
Physics 853 Quiz #6 - Monday, November 9, 2011

Consider the conductivity tensor, defined by

Ji = σikEk.

1. Show that this can be expressed as

σij =
−ie
~

∫ 0

−∞
dt′

∫
d3x′x′j 〈Ψ0|[Ji(0), ρ(x′, t′)]|Ψ0〉,

and |Ψ0〉 is the state in the absence of electric field. Your derivation should begin with the
expression in first-order perturbation theory that:

|Ψ〉 = |Ψ0〉 −
i

~

∫ 0

−∞
dt V (t)|Ψ0〉.

2. Show that this can be expressed as:

σij =
−i
~

∫ 0

−∞
dt′

∫
d3x′ t′〈[Ji(0), Jj(x

′, t′)]〉

3. Consider 1-D case (no indices) where one defines the quantity,

g(t) ≡ −i
~

∫
d3r 〈[J(0), J(r, t)]〉.

Assuming that all quantities are invariant under switching indices i and j, show that:

(a)
g(t) = g∗(t).

(b)
g(t) = −g(−t).

(c)
g∗(ω) = −g(ω).

(d)

σ = lim
ω→0

Im g(ω)

2ω
.

For the Fourier transforms, use the definitions

g(t) =

∫
dωe−iωtg(ω)/(2π),

g(ω) =

∫
dteiωtg(t)


