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The physical unit current is the unit flow that minimizes the sum

of the ohmic power losses > i°R.

Dirichlet principle:
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power losses > (Vu)?/R.
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The physical voltage is the function that minimizes the ohmic
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The monotonicity property:
Between any disjoint sets of vertices, the effective resistance is
a non-decreasing function of the individual resistances.



Monotonicity, transience, recurrence

The monotonicity property:
Between any disjoint sets of vertices, the effective resistance is
a non-decreasing function of the individual resistances.

~» can be used to prove transience-recurrence by reducing the
graph to something manageable in terms of resistor networks.
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The part
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From network to chain

Irreducible Markov chain: on 2, a # b, x € Q,

hy : = Px{ma <} (7 is the hitting time)

he = Pyhy, ha=1, hy,=0.
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Stationary distribution: ~ Dy = pux.
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From chain to network

Stationary distribution: ~ Dy = pux.

P, — ny’ny _ ny’ny
a Dy Hix

jixPxy - piyPyx = Dy;

pix Pxy 2
= = Ay -
Hy Pyx Ty i

Reversed chain: Replace Py, by Py, = Pyx b,

~ Dyy stays, A\xy reverses to Ay.

_ ny’ny
Py = =5,



Markovian network

UXZZPXZUZ; przzl
z z

Uy = const. is a solution of the network with no external
sources. This is now nontrivial.
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Effective resistance
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flows in the network at a.
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Effective resistance

Suppose u,, Uy given, the solution is {ux }xeco and {ixy }x~yca.

Current
ia = Z iax
X~a

flows in the network at a.
~» Then ] 1

i

2 —const. =: Cfl = —.

Ua — Up Rgb
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What works

... the analogy with P{m3 < m,}.

1

cap(A, B) = C3f = Reft
AB

Theorem
Commute time = Re" . all conductances.
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Dirichlet principle
Classical case:

REM — min Eonm(i
ab u:u(a)=1,u(b)=0 Ohm( u)7

Irreversible case (A. Gaudilliere, C. Landim / M. Slowik):

eff . .
RS, = min Eopm(i; — V),
W: flow
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Dirichlet principle
Classical case:

Irreversible case (A. Gaudilliere, C. Landim / M. Slowik):

REM — min min Eonm(i — W
ab ™ u(@)=1, u(b)=0 V: flow onm (I )
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Dirichlet principle
Classical case:

Irreversible case (A. Gaudilliere, C. Landim / M. Slowik):

REM — min min Eonm(i — W
ab ™ u(@)=1, u(b)=0 V: flow onm (I )

Thank you.

Dirichlet
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