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Boltzmann constant  k=8.617X107eV/K S EEE A - R E R T4
Electron mass m.=0.511 MeV/c? '
Planck’s constant h=4.136 X105 eV - s

1. (10 pts) An electron is injected into a potential energy bump from the left to right.
The energy of the electron is E and E < |Vo| where Vy is the barrier height of the
potential energy bump. If the electron is to emerge in Region III with a shorter
wavelength than that in Region I, the appropriate potential step is given by which
of the following?
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2. (10 pts) A pendulum, consisting of a frictionless pivot, a massless rod, and a massive
bod, is a harmonic oscillator. Assume a pendulum completes one round trip in 1 sec.
According to quantum physics, calculate its minimum energy in Joules. [Please
assume all physical parameters that you need, for example, the mass of the bob,
length of the pendulum, amplitude and so on.]

3. (10 pts) An electron is trapped in an infinite potential well of length L and ground
state energy Ej. At t = 0, the wavefunction is: Y(x,0) = \/%_L(d)l(x) + 2¢p,(x)),

where ¢i(x) and ¢ (x) are normalized wavefunctions in the ground and first excited
h

states, respectively. Sketch the wavefunction, {(x,t), at t = "
) 1

4. (10 pts) A photon of wavelength A = 440 nm imparts all of its energy to a free
electron in a metal. Suppose the separation potential between the electron and the
metal’s surface is 1 volt. What will be the wavelength of the electron upon
emergence from the metal?
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5. (10 pts) According the hydrogen atom wave function, we know that the radial
probability density for #» = 1, / = 0 has its maximum at » = ao, where ao is the Bohr
radius. Prove that the maximum probability for n =2, / = 1 state is at 4ao. The wave
functions are listed below:

For (n, I, m)= (1, 0, 0): ©(8) = % D(d) = \/%_n R(r) = aoZT,ze—T/ao

For (n, I, mi)=(2, 1, 0):0(8) = \Ecos 6, d(d) = 7% R(r) = ﬁ(Tlowz-a’—oe-r/zao

where @(9), ®(0) and R(r) is the azimuthal function, polar function and radial
function, respectively.

6. (10 pts) Consider classical oscillators (total number N) in the cavity at temperature
T, calculate the average energy of the oscillators. Hint: the energies of oscillators
are distributed according to Maxwell-Boltzmann distribution, proportional to e €47,

7. (10 pts) A photon of energy E interacts with an electron at rest and undergoes pair
production as follows,
photon+e — e +e+e
If the two electrons and positron move off with identical momenta in the direction
of the initial photon, calculate the energy of photon and kinetic energy of three final
particles.

8. (10 pts) (a) Derive the relation between group velocity and phase velocity as a
function of wavelength. (b) When white light travels through glass, is Vgroup> Vphase,
or Vphase>Vgroup? Why?
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9. (10 pts) Consider an oxygen atom, the electronic configuration is 15%25%2p* in the
ground state. What is the largest possible value of the total m; of 8 electrons? If -
adding the z components of the intrinsic spins of the 4 electrons in the 2p subshell,

what is the maximum total z component of the intrinsic spin?

10. (10 pts) A certain metal has a Fermi energy of 5.00 ¢V. Find the number of electrons
per unit volume with energy between 5.00 eV and 5.10 eV for T=300 K.

EZ T dmAAa




