
Lectured 11 April 2022

2- - . .
.

Strite cycles

Detfzc ⇒ space of all 1-cycles , infinite or finite

Z C z*

Cheek : Et is closed in It
, ,

Recall ! It
,

What cpan of 1-chin with finite energy.

§ : H
,
→ IR (know! continues )

.

V1

I 1-7 (TI ) = Lecky) Icky)
40-46)

ft = A Kerth) - countably many intersection at closed sets
XEV

⇒ z* closed .
a



Thy let É be any clued sapaue of zt st . 2- CI .
{ finite cycles .

( the C E cz* )
,

Thin for any F- C- Hi
,

Consider :

C*) { JI -0
2- c- E.

( I - E. 2-1=0 for aHfinYecybesz,-

UH has a unique sobs in É
.

Pt : Decompose H
,
= E ④I'VE
= I t k

- {
IEE ⇒ aI=o

⇐ it> = it> for all finite cycles



Thin
,

2- CE
, CE c ¥

.

Then
, WCI, - E) 2 WEI-E)

Pt: Using É ,
⇒ E= IT -1k

,
⇒ WLEK WEI ) -1K¥ -E)

H

Using In
,
⇒ E = IT + kz ⇒ WOE)=WlÉu)tWlÉ - E)

ICE ⇒ Ez = €+04T orthogonal decapitator

II = IT + 8

WEI )= WC + WID Z WET )
.

WLIT -E) - WEI-E)= WET ) - WE ) 20



Deff let 2=25 and F- c- Hi .

Consider I c- ¥ sit , it solves

2I=o

LI -E
,
2-7--0 for all zGZ*

.

⇒ Iµ:= IT - F- minimal cement
.
It sohes

.

JIM -1 2=0

( IM
,
2-7=0 for all 2- 6¥

.

Remark! Im depends only on 0- chain 2 ( external canon-4 )at vertices
-

but not on F-
.



Komaki 2- CE c #
'

l t t
IE-I-EIz-i.IE I,y¥I -E

T T T
need Estate

. makes no sense EGH
, might or might not

be fasterunless there canonical
choke for E-

a

Remark ! 2 = JE where E Es flake

WLI
, ) 2 WCIM )

.

Question: Transient ⇒ GG.gl is flake ⇒ For suitable f o- chain

define Golf)

If well-defined
,
Gift is the potential at which current ?



Ans : minimal current IL
.

to be done )
,

doesn't matter for IM
.I

Deff
,

2 = Ga - Gb
,

⇒ F- t.n-el-ohdnat.tk -- 2.
,

EGH
,

27 In minimal convent

⇒ U potential of IM
,

H
.
In.MY/--Ccaylulx1-acy)

⇒ criminals effective resistance
.

Rett Laib) = ula) - ulb) , = WLIM ) ,
= -11 ray)(Il×yÑ⇒ÑÉ xyos

"
"i

Idea ! Reff ~ Im ~ Green 's function ~ transience of recurrence



Goal : Approximate Im using finite sub- networks .

Det
,

Mr) network
.

U C V subset of vertices
.

LT
'

,r
' ) obtained from 174 by shorting all kitties 'cnV-U .

V
'
:= U v Eb }

,

I
'

collection of edges In x-y.GE sit at last x.ory.EU
.

r' lxy) := {
""D 'if x.gov

(*¥Éµ¥Ñ if xov * but y&U.



r

q.gg#E::....*.-rri---
→ -1¥

←¥÷¥÷÷÷"¥¥=¥¥ )
i•*•b.

?É•p
•

(Hr)
U < ✓ If simplify

Rican in ( Pn
'

.fi)

÷É¥⇒ ¥ : F-MEI → P' = IV. E'1
.

Physically , replace all rieiiitors not connected to U

(p
,

,
µ)by zeros reliance

.



①
.

Consider f, CR .

. .
.

CRC . .
.

exhaustion et P

( sequence at flute sub networks
,

n=,

Jen =p
. )

.

For each ^
.

pn
'

which shorts all vertices in V- Vn
.

②.
Given 2 C- 811-1

.

before restriction 2 to Mn
'

⇒ 2n
.

Inch = {
"⇒ it ✗ c- Vn

.

- 224 ) if =bn
.

YGVN



③
.

For each n
, ne find In ion Thi

,
ri)

Jin t 2n=O

( In ,
2-7=0 for all cycles 2- in in

.

~→Inedstsandunquf
Thnx

,

Assume 20-211-1
.

Denote In currents in th:P)
.

ftp.40m Then {When )}E
,
is a bounded sequence.( the book )

and In converges to Im in Hi
.

Furthermore
, WLIM ) I ILJ) for any J

stygÉ -12=0
.



Compare with IL
.

a.IT Rn lab) in China)

¥É:
b.

d. r ) → 1h
,
rn)

.

Physically , replace all external resistors by A reliance

M

Exercise : R'nca.HR/n+faib)ERettCaib)ERn+ilaiDERnlaib1.



Hm Rica ,b) = RFftca.is) I 11m Rnlaib)=R:# lab)
"

T
Rett laid

ZCEcz.it?cXwcy,HmHetteetlrerre!sta#WLImlEWlE
) ( ( IP) um)↳= -7¥,

" "

Dlum ) Dlud

Uh - um is harmonic
.

To be done : "
Hm UµlH =D

"

for snlthbe 2
.

✗→a


