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1. Fisher-Lee relation

Given a scattering problem, with a scattering region connected to several leads, the Fisher-Lee relation connects
the (retarded) Green’s function of the full system G® to the elements of its scattering matrix. Consider a 2 ter-
minal device as the one in the figure and restrict yourself to a single transversal mode per lead. Starting from the
eigenfunction representation of the retarded Green’s function, prove that:

GR(z,2'; E) = tgGR(x,2"; E)0(x — xr) + [1 + rEe_Zik”/]GoR(x,x’; E)0(z1, — ), (1)

where x1, and zg define the borders of the scattering region, 2’ < z1,, G&(z,2'; F) is the free particle Green’s function,
and tg and rp are the transmission and reflection amplitudes associated to the scattering region.
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Figure 1:

Note that kg = 4/ 2%”2]3. (4 Points)

2. Resonant tunnelling

In e.g., resonant tunnelling heterostructures one can make quantum-well systems which to a good approximation
can be described by a 1D model of free electrons with two tunnelling barriers. Here we simplify it somewhat further
by representing the tunnelling barriers by delta functions situated at x;, = —d/2 and xr = d/2. The Hamiltonian is
then given by:
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1. With the help of the Dyson equation show that the retarded Green’s function, for 2’ < xp < rr < x, reads:
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where vy = M8 — | J2E o — Foand 0 = kpd.
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(4 Points)

2. From the expression of the Green’s function just calculated, derive which is the transmission through a double
delta barrier.

(2 Points)

Frohes Schaffen!



