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@ Attended PICUP workshop in 2017

@ Initial idea: introduce computation in 200- or 300-level courses
(Modern Physics, E&M)

@ ...but: could we do it sooner (100 level)?

@ Goals:

e Get students started with computational thinking (coding, debugging)
e Show physics beyond simple analytic models

Example: Free-Fall with Air Drag

@ What we used to teach:
v(t) = gt
@ But on Earth: Air Drag
dv DpA
at 2m
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Instructional Challenges

@ Lab course (PHY 175) is separate from University Physics | lecture
(PHY 145)

@ 3-5 sections with up to 24 students each
@ Mix of majors — mostly engineering, 5-7 physics majors total

@ Sections are taught by graduate assistants
My own role: course coordinator

@ Revising course curriculum to include computation is time-consuming
— step-by-step approach

On the positive side. ..
@ Course-coordinator is a long-term commitment — sustainable effort
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Instructional Challenges |l

Coding Platform

@ Students have no or minimal prior coding experience

@ Departments are reducing student computer workplaces, but no funding
for cloud-based platforms (CoCalc etc.)
@ Most students have their own computers. But. ..
e Programming languages not standard software on a typical computer
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Platform: JupyterHub + Python

https://github.com/jupyterhub/jupyterhub
@ Multi-user server
@ The Hub serves notebooks to a class of students

@ System requirements:

e Linux server (my office machine)

e min. 200 MB RAM per user
50 concurrent users: min. 10 GB

e CPU: depending on code
experience: 4 cores more than sufficient
for class of 24 students

¥
|

YanSlaum

Client requirements: Any device that runs a web brower!
Zero cost to students
Low cost to department (0 licensing, need to provide server)

Security: Server runs in VirtualBox environment
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Nbgrader

Jupyter notebooks in large classes

@ How to distribute/collect notebooks?

@ Need to maintain instructor + student version

@ Grading can be time-consuming — distribute workload to TAs

Nbgrader: A Jupyter notebook extension

https://github.com/jupyter/nbgrader

Single “master” notebook

Releasing/collecting assignments

Autograded + manually graded cells

Command line tools and instructor web interface

Graduate teaching assistants can be given access to grader “service”

\
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https://github.com/jupyter/nbgrader

Interactions with the Office of Information Technology

1 year under the radar. . .

@ Successful operation
@ Gained experience with the system
@ 5-year old computer was ripe for an upgrade

...and new IT policies

@ The ugly S-word mm

@ New IT policies — servers must be housed in OIT’s server vault

@ After a few weeks of negotiations: OIT agreed to provide a surplus server
(32 core, 512 GB RAM) free of charge

Axel Mellinger (Physics, CMU) Computation in Physics Lab Courses Aug. 11, 2021 7/15



Implementation: PHY 175 University Physics | lab

3-5 sections, up to 24 students per section

Groups of 2 students, one 2-hour lab per week

13 labs per semester

As of Spring 2021: 1 computation-only lab, 5 labs with computational
component

TA training:

e TAs only available 1 week before start of classes
o 1 weekly meeting (plus extra coaching sessions where needed)
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Activities (as of Spring 2021)

Lots of inspirations from PICUP exercise sets. ..

Lab 1: Introduction to Jupyter Notebooks and Python
Lab 2: Measurements and Statistics (entirely computational)
Lab 4: Projectile Motion (trajectory graphing)

°
°

@ Lab 8: Air Drag (numerical integration w/ Euler method)

@ Lab 10: Simple Pendulum (numerical integration w/ Euler-Cromer)
°

Lab 13: Vibrating String (animation)
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Activities

Introduction to Jupyter Notebooks and Python Code

Why Coding?

Most 21st-century physics problems are solved on a computer using numerical methods. Therefore, the American Association of Physics Teachers now
recommends that students should be taught the use of computational tools throughout the entire program. (And if you are not a physics major, your own
discipline likely makes strong use of computing, too!) In other words,

But...

- | never programmed in my life! This is too hard for me!
We'll start with the very basics — no prior coding experience is required.

