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Useful constants: ¢ =3.00x10°m/s, k, =1.38x10 J/K, h=6.63x10"*J-s, e=1.60x10"" C,
m, =9.11x10™" Kg, p, =9.274x10%y/T, R=1.097x10"m".

1. (15%) An unstable particle having a mass of 3.34x107% kg is initially at rest. The particle decays
into two fragments that fly away with speeds of 0.987 ¢ and 0.868 c, respectively. Find the rest
masses of these two fragments.

2. (15%) Photons of wavelength 450 nm are incident on a metal. The most energetic electrons ejected
from the metal are bent into a circular arc of radius 20 cm by a magnetic field whose strength is

equal to 2.0x 107 T. What is the work function of the metal?
3. (20%) Derive the Energy levels of hydrogen according to Bohr’s quantum model of the atoms.

4. (20%) For a simple harmonic oscillator of spring constant K and mass m, one solution of the

Schordinger equation is of the form w(x) = Ae™ &

(A)Determine the energy of this state, and the normalization constant 4.
(B) Find the uncertainty in position Ax, and the uncertainty in momentum Ap.

5. (15%) An electron in a hydrogen atom is in a 3d state.
(A) What is the minimum angle the angular momentum vector may make with the z-axis?

(B) What is the most probable radius at which to find it? Given that R;,(r) = 4 rle "3
(C) Make a plot to show the splitting of the 3d state due to the spin-orbit interaction.

6. (15%) Two noninteracting identical particles in a one-dimensional box (0, L) occupy the n=1 and
n' =2 single-particle states.
(A) Write down the normalized single-particle wave function ,(x).

(B) Write down the symmetric and antisymmetric wave functions: w (x;,x;) and w 4(x,x;)

for the two-particle system.

(C) Consider the two electrons in the ground state helium atom. If we neglect the interaction
between the electrons, then the single-particle state can be described by the set of quantum
numbers: {n,l,m;,m;}. Write down the system wave function of the ground state helium

atom.






