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supernova remnant - cassiopeia a

https://www.nasa.gov/mission_pages/chandra/multimedia/exploring-cassiopeiaA.html
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aurora borealis over oslo

https://www.flickr.com/photos/65218245@N00/326627830

science can explain
natural phenomena




Inner cylinder
(Q,#0)

End fixed Workingfluid
walls

Outer cylinder
(€2,=0)

Vortices Partial Total

Undulated rupture destruction destruction
vortices

% natural transition to turbulent flow
https://www.flickr.com/photos/22493175%40N02/50000447596
—

f=1.6Hz

Beginning of ~19H2

* science can satisfy
taylor-couette cylinder & transition to turbulence human curiosity

Abdelali, A., et al. Journal of the Brazilian Society of Mechanical Sciences and Engineering 41.6 (2019): 259.
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framing my research

all folks can develop a deep understanding of science

all folks can develop a positive stance towards science

all folks can shape the work and practice of science




framing my research

all folks can develop a deep understanding of science

all folks can develop a positive stance towards science

all folks can shape the work and practice of science

we discover, design, and develop the conditions
and environments in which all folks who are
learning science can thrive




moving beyond active learning

three-dimensional learning observation protocol (3DLOP)

Ao Gy, | e three-dimensional learning

Topics Potential Energy, eer Raplaris Keplar's Kepler's Synthesizing Kepler's Laws

Circular Motion ePers First Law Second Law Third Law assessment prOtOC()l (3 D LAP)

H0-Dimensional ®1-Dimensional “2-Dimensional ®3-Dimensional

None None None None None

Bain, et al. PLoS One 15.6 (2020): e0234640.

active learning is
nO-t necessarily 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Exam Points

3 d I e a rn I n g Laverty, et al. PloS one 11.9 (2016): e0162333.

I Physics ‘Chemistry‘ Biology ‘

% of Points

FCI FMCE CSEM BEMA
Laverty and Caballero. Phys Rev PER 14.1 (2018): 010123.




developing community-based courses

projects and practices in physics

Projacts & Practices in Physcs

A cormrunty Sened haming ervircemer!

Carver s impressec with yo 0 ) § UNCONVNG y Me s you 10 write a simulation that models the ort of
e satelite TO iy & we Ca "y, X rep tations of 9 el fon NG O The spacecalt, which has a mass of

¢ 107 g Your simuation should be generaizec ensugh 1o model oler lypes of ortits inducing eligtical ones

# Objecte
Exacth = sphere(pas=vecta=(,0,0), madius=6.3ef, Tateriel=race-iels.SlurNarble)
Satellile - aphara(pos-veslar|(T*REarlLh.radius, 3,0}, radiua-laee, colovr-celar.rad, make_trail-Trua)

# Moce wincow setup
scene. mange=l2sInrsh.redios

+ Paramelers and Initial condilions
aZutellite - 1
pentellite = vecto-(0,5060,0)
# Tinme and Linme slep
deltat = 1
t -1
Lf = S0re0=24
SacalliteMoc-ionMan = NotionMap(fatellice, t£, 20, wavrkerfoala~2007, labelMNMarkarlrcepr~ra.ee)
alasulabtion Laop
L= LI
theca = (7.2%e-3) * del<at » ICNORZ TEIS LINC
mursh.rotate|argle=chnta, sxis-ventor|0,0,1), origin=vecto-(0,0,0))
rate{10C00)
Catellise.poe = Satellice.poe | pSacallite/mEatellicatrdaltat

satrllitaMotionNap.uptfata(s, ptamellicae/rsEatellice)

t =t 4+ deltat

grc;up based

Irving, Obsniuk, & Caballero, EJP (2017)
Pawlak, Irving, & Caballero, Phys. Rev. PER (2020)
Irving, McPadden, & Caballero Phys. Rev. PER (2020)

data lab

» Students should determine/estimate the inherentuncertaintyin their
measurementdevices and how those uncertainties affect their results. This
may progress through:

* Developingestimates of uncertaintyin the devices

* Developingrough predictions for how the uncertaintyin their device
propagatesthrough the system, assuminga linear proportionality
Developingprecise predictions for how uncertainty contributed by
measurementdevices propagates through the system

» Students should be able to distinguish between sources of systematic
uncertaintyand random error and quantifiably determine the values of each