« Will I need to install special software on my computer?
No, you don't need to install any software: all you need is an internet-connected device with a web browser. I've successfully run Jupyter notebooks on my
smartphone!

« 1'am not a Physics major! Why should | leam coding physics problems?
Most disciplines (Engineering, Chemistry, Meteorology, ...) make extensive use of computational tools. Today's science & engineering tasks are too
complex to rely on simple "pencil & paper” techniques.

« Why do we do coding in the first place?
We'l be able to explore more realistic physics scenarios, such as free fall with air drag or a simple pendulum with large deflection angles (>5°).
Calculating the velocity and position with "pencil & paper” requires that you solve a second-order differential equation. With a little coding, we can solve
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Activities

File Edit View Insert Cell Kemel Widgets Help

Python3 O
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Memory: 422 MB

measurements V' and watch the effect on the standard deviation
3. The 20-uncertainty is just slightly smaller than the standard deviation. Again, this is due to the small number of measurements.

a ID: [ cell-e04636027181a1 11 Read-only v

1.2 Histogram

Next, let's visualize those numbers. Again, write a brief comment (starting with a # sign) after each line, describing what cach command does:

In [9]: - v

binsize = 0.5

bins=np.arange(20,30.1, binsize)

plt. Figure(figsize=(9,6))

plt.hist(L, bins, facecolor='darkblue', alpha=e.75)
plt.xlabel("length (mm)")

plt.ylabel("nunber of measurements per bin");
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Activities

velocity vs. time
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Grading with Nbgrader

(Done by TAs w/ Coordinator Supervision

nbgrader Manage Assignments

Manage Assignments

ignments

Manual Grading

Instructions (click to expand)

Manage Students

Search
# ‘
Name Due Date Status Edit Generate Preview Release Collect Submissions |
Lab01-Intreduction to Python 2021-01-22 e *= Q » 88
04:59:00 UTC
Lab02-Measurements and 2021-01-29 Va I3 Q ”~ 92
Statistics 04:59:00 UTC
Lab02-Prelab 2021-01-22 v = Q ”» 88
00:00:00 UTC
Lab04-Projectile Motion None ks -3 Q o 73
Lab08-Air Drag None Kd = Q ”» 67
Lab10-Simple Pendulum None v - Q ”» 53
Lab13-Vibrating String None K * Q ”» 64
Projectile_Motion_Homework None Y = 0

+ Add new assignment
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Grading with Nbgrader

(Done by TAs w/ Coordinator Supervisio

In [4]:
"[]

g=9.8 free-fall acceleration
vi 3.1087 ial velocity. REPLACE WITH YOUR OWN VALUE
H 0.2681 nitial heig REPLACE WITH YOUR OWN VALUE

def y(x, theta_deg):

The colon (:) at the end of the "def" line is mandatory
theta_rad = theta_deg*np.pi/180 .

angle unit conversion. pi=3.141... is defined in
hence the np. prefix

# YOUR CODE HERE
yx = (-g / (2 * vi * np.cos(theta_rad)**2)) * x**2 + (np.tan(theta_rad) * x) + H

return yx # this is the value that the function "returns”

The initial velocity 'vi' in the denominator needs to be squared

We can now test our function. Let's call it with a horizontal distance of x=0.3 m and an angle of 40°. Check with a calculator that your function
returns the proper value. If not, your code has errors that need to be fixed before proceeding.

In [5]:

correct_trajectory_function Full credit  No credit

print("Height at x=0.2 m: ", y(0.3,48), "m")

BEGIN HIDDEN TESTS
def y2(x, theta_deg):
theta_rad = theta_deg*np.pi/180
y = -g/(2*vi**2*np.cos(theta_rad)**2) * x**2 + np.tan(theta_rad)*x + H
return y
# Check function values
assert abs(y(0.1, 89) - y2(0.1,80))/y2(0.1,80) < le-4
assert abs(y(.2, 10) - y2(0.2,10))/y2(0.2,10) < le-4
assert abs(y(0.3, 40) - y2(0.3,40))/y2(0.3,40) < le-4
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Grading with Nbgrader

(Done by TAs w/ Coordinator Supervisio

Files ~ Running  Gusters  Formgrader  Gourses  Assignments | Nbextensions
Released, downloaded, and submitted assignments for course: PHY175| +
Released assignments

There are no assignments to feich.

