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• Oather Strawderman
• Science Department Chair @ Lawrence Free State 

High School in Lawrence, Kansas
• AP Physics teacher since 1997
• International Lead AP Physics Consultant since 2013 
• Exam Leader at AP Physics Reading since 2012
• Chair of AP Physics Development Committee 
• Lead Instructor for AP Classroom
• AP Physics Item Writer and Reviewer
• Chair College Board Science Advisory Committee 
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Welcome!
oather@PhluidPhysics.com
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Lawrence, Kansas
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Introductions
•Name

•Where do you teach?

•How long have you taught Physics/AP Physics?

•Which AP Physics course(s) are you teaching 
this year?


•What is your favorite Physics topic to teach?
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Setting the Stage
• Ask questions and share ideas!


• Participate!!


• Physics


• Switching Seats


• Computers: WiFi & Workshop Resources


• Building logistics:  Restrooms


• Workshop Logistics:  Breaks / Lunch
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Objectives
Participants will: 
• Explore each section of the Course and Exam Description (CED) 

and make connections to the Curricular Requirements 

• Develop a semester and/or yearlong instructional plan that 

incorporates all units, topics and skills of the course, as 
referenced in the CED. 


• Explore the exam design and how students will be assessed in a 
hybrid-digital environment.


• Identify and explain various instructional strategies and tools 
that teachers can incorporate in their lesson plans to teach the 
content and skills in the Course and Exam Description. 


• Investigate how AP Classroom can develop skills/practices and 
be used in lesson plans to reinforce topic and skill/practice 
connections. 
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Saturday Schedule
9:15am - 10:15am:  AM 1 Session
10:15am - 10:30am  Tea Break
10:30am - 12:00pm:  AM 2 Session
12:00pm - 1:00pm:  Lunch
1:00pm - 2:45pm:  PM 1 Session
2:45pm - 3:00pm:  Tea Break
3:00pm - 4:45pm:  PM 2 Session
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Sunday Schedule
8:30am - 10:00am:  AM 1 Session
10:00am - 10:15am  Tea Break
10:15am - 12:00pm:  AM 2 Session
12:00pm - 1:00pm:  Lunch
1:00pm - 2:30pm:  PM 1 Session
2:30pm - 2:45pm:  Tea Break
2:45pm - 4:00pm:  PM 2 Session
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Saturday October 17
AM1 
• Agenda & Introductions

• Exam Overview / Digital Exams / Multiple Choice Section

• Developing the Science Practices

AM2 
• Courses Overview / Course & Exam Descriptions/Textbooks 

• Year Long Plan

• Labs / Desmos / Graphing Calculator

• Fidget Spinner Labs

PM1 
• Experimental Design and Analysis Free Response Questions 

• Resistivity Lab Free Response Question 

PM2 
• Mathematical Routines Free Response Questions

• Derivation Strategies

• Calculus on the AP Physics Exams
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Sunday October 18
AM1 
• Meterstick Torque Lab Free Response Question

• Reading / Mock Reading 

• AP Classroom / Instructional Planning Reports

AM2 
• Translation Between Representations Free Response Questions

• Types of Representation: Diagrams & Sketches

• Toilet Paper Roll Free Response Question Activity

PM1 
• Qualitative/Quantitative Translation Free Response Questions

• Writing Strategies

• Dielectric Constant of Paper Lab Free Response Question

PM2 
• TIPERs & Ranking Tasks

• P1 Workbook

• Online Simulation Labs
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Contact Info:

www.PhluidPhysics.com 

oather@PhluidPhysics.com
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www.PhluidPhysics.com/Resources

Workshop Links & Documents
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apcentral.collegeboard.org/courses/ap-physics-c-mechanics

apcentral.collegeboard.org/courses/ap-physics-c-electricity-
and-magnetism

AP Physics C: Mechanics and E&M Websites
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AP Exam Structure 
For 

Every AP Physics Course 
 

(Since May 2025 Exams)

15



16

Exam Structure
• Section 1: Multiple-Choice (50%) 

▪ **42 questions, 85 minutes (2 not scored)** 

▪ One correct answer 

▪ Four answer choices 

• Section 2: Free-Response (50%) 
▪ **4 questions, 95 minutes**, 40 points 

1. Mathematical Routines (10 points) 
2. Translation Between Representations (12 points) 
3. Experimental Design and Analysis (10 points) 
4. Qualitative/Quantitative Translation (8 points) 

▪ Same order of Free-Response Questions for every course on every exam
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Free-Response Question Types: In this Order

• Mathematical Routines 
▪ Emphasizes problem-solving, calculations, and derivations.   

