
Exercises for Physics 560A

Problem Set 9; Due November 30

1) Sharvin formula

The Sharvin formula for the electrical conductance of an extremely short
contact of area A between two pieces of metal is

G ≃

2e2

h

k2
FA

4π
.

Derive the Sharvin formula by considering the total current flowing through
a hole of area A in a thin insulating barrier separating two free electron gases
with different Fermi energies. Use purely macroscopic arguments. Hint: In a
free electron gas, the number of electrons with energy between E and E+dE
traveling at an angle between θ and θ + dθ with respect to a given axis is
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where D(E) is the density of states.

2) Solution of Schrödinger equation inside a cylinder

Verify that the wavefunction

ψkmn(r, φ, z) = eikz+imφJm(γmnr/R)

is a solution of the free-particle Schrödinger equation in cylindrical coordi-
nates, with energy eigenvalue
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This wavefunction vanishes on the surface of a cylinder of radius R if γmn is
the nth zero of Jm.

3) Conductance of a perfect cylindrical wire

Using the methods of Lecture 21 and the solution of problem 2, determine
the electrical conductance of a perfect cylindrical wire of radius kFR = 6.


