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1. (8%) If two photons are generated when an electron-positron annihilation occurs at rest, please find the
energy and the momentum of the annihilation photons.

0 0sx=<a

2. Consider a potential well U(x) = {oo x<Oandx>a

An electron (mass = nr) with the wavefunction ¥(x,0) = Coyo + %qn is trapped in above potential well (yoand

i are both normalized), please:

(a) Find Co (3%)

(b) What are the potentially-detectable energies of the electron at # = 07 (3%)
(c) Find the expectation value of the electron’s energy at ¢ = 0 (3%)

(d) Find the wavefunction of the electron at #, i.e., ¥(x, t) (3%)

(e) Calculate the expectation value of the electron’s energy at t#0 (3%)

3. There are five electrons placed in a box. If the volume of the box V= a3, please find:
(a) The energy of the ground state and the first excited state (8%)
(b) The number of the degenerate energy level for the ground state and the first excited state (8%)

4. (5%) Please try to verify the uncertainty principle AxAp =h/2 with the electron diffraction experiment (the
width of the slit is a).

5. For a hydrogen atom W10 = Ce™, please
(a) (3%) Determine the normalization constant C. (not that fom xteP%dx = b:—i,}

(b) (3%) Find the radial probability density P(r)

6. In general, an electron in an atom has both orbital angular momentum characterized by the quantum

number / and spin angular momentum characterized by the quantum number s.

(a) Find the total angular momentum quantum number j. (3%)

(b) Find the z component of total angular momentum f . (3%)

(c) If fl is one angular momentum (orbital, spin, or a combination) and fz is another, the resulting total
angular momentum is f = fl + fz. Find the possible values of total angular momentum quantum
number j. (3%)

(d) Two electrons each have zero orbital angular momentum. What are the possible quantum numbers for
the total angular momentum of the two-electron system? (3%)
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(e) An electron in an atom has orbital angular momentum L, with quantum number /; =2, and a second
electron has orbital angular momentum Zz with quantum number /; = 3. What are the possible
quantum numbers for the total orbital angular momentum L= L+ Ez? (3%)

7. Which of the following transitions in sodium do not occur as electric dipole transitions? (Hint: Give the

selection rule that is violated.) (10%)

481y = 38y, 48172 =2 3Py, APy — 381
4D5s3 = 3Py 4Dz = 3Py 4Dy — 351
8. The probability distribution function for the speeds of the molecules in a classical ideal gas can be
expressed by Maxwell distribution of molecular speeds:

m 3/2
n(v)dv = 4nN (HT—) p2e M 2Ty

where N and m are the number and mass of the molecules, respectively, k and T are the Boltzmann
constant and temperature. Find the most probable speed. (10%)
9. Classically, the kinetic energy of rotation is

1
E = -ilmz

where [ is the moment of inertia, @ the angular velocity of rotation.

(a) Find the energy levels of a diatomic molecule rotating about an axis through its center of mass. (5%)

(b) The energy difference AE between the /=0 and [ = 1 rotational levels in the CO molecule is found
experimentally from measurement of the wavelength A = 2.6 nm of the corresponding transition. For
CO, AE is equal to 4.77 x 10* ¢V. Find the equilibrium separation, or bond length ro, of the CO
molecule. (5%) [Hint: the unified mass unit is 1 u= 1.6605 x 10?7 kg = 931.4940 x 10° eV/c%.]

10. Find (a) the current density, and (b) the drift velocity if there is a current 1 mA in a NO. 14 copper wire.
[The diameter of NO. 14 wire is 0.064 in = 0.163 c¢m, and the electron density is 8.47 x 10%%/m*] (5%)