• Translation Between Representations 
▪ Emphasizes fluency between various representations of physical phenomena 

• Experimental Design and Analysis 
▪ Design an experiment, analyze the results of an experiment 

• Qualitative/Quantitative Translation 
▪ Emphasizes fluency between conceptual and mathematical descriptions of physical 

phenomena
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Exam Information
• Each Multiple Choice Question and Free Response Question 

point assesses relevant physics content using a given Science 
Practice 
• All content may be assessed with any Science Practice 
• All AP Physics courses have nearly identical exam structures 
• Exam Dates 2027 
• P1: Wednesday May 5 - Session 2 (1:00pm) 
• P2: Thursday May 6 - Session 1 (9:00am) 
• Mechanics: Monday May 3 - Session 1 (9:00am) 
• E&M: Wednesday May 5 - Session 2 (1:00pm)
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AP Physics 
Exam Section 1:
Multiple
Choice
Questions
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Multiple Choice Questions Activity
• Turn to the following pages in the CED:

• Mech page 175

• E&M page 151 

• Answer the MCQ items in the CED

• Write down your answer to each question on paper

• Focus on both the content of the questions as well as 
how the questions are formatted and how they ask 
students to demonstrate their Physics knowledge

21
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Discussion Topics

•What are some things you notice about 
the questions…content and skill?
•What successes and challenges could 
your students have with these questions?
•What instructional strategies do you 
employ to help your students be 
successful on the Multiple Choice section 
of the exam?
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Information
•Hybrid Digital
•Pacing/Clock
•Equation Sheets
•Scratch Paper
• 10 m/s/s and 10 N/kg
•Discrete Items vs Item Sets
•Calculators, Rulers and Pens/Pencils
•Difficulty and Guessing
•Answers and Rationales
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https://bluebook.app.collegeboard.org/
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Zooming Shortcuts
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Multiple Choice Section Directions
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Built-in Desmos Graphing Calculator
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Switching Angle Modes in Desmos!!

28



Strikethrough to help narrow down options!
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Highlights & Notes
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Line Reader
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Section I Questions Review
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PC-Mech: Table of Information
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PC-Mech: Table of Information Conventions
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PC-E&M: Table of Information (OLD)
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PC-E&M: Table of Information Conventions (OLD)
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PC-E&M: Table of Information (NEW)
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PC-E&M: Table of Information Conventions (NEW)
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Developing the  
Science Practices

How your students will be asked 
to demonstrate what they know
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Science Practice/Skills

ALL Skills Assessed 
on the FRQ Section
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Science Practice/Skills

ONLY Skills Assessed 
on the MCQ Section
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Science Practice/Skills Weighting: AP Physics C Exams
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       AP Physics 1 & 2                            AP Physics C: Mech and E&M
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AP Physics C: Mechanics – Skill Based Case Study
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2.A  Derive a symbolic expression from known quantities by selecting and  
following a logical mathematical pathway
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2.B  Calculate or estimate an unknown quantity with units from known 
quantities, by selecting and following a logical  computational pathway.
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2.C  Compare physical quantities between two or more scenarios 
or at different times and/or locations within a single scenario.
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2.D  Predict new values or factors of change of physical 
quantities using functional dependence between variables.
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3.B Apply an appropriate law, definition, 
theoretical relationship, or model to make a claim. 



54

3.C Support a claim using evidence from experimental data, 
physical representations, or physical principles or laws.
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AP Physics C: E&M – Skill Based Case Study

A circuit contains two 
identical lightbulbs and 
a switch connected to a 
battery, as shown. 
The switch is initially 
open.
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2.A  Derive a symbolic expression from known quantities by selecting and  
following a logical mathematical pathway

A circuit contains two 
identical lightbulbs and a 
switch connected to a battery, 
as shown. The switch is 
initially open.
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2.B  Calculate or estimate an unknown quantity with units from known 
quantities, by selecting and following a logical  computational pathway.

A circuit contains two 
identical lightbulbs and a 
switch connected to a battery, 
as shown. The switch is 
initially open.
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2.C  Compare physical quantities between two or more scenarios 
or at different times and/or locations within a single scenario.

A circuit contains two 
identical lightbulbs and a 
switch connected to a battery, 
as shown. The switch is 
initially open.
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2.D  Predict new values or factors of change of physical 
quantities using functional dependence between variables.

