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1. Explain why "cavity with a hole” (cavity radiation) emits the black-body radiation. (10%)

2. What is the Compton scattering? (The complete answer should include: the process (5%},
the results (10%), and the implications (5%)).

FIG. 1. An 1D system of three identical quantum wells. ¢, is an example of the wavefunction when the

electron is at the well 1.

3. Consider an electron in an one-dimensional system of three identical quantum wells mounted
on a substrate and separated equally by the distance r, as shown in Fig. 1. The electron, when
residing at the well ¢, can be described by a wavefuction ¢; with an energy e independent of 7,
as depicted in Fig. 1.-Since these three wells are identical, we assume that ep(< 0) is the same
for each well. However, ¢; are not .the eigenfunctions, so the electron can ”jump” between
nearest-neighbor wells with a transfer integral —~A{r) = —a/fr, where o > 0. Namely, the
electron can transfer between well 1 and well 2, between well 2 and well 3, but not between

well 1 and well 3.

{a) Compute the eigenvalues (15%) in terms of ¢y and A(r) and the corresponding eigen-
functions in terms of ¢; (15%).

(b) Draw all the eigenfunctions. (15%)

{c) Att=0, the electron is at well 1. Namely, the electron wavefunction (0} = ¢;. What
is the probability P(£) to find the electron at well 3 in the later time 7 (5%) Plot P(t).
(5%)

(d) Again, at ¢t = 0, the electron wavefunction ¥(0) = ¢;. At this moment, the energy
is meesured. Right after the energy is measured, what is the probability to find the
electron at well 3 at £ = 07 (5%)

(e) The substrate actually feels a force due to the electron ” jumping” between wells. Sup-
pose that the electron is in the ground state, calculate the force. {6%) Is it attractive
or repulsive? (5%)
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