
PHY3063 --- Enriched Modern Physics --- Spring 2019 
Homework #4 

 
Deadline: Thursday, Feb 28 10:25am. 
 
 
1. An electron is confined to a region of size 0.2 nm (i.e., infinite potential walls at either end). 

(a) What is the ground state energy in eV? 
(b) The electron falls from the 4th excited state to the 2nd excited state, emitting a photon in the process. 

What is the wavelength of the photon in nm? 
 
2. Refer to the previous problem.  

(a) When the electron is in the 4th excited state, at how many places inside the region is the probability for 
finding the electron zero? 

(b) Assume that the electron is in the 1st excited state. What is the probability for finding the particle in the 
middle 25% of the region? 

(c) If the potential walls were not infinitely high, how would that affect the energy of the ground state? 
Explain. 

 
3. Refer to problem 1 again. When the electron is in the ground state, what is the approximate probability for 
finding the electron within a 1.0 pm region at the center of the region? 
 

4. Consider the wavefunction , defined for . Note that this is the 
ground state wavefunction for the particle in a box but shifted by L/2 so that the region is centered at x = 0. 

(a) Calculate the expectation values <x>, <x2>, <p> and <p2>. 

(b) What is the product , where the two quantities are standard deviations? (This is easy if you did 
part (a)). How does this answer compare with the prediction of the Uncertainty Principle? 

 
5. Consider the ground state of the harmonic oscillator. 

(a) Calculate the expectation values <x>, <x2>, <p> and <p2>. 

(b) What is the product , where the two quantities are standard deviations? (This is easy if you did 
part (a)). How does this answer compare with the prediction of the Uncertainty Principle? 

 
6. An electron is bound to a region within a crystal by a springlike force having an effective spring constant of 150 
eV/nm2. 

(a) Find the ground state energy in eV. 
(b) If the electron drops from the 3rd excited state to the 1st excited state, what is the wavelength of the 

emitted photon? (c) At what total energy in eV will the turnaround distance be 1.5 nm? 
 
7. A H2 molecule can be approximated by a simple harmonic oscillator with spring constant 1000 N/m. Note: you 

must use the reduced mass  for this kind of problem. 
(a) Find the ground state energy in eV. 
(b) Find all possible wavelengths of photons emitted as the molecule decays from the third excited state 

eventually to the ground state. 
 
8. A particle is completely confined to a 3-dimensional rectangular box of sides (L, L, L/4). 

(a) Write the complete ground state wavefunction. 

(b) What are the first 6 energy levels in units of  and their degeneracies? 
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