A circuit contains two 
identical lightbulbs and a 
switch connected to a 
battery, as shown. The 
switch is initially open.
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3.B Apply an appropriate law, definition, 
theoretical relationship, or model to make a claim. 

A circuit contains two identical 
lightbulbs and a switch 
connected to a battery, as 
shown. The switch is initially 
open.
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3.C Support a claim using evidence from experimental data, 
physical representations, or physical principles or laws.

A circuit contains two 
identical lightbulbs and a 
switch connected to a battery, 
as shown. The switch is 
initially open.
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Identify the Science Practice
• Course and Exam Description 

• Mech page 175

• E&M page 151

• Identify which Science Practice is assessed in each of 
the Multiple Choice Questions 

• Write them down and after you are done check if you 
are right



63

Science Practice/Skills

ONLY Skills Assessed 
on the MCQ Section
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AP Physics
Courses Overview

Since Fall 2024 64



College Major

Semester

Engineering, 
Science, Math, 

Computer 
Science

Pre-Med and   other

1st AP Physics C:   Mechanics
AP Physics 1

2nd AP Physics C:   E&M
AP Physics 2
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AP Physics 1 
Course Overview
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P1 Units: May 2025
Algebra Based course meant to 
replicate 1st Semester College 
Physics.
Designed as year long course.

Unit 
Number Unit Title

1 Kinematics

2 Force and Translational Dynamics

3 Work, Energy, and Power

4 Linear Momentum

5 Torque and Rotational Dynamics

6 Energy and Momentum of Rotating 
Systems

7 Oscillations

8 Fluids
67



AP Physics 1
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AP Physics 2 
Course Overview
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P2 Units: May 2025
Algebra Based course meant to 
replicate 2nd Semester College 
Physics.
Designed as year long course.

Unit 
Number Unit Title

9 Thermodynamics

10 Electric Force, Field and Potential

11 Electric Circuits

12 Magnetism and Electromagnetism

13 Geometric Optics

14 Waves, Sound and Physical Optics

15 Modern Physics
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AP Physics 2
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AP Physics C: 
Mechanics 
Course Overview
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C: Mechanics Units: May 2025

Calculus Based course meant to 
replicate 1st Semester 
University Physics.
Can be taught as a semester 
long course or a year long 
course.

Unit 
Number Unit Title

1 Kinematics

2 Force and Translational Dynamics

3 Work, Energy, and Power

4 Linear Momentum

5 Torque and Rotational Dynamics

6 Energy and Momentum of Rotating 
Systems

7 Oscillations
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AP Physics C: Mechanics
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AP Physics C:  
Electricity & Magnetism 
Course Overview

75



C: E&M Units: May 2025
Calculus Based course meant to 
replicate 2nd Semester 
University Physics.
Can be taught as a semester 
long course or a year long 
course.

Unit 
Number Unit Title

8 Electric Charges, Fields, and Gauss’s Law

9 Electric Potential

10 Conductors and Capacitors

11 Electric Circuits

12 Magnetic Fields and Electromagnetism

13 Electromagnetic Induction
76



AP Physics C: E&M
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Redesign Committee
•Hamza Balci, Kent State University
•Suzanne Brahmia, University of Washington
•Eric Burkholder, Stanford University
•Robert Davis, Brigham Young University
•Veronica Ellingson, Hudson Senior High School
•Kristin Glover, Prairie Ridge High School
•Kathy Harper, The Ohio State University
•Mark Hossler, Landmark Christian School
•Stefan Jeglinski, University of North Carolina
•Kathy Koenig, University of Cincinnati
•Kristine Lang, Colorado College
•Samuel Lofland, Rowan University
•Joe Mancino, Glastonbury High School
•Ricardo Markland, Miami Coral Park Senior High School
•Dee Dee Messer, William Mason High School
•Holley Mosley, Liberty High School
•Matt Sckalor, Great Neck South High School

•Peter Sheldon, Randolph College
•Gay Stewart, West Virginia University
•Shelly Strand, West Fargo High School
•Oather Strawderman, Lawrence Free State High School
•Brian Utter, University of California Merced
•Matt Vonk, University of Wisconsin

College Board Consultants
•Brian Brown
•Anders Gardestig
•Ann Marie Zolandz
•Angela Jensvold
•Mark Widmer
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AP Physics Course and 
Exam Description

Course and Exam Description : ‘CED’ 80
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The Course and Exam Description aligns course skills with course content.

