7320 MIDTERM

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) [40 points] Scalar radiation of wavelength A falls with normal incidence on an
infinitely long slit of width d >> \ in a flat screen. The screen sits in the z — Y
plane with the slit lying along the y axis. Find the intensity of the diffracted
radiation through the slit. (Hint: let the observer be located at y = 0). Assume
any boundary conditions (Dirichlet, Neumann) that you wish.

2) [40 points] A charge g rotates in an elliptical orbit in the z — # plane, with
7(t) = iz sinwt + kzo coswt. (1)

Find the time averaged angular distribution of radiated power per unit solid
angle. (Work with multipoles!)

3) [20 points] “Asymmetric B factories” like the Belle facility in Japan are
designed to produce pairs of B mesons (mass about 5 GeV each) from the head-
on collision of a highly relativistic electron beam against a highly relativistic
positron beam (about 7 GeV and 4 GeV at Belle; recall the electron mass is 0.5
MeV). For the purpose of this problem, the reaction is et + e~ — B + B and
let’s assume that the reaction occurs at threshold; the B and B are produced
at rest in the center of mass frame. You can, of course, treat the electron and
positron as massless in what follows,

(2) [10 points] If the energy of the two beams is 7 and F, and the mass of
the B (and B) is Mg, what is the relation between Fy, Ey and M B for this to
occur?

(b) [10 points] It would be easier to build a symmetric (E; = E5) machine,
but the B’s are detected because they have a finite lifetime, and so, because
they are not produced at rest in the lab frame, the location in space where they
decay is not at the place where they are produced. If their lifetime is 7, how
far (on average) is the decay vertex displaced from the production point? Your
answer will involve Ey, E5 and M B (and 1, of course),
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