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Chapter 7

ies of integrating computation into
physics lab courses

Charles Lusignan, Aaron McGowan and Ben Zwickl

This chapter focuses on a detailed examination of how computation was integrated
into activities within three specific laboratory courses at a single institution: a second
year electronics laboratory course, a third year modern advanced lab course, and a
third/fourth year physical optics course. Within cach course, we examine situations
where computation opened up new possibilities for the lab. In Modern Physics, we
examine how computation provided new ways to conduct uncertainty analysis and
to model non-ideal effects of a solenoid in a Faraday effect experiment. In the
Physical Optics course, we review one lab with matrix models of polarized li

one lab with a numeric diffraction integral. In the electronics lab, we highlig
computation enabled quicker cycles of data gathering and visuali

supported exploring the behaviors of a wider range of components and circuits.

We conclude with some of the challenges and general pedagogical issues that need to
be addressed in our courses.
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1997: Student laptop has about 32-64 MB of RAM
AAPTO piop 1 Evolution of AAPT guidelines ©)

Summary of Introductory Physics Laboratory Goals (A detailed discussion about these
goals is printed on the next two pages)

l. -The Art of Experimentation: The introductory laboratory should engage each studentin
significant experiences with experimental processes, including some experience designing
investigation.

Il.- Experimental and Analytical Skills: The laboratory should help the student develop a
broad array of basic skills and tools of experimental physics and data analysis.

lll.- Conceptual Learning: The laboratory should help students master basic physics
concepts.

V.- Understanding the Basis of Knowledge in Physics: The laboratory should help
students understand the role of direct observation in physics and to distinguish between
inferences based on theory and the outcomes of experiments.

V.- Developing Collaborative Learning Skills: The laboratory should help students develop
collaborative learning skills that are vital to success in many lifelong endeavors.

The word “computer” appears five times in this
document, once as “microcomputer”. P
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1997: Student laptop has about 32-64 MB of RAM
AIAJ? ion PIoP 1 Evolution of AAPT guidelines ©)

Summary of Introductory Physics Laboratory Goals (A detailed discussion about these
goals is printed on the next two pages)

l. -The Art of Experimentation: The introductory laboratory should engage each studentin
significant experiences with experimental processes, including some experience designing

investigation ’ path of D calculated with Lagrangian mechanics

Il.- Experimental and Analytical Skills: The laboratory should help the student develop a
broad array of basic skills and tools of experimental physics and data analysis.
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lll.- Conceptual Learning: The laboratory should help students master basic physics
concepts.

IV.- Understanding the Basis of Knowledge in Physics: The laboratory should help
students understand the role of direct observation in physics and to distinguish between A
inferences based on theory and the outcomes of experiments.

V.- Developing Collaborative Learning Skills: The laboratory should help students develop
collaborative learning skills that are vital to success in many lifelong endeavors.

The word “computer” appears five times in this
document, once as “microcomputer”. ‘
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1997: Student laptop has about 32-64 MB of RAM

Summary of Introductory Physics Laboratory Goals (A detailed discussion about these
goals is printed on the next two pages)

l. -The Art of Experimentation: The introductory laboratory should engage each studentin
significant experiences with experimental processes, including some experience designing
investigation.

Il.- Experimental and Analytical Skills: The laboratory should help the student develop a
broad array of basic skills and tools of experimental physics and data analysis.

lll.- Conceptual Learning: The laboratory should help students master basic physics
concepts.

V.- Understanding the Basis of Knowledge in Physics: The laboratory should help

students understand the role of direct observation in physics and to distinguish between
inferences based on theory and the outcomes of experiments.

V.- Developing Collaborative Learning Skills: The laboratory should help students develop
collaborative learning skills that are vital to success in many lifelong endeavors.

The word “computer” appears five times in this
document, once as “microcomputer”. ‘
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2014: Student laptop has about 4-16 GB of RAM

AAPT Recommendations for the Undergraduate
pHySICs epucaTion Physics Laboratory Curriculum

Designing
Experiments
Developing

Technical
Constructing and

Knowledge Practical
Skills

Analyzing and
Visualizing Data

Communicating
Physics

The word “computer” appears eight times in this
document E
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2014: Student laptop has about 4-16 GB of RAM

AAPT Recommendations for the Undergraduate
pHySICs epucaTion Physics Laboratory Curriculum