Two Week Lab

longer
iInvestigatory
labs & science
communication

Polarization
Sydney Kerre

Catherine, Katie, Ryan,

Michigan State University, PHY 252, Spring 2016

Polarization is an aspect of physics that is very Observed a light source through a single polarizer and HWhen initially making observations about the
common outside of a lab. It can be see in then a second one. polarizers, we found that polarizers seemed to dim
sunglasses to reduce glare, or in photography to + Measured Malus’ Law by placing a detector at the end the light and reduce the intensity by about 50%.
minimize reflections and lessen haze. Polarizers of both polarizers (Fig. 1.1) and quantitatively We found that this varied based on the angle of the
work by blocking out every direction that light measuring the intensity of the light coming through polarizer. When the light seemed the least intense,
waves point in from a source and only (Fig1.2). it was blue.
trans‘mitting _the waves that align with the . Measur_ed the intensigy of only the first polarizer jand HUsing the detector to quantitatively measure the
polarlzer.y This phe_nomenon can be represented e hoarving nalesiotid chanasithi S, angle and the resulting intensity, we found that the
by Malus’ Law, which states: + Created a model to account for the intensity of the greater the angle, the less intense the resulting
light as it comes from the source, passes through the light appeared.
first polarizer, and passed through the second. OThe model we synthesized is:

Bea i [ =1,co0s26 - ety o 11=(10/2)c05%(8,-81) (uncertainty of +/-10)
o Lab Activity | CPHW CP Day P .

homework

)
)

Discussion
Analysis

\
Investigation

Qualitative
& Quantitative
Exploration
Experimental
Design

\

4
\

a g g not significantly impact the intensity.
ObjectIVES \| =For two polarizers, changing the angle greatly

varies the intensity.

Our primary goal was to understand how ) N
polarizers work and create a model to account for ) - Uncertai nty
£ [

all of the light passing through two polarizers and

what the resulting intensity value would be. + When light passes through two polarizers, we

should have seen no light, but we still saw
HUnderstand the relationship between the o R “ o o s some because the polarizers aren’t
intensity of the light source and the angle of the manufactured perfectly.

polarizer Figure 1.2: An inverse relationship; as the angle of the second polarizer « We assigned values of +/- .1 or .01 to our

N . N increases, the intensity decreases. At about 75°, the light is blue. values, depending on how much the numbers
HlDetermine the result of manipulating the angles | 3 linear model, the graph is opposite with a slope of 79.411 +/- 355 varied in :Ee deteiwr

of polarizer 1 and polarizer 2. -i 5
. > gadlaiviintercentof 37500 21 221 « Sources of uncertainty were: systematic error

HDetermine sources and values for uncertainty. Refe rences such as imperfect instruments, other light
5 sources in the room,

BCreate a model to understand exactly what is . [P
happening to the initial unpolarized light as it * Movement of the light source from its initial
passes through two polarizers. position

Funding Source: Michigan State University; Dr.
William Martinez and Kelsey Funkhouser

HHMI Funkhouser, Kelsey, et al. EJP 40.6 (2019): 065701.
HOWARD HUGHESMEDICALINSTITUTEY  [/enderson, Funkhouser, & Caballero 2019 PERC Proc.



Integrating computing in

hysics

research faculty learning Communlty

Recognition Debugging Resolution

Shifting perceptions of learning & f) P I < : U p Patnerbloter mu-u

Faculty Commons Community " About PICUP

Less
Strategic

* A Rigid Three-Dar Pendyium

Computation as a tool

A Rigid - Pendulum .
Daveloged by [ Debringor - Published My 31, 2016 -
reo in 2
G0 ) s of .
Ciflo ch used s e hat- ‘

roomabion (a modfed Euler) method. Please note thal ths set of
OMOSAbonAl sxarcises Can be alordatly coupled 10 SImple Clas sroom expenments with meler sicks

DS you have 10 o this matenal 10 it your

noeds? Shase your changes by

yond the Firs! Yeur

Learning physics via computation

Loveal
Available nplementation

Leam Objectives Students who complele ™is set of exercises will be abde 10
S S E. Bebringer, "A Rigid Three-ba
Pendulum.* Published in the PICUP

Colechon, July 201¢

“ognfilve Priysics domair Compueational domain tAater 3l
Computatonal 4 Practioes, hnowledge, {Praciices, hnoated pe, ;= Computatioral
Jlemacy anud hed i< anvl helims) J Lreracy

od poth contowr plots and 10 plots of the penod of small oscilators versus The instrucior manenials are S2016 E
scaled varablos (Exercises 1 and 2 Behrirgur
« derive the eguation of motion for the pendulum (Exercise 3)

Narrow programming

) Tno eNICSQS MO rdorAhJ rder a
* comgutationaly model the moton of a Bwee-bar perndulum with damping using —— = -
¢ an 50 '

ten (Exorcise 4)
. prog oraghs the J OF the anguiter X O YOrsus
e diferent poomeds ations of the pendudum (Exercise 4 and
*  530%8 the accuracy of the computations soluson by companng 4 10 the @@@@
analytical solution for smadl oscllations and no damping (Exercise 5) “
Obsniuk, Irving, Caballero, PERC 2015
Soaal domain (ractees, nowlecga, ann brhofe)

— Pawlak, Irving, & Caballero, Phys. Rev. PER, 2020 Cgb /acl(lj o cz;ret al. TPT 97.6/(2019): 397-399.
o Odden, Lockwood, Caballero, Phys. Rev. PER, 2019 ~ 9°P'°UP-919