Skill Instruction 
• Students need explicit instruction and 

repeated opportunities to practice 
course skills in different contexts 
throughout the school year – just 
because students can apply a skill in 
Unit 1 doesn’t always mean they’ll be 
able to apply it in Unit 3. 

• Course skills help students make 
sense of new situations, giving them 
the tools they need to be successful 
on the AP Exam and in sequent 
courses. 

Content Instruction 
• Instruction should help develop 

and reinforce long-term takeaways 
for students, not just mastery of or 
familiarity with specific concepts or 
vocabulary definitions. 

• Consider what students should 
remember beyond the completion 
of the course – that is, what 
students should understand vs. 
know. 



A “one-stop shop” for teachers!!
AP Physics 
Course and Exam 
Descriptions
Major Sections:
• Front Section
• Course Framework
• Laboratory 

Investigations
• Instructional Approaches
• Exam Information
• Scoring Guides
• Appendix

82
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The Course and Exam Description has six main sections.

1. Front Matter: All about AP, 
including resources and supports, 
as well as course prerequisites and 
laboratory requirements. 

2. Course Framework: All course 
content and skills, with both high-
level and detailed views.

3. Laboratory Investigations: Information on 
lab experiments and materials, lab manuals 
and notebooks, lab time, how to set up a lab 
program, lab equipment, group 
collaboration, lab safety, what “counts” as a 
lab, types and formats of labs, and lab skills. 

4. Instructional Approaches: Selecting and 
using course materials, scaffolding scientific 
inquiry, strategies for constructing learning 
activities that develop course content and 
skills, and a case study for practicing apply 
course skills within the context of a single 
scenario. 

5. Exam Information: Overview of the 
structure and contents of the AP Exam, plus 
sample exam questions. 

6. Scoring Guidelines: Explanation of how 
points are awarded for each FRQ type on 
the AP Exam 

7. Appendix: Vocabulary and definitions of 
important course/discipline ideas, and the 
reference sheet with equations



X
Checkpoint 10 
Where can you find the 
Equation Sheets in the Course 
and Exam Description?  What 
information are students 
provided in them?

Checkpoint 1 
What are the three Science Practices 
and the ten Skills? What do you notice 
about the skills as you go down the 
column of a practice?

Checkpoint 3 
In the Course at a Glance, what do the 

percentage ranges under each unit 
header represent? Why are they given 

as ranges?  Which unit has the greatest 
percentage listed?

Checkpoint 4 
What information is provided at the 

beginning of every Unit?

Checkpoint 2 
How many units are there in the AP 
Physics course? Which unit has the 
greatest number of topics? How 
many topics does that unit have?

Checkpoint 8 
Where can you find more detailed 
information about teaching and developing 
the Science Practices?

Checkpoint 6 
AP Physics courses require that 25% 
of instruction time is spent in hans-on 
laboratory work.  How does AP define 
Labs and Lab Time?

Checkpoint 9 
Which skills are assessed on the 
MCQ section of the exam and 
which skills are assessed on the 
FRQ section of the exam?

Checkpoint 5 
Put these terms in order from most 
general to most specific content 
knowledge:   
Topic  
Learning Objective 
Unit 
Essential Knowledge.

Checkpoint 7 
What are the Generic Lab Equipment 
items and Physics-Specific Optional Lab 
Equipment items listed in the Course and 
Exam Description?

84
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Textbooks,
Syllabus Development Guides,
Sample Syllabi
And
Yearlong Pacing

2026-2027 Plan
86
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2026-27 AP Course Audit Process: AP Physics

Submission Options 
1. Adopt the Unit Guides or a Sample Syllabus 
2. Claim identical to an approved syllabus (i.e., from a colleague) 
3. Submit an original course document 

All AP Physics teachers returning from before 2024 will have to: 
1. Complete the AP Course Audit Form attestation; and  
2. Select one of the three submission options for authorization. 

Note: An original course document does not have to be what is used in the classroom. The document 
submitted needs only address the curricular requirements as described in the required evidence 
statements outlined in the AP Course Audit Syllabus Development Guide.
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2026-27 AP Course Audit Process: AP Physics
Submission Options

https://apcentral.collegeboard.org/media/pdf/ap-course-audit-user-guide.pdf 

https://apcentral.collegeboard.org/media/pdf/ap-course-audit-user-guide.pdf


89

AP Teacher Access to AP Classroom
• For AP Physics teachers to be able to access AP 

Classroom AND to be able to create class 
sections for the 2025-26 school year, only two 
actions are necessary. 

• The AP teacher must complete and submit 
the AP Course Audit form. 

