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Today’s class: Kubo formula for conductivity.

* Current operator.

e Conductivity tensor.

 Linear response: Current-current correlation function.
* Conductance



Hamiltonian in equilibirum:
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Current operator
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Perturbation: A3 A+5A= H = ﬁo +0H
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Conductivity and linear response

Perturbation “turned on” att; 0E(7,t) = —%5%1)(77, t)
- - € o7
Current density: J(7,t) = Jo(7, 1) + Ep(?“)&él

Conductivity ——e(J(7,t)) :/df”dt’ o(7, 7, t) - dEF’,t)
tensor:

—e(J (7, 1)) = /drﬁ’dt’ Oz (T, 7 t)OE(F', 1)

Let's focus on a

single component: - ~ c
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OE(rt) = —=0A(r,t) = dE(r,w) = 1wl A(7, w)



Kubo formula for the conductivity

Linear response:  (J(7,t)) = (J(7,t))g — i/too dt'0(t — to) <[J(F, t),(SI:I(t’)] —>o

Perturbation: § ] = ¢ / d7 Jo(r, )SA(F, ) win {(Jo(F,t))o =

Equilibrium

Kubo formula for the conductivity:
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X}J%oJo (,,:»7 F’,w) — <<JO (7:*) : JO (,,:’/)>>w 1El:JlrJ]rCrtei:(r;:]-current correlation



Conductance
T (F,t) = —eJ(r t)

Electric current: <
/ dA 1| - ’I“ c A t)
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Uniform sample G = v — ZO:B:,; (w=10)
dc conductivity

Non-uniform samples




Conductance
T (F,t) = —eJ(r t)

Electric current; <
/ dA | - ’I“ < A,t)
A
| I A
Uniform sample (G = v = 7 0as (w=0)
dc conductivity

Non-uniform samples .
I = / dAn, -J
A

I(x):/O G(z, 2" )E,(x")dz'

B (C(x,2) = lim Re ,iXII($ r'w)E, (") dx’
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