
Kyl-0.108 Nanophysics Fall 2005

Exercise 3

(On Mon Oct 10th at 12:15, in F2. Participants should present their solutions on the blackboard.)

3.1 Compare the transmission probabilities of a two-scatterer system obtained by summing the
transmission probabilities for individual ”Feynman paths” of the particle and the quantum-
mechanical result obtained in Exercise 2.3. Show that the previous method results into a
classical Ohm’s law -type summing of the resistances.

3.2 Consider an Aharonov-Bohm ring, where both arms contain a single propagating mode.
Assume that the scattering matrix for the three-way junction at both ends (positions ”A”
and ”B” in Fig. 3.1) are described with the scattering matrix

S =

 c
√

ε
√

ε√
ε a b√
ε b a

 , (1)

where a, b, c, and ε are real numbers.

(a) Show that in order to ensure unitarity of S, we have to have

c = ±
√

1− 2ε, a = (1− c)/2, b = (1 + c)/2. (2)

Thus the entire matrix is specified by the function ε.

(b) Assuming that the mode in the upper arm obtains a phase shift θ + φ/2 and that in
the lower arm a phase shift θ − φ/2, where φ = Φ/Φ0 and θ =

√
2mE(πr/~) is the

dynamical phase (equal in both arms), calculate the total transmission probability for
the ring as functions of ε, θ and φ. Plot the result for θ = 0, π/2andπ, ε = 0.01 as a
function of φ.

3.3 Calculate the weak localization correction ∆G to the conductance of a quasi one-dimensional
wire with length L � `ϕ and width W � `ϕ. Hint: divide the wire into L/`ϕ coherent
sections. Then sum up the resistances (with the WL correction) of these sections. Calculate
also the relative correction ∆G/G. This is also the conductivity correction.

3.4 Show that in the two-dimensional case W,L� `ϕ, the conductivity is

σQ = σCL −
2e2

πh
ln(`ϕ/`el). (3)

Hint: show that the conductance of a cylindrical conductor is

G =
πσ

ln(Wmax/Wmin)
, (4)

where Wmax and Wmin are the outer and inner radii of the cylinder. Now combine the
conductances of such circular units with Wmax = `ϕ and Wmin ∼ `el.
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