
Photon-based instructional labs in Quantum Mechanics:

Notes from a break out session

Mark Beck (Whitman College) and Andy Dawes (Pacific Univ.) presiding (DRL Room 3C6, Penn)

SESSION XV, Friday 27 July 2012, 8:45-9:35am.

The session leaders (Mark Beck and Andy Dawes) introduced themselves and informally described how long
they have been doing photon-based lab experiments. The discussion then turned to Q and A. The note taker
(Greg Severn) begs forgiveness for not remembering the names of the participants while trying to write down
what was being said during the discussions. The note taker is responsible for all mistakes and any incompleteness!

Andy Dawes: Pacific University. I have taught out of drafts of Mark’s text for a few years. Our upper division
course has a dedicated lab, 3 hrs or lecture and 2 hrs of lab per week. The lab involves classical polarization
instructional experiments along with the single photon quantum labs.

Mark Beck: Whitman College added a 3hr lab to the upper division quantum course, and the course is a 4
credit class. There are 5 experiments which take roughly 1 week per each (these are the single photon
quantum labs). Because of the limited amount of equipment and the size of the space, we have two groups
in the lab (each group the size of two or three students), and there are two setups of the same experiment
so each group in a given week is doing the same experiment. Students do labs bi-weekly. Each group has
a week on and a week off, so that all groups rotate through each of the 5 experiments. The total number
of students is roughly ten to a dozen, sometimes more, sometimes less.

Q1: Considering the span of time required to move through all the labs, does the lecture portion of the course
get ahead of the lab, and out of sync?

A1: Lecture is typically ahead of lab, but I don’t see this as a bad thing. Is it bad if students need to recall to
mind previous portions of a course while learning new material? We think not.

Q2: If the student throughput were greater, would a round robin sequence to the labs make sense? Do the labs
need to be done sequentially? How do keep each lab to manageable length?

A2: Alignment of course is a potentially huge sink of time for the uninitiated. To do the alignment for the first
lab might require 4-5 hours for a student. However, for the first lab (refer to figure 1 below) I will set up
and align the pump laser (its beam comes in from the left of the figure) with the crystal so that the phase
matching is working (i.e., ωp = ωs + ωi, & kp = ks + ki, where the subscripts refer to the pump, signal,
and idler photons, respectively), and have students do the alignment for the detectors (see fig 1.)

In the next lab, one adds a polarizing beam splitter on one of the legs (the lower one in figure 1, say, and
see figure 2). I will make sure the detector on the other leg is working, and all the stuff upstream, and the
students can then focus on alignment issues related to the extra detector shown in figure 2. [ note: this
is the ‘existence of photons’ lab discussed earlier in the meeting in one of the panel discussions associated
with single photon experiments.]

Later, in the experiment that tests Bell’s inequalities, shown in figure 3, the students can then work on
aligning the added detectors, to be added, say, to the top leg in figure 3, and shown in more detail in figure
4. This sort of incremental addition of alignment tasks keeps the lab to a manageable length and help
focusses student attention on the physics issue of that particular day. With the tests of Bell’s inequalities,
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it’s important to help students understand how the polarization state portion of the entangled photon’s
wavefunction, |ψ1,2〉 = a|HH〉+ beiφ|V V 〉, can be altered by rotating the plane of polarization of the pump
beam, and by adjustments with the birefringent phase plate, the portion of the optics train up stream from
the compound crystal.

Q3: It was asked again how long does the sequence of labs take, how many hours?

A3: 3 hours, every other week, 6 sessions. If we had another week or more, students would have done more of
the alignment.

Q4: How did you get the Dean to sign off on an extra unit of credit for an every other week lab?

A4: We argued successfully that it was worth it.

Q5: Are the students juniors and seniors?

A5: Yes.

Q6: What about pre-req’s? Must students have experience with classical optics? How much?

A6: All students have done a Michelson Interferometer lab in the sophomore labs, although they haven’t seen
polarization stuff. [note: recall Andy Dawes’ introductory comment.]

Q7: More of a comment. In the advanced lab at UC-Berkeley (Tom Colton) we gave the entire alignment
procedure to a group of students as a project, and then they gave the task to a single students. We think
a student could do the entire alignment for the Bell’s inequality tests in 3 afternoons, that should be
sufficient.

A7: ....

Q: So, you work with 2 groups of multiple students. Do you have kids sitting back, not engaged?

A: No, everybody gets involved, it’s a very hands-on things for each of the students.

Q: Are there issues with laser safety?