• The AP Course Audit Administrator must 
approve the form. 

• Important: Selecting and completing one of the 
syllabus submission options is not required for 
access to AP Classroom or to create class 
sections. 

• Teachers can access AP Classroom at                
https://myap.collegeboard.org.                      
Bookmark this website!!!

https://myap.collegeboard.org/
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Example AP Physics C Textbook List
• Bauer, Wolfgang, and Gary Westfall. University Physics, McGraw Hill. 
• Chabay, Ruth W., and Bruce A. Sherwood. Matter and Interactions. New York: John Wiley & Sons. 
• Fishbane, Paul M., Stephen Gasiorowicz, and Stephen M. Thornton. Physics for Scientists and Engineers. Upper Saddle River, 

NJ: Prentice Hall. 
• Giancoli, Douglas C. Physics for Scientists and Engineers. Upper Saddle River, NJ: Prentice Hall. 
• Halliday, David, Robert Resnick, and Jearl Walker. Fundamentals of Physics. New York: John Wiley & Sons. (or any variation on 

the Halliday text) 
• Hecht, Eugene. Physics: Calculus. New York: Brooks/Cole. 
• Knight, Randall D. Physics for Scientists and Engineers: A Strategic Approach with Modern Physics. Boston, MA: Addison-

Wesley. 
• Knight, Randall D. Physics for Scientists and Engineers: A Strategic Approach with Modern Physics, AP Edition. Pearson. 
• Moebs, William, Samuel Ling, and Jeff Sanny. University Physics Volume 1. OpenStax. 
• Sanny, Jeff, and William Moebs. University Physics. Fort Worth, TX: Saunders. 
• Serway, Raymond A. Principles of Physics. 1st Edition. Fort Worth, TX: Saunders, 2012. 
• Serway, Raymond A. and John W. Jewett, Physics for Scientists and Engineers with PhysicsNow and InfoTrac. 5th edition. 

National Geographic Learning/Cengage Learning. 
• Tipler, Paul A. Physics for Scientists and Engineers. New York, NY: W. H. Freeman. 
• Wolfson, Richard, and Jay M. Pasachoff. Physics for Scientists and Engineers. Reading, MA: Addison Wesley Longman. 
• Young, Hugh D., and Roger A. Freedman. University Physics. 14th Edition. Addison Wesley. 
• Young, Hugh D., Roger A. Freedman, T.R. Sandin, and A. Lewis Ford. Sears and Semansky’s University Physics. Reading, MA: 

Addison-Wesley. 
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Openstax.org

AP Physics Online Textbook
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Curricular Requirements: Syllabus Development Guide Mech
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Curricular Requirements: Syllabus Development Guide E&M



94

Year Long Pacing Activity C:Mech and C:E&M
•In your group, break up the content into a year long list of units, that 
doesn’t have to match the Course and Exam Description.

•Assign numbers of days/weeks to each unit, include location of 
breaks.  

•Include time for review (hopefully!!).
•List the major content covered in each unit.
•For each unit list one lab/activity you do during the unit.
• Exam Dates 2027 
• Mechanics: Monday May 3 - Session 1 (9:00am) 
• E&M: Wednesday May 5 - Session 2 (1:00pm)
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Angular Acceleration 
of Spinning Phone
And Rotational 
Collisions

Oather Strawderman

96
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Angular Acceleration of Rotating Phone Lab
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Angular Acceleration of Rotating Phone Lab
• Put your phone on top of a fidget spinner 
• Start the stopwatch on the phone and spin the phone 
• Video the phone spinning with another phone until it stops 
• Record the time when the phone is orientated upright 
• Record the time after one rotation 
• Calculate average angular velocity which is equal to the 

instantaneous angular velocity at the middle of those two 
times 

• Repeat this calculation several times over a range of spins 
• Plot instantaneous angular velocity vs time; 

the slope is the angular acceleration
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Angular Acceleration of Rotating Phone Lab

Initial Time 
(s)

Time after 1 
rotation (s)

Middle Time 
(s)

ω=2π/(Δt)  
(rad/s)
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Angular Acceleration of Rotating Phone Lab

Initial Time (s) Time after 1 rotation (s) Middle Time (s) ω=2π/(Δt)  (rad/s)

1.92 3.21 2.565 4.87

6.76 9.93 8.35 1.21
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Angular Acceleration of Rotating Phone Lab

Middle Time (s) ω=2π/(Δt)  (rad/s)

