/v\ b‘j

-qu Pa{'l\_;fiagie.ﬁ%r l

~S(A
SA@ Fe™ DA

#y =

j}\(c) e-S(A)DA

where :
. "e-—s(A)“ e R scsles the relative probabilihy for o Parﬁmlar
cormection A:CP-*U\(\B b occur (see My paper [*]
for details of how this i AQ'CMQA.)

) DA 1s 8 Proo\uc"' o-c (/((0’ Héla?' measures ;. one for each
P"‘CQ“.



CHAIN CoBoRDISMS

TO Aes(_r{be, l“';”\e €Vo'w":'ou\‘ in o‘fgcre’rg F-corw\ elﬁc“""’*@jv\e‘l';‘s”\,

WQ'A l(\:g 3 v\o“’iovx oc SFace'Hw\e CO"'"’QCH\3 Sl"(es o( ”Srace“‘.

Tl«ese_ 'Porm a niex Ca‘leaoﬂj Ca”eo\ nCl«a:‘v\:

4 OIOSQC“'S : C'\'\)—Complexes Soé-_" B SV\—I

¢ VV\O"PL\‘SW\S s CL\Q;V\ vam‘AKW\§

S, < =< S, ,

v v S, S,
M, M _ <M, or \ /
T

!
So’<__ cer &—— S-\-\

¢ COM?osi‘Hw\: rse usl«\ou-l's

s\ (s s, NPAN;
<\M'./ )(\/) A



CHan Fiero Treory

Iv\ ana,oj\a 'l"o "‘DPoIoa?ce' zum‘l‘hw\ F»eU "Leof:), I o[e.(:'-“e 3 CL\aiV\
-Fielo\ ‘(’Leor% 'I'b Le o Symmd‘rl'c. Monoidal 'cw\d-or:

Z : nChain > Hilb
"Hilber+ space o'f'
S SLf" "‘""S‘l’:-x 2(9) / ststes Povx S*
&M M eﬂMu-lé—Mv\ —> 12@\\ — h'\eaf ra-bf——
T, , 'f'lme, eVolu\'l'nov\
S’ Sle=<—S§,, Z(5" \
H [bert space o{:

ststes on §'°

T‘\eorem'. DEScre"'Q P—'Forwx e(ec’rfome3ne+fsw\ s a

cL\a;V\ Field '\'Leorj) w'ﬂ'{\ p

o '(:b-»" eack o‘ojec*’ Se nC[«aivx

Z2(%) = ( %&2})

* 'For each chain cobordism M S— S,) He time
evolubon Z(M): Z(S) — 2(S") given 5-3 e Pau‘
in*’eafa‘

(Y, 20 = j @Al gl e DA

(w‘tere, DA is s Pfoo‘w"f of U - Haar measures Su\”au‘j
normak%eo\)
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