A: Yes. Students must wear appropriate goggles and take off jewelry. The are instructed in maintaining
awareness of the plane which the beams traverse, and to keep their heads out of this plane. They wear
green goggles (ThorLabs, LaserShield) which protect against both the blue and the NIR beams present in
the experiments. There is also a 780nm alignment laser to be concerned about in this regard. We make
use cheap video cameras (60 bucks) for infrared viewing. (note: Mark had mentioned a number of times
that some of the laser pointers one can easily acquire have enormous power. I (gds) wondered at this until
I got back from the meeting this past week. I had been given a blue diode laser pointer as a gift (it was
purchased in Hong Kong I believe). I measured its power and found that it was about half a Watt! 500
mW! When setting up the laser to try to measure its wavelength, I discovered that stray reflections were
hugely significant (i.e. dangerous!). For the first time, I could feel the laser beam against my skin, even
touching the beam momentarily was enough to feel the heat. I cannot imagine what it would do to the
retinas—certain this power is orders of magnitude higher than the threshold power which is protected by
one’s normal aversion & blink response! If one uses such a powerful laser for the pump, one will have to
be very careful with it. This is yet another reason to proceed as Mark described for these labs. Moreover,
a great deal of care needs to be taken for managing beam dumps for both reflected and transmitted beams
for people coming into the lab, inadvertently, not associated with the doing of the lab.

Q: Are more sophisticated experiments possible down the line, having to do with quantum interference, tele-
portation, and quantum computing?
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A: Quantum information experiments are possible and are being done (e.g. the quantum eraser? gds); a simple
quantum algorithm (computing) is possible to implement, and quantum cryptography is possible too.

Q: Can you (here I didn’t finish writing down the question, I guess it was along the lines that follows...) do
experiments that show the difference between classical and quantum optics?

A: Yes (see figure 4 and its annotations). To get at the question of doing something to make the photons
distinguishable, which should change the results from quantal to classical, one wants to associate a difference
between the otherwise correlated photons and their polarizations. Absent this, a difference in wavelength
between the correlated photons would not be sufficient to make them distinguishable with respect to their
spin (polarization) entangled state.

Q: Have people considered decoherence experiments?

A: Yes. Add a birefringent plate to one of the entangled beams, and the group velocity dispersion cause the
beams to decohere.

Q: Another comment about laser safety was made with respect to implementing the set-up. The pump laser will
be at least a class IIIb1 and these require protective curtains separating the area of use from other parts
of the lab where some not doing the lab could be with danger from the laser light. It is a good idea to
separate the region traversed by the blue laser from the other part of the experiments so that students can
more safely work on alignment of the infrared laser light. It was noted that Lawrence Berkeley National
Lab maintains an excellent site for laser safety,http://www.lbl.gov/ehs/safety/lasers/index.shtml

A: ....

Q: Is it true that there is never enough of the downcoverted photons (810nm) to see the beams?

A: Yes, that’s true (see the comments above view NIR photons with a video camera).

Q: About the book, can these experiments relate to the rest of the book? [note: Mark’s text, just out, is
Quantum Mechanics: Theory and Experiment, Oxford University Press, ISBN13: 9780199798124, and see
also the very cool website, http://people.whitman.edu/~beckmk/QM/ ]

A: The book does indeed cover material considerably beyond the topic of single photon experiments. It begins
by presenting the classical theory of polarization, moving on to describe the quantum theory of polarization.
Analogies between the two theories minimize conceptual difficulties that students typically have when first
presented with quantum mechanics, and so forth. But the text then takes up the quantum mechanics of
problems requiring a continuous Hilbert Space (position and momentum wavefunctions, the SHO, Hydrogen
atom, etc.), perturbation theory, a brief introduction to quantum field theory (QFT), finishing with a
chapter on Quantum Information.

But connections can be made along the lines you suggest. In the chapter on QFT, there is a first principles
discussion of the correlation function,

g(2) =
PTR

PTPR

,

that turns up in the lab, ‘Proof’ of the Existence of Photons. And the last chapter treats quantum
cryptography

Q: Do your students complain about not having the whole photon wavefunction?

1Class 3B: A Class 3B laser produces light of intensity such that the maximum permissible exposure (MPE) for the eye may
be exceeded and direct viewing of the beam is potentially serious. Diffuse radiation (i.e., that which is scattered from a diffusing
surface) should not be hazardous. This is somewhat wavelength dependent. CW emission from such lasers at wavelengths above
315nm must not exceed 0.5 watts. For pulse laser system to be Class 3B their output cannot exceed 125 mJ in less than 0.25 seconds.
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A: I will admit that there is an extent to which this issue is swept under the rug, and that we try to fasten the
student’s attention on the polarization state part of the wavefunction.

Q: What is |ψ〉 the eigenstate of?

A: One can define a polarization operator.

There were other questions and answered that were discussed too that I did not write down. Not being expert
(indeed, not yet even an novice!) in this field of experiments my minds suffered a slowing down from cognitive
overload (anyway, that’s story I’m going with :)
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