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."*•↳""÷÷÷;÷;÷÷÷Given a :b -71k
,

Ou : V→lR sat
,

Det P graph f= CV
,
Y )

✓ vertices
,

Y CVXV edges lunoriented
K

✗it ice
, cxi) c- 4 C⇒ cy.DE !

degli)=6
We say ✗ ~y it ix.y) C- Y

.

¥
Vad := { you 1×-13

. 71×-4
• a



✗ c- Vix) c⇒ 7- self loop ¥0
degcx) = Cardinally at ✓G)

P is locally finite it degtxcos for ✗ EV

bet fitvc . 4.) ,
Milk, 's)

(morphism )
& is a map from A to P, is

a

& : v. → is
a- -79¥4

,
→ Yz S.T.

X - y GV, ⇒
41×1 - ¢418K

If 4 has inverse ,
we say & is Isomorphism

.



Fay P = -0=4
'

É

F- 2in

It
É

1¥ c) An infinite path in P is a

subgraph isomorphic to Z

if One - ended infinite path in P is a

subgraph isomorphic to It
.

(3)
,

path of length n
'
is a subgraph

isomorphic to
g-•→ - - -

-
-

-
- •

n



Det M '

is path connected it

for any
two 4.y GV , 7- a path

connecting × to Y .
Assumption I

Remind P is assumed to be path connected
.

DaG_ Combinatorial distance dlxi) is the minimum

5h
.
I path it length n connecting to 4.YOU.

Hss 2
.

Renard we assume P is countable

@⇒ V is countable
. )



Fig locally strike ⇒ P is countable
.

Assumption 3 .

Deff
,

(P, r) r: Y → IR
>o set.rlxip-rlyxtandclx-ya.EE#c8.forallxc-V.&-.x.y

Recall :
r resistance ftp.p-T

ccx) is called
""H " ¥11 conduit" conductance at XEV

,( PHP - {¥, degania ⇒ a⇒<•

you,



electric networkFEET?" reserve r
t÷⇒-÷*Txy >017

current I

iyx-txyy.to •←
Voltage at nodes = vertices

.

Et
Kirchoff 's equation {

mole :{ ""9%9 currents = sinning cnn.es

( conservation of electrons)
is no external Soave is closed loop ! sum of voltage around

present . closed loop is Zero

nx.si#ii--=ii-iii:iiis-::-iE.



①
. Represent currents as 1-chains

.

Det
.

1- che'm an P is real value function over

oriented edges sie
.

ftp.yl =
- 14.x) GIR

.
F X-Y .

I is £mHe If it is non-zero over

finitely many edges
.

Note : Tlxix ) -0
•

0⇒ self - laps are redundant



②
.

Represent external current as 0- chain
.

Bed
.

0- chain is j : V→1R .

j is finitely supported it nonzero over stately
many edges

.

bet Let C teeter space at all 1- chains

sit
. I Iicxipl cos If ✗ EV.

YEVCX)

Def_ Given 1- chain 1
, boundary Ji is 0- chain

i.e. di :v→1Rdefined by g.) ✗ = LivinYGVCX)

sum of currents at vertex I
.



bed
,

Given 0 - chain j , boundary § HR
defined by

Jj := { jail
XGV

Ex ! Jt 's =O for any
1- cha 'm 7

.

bed 1- chalon 2- is called a cycle
'
if

42-4=0 It ✗ c- V.



Remark : 1- Chim n differential 1- form an P*

icxip : - 14.x) ~ WH =
- WGX) GIR

.

image P is planar
~ dW=oc⇒ fw=o

YEUX)
T cairñkble

" = ' :*
,
exterior derivative

,

where t is closed path.

F- dual graph4n~tfmp



Deff 4) A linear functional on tutor space of all

finite 1- chains is called a 1- cocha!n
.

(2)
- -

-
- -

-
-

- -
- - -

-
- - -

-

_**e÷÷;;="{i"*:÷Is 0 -chain
0 If 4--14,

o - chain ! j = { jlxsy
XGV

,

Xx is functional over 0- chain

✗
✗ ( 8.* ) = { 1 it x=ñ

o if xt-x~



0 - cochin : uhh = Euan Xx

xtv.nu?!:I?...I.:?-r**x---x.x-
Fix an orientation for edge . ✗ C Y

ix.y ) C- ✗
⇒ 4.x) 4- ✗ .

Given B. DEX
,

g
, (D) = { !

* ED

it BED

1- chain I = { TIB) SB
Box



I if B=DXB (b) = { o it BFD
.

1- Cochin F- = { F- (B) Xp
BGX

(E
,
T > = E ECB) 743)

BGX

Prop ! Given 0-coohdmy.cobonnd.nu/8*U of U Is

the unique 1- cochin sit
.

( Hu, K) = Cu , 2k >
for all fink 1- chin K .



7¥
.

U : V → IR
.

Fu (4) = Uy -Ux
"

F-Ulxy )
.

Mdm message
:

boundarysummidmatvettcest~ggm.mydifference along edges 2¥


