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Massachusetts Institute of Technology
Physics Department
Spring 1994

8.382: Selected Topics Problem Set #2 Due: 03/14/94

2D Green function in a random magnetic field
(B.L. Altshuler and L.B. Ioffe. Phys.Rev.Lett. 69 ,2979 (1992))

Consider a motion of a particle in two dimensions r = (X,y) in a quenched
magnetic field B(r). The Hamiltonian of this particle is

H = m)" [p-am] (1)
where a(r) is the vector potential of the field B(r):

B(r) =V xa(r) (2)
Suppose that B(r) is Gaussian and § - correlated random field:

<B(r)B(r')> =T &(r-r") ' (3)

1) Construct the diagram technique analogous to the case of random potential.

2) Calculate the self energy operator in the lowest order in I". Show that this
contribution diverges. Is it infrared or ultraviolet divergence ?

3) In class it was shown that the path integral for the gauge invariant Greens
function can be written as

| D r( explim2) | [dro/da? di - (T 2)AR@®] (@)

where A[r(t)] is the directed area between the classical trajectory and the trajectory
r(t). Writing A[r(t)] as

Alr(®)] = [y dx 5)

where X is the coordinate along the classical trajectory and y is the deviation,
evaluate the path integral over X(t). When Eq.(5) is valid ?

4) Show that the remaining integral over y describes a one-dimensional particle in a
imaginary linear potential. Write down the corresponding Shrodinger equation and try
to find an explicit form of the Green function
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Massachusetts Institute of Technology
Physics Departmient
Spring1994

8.382: Selected Topics Problem Set #1 Due: 02/16/94

1. Local vibration modes (I.M.Lifshits 1960)

Consider a perfectly periodic chain of atoms located at points
R;=ia i=0,4l, 42, .

with a harmonic interaction between them. Let all of the atoms to have
the mass m, except the one at RO , which has a mass m(1 + A), so that

the Hamiltonian is
H = (1/2) %; {m(1 + A8;p)(duy/dt * + k(u;-u; , )%}
where u; is a displacement of i-th atom.

a) Write down the equations of motion. Determine the spectrum of

the phonons and scetch the density of states in the phonon band.

b) Consider excitations of the system above the top of the phonon band
For what sign of A this exitations exist?

c) Argue that this excitations are localized near zero.

d) Estimate the size of this local excitation.

2. Solid solutions

Semiconductor solid solution A B,  is a crystal with each site

occupied by an atom A with probability x and by an atom B with a
probability (1-x). Such systems are known to be pretty well described
by so-called "virtual crystall" approximation where each site is
occupied by x atoms A and (1-x) atoms B. The gap in this
approximation is a linear function of x; A(x) = A(0)x + A(1)(1-x).
Density fluctuations create a random potential.

a) calculate a variance of atom A occupancy of a site.

b) assuming that actual scales are much bigger than a lattice constant,
prove that the random potential is Gaussian and calculate the
correlation function. (Assume no correlations between neighbouring
sites).

c)Evaluate the exponential factor in the tail of the conductance band,
considering a well, which can host an electron with an energy E and
estimating the probability of this fluctuation.

d) How the tail depends on the concentration x? When it is muximal?
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Massachusetts Institute of Technology
Physics Department
Spring 1994

8.382: Selected Topics Problem Set #3 Due: 04/06/94

Boltzman equation for electron - electron collisions

Consider a system of fermions with the pair interaction given by a potential

U(r{-r,).

a) Write the bare Greens function of the interaction D(w,q) in Keldysh notation.

b) Draw the first order diagrams for the self energy. Argue that there is no
contribution to the collision integral from these terms. Why?

¢) Write down the expression for the loop ITI(®,q) in Keldysh notation. Show
that I[1,, = 0, that I, (I, ) have retarded(advanced) analytical properties and that

d) Write down the Keldysh expression for the Greens function of the interaction.

e) Derive the expression for the collision integral.
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