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AP Physics, Honors 11th grade Physics and On-level Physics 

Standard Learning Goals Assessments Lesson/unit ideas 

● Understand energy on 
Macroscopic as well as 
Atomic scale 

● Analyze momentum 
conservation 

●  Data analysis by 
collecting data and 
graphing it  

● Make real world 
connections with particle 
physics  

● Students will do some sort 
of data analysis from 
CERN data (I have heard 
it’s available)  

 
● Perform muon detector lab 

(Cosmic watch lab, 
demonstrated by Ken)  

 
● Have students explore the 

activities from the 
QuarkNet website. 
(showed by Ken) 

 

These activities will be 
incorporated in units of 
energy, energy and 
momentum conservation, 
graphing and data analysis!! 
 
Show videos on Standard 
Model in particle physics 
 
Share the QuarkNet net 
experience, Jefferson lab 
presentation  

If there’s time … I would like 
to talk about the Mayan 
pyramids and how the secret 
chambers are detected via 
cosmic ray detectors to 
address CROSS- 
DISCIPLINARY SKILLS 

 Show videos, share 
presentations 
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12th grade - Research Practicum - Physical Sciences  
Student learning Goals: 

- Develop an understanding of the Standard Model in general, Muons in the context of 
cosmic rays in particular (using video(s)) and of muon tomography (using pyramid 
example → annotated bibliography) 

- Be able to present data graphically (scatter plots, histograms) and interpret graph 
- Be able to describe and calculate the mean of a set of data 
- Be able to describe and calculate the measures of the spread of data (variance, 

standard deviation) 
- Be able to conduct and interpret hypothesis tests for two population means.  

 
Assessment: 

- Application to data collected during a Physics lab in the previous year 
- Ongoing  
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Summary of Coding Activities: PNW Centera 

(What happened during QN Workshop) 
Four-Part Motion Lab: Coding Project  

Day 1: 
Motivating the use of computer programming and computational thinking in 
high school physics classes. Using interactive Jupyter coding notebooks, 
participants were able to model a projectile’s motion in the earth’s atmosphere; 
teachers progressively increased the model complexity to more accurately 
model effects such as air resistance, changing density with altitude, and 
changes in the force of gravity with altitude. The participants also completed a 
computational lab example. Participants used their smartphone accelerometer 
and the PhyPhox app to measure their acceleration as they walked; then 
utilized numerical integration techniques to calculate their velocity and 
position as they walked, using only acceleration data. 
 
Day 2:  
Participants completed a mini-bootcamp in coding with Python. Using inter-
active coding notebooks, the teachers were able to both edit and run the code 
while also completing small learning assignments throughout the notebooks. 
Many teachers went from having no experience with Python to being able to 
import data and make a plot with Python.  
 
Day 3: 
QuarkNet coding fellow Tracie Schroeder joined virtually and led the group to 
complete multiple QuarkNet coding activities using real data (muon mass, 
periodic table of elements, sunspot, and solar position). 
 
Day 4:  
Participants were tasked by Tracie to develop a teaching lab and an associated 
coding notebook for analyzing any collected data. Using pair programming 
techniques, the participants developed a four-part motion lab for high school 
students utilizing Jupyter Notebooks. (In conversation with Tracie during a 
debriefing meeting held with coding fellows on August 27, 2023, the small 
group of five participating teacher made this approach possible.)  
 
Day 5:  
Machine Learning. Our goal was to provide a foundational understanding of 
machine learning concepts so that teachers could answer questions about 
machine learning in the classroom. To this end, Dr. Dolen walked the 
workshop participants through two interactive learning notebooks. Using open 
cosmic ray data from the Major Atmospheric Gamma Imaging Cherenkov 
Telescopes (MAGIC), the notebooks introduced multiple concepts involved in 
machine learning classification tasks. Initially, the participants were tasked 
with identifying gamma-ray cosmic ray events while rejecting hadron initiated 
cosmic rays. Participants identified data-based observables that could be used 
to separate gamma-ray and hadron events. They applied thresholds to these 
observables, measured signal efficiency and background reject rates, and 
developed Receiver Operating Characteristic (ROC) curves based on their 
choices. Participants were then exposed to decision tree and ensemble method 
machine learning tools. These machine learning methods were chosen because 
they are both powerful and easy to understand.  

Velocity and Acceleration Lab 

Part A - Setup 
Part B - Measuring Constant Velocity 

    Part C: Measuring Constant Acceleration 
    Part D - Using Python to Calculate Acceleration of a Cart Rolling Down a Ramp 
     
Excerpt of Coding: 

 
The full coding project/activity is available here: 
https://colab.research.google.com/drive/1jk6cgg4TfXs5V3v74i_jr65fAO-efXWc?usp=sharing 
 

aExcerpts from Annual Report submitted by James Dolen; https:/quarknet.org/content/pnw-quarknet-center-2023-workshop-annual-report. 
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