.'t t & S14 F14 S15 F15 S16 F16 S17 F17 S18 F18 S19 F19 S20 F20 S21 F2X
community engagemen EEEEEEEEEEEEEE

Intro. E&M HEEEEEEEN
CMSE 201* --

— i Modern Phys. ----
department Wlde Class. Mech. 1 H B BEEEN

Somputational Skl effo rts Quantum 1

Gunde to Computational Skills QuEa;:: T 5

E&M 2
Caballero & Hjorth-Jensen, 2018 Stat. Mech. B B B B

FAQ Fveete Contact About

Version 1. January 29, 2021 4 Contnbutors and Reviewers

EPoctine ace 3




CO m p uta‘t | O n a I m O d e I Select Demographic Race Discourse dimension Student Talk (Type)

Option Explanation

[ Asian i Black ] Latinx [ Native Jj White ]l Mixed EQ l l I P Q n IyS I S

computational representations smllgroup #1-9715-2016.09.15 (1= 46

(n=26, 56.5%

Michigan K-12 Standards

Science

(n=15, 39.5%)

November 2015

computational representations
MICHIG, '\N\Q\\;

Education

equip.ninja
Christensen, et. al. TPT 60.6 (2022): 414-418.

teacher
developed
computing
activities

Activity Information

Learning Goals

« Create and modify a computational model to describe a given system
+ Use Newton’s second law to relate the acceleration of a marshmallow with the forces acting on it (HS-
PS2-1)

Willison, et al. 2022 PERC Proc.
https.//www.msuperl.org/wp/icsam/ Stroupe, David, et al. ICLS 2022.
Weller, et al. Phys Rev PER 18.2 (2022): 020106. Hamerski, Patti C., et al. Phys Rev PER 18.2 (2022): 020109.



https://www.msuperl.org/wp/icsam/

iversifying graduate physics programs s

potential physics phd applicants using holistic admissions rubric

Most commmon rubric score

Low Medium High

Astan
s White
e H1SpaNIC

Black

Physics coursework
Math coursework &

All other coursework O

Academic honors

Vv1IC
N\
™\
\

RATIO

B Asian men
B Asian women
M Black men
88 Black women

Hispanic men

PREPA

Variely/duralion of research O
Qualily of work

Technical skills O
Research dispositions &
&

& Hispanic women
N White men
B White women

Fraction of test takers above

o
N

oL
J
(8
-~
(ha |
U
=
(s
=

Achievement orientation

NCIES EXPERIENCE

o
(=]

500 600 700
GRE physics score
— Undergraduate GPA

disaggregated
' gre distribution

No. ba
graduates
Barron's sedectivity
ndex
Public/Private
funding
Undergraduate
population profile
Race
ACT selectivity
category
Minority Serving
=T nstitution

Initiative

G O Perseverance O

Alignment of rescarch

IMPETE

Conscientiousness &

%

Alignment with faculty
Community contributions

PROGRA

Diversity contributions

(GGeneral GRE scores

RES

Physics CRE score

SCO

& Admitted Nonadmitted

mean decrease in AUC upon removal

gre cutoffs
| ) 't d . 't Young, Verboncoeur, Lam, and Caballero Phys Rev PER 19.7 (2023): 0710134.
Young, Tollefson, Zegers, and Caballero. Phys Rev PER 18.2 (2022): 020140.
imi IVETS| y Young and Caballero. Phys Rev PER 17.1 (2021): 010744.
Mikkelsen, Young, and Caballero. Phys Rev PER 17.1 (2021): 010109.

700 720
P-GRE cutoff



A science that is more

representative of and
responsive to society

A society that deeply
values and strongly
supports science




computing is increasingly important to learn and to shape

developing computational literacy

Physics Computational Literacy

Cognitive Physics domain Computational domain Material C I I l S e 2 O 1 / 2 O 2

Computational (Practices, knowledge, (Practices, knowledge, Computational

Literacy and beliefs) and beliefs) Literacy

modeling, &= .
machine learning, g
& data science

H_J

Sodal Computational Literacy

Odden, Lockwood, Caballero, Phys. Rev. PER, 2019
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our educational systems are interconnected not isolated
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new technologies can enhance and disenfranchise

+! GPT-4

write a problem for me that has three degrees of freedom, but one constraint that can be
solved with Lagrangian mechanics. Don't show me how to solve it. Just show me a problem
that can be solved using that approach.

Certainly! Here's a problem that involves three degrees of freedom with one constraint, 0 & &P

suitable for analysis using Lagrangian mechanics:
Pendulum with a Sliding Bead:

Consider a pendulum of length £ which is free to swing in a vertical plane. This pendulum is
composed of a lightweight, inextensible rod with a frictionless hinge at its upper end,
allowing it to swing freely. Attached to this rod is a small bead of mass m that can slide along
the rod without any friction. The bead is not fixed and is influenced by gravity, so it can slide

up and down the rod as the pendulum swings.

Given:
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