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= Quantum Harmonic Oscillator

Let us assume:
m=1
f=1
w=2

and write the stationary states, the energy levels, and the potential for the harmonic oscillator as:

m=1;
h=1;
w=2;

§=8qrt[mw/A] x;

psi[nn_] := ((mw) / (PiA))4(1/4) 1/Sqrt[2*nnnn!] HermiteH[nn, §] Exp[-£§*2/2];
En[nn_] := (nn+1/2) hw;

V=(1/2)mw*2x42;

a) Verify that the first four stationary states are indeed normalized.

Verify that the first three stationary states are indeed orthogonal.

b) Plot the first four stationary states psi[nn] (use different colours for each plot).

¢) Plot the first four probability densities Abs[psi[nn]]*2 (use different colours for each plot).
d) Plot the potential and the first four energy levels all in the same graph.

e) Add to the plot in item (d) the functions En[nn]+psi[nn] for nn=0,1,2,3.

f) Add to the plot in item (d) the functions En[nn]+Abs[psi[nn]]*2 for nn=0,1,2,3.

2) Blow up the graph from item (f) and print it for analysis.

Printed by Mathematica for Students
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Untitled-2 2

= Comparison with the Classical Harmonic Oscillator

It is interesting to compare the distribution function for the quantum mechanical

harmonic oscillator to the distribution function for a classical harmonic oscillator.

For the classical oscillator, the probability distribution function can be calculated

from the time the oscillator spends in the various regions. The probability function will be larger in regions where the
oscillator spends more time.

h) The classical allowed region for a classical oscillator of energy E extends from -Sqrt[(2E)/(mw”2)] to Sqrt[(2E)/(mw"2)],
which are the "classical turning points". The amplitude of the oscillations is then A=Sqrt[(2E)/(mw”2)]. In the ground state
of the quantum harmonic oscillator, what is the probability of finding the particle outside the classically allowed region?

i) Evaluate the amplitude of the classical oscillator corresponding to the energy of the first three stationary states of the
quantum mechanical harmonic oscillator and note that the amplitude is increasing with energy.

j) What is the velocity v of the classical particle as a function of position (use E=T+V)?

Given that the amount of time the particle spends in an interval dx around position x is dx/v, find the probability function of
finding the classical particle on the interval (-A,A).

Plot the classical and quantum probability distribution functions for the

lowest energy state n=0. Why does the classical probability distribution

function have sharp maxima at the points of maximum displacement, and the

quantum probability does not? Give a qualitative answer.

k) There is a principle of correspondence which states that in the limit of large
energy and large objects, the predictions of quantum theory must be the same

as predictions from classical dynamics. We know that the macroscopic world of
large objects that we can observe is well described by classical dynamics. We
say that we reach the ‘classical limit’ when the energy is large enough that the
spacing between the energy levels is insignificant. Show with a plot how the
probability distribution of a quantum harmonic oscillator reaches the classical
limit as n becomes large.

Printed by Mathematica for Students
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