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Coulomb constant
4ne,

Rest mass of electron m, =9.1x10"* kg ; Rest mass of proton m, =1.67x10% kg
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1. The atom of positronium consists of an electron and a positron orbiting about each other.
(a) Find the Bohr radius of this system. (8%)
(b) Find the longest wavelength of the photon released in the transitionto n = 1. (7%)

2. Consider a system of three noninteracting, identical spin 1/2 particles that are in the same

spin state

1 %> and confine to move in a one-dimensional infinite potential well of

lengtha: V(x) =0forO<x<aand V(x)=o forother valuesof x. Determine the energy
and wave function of the ground state. (15%)

3. (@) Write down the quantum number for the states described in spectroscopic notation as :
*Sy,. °Ps, °D,. (8%)
(b) Determine these states are possible or impossible, and explain why. (79)

4. (a) Considering a collision between a photon with energy and momentum (E,, p,) and a
free stationary electron, derive the Compton equation by means of the quantum
explanation and relativistic theory. (8%)

(b) In what region of the electromagnetic spectrum will be dominated by the Compton
scattering, please specify why? (Compton wavelength = 0.0243 A ) (7%)

5. The optical electron configuration of an atom with two optically active electronsis 3d%. The
energy levels of the atom are in spin-orbit (LS) interactions.

(@) Find the possible values of quantum numbers s', ¢ andj',where s', /' and |’ are
total spin, total orbital and total atomic angular momentum quantum numbers,
respectively. (8%)

(b) Indicate the splitting of the energy levels by atypical LS coupling configuration. You
have to label quantum numbers and spectroscopic notations of the energy levels.

(7%)
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1.  Wiendisplacement law (5%)
2. DeBrogliewavelength  (5%)
3.  Paschen-Bach effect (5%)
4. Zeeman effect (5%)
5. Rayleigh scattering (5%)