Designing
Experiments
Developing

Technical
Constructing and

Knowledge Practical
Skills

Analyzing and
Visualizing Data

Communicating
Physics

The word “computer” appears eight times inthis
document RN

The word “computational” appears in this
document seven times
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2014: Student laptop has about 4-16 GB of RAM

AAPT Recommendations for the Undergraduate
pHySICs epucaTion Physics Laboratory Curriculum

Designing
Experiments

Developing
Technical
and
Practical
Skills

Constructing
Knowledge

Analyzing and
Visualizing Data

Communicating
Physics

The word "computer” appears eight times in this
document e

The word “computational” appears in this
document seven times
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1 Evolution of AAPT guidelines ©)

Intensity patterns (pedestal subtracted)
Double slit intensity data ——+—
al = 0.076 mm, a2 = 0.106 mm, d = 0.409 mm

D4 =0.002, D4, = 0.003, D4 = 0.001
chiSq = 551.739

theta (rad)
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2014: Student laptop has about 4-16 GB of RAM

AAPT Recommendations for the Undergraduate
pHySICs epucaTion Physics Laboratory Curriculum

Designing
Experiments
Developing

Technical
Constructing and

Knowledge Practical
Skills

Analyzing and
Visualizing Data

Communicating
Physics

The word “computer” appears eight times inthis
document SLiaLy

The word “computational” appears in this
document seven times
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2025: Student laptop has about 32-64 GB of RAM
1 Evolution of AAPT guidelines ©)

AAPT American Association of Physics Teachers®

Enhancing the understanding and appreciation of physics through teaching

Search Sessions Speakers

2EE Al in Support of Physics Labs

When: Sunday, 8/3/2025 through Sunday, 8/3/2025, 1:00 pm - 5:00 pm
Where: Grand Hyatt Washington-Roosevelt

Description: In this workshop participants will conduct a series of simple experiments and then use natural
language prompts with Al tools to perform computational analysis on their data. Participants will conduct statistical
analysis of large data sets, perform coordinate transformations on GPS data, fit periodic data to simple harmonic

oscillator models, transform time domain measurements to the frequency domain, and conduct other complex data

analysis tasks that have historically required computer programming skills. Participants will need a smartphone to

collect data, a computer to conduct analysis, and potentially a $20 license to one of the leading foundation Al models

depending on changes in capabilities at the time of the workshop.

Will students be using their own computing power,
or simply using the laptop as a terminal to access
far superior resources in the cloud??

R, @OPICUP R

Partnership for Integration of Computation into Undergraduate Physics



2025: Student laptop has about 32-64 GB of RAM
1 Evolution of AAPT guidelines ©)

Enhancing the understanding and appreciation of physics through teaching

AAPT American Association of Physics Teachers®

Search Sessions Speakers

2EE Al in Support of Physics Labs

When: Sunday, 8/3/2025 through Sunday, 8/3/2025, 1:00 pm - 5:00 pm
Where: Grand Hyatt Washington-Roosevelt

Description: In this workshop participants will conduct a series of simple experiments and then use natural
language prompts with Al tools to perform computational analysis on their data. Participants will conduct statistical
analysis of large data sets, perform coordinate transformations on GPS data, fit periodic data to simple harmonic

oscillator models, transform time domain measurements to the frequency domain, and conduct other complex data

analysis tasks that have historically required computer programming skills. Participants will need a smartphone to

collect data, a computer to conduct analysis, and potentially a $20 license to one of the leading foundation Al models

depending on changes in capabilities at the time of the workshop.

Will students be using their own compufingip0wer ¢ 2025 screenshot from "The Witcher 4"
or simply using the laptop as a ferminal fo occess
far superior resources in the cloud?? ‘
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Instructional decisions |

1. Spreadsheets vs. programming? 2 Instructional decisions
2. Which programming language?
3. Scripts vs. notebooks?

4. Where is computation hosted?

5. When is.computational work done?

6. Should lab manual integrate computation?
| | ‘;7.5H‘ow shquld lab notebooks integrate computation?
S ?8:. Whatdocuments are graded?
CAgtel cé%‘ﬁgfoﬂonal features are graded?
10. How Jﬁ'é,fudents submit work?
1. HOWIS .irlr_\s"rruc’ror feedback provided?
2. How %hould students collaborate on computation?

13.What-is the instructor's role in supporting computation?

