Modernizing Modern Physics



Wolfgang Pauli



The Pauli Effect

The tendency of technical
equipment to encounter
critical failure in the
presence of certain people.

“It is well known that theoretical
physicists cannot handle experimental
equipment; it breaks whenever they
touch it.” - George Gamow




What is Modern Physics?

Contemporary
Physics?
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What is PHYS3377

* Introduction to concepts in
Modern Physics

* In the lab: observe modern
physics concepts in action

* Incorporate computational tools
in analysis

* Build expertise with technical
equipment

* Tackle larger, more complex
experiments




Keeping the Modern in Modern Physics
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ALPhA Immersions

* Advanced Laboratory Physics
Association

 Goalis “to support and enhance
advanced experimental physics
education”

Advanced Laboratories
* 630 enrolled participants over the https://advlab.org/

past 15 years

Particle Data Lab Quantum Optics Dark Matter
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How do particle accelerators work?

Take two known things, smash them together, and look at
what pieces come out the other end.
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Sharp “resonances” in
the event data typically
is a signal of a particle
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Students use Python to

* Reconstruct and plot raw
histograms

* Fitdata and subtract
background

* Fitsignaland analyze (and
identify) particle

Has been implemented in
PHYS337, Undergraduate
Research onboarding.

/Z boson
(90 GeV)



Quantum Optics

Precision measurements of light




How can we see quantum mechanics in the
lab?

Light provides a good playground to examine quantum behavior

Demonstrate
Create and Measure wave how
test a source interference measurement

of single with a single changes an
photons photon entangled
photon




How can we see quantum mechanics in the
lab?

Light detectors with picosecond resolution (10~ 14s) allow for the
detection of single photons

Students develop

At BBO R . exp.ertlse W.Ith industry-grade
Mirors | /Sl ,- g optical equipment.
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Gathering Evidence
for Galactic Dark
Matter

Modern astronomy measurements at low
prices




What is dark matter?

In 1978, Vera Rubin discovered that galaxies rotate
faster than expected based on the visible matter
they contain. This led to the idea that some unseen
substance—now called dark matter—must be
adding extra mass.
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Gathering Evidence for Galactic Dark Matter

radio continuum (408 MHI)
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Gathering Evidence for Galactic Dark Matter
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Gathering Evidence for Galactic Dark Matter

Expectations:

* Radio-frequency electronic design
and Raspberry Piinterface will
appeal to electrical engineers and
tinkerers-at-heart

* Another opportunity to draw on
student’s programming experience
for data cleaning and analysis

* Grounding a cosmic mystery (dark
matter) in an accessible method of
data collection will spark interest in
open problems in physics.




Summary

* ALPhA Immersions provide creative,
engaging advanced lab experiences
by physicists who care about upper-
level physics instruction.

* Including contemporary experiments
into Modern Physics helps students
imagine what physics today looks
like

 The Pauli Effect is real, but
surmountable.
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IF YOU STAND UITH THE
BOWLING BALL IN FRONT
OF YOUR FACE AND LET
GO, WILL YOU FLINCH

WHEN IT SUINGS BACK?

*R

PHYSICIST
T WONT FLINCH.

I
I TRUST
CONSERVATION
OF ENERGY.

\

I TRUST MY FLINCH REFLEX,
WHICH LAS HONED BY MILUCONS
OF YEARS OF EVOLUTION TO
PROTECT MY DELICATE FACE.
Tt NOT MESSING WITH IT

\

ENGINEER

I DONT TRUST
THAT YOU HUNG
THAT THING UP

CORRECTLY.

\

Many thanks to the mentors listed, as well as project funding from Dordt’s
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