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Quantum Analogs Workshop Handout 
BFY II University of Delaware July 22-24 2015 

The basis for Quantum Analogs was the recognition that the Schrödinger equation is a wave equation and, 

therefore, similarities can be found to equations predicting the behavior of sound waves in both spherical 

cavities and closed end tubes. 

Because of their spherical symmetry, the angular and radial variables for both standing waves in a spherical 

cavity and the Schrödinger equation for the eigenstates of a hydrogen atom can be separated into angular and 

radial variables. Radial variables behave differently, but the eigen-functions, with respect to the angular 

variables – the spherical harmonics – are the same. 

Similarly, the behavior of sound waves in a closed tube is analogous to a quantum mechanical particle in a 

box.  Expanding the investigation to a series of tubes connected by irises with openings of various diameters 

creates a model for the behavior of semiconductors. 

Students do the first round all of these experiments with a signal generator, an oscilloscope, and a voltmeter.  

We will use the speaker of our computer to generate and sometimes sweep through the sound frequencies.  

The microphone pick up will indicate the relative amplitude of the sound as a function of either frequency or 

microphone location.  

MODELING THE HYDROGEN ATOM with a spherical resonator.  First, find the ‘eigenstates’ 

for the sphere over a selected range of frequencies and then examine a few of those frequencies as a 

function of microphone location to determine the energy levels for which they are a match  

 

1.   Examine the apparatus 

a.   Locate the speaker and the microphones.   

b.   Note the difference between scale angle α (how far you have 

turned the upper section) and polar angle θ (the angle between 

speaker radius and the microphone radius). 

c.   Look at the computer display and note the parameters you can 

control. 

2. Find the resonances that are the  analogs for the atomic 

eigenstates 

a.   Using the computer, scan through the frequencies with the 

hemispheres open to hear the sound change. 

b.   Create the sphere and set the angle measure at α = 0° and have 

the computer go through the frequencies again.  What actual 

polar angle is this? 

      Can you hear when the system passes through a resonance? 

       Notice the resonance amplitudes variations.   

c.   Change the computer to Spectrum 2 

      Move the microphone so that α = 180°.   

      What polar angle θ is this? 

         Scan the frequencies and note what stays the same and what  

         changes. 

 
Atom Analog 

Speaker is at lower right 
 

Sample Sound 
Amplitude Pattern 

 

Thinking of the amplitude of the sound as analogous to the probability that the electron will be in 

this ‘location’ – what does this tell you about electron ‘location’ for a these two “eigenstates”? 
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3.  Create a polar plot for one of the resonances and use Figure 2 to help you identify its “angular 

momentum number and spherical harmonic function”.  

a.  Move the cursor arrow to the top of a large peak and then left-click.  The output frequency is 

now adjusted to match the value at which you clicked. 

b. In the computer menu go to Windows > Measure Wave Function.  Adjust the hemispheres to 

α = 0° and measure the amplitude in steps of 10 degrees.  The program will automatically 

convert the rotation angle to the polar angle and plot the absolute amplitude. 

What do you notice as you move through the angles? 

 What does ‘complete by symmetry” do?  Why does it work? 

 Can you find the “quantum number” for your pattern? 

d. Create plots for several different resonances.   

4. Break the symmetry in the spherical resonator using the inset rings. 

a. Change the frequency range on the computer to cover only the first three resonances and take a 

spectrum. 

b. Place the smallest spacer ring (3 mm) between the hemispheres and measure the spectrum again 

using the second spectrum color.  What happens? 

c. Repeat with the 6 mm spacer and then the two together. 

d. Can you see a pattern?  To what is this analogous? 

5. Model a Molecule 
a. Measure a spectrum in the frequency range from 0 Hz to 1000 Hz first for the ‘atom’ and then 

in the molecule for at least two irises.   

b. What do you notice?  

 

MODELING THE PARTICLE IN A BOX AND A SEMICONDUCTOR 
 

Standing waves in a cylinder can be related to the eigenstates of a particle in a box.  In these 

experiments we will consider the frequency levels that produce sharp resonance peaks to be the 

analog of energy-levels in quantum mechanics. 

In our linear array, the speaker is mounted at one end and the microphone at the other. 

What parameters can you change in the cylinder system?  

 Changing parameters. 

1.  Particle in a Box 

a. Take the spectrum for a single cylinder  

b. Take the spectrum for a set of four identical cylinders.  What happens? Why? 

2. Bands and Gaps 

a. Place a set of large irises between the four cylinders and take a spectrum.  What happens to the 

pattern? 

b. What happens if you change iris size? 

c. What happens if you change the number of cylinders? 

d. What happens if you change cylinder lengths? 

e. What happens if you ‘goof’ and there is a defect in your pattern such as an odd iris or 

cylinder?? 

 

ARE YOU UNABLE TO STOP TRYING THINGS?     WELCOME TO QA-ANONYMOUS! 
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Fig. 1: Plots of the spherical harmonics: 
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Fig. 2: Cut through the spherical harmonics with magnetic quantum number m = 0. 
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