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Part III, Quantum Modeling 
Problem Set 1 

Post date: 04/24/08 
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The following problem set is to be solved in groups of 2–3 students. Each group 
should hand in only one set of solutions containing the names of all group members. 

1. Electron in a box:	 During the lecture we studied a particle that was confined 
inside a one-dimensional box of length L. Find the appropriate Schrödinger 
equation for an electron that is confined in a three-dimensional box with edges 
of length L. Solve the Schrödinger equation and give solutions for all possi
ble wave functions and energies. Show that the energies are degenerate, i.e. 
several wave functions have the same energy. Show further that the energies be
come non-degenerate when the symmetry is broken and all edges have different 
lengths. 

Let’s assume you are conducting an experiment in which the electron (confined 
inside a large box with edges of length L) is in its lowest energy state (ground 
state). What is the probability of finding the electron inside a smaller box with 
edges of length L/2 that is centered in the middle of the large box? 

In a box with L = 7˚ =A 7 × 10−10m the electron jumps from its first excited 
state into the ground state. Light of which wave length and color will be 
emitted? 

2. The hydrogen molecule:	 Using PWscf with the sample input file H2.input as 
a starting point, perform simple calculations on the hydrogen molecule H2 (i.e. 
two hydrogen atoms). Show how the total energy changes as a function of 
separation d. Find the molecular binding distance dbind by finding a minimum 
in the total energy. Plot the total energy as a function of d over a reasonable 
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range dmin ≤ d ≤ dmax which includes dbind. Shift your plot such that the total 
energy for dbind is zero. Fit the resulting plot to a Morse-type potential � �2 

V (d) = α 1 − e−β(d−dbind) . 

Find the parameters α and β and plot the Morse potential together with your 
shifted total energy curve. Show that your results for d = dbind are converged 
with respect to box size, kinetic-energy cutoff, and SCF exit criterion. 

3. Structure of water:	 Using PWscf with the sample input file water.input as a 
starting point, find the structure of a water molecule H2O by simple means of 
several total energy calculations. Show how the total energy changes as a func
tion of at least two degrees of freedom. Further, find the structure of a water 
molecule by using PWscf’s structural minimizer. Compare the two obtained 
structures with experimental structures and explain possible differences. Show 
for the equilibrium structure that your results are converged with respect to 
all applicable parameters. 




