
lec-lwrelz-LNextleobnethlssundaylreplaoeknlx.yn.ba
→ Gnlxygq)For recurrent network

( pea.am. bn&Vn) @ c- Un for all Ñ

T.hm-IP.rs recurrent network
,

FIX qGV. For any
0 - chain 2

,

stop does affectconsider fix :-. -%¥-, . Suppose & this summation

{ 4×1 Guy;qj fly/ 1) < es( %yEV _E_ Recall : Gay ;ql=o if :&
Then 7- I c- It

,
Gil . Y:&

JICA -1-241=0V-XEV-qq3.LI
,
2-7=0 It finite cycles .



① ,
Gutt 's 8) * = {

'

Gdxiyiqllfcyl / CO ltx
.

you
②. UCH := { Ctlxiiqfly) is potential of 7 .

YGV

③ . WLI) = µcc* Guy;q) / texted / .

"

( = E cain 1h14 -uiy) /2)XYGY

Conclusion : 2 C- 81T, ⇔ {WE'D } , is - bounded

If exists
,
then it is given by Gct)

,

and 5-= - I



GLAD⇔ cos V- ✗ ⇒
'

GHI 1×1 is well-defined
*

⇔.cn#:::::.a.:.::::::::..:::::...-
Tt7DadayÉmp
Thy (Pir ) infinite network

.
Let a GV

.

( Reftca.es#'--infEDluj1ulaI--l , nolo }
↑

u has finite support .



Recall '-① Energy = -1-212 = ¥2 = IV - G)
know : ✓ = IR

•ÉÑÉ÷

§

if I is unit current

* ⇒ Energy = {
R

if difference d- voltage is /

↓'

if recurrent

② .

Reais = &Ya = {
°

<• It transient .



(oroHa (Br ) recurrent ⇔ For some vertex AGU
,

there exists { Un :V→1R}
new

,

Suh ① Unca) -4
,
UnGdo

②
.
/ 'am Dlun)=0
h→w

Thm_ Suppose (Br) recurrent . and 20-211-1 .

If { 121×11<0
, they { 21×1--0

.

XGV XEV

Pf ! Assume { Univ -7112}nµ Sit
.

Unla)=l andanc-loandltmbl.ua) = 0
.

n→w



For any ✗
EV
,

/ Until - Unca) / < / £µn4H - Unl#
e- 1

"

•

•

✗ -7k lunch -11 ≤ { 1 . / Until - Unlyui) )
¥É ≤ EE.EC#Un4d-UnlYic-iI
%
""

≤Fun)# ◦

Claim ! Iim Unt) = I = Unlal
.

n→o

÷i→⇔
Un



For
any xqtE , /Until - Unly) / < stun) → 0 as u-70

.

IGH
, ,
IIe 2=0

.Guider for each n
,

{ it ← { 207 Until =
,
171*1 -

until
a-V

XGV

as in-7A
=

µ, Ilxyltlnlxtualy))
↳HˢÉᵗ({rx.pt?oe.-D)KccxiD4nlA-uHI)xyEfHEY

= Wtt) Dun) → 0

af 2-20



⇒ { 21×1 = 0
,

XGV

"r*÷;÷÷÷•""e→⇔*
14

.

Given LP.nl
,
IBM )

.

If r
,
1B) ≤ BLB) V- BGY

.

R
,
la , b) ≤ Rzlaib) for any a. b C- V,

a. b might not be adfaeñl.



(2)
,

( F. F) C ( Pir) is a sub- network with
" induced resistance

.

( Pitz) whore MLB) =
MB) * BET
• if FLB) = HB) V- BEF

.⇒ RIB) ≥ HB) Bali

Take a ,bG Ñ.

Ñ Cais) ≥ Rcaibl
,

finite

(3)
,

CF
,
F) C Cfr) → (Mrs ) by shorting all

11 Vertices outside
f. re)

↑ to 47
.Take a ,bGÑ

, roll})={ MB) :S 13nF =/ em
.

0
Otherwise

.R1 ( a. b) ≤ Rcaib)
⇒ raps ≤ v43)

.



bet P -- IV. 4) infinite graph ,

Partition of P is { Vn }n⇔gV - sit
.

① Ñvn = V
MY

② .

VnAVm=¢ if Atm
.

③ .
✗ c-Un

, XYEY ⇒ y c- Vat UVnUVn+,

⇒ { Un } a canonical decomposition .
A

Thm_ CHI - = as ⇒ ( Por) recurrent
.

n=l XGVNY
YGVN



* :L 11 I !

÷:¥¥•¥•";V2 !Nz
••a V1

Rex-la.co ) Z Rett Caio)=§
,
%"

=%É*i
A-I xevnñ=¥÷¥É÷f yen.

¥01m



(4) = A ⇒ Rett laid =b

⇒recurren#
Corollary #-) (Fr) and F- 1

.
Fix

oc-V.tn:= { ✗ c-V1 dlx.co) ≤ n }
,

Vn := Ñn+
,

- Ñ ⇒ { Va} canonical
decomposition .

Consider en := number of edgesxi-ys.t.x.yGV.no
Suppose ¥

, ena= a ⇒ V.His Transits
recurrent .



In pendular
'of en ≤ coast

. tilogn ,
then (Br ) Is current

.

¥ F- 21
, en ~ n ⇒ 2 recurrent

.

f- 22
,

en n n2 ⇒ 27 recurrent
.

n.ie?-:::::-:.:s::::.-...-E.



Idea ! Corollary 1*4 is used to prove recurrence
.

Existence of non- const
"""7th sputnik fuuof.am#franden-ce .

finite energy superhormk


