8.513: Coherent and collective phenomena in quantum transport Problem Set # 4 Due: 10/02/08

Boltzmann kinetic equation

1. Angular harmonics of the distribution function.
Consider degenerate two-dimensional electrons moving in the presence of a constant magnetic
field. The system is described by the Boltzmann equation

(O +vV + (eE+ev x B)V,)f(t,r,p) = /dﬁp/w(ﬁp —0,)(f(t,r, D) — f(t,7,p))

a) For a spatially uniform system, and in the absence of electric field, show that the Boltzmann
equation can be brought to the form

(O + wedy) f(1,0) = /d@’w(& O, 0) — F(1,0), w.=eB/m (1)

where the angle § = 6, parameterizes the constant energy surface €(p) = .

(ii) By writing the distribution function as Fourier series in 6, and solving Eq.(1), find the rate of
relaxation of different angular harmonics. (Note that the term w.dy couples the cosmf and sinmé
harmonics.) Compare the results at B = 0 and at finite B.

2. Velocity autocorrelation.

Consider a two-dimensional electron gas in a disorder potential with long-range correlations,
in which scattering is of a small-angle character, and in a finite magnetic field. In this case the
Boltzmann equation describes diffusion of velocity along the constant energy surface:

(8t + Wcaﬁ)f(tv 0) - Dagf(tv 0)

(true for a spatially homogeneous system).

a) Find the Green’s function for this equation, g(t,0 — '), which satisfies the equation (0; +
w0y — DI3)g(t,0 — 0') = 5(t)6(0 — ¢'). (Hint: use the angular harmonic decomposition f(t,6) =
S Fin (1€ and solve separately for each f,,().)

b) Using the Green’s function found in part a) or otherwise, analyze the velocity autocorrelation
function (v, (t)vg(0)). Use it to find the diffusion tensor components, and the longitudinal and Hall
resistivities p, and pg,

3. Weiss oscillations.

Consider a two-dimensional electron gas in a magnetic field in the presence of a weak external
potential U(r) = Uy cos 2my/a, where Uy < Er and a > Ap.

a) Show that the resistivity of such a system will oscillate as a function of magnetic field. Which
component of the resistivity tensor, p;z, pyy, or both of them, will exhibit oscillations? Find the
condition for the maxima and minima of the resistance.

b) Find the magnitude of the oscillatory part of the resistivity as a function of the magnetic field
and the period a.

See: C. W. J. Beenakker and H. van Houten review cond-mat/0412664 “Quantum transport in
semiconductor nanostructures.”



