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1. The airline passengers observe the wingtip of their airplanes 

oscillating up and down with periods of the order of one second and 
amplitude of 0.11 m, obviously it is definitely not due to the 
zero-point motion of the wings by comparing the zero-point energy 
with the energy obtained from the quoted values plus an estimated 
mass for the wings.  To evaluate the order of magnitude of the 
quantum number n of the oscillation. (17%)  

 
2. To solve the time-independent Schröedinger equation for a particle 

moving in a three-dimensional potential that is zero inside a cubical 
region of edge length a, and becomes infinitely large outside that 
region. Determine the eigenvalues and eigenfunctions for the system. 
(17%) 

 
3. To describe the effect of applied magnetic fields on atoms, it is a 

magnetic field B applied to an atom interacts with the magnetic dipole 
moment produced by the orbital motion of the electrons. (16%) 

 

(第一頁，共二頁。) 



4. In relativistic theory, (a) Using the principle of the work and energy, 
proved that the kinetic energy  of a particle is , 

where  is the rest mass of the particle and
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(b) Show that the total energy  is . (5%)          
(c) A particle is moving up with velocity 0.70c,and a 
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     detector is moving towards right with velocity 0.2c, calculate the  
velocity of the particle measured by the detector. (10%) 

 
 
5. A photon scattered by a free stationary electron will have a 

wavelength shift: 
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, where θ  is the scattering angle and me is the 

mass pf the electron:  
(a) Show the relation between the incident photon energy  and the 

kinetic energy given to the recoiling electron. (6%)  
0E

(b) What percentage of the incident photon energy is lost if the 
wavelength of the incident photon is  and . 
(4%) 

nm4102 −× o60=θ

 
6. Using the radial wavefunction  and the spherical harmonic 

function 

)(rRnl

),( ψθlmY  as listed to indicate the hydrogen atom, neglecting 
the spin effect of the electron.  
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(a) Write down the wave function ),( trΨ  for the 2p states. (7%) 
(b) Calculate the orbital angular momentum 〉〈 2L  and its 

z-component  for the 2p states. (7%)  〉〈 ZL
(c) Calculate the mean radius 〉〈r  for (nlm) = (100) state.  
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