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*Problem 33

The current from the left to the right contact with the respective electro-chemical potentials
wr, R reads:
o
Lon= | TE)E - ) (1= (E - pn))dE,

—0o0
where T'(F) is the energy-dependent tunneling probability and f is the Fermi distribution. T'(E)
also contains the density of states in both contacts, T'(E) = Dr(E)Dgr(E)t(E) with t(E) the
tunnel matrix element. The formula simply means that the electrons have to tunnel from a filled
state (there should be an electron that can tunnel!) into an empty state (the Pauli principle
suppresses tunneling into a filled state). Similarly, one obtains for the electrons tunneling back
from the right to the left contact

I = [ TE)E -~ un) - 11~ 1B~ py)] .

—00

The total current is the sum of the two contribution:

Lo = Insr—1Ir>L
— [ 1B [fE-w) - £E= i) — J(E — i) + J(E = pry =)

The required result follows if we assume an energy-independent tunneling matrix element and
energy independent densities of states.
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