7320 FINAL EXAM

Begin each problem on a separate piece of paper. Take your time and think
before you write. Show all your work. When an explanation is required, write
complete sentences in grammatical English.

1) [30 points] Compute the lifetime of classical matter: at time ¢ = 0 an electron
orbits a proton in a classical circular orbit of radius R. Compute how long it
takes for the electron to spiral (non-relativistically) to R = 0, assuming that it
always remains in a circular orbit as it radiates.

2) [30 points] The Greisen bound: there is thought to be an upper limit to
the energy of galactic cosmic rays (protons) due to the inelastic scattering of
protons off the 3 K cosmic microwave background, p + v = A. What is this
bound? Use m, = 1 GeV, ma = 1.2 GeV, and recall that room temperature
(300 K) corresponds to a mean photon energy of 1/40 eV. As yet another hint,
the bound is an energy much greater than the proton mass.

3) [30 points] Light of frequency w scatters from a sphere of radius R made
of paramagnetic material, which is parametrized by a local fluctuation in the
magnetic susceptibility ép which is a constant inside the sphere. (This is CGS
language, in MKS, ¢ = ¢ and it is p/uo which experiences a fluctuation away
from unity.) Compute the (polarization summed and averaged) differential cross
section in Born approximation for light scattering from the impurity.

4) [30 points] A particle moves relativistically along the 2 axis under a force due
to a constant electric field F = 2eEy. It is at rest at z = 0 at t = 0. (a) [20
points] What is x(¢)? Check your answer at very short and very long times. (b)
[10 points] What is the total (instantancous) electromagnetic power radiated at
any time?

5) [30 points] A positron of initial velocity v/c = 8o collides with a nucleus of
charge Ze and scatters directly backward along its initial direction of motion.
Find a formula for d? N/(dwdS?), the number of photons emitted per solid angle
d? and frequency interval dw. Your answer should be valid when 3y is close to
unity and at low w.
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