Downloaded assignments

There are no downloaded assignments.

Submitted assignments

Lab02-Measurements and Statistics PHY175 Fetch Feedback
2020-1208 11:25:59.141910 EST

Lab02-Prelab PHY175

2020-12-08 11:25:59.625206 EST

Lab04-Projectile Motion PHY175 Fetch Feedback

2020-12-08 11:26:00.297589 EST
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Grading with N

(Done by TAs w/ Coordinator Supervision)

Files ~ Running  Gusters  Formgrader  Gourses  Assignments | Nbextensions
Released, downloaded, and submitted assignments for course: PHY175| +
Released assignments

There are no assignments to feich.

Downloaded assignments

There are no downloaded assignments.

Submitted assignments
Lab02-Measurements and Statistics PHY175
2020-1208 11:25:59.141910 EST

Lab02-Prelab PHY175

2020-12-08 11:25:59.625206 EST

Lab04-Projectile Motion PHY175 Fetch Feedback

2020-12-08 11:26:00.297589 EST

@ TAs need long time to grade — need frequent reminders

@ Ensure uniform quality of grading — provide grading examples
@ Each year, a new slate of TAs needs to be trained
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Student Survey (2017)

| gained new insights into solving physics problems
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Student Survey (2018)

| gained new insights into solving physics problems
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Student Survey (2017)

Access to the Jupyter notebooks was easy (no technical issues)

Axel Mellinger (Physics, CMU) Computation in Physics Lab Courses Aug. 11, 2021 12/15



Student Survey (2018)

Access to the Jupyter notebooks was easy (no technical issues)
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Student Survey (2017)

The difficulty level of the computational component was...

14
12

10

Piece of cake! Easy Moderate Hard Very hard
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Student Survey (2018)

The difficulty level of the computational component was...
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Student Survey (2017)

Did you have any computer coding experience prior to this PHY 175 class?
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Student Survey (2018)

Did you have any computer coding experience prior to this PHY 175 class?
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Student Survey (2017)

| would like to see more labs with computational content in PHY 175.

16
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Student Survey (2017)

| would like to see more computational content in other courses.
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Student Survey (2018)

| would like to see more labs with computational content in PHY 175.
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Student Survey (2018)

I would like to see more computational content in other courses.
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Student Survey (Free Response)

@ “Computational Labs have done nothing but frustrate and discourage
myself and my classmates, alike. We all would discuss how that was the
worst part of Physics 175 and made me want to switch my major all
together. The computational portion is terrible and taught me absolutely
nothing.”

@ “Jupyter sucks.”

@ “Not all majors taking PHY 175 will need to know how to code. For
example, a mechanical engineer will probably not use Python in his/her
career. Because of this, I'm not sure if including the computational
portion was the best course of action.”

@ “ltis generally easier to do computations by hand and with a calculator
then to use computer programs.”

@ “The computational lab was rather appropriate for a student who never
gained any experience in coding like me. In every section, professor has
clearly instructed and had examples. [...]”

@ “Please give a practice tutorials to help new beginners.”
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Informal Feedback

@ Physics Majors: generally appreciate exposure to computing

@ Students use Python coding (and the JupyterHub server) in their
Intermediate + Advanced labs

@ Computation continued in Modern Physics and E&M
@ Students apply computational skills in their senior capstone projects
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Conclusions

Introduced computational content in University Physics | lab
Difficulty level of activities increases throughout the semester
Still significant student reservations (but improving. . .)

Each year, new TAs need to be trained

Future plans:

o Review more experiments for possible computational component
e Use video analysis data (from Logger Pro)
@ Pair programming? (Driver/Navigator)
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