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New graduate students would come to work in my laboratory after 17 years of 
extraordinary success in classes, but  … often it seemed that they didn’t even really 

understand what physics was.  
 

But then an amazing thing happened: After just a few years of working in my research 
lab, interacting with me and the other students, they were transformed. I’d suddenly 

realize they were now expert physicists, genuine colleagues. ”

“

Carl Wieman, “Why not try a scientific approach to science education?” CHANGE, Sept/Oct 2007
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❖ 2001-2006 BSc UVic

❖ 2006-2008 MSc Calgary

❖ 2008-2012 PhD Calgary

❖ 2012-2014 PostDoc Berkeley

❖ 2014-2016 Control System Design Victoria

❖ 2016-Present: Lab instructor, UVic
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AMO Physics: The Perfect Level of Complexity
❖ Typically small teams, “tabletop physics”

❖ Great for modular projects

❖ Students see the whole picture

❖ Knowledge base of DIY equipment 

❖ (lasers, ovens, detectors…)

❖ Students acquire: machining, CAD, 
 analysis, instrumentation… experience!

❖ Combination of often available equipment  
and self built hardware

❖ Cutting edge science on a budget!
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MODEL:
Students will incrementally build the lab via a set of well-
thought out, modular sub-projects.



The Quantum Teaching Lab

“Provide mentorship, materials, and projects for interested 
students looking to gain research experience in a real research 
environment.”

GOAL:

BASIC REQUIREMENTS:
❖ Basic lab space

❖ Optical Components
❖ Optical Table

❖ Lasers
❖ Set of experiments
❖ Local expertise
❖ Some Funding ($5k P.A.)
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❖ Applied for every grant under the sun (NSERC DG, USRA, …)
❖ Mostly unaccessible to non-faculty/staff

❖ Internal funding from Department! $5k p.a.
❖ Enough to get started! 

❖ Adjunct Status (2020)
❖ NSERC Discovery Grant (2021-2026)

Basic Funding
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The Quantum Teaching Lab
Lab Space and Optical Table:

It never hurts to ask …

Oversized “desk” from Engineering Student Society



The Quantum Teaching Lab
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❖ Optical Metamaterials

❖ Photon Entanglement Generation

❖ FPGA based laser Feedback

❖ Improved Muon Lifetime
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Custom External Cavity Diode Lasers

Newport
U100-P2K 

Thorlabs GH13-18V

Thorlabs L785-P090

Hawthorn, et al Rev. Sci. Instrum. 72, 4477 (2001) 



Custom External Cavity Diode Lasers
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Dichroic Atomic Vapour Laser Lock
Goal: Stabilize Laser to an atomic Transition

Can exploit circular dichroism, induced by B field!

Zero-Crossing error signal: 
feedback to laser



Dichroic Atomic Vapour Laser Lock
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Spinning Waveplate Polarimeter
Goal: Visualize instantaneous state of polarization

Quantifying Polarization
Stokes Parameters

S0 = IH + IV

S1 = IH − IV

S2 = I+ − I−

S3 = IR − IL

Poincaré SpherePolarization Ellipse



Spinning Waveplate Polarimeter
Goal: Visualize instantaneous state of polarization

Measuring S with a Waveplate and Polarizer

H. G. Berry, G. Gabrielse, and A. Livingston, Applied optics 16, 3200 (1977)
 

I(θ) =
2S0 + S1

4
+

S3

2
sin 2θ +

S1

4
cos 4θ +

S2

4
sin 4θ

λ/4@θ
Linear 

Polarizer

I(θ)

Detector Raspberry Pi 
With DAC hat

GUI
Spin using

RC Plane Motor
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Spinning Waveplate Polarimeter

arXiv:2102.06114 (2021)
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Outcomes

❖ 40 Students supervised so far (14 Current + 26 Alumni)

❖ 26 Alumni:

❖ 13 MSc (4 completed, 9 in progress)

❖ 2 PhD (in progress)

❖ 7 current BSc at uvic

❖ Outreach & Industry (Observatory Outreach, Software Dev, Government)
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Lessons so far
❖ Small groups > individual effort: teamwork makes the dream 

work.

❖ Students are best teachers of students! Mentors naturally arise.

❖ Mentoring takes a lot of time (probably not a productivity gain!)

❖ Some students find out that research is not for them. (Just as 
important!)

❖ Technical staff often very willing to teach their expertise!

❖ Electronics tutorials (Nicholas Braam)

❖ Machining & design basics (Chris Secord)

❖ Laser Safety and alignment (Paraskevi Lagaditis)



The 2023 QTL Group
Hayden Snauwaert

Owen Sandner
Arsh Singh

Will Stokes
Brendan Mackey

Zaina Siddiqui

Jamal Khani Sajjad Kashani AM Rowan Meronek Matt Newton Diana Gao Ash Enefer


