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In order to enhance our students’ scientific research 
experience and their lab skills, we implemented 
experiments using state-of-the-art quantum optics 
and spectroscopy research equipment into two 
undergraduate laboratory courses: the optics lab 417L 
and the modern physics lab PHY235L, both offered in 
Spring quarters 2010 through 2012. Students were 
required to write a report about one of these 
experiments in the format of a scientific paper. The 
first draft of the paper was peer-reviewed by their 
classmates according to a detailed rubric, and also 
reviewed by the instructor. 

Background Modern Physics Lab Optics Lab
The course PHY235L: 
A sophomore lab to accompany the modern physics lecture,
required by all physics majors. Students are handed the equipment 
with minimal instructions.
Number of students: 45 total in 2 quarters

The course PHY417L:
A junior/senior lab to accompany the optics lecture, required by all physics 
majors. Students are handed the equipment with minimal instructions, and 
given the task to design their own experiment. 
Number of students: 60 total in 3 quarters

[1] “Emission Spectroscopy in the Undergraduate Laboratory”, W. Scott, R. Goode, and Lori A. Metz, Journal of 
Chemical Education, Vol. 80 No. 12 , December 2003.
[2] http://www.whitman.edu/~beckmk/QM/
[3] “Photon counting statistics – undergraduate experiment”, P. Koczyk, P. Wiewior, and C. Radzewicz, AJP 64
(3), March 1996.  

The lab experiments: Frank-Hertz, electron diffraction, Geiger 
counters, Gamma spectroscopy,  Compton scattering, Radiation in 
the visible spectrum [1], Hydrogen spectrum. 
The writing experience:
Students used the hydrogen spectrum to determine the Rydberg 
constant and reported their results in form of a peer reviewed 
scientific paper. 

• To expose students to a laboratory experience that 
very closely resembles a real-life research activity.
• To  develop students’ scientific writing skills.

Goals

The lab experiments: Calibration of a photo detector using Malus’ Law, 
Polarization, Fresnel Equations, Interference/Diffraction, Quantum Optics. 
The writing experience:
• Photon Statistics (Spring Quarter 2010)
In this experiment, students measured the dark counts for one channel of 
the SPCM-AQ4C Single Photon Counting Module and examined 
whether they follow Poisson statistics [2], [3]. 

Student Opinions
Survey Question Modern 

Physics 
Lab

Optics 
Lab

Do you feel that the following experiences improved your understanding 
of what physicists do? (Likert scale: 5=strongly agree, 1=strongly 
disagree)
Writing, revising, and peer reviewing a scientific paper 4.3 4.5
Using state-of-the-art research equipment 4.4 4.3
Designing your own experiments (no detailed 
instructions were provided)

4.4 4.5

Writing a paper was useful for writing other lab reports 4.2 4.2
The peer review was useful 4.2 4.2
Time spent on writing the paper
On first draft 3.7 hrs 4.2 hrs
On second draft 2.6 hrs 2.8 hrs

More than on regular lab report 2.3 hrs 2.3 hrs

References
• I can more easily look at an experiment and see the next 
logical step…
• I’ve never had to do a formal lab report before.
• I believe it was a great learning experience. 
• Paper was an excellent experience. Challenging but very 
rewording.
• I spent a lot of time writing the formal lab report, but it was 
worth it. It was like an accomplishment.

Student comments: Figure 4: Comparison of scores for 
first draft and final version of the 
formal lab report in Phy417L.  

Figure 2: Calibration spectrum of 
Argon, taken by students.

Figure 1: Experimental set up with 
Ocean Optics HR4000 spectrometer.

Figure 3: Comparison of scores for 
first draft and final version of the 
formal lab report in Phy235L

• Single Photon Polarization (Spring Quarters 2011 & 2012)
Students investigated the polarization of photons created in Spontaneous 
Parametric Down-Conversion (SPDC) in an optically non-linear crystal (BBO). 

Summary of Student Learning Results

Figure 5: Experimental set-up to 
investigate single photon polarization.  

Figure 6: Single photon counts in 
detectors A and B as  function of the 
angle of the lambda/2 plate for the pump 
photons. Data taken by students. 

Student Learning Results in Detail
Theory Section:

 Explain SPDC 
 Derive fitting function 

First draft: 38% Final version: 72%
Analysis Section:

 What is the purpose of the λ/2-plates? 
 How does the number of DC photons depend on the polarization of the 

pump beam?  
 How does the number of horizontally and vertically polarized DC 

photons depend on the lambda/2 plate in front of the polarizing beam 
splitter? 

First draft: 41% Final version: 74%
 