R @OPICUP R
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Instructional decisions |

1. Spreadsheets vs. programming? 2 Instructional decisions
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Instructional decisions

1. Spreadsheets vs. programming?

PHYS3IS: "Experiments in Modern Physics”
e DAQ: Primarily manual, visual
e Data entry info spreadsheets
e Spreadsheet for initial data reduction

JE @O PICUP
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Instructional decisions

1. Spreadsheets vs. programming?

PHYS3 : “Advonced Laboratory in Physics"

® 4/7

DAQ: Often requires compuTer inferface

Arduino exposure to C++
Spreadsheet is often sklppedt
Data reduction commonly performed in Python

Partnership for Integration of Computation into Undergraduate Physics

2 Instructional decisions
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One semester is not enough to
achieve every learning goal! :

3 Conclusions

AAPT Recommendations for the Undergraduate
pHysics epucation Physics Laboratory Curriculum

Designing
Experiments

Developing

Technical
Constructing and

Knowledge Practical
Skills

Analyzing and
Visualizing Data

Communicating
Physics
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3 Conclusions

AAPTAAPTR ommendatio: fthUdgdt

Physics Laboratory Curriculum

Structure your lab curriculum to stagger achievement
of the goals delivered by computation throughout the
entire undergraduate career.
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The rate of change of computing
capabilities is ever increasing! :

3 Conclusions

AAPT Recommendations for the Undergraduate
pHysics epucation Physics Laboratory Curriculum

Designing
Experiments
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Constructing and

Knowledge Practical
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3 Conclusions

A APT AAPT Recommendations for the Undergraduate

PHYSICS EDUCATION Physics Laboratory Curriculum

Stay present and learn everything you can, especially
from our students..and from Al.

o617 @ @ PI‘ |lP RIT
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Matlab code
appended to
backup slides
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Instructional decisions @ RIT: PHYS /316 |

1. Spreadsheets vs. programming? /Computer DAQ 2 Instructional decisions
2. Which programming language”? /Python, ArduinoC++
3. Scripts vs. notebooks? /Student preference

4. Where is computation hosted? /Student preference
5. When is.computational work done? IMore during lab

6. Should lab'manual integrate computation? ' /No

f:_lrz, I};}_ 7 Ijﬁdw;hc’;uld lab-notebooks integrate computation? /OneNote w/ link to code
S 8Whon‘documents _dre graded? /OneNote
9 What cék‘fi{?fcﬂonal features are graded? /Code output, plots
10. How d(;}i-{’s,fqdén’rs' submit work? /Shared OneNote
1. How is ms’rruc’ror feedback provided? /OneNote
12. How should;s"r,trkﬂént's' collaborate on computation? I/Teamwork
13. What is the insTrucTof’:S:, roFe ih supporting computation? l\nterpreter of output

: /. @OPICUP RIT
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in quadrature to determine the total uncertainty on the uncertain result. If the »
uncertain parameters are x; £+ 6x; and the final answer depends upon those things
like ¢(xi. ..., x,,), then each uncertain parameter creates uncertainty in the final
result:

i | o —
5g. = —[| (%4 6x) — g(a)| + 120G — 6x) —g(x)l]

1

and the total uncertainty in the final result is

- l' P 2
68 = \/2_(6)°




LRC circuit resonance:
Analysis of fit residuals s

Normalized Current Ratio

=
o

L/R=0.025+0.001ms, f;=11.124+0.007kHz
— fit
¢ data

o o
(o)} (o0}

Current Ratio (dimensionless)
©
H

0.2

©
o
part

o
o
<)

Residuals

20 30
° frequency (kHz)



Malus' Law: e
Data fit to medel e

Intensity transmitted through analyzer

1p=180.01%0.48mV, ¢p=13.18+0.13deg
— it
¢ data

Photodiode voltage (mV)

100 150 200 250 300 350
analyzer ¢ (degrees)

Figure 7.1. Malus’s law fit to extract intensity amplitude Jy and initial laser polarization angle ¢, from student
data.
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Solenoid Axial Magnetic Field
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Figure 7.3. Finite solenoid axial magnetic field fit to extract solenoid average radius R, length L, and

geometric wire-packing parameter m from student data.




Faraday rotation

Faraday rotation in DC experiment

Lv=0.0127+0.0001deg/G, intercept=-0.004+0.01deg
—_— fit
¢ data
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Figure 7.2. Faraday rotation fit to extract sample length times Verdet constant L from student data, and to
demonstrate an intercept consistent with zero when no magnetic field is applied to the sample.
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