For these problems, use the simulation “Interferometer experiments with photons, particles and waves”.  
1) Have a play with the simulation for a few minutes, getting to understand the controls and displays. Note down five things that you have found out. 

2) Consider the case with just a single beamsplitter present in the experiment.
(a) Compare the experimental results for classical particles with those for electromagnetic waves.  List ways in which the results are similar and different. Explain the differences you find in terms of how each behaves when passing through the experimental apparatus.
(b) Compare the experimental results for single photons with those for classical particles and for electromagnetic waves.  With just a single beam splitter present, how are single photons similar to classical particles, and how are they similar to electromagnetic waves?

3) Now consider the case with two beam splitters inserted into the experimental setup, but with zero phase shift in the lower path.
(a) Compare the experimental results for classical particles and for electromagnetic waves.  List ways in which the results are similar and different. Explain the differences between the two in terms of how each behaves after encountering the second beamsplitter.
(b) Compare the experimental results for single photons with those for classical particles and for electromagnetic waves.  With two beam splitters present (and no phase shift), how are single photons similar to classical particles, and how are they similar to electromagnetic waves?

4) Now consider the case with two beam splitters present in the experimental setup, and a non-zero phase shift in the lower path.
(a) As the magnitude of the phase shift in the lower path is varied, how do the experimental results for single photons and electromagnetic waves compare?
(b) Is the behaviour of a single photon at the first beamsplitter changed by the presence of a second beamsplitter?  Does its behaviour at the first beamsplitter depend on whether or not there is a non-zero phase shift in the lower path?

(c) Explain how it is possible that a phase shift in just the lower path of the experiment can affect the behaviour of every individual photon at the second beam splitter. Is the photon always taking only one path or the other at random? 

5) Summarize your findings from questions 2, 3 and 4 by characterizing how photons behave in these experiments.
(a) Based on your observations, in what sense are single photons similar to electromagnetic waves?  For which experimental conditions were the results for single photons exactly like those for electromagnetic waves?
(b) Based on your observations, in what sense are single photons similar to classical particles?  For which experimental conditions were the results for single photons exactly like those for classical particles?
(c) For which experimental conditions were the results for single photons neither exactly like classical particles, nor exactly like electromagnetic waves?  Is there a consistent way of describing the behaviour of single photons in all the experiments?

6) In this simulation there were several situations where there were no coincidence counts at all as the experiment ran.  Explain whether this would be different in any way if the actual experiment were being conducted in a lab, and why this might be. 
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