2.565 4.87

3.985 4.05

5.76 3.14

8.35 1.21
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PhyPhox App
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Angular Acceleration of Rotating Phone Lab
• Use PhyPhox app on a smart phone or tablet 
• Put your phone on top of a fidget spinner 
• Open up the Magnetometer in PhyPhox 
• Select the x graph and hit play 
• Spin the phone and record until the phone stops spinning 
• Record the time at the top of a peek 
• Record the time at the next peek 
• Calculate average angular velocity which is equal to the 

instantaneous angular velocity at the middle of those two 
times 

• Repeat this calculation several times 
• Plot instantaneous angular velocity vs time and the slope is 

the angular acceleration
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Angular Acceleration of Rotating Phone Lab
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Angular Acceleration of Rotating Phone Lab
• Use PhyPhox app on a smart phone or tablet 
• Put your phone on top of a fidget spinner 
• Open up the Gyroscope in PhyPhox and select 

z graph 
• Hit play 
• Spin the phone 
• Once the phone stops spinning stop PhyPhox 
• Select Pick Data 
• Tap and drag along the line to determine 

angular acceleration
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Density of Air Lab

•Use PhyPhox app on a smart phone or 
tablet 

•Raise your phone as high as possible, 
and measure pressure at this h = 0 

•Vary ‘depth’ from this highest point 
•Plot Pressure vs Depth 
•Slope is ρg
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Density of Air Lab

Depth (m) Pressure (Pa)
0.0 101,805
0.5 101,810
1.0 101,816
1.5 101,820
2.0 101,826
2.5 101,831
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Density of Air Lab

Depth (m) Pressure (Pa)
0.0 101,805
0.5 101,810
1.0 101,816
1.5 101,820
2.0 101,826
2.5 101,831
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Density of Air Lab

P = ⍴gh + P0
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Density of Air Lab

P = ⍴gh + P0
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Density of Air Lab

P = ⍴gh + P0

⍴AIR ≈ 1.06 kg
m3



Lunch
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Experimental Design and 
Analysis FRQ

FRQ #3 - 10 points
114LAB FRQ
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Mechanics LAB FRQ 2026



Oather Strawderman  AP Physics 116

Mechanics LAB FRQ 2025
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E&M LAB FRQ 2026
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E&M LAB FRQ 2025
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Experimental Design and Analysis FRQ
• Find Question #3 the LAB FRQ
• Look at either the Mechanics or the E&M Student 

Samples packet
• Read through and determine the tasks that the 

student have to do for each part
• Record how many points per part
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LAB FRQ Practice
• Work through the LAB FRQ for the exam of your 

choosing

• As you work the FRQ think about how you can 
help prepare you students for this item type

• How could you adjust how you structure labs?

• How could you adjust what you require in lab 
reports?



Experiment 1
• Part A
• Indicate quantities that could be measured to 

create a linear graph (Part i-1pt)
• Describe a method to reduce experimental 

uncertainty (Part ii-1pt)

• Part B
• Indicate what quantities could be graphed on the 

axes to create a linear graph (Part i-1pt)
• Describe the relationship between the unknown 

quantity and one feature of the graph (Part ii-1pt)

121

Experimental 
Design & Analysis 
FRQ
Tasks



Experiment 2
• Part C
• Label the axes with quantities & units that could 

be measured to create a linear graph (Part i-1pt)
• Label the axes with linear scales (Part ii-1pt)
• Plot the corresponding data points on the grid 

(Part ii-1pt)
• Draw a best fit line (Part ii-1pt)

• Part D
• Calculate the unknown quantity (2pts)

• 1pt for indicating what the slope represents
• 1pt for stating the unknown quantity within a 

range 122

Experimental 
Design & Analysis 
FRQ
Tasks
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FRQ Booklet Structure: Question #3 LAB: P1

124



FRQ Booklet: Which Version? P1

125



FRQ Booklet Structure: Question #3 LAB - P2 & Cs

126
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Question #3: Experimental Design and Analysis: P2&Cs
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Question #3: Experimental Design and Analysis: P2&Cs
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Question #3: Experimental Design and Analysis
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Question #3: Experimental Design and Analysis: P1
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Question #3: Experimental Design and Analysis: P1
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Question #3: Experimental Design and Analysis: P1

133



Experimental Design Part: Tips

• Use the Reference Table equations to guide your thinking to decide what 
quantity you will vary and what quantity will vary as a result

• Make sure and mention that you will vary the independent variable many 
times (10 times for example) to reduce experimental uncertainty

• Be very clear which axis which quantity will be graphed on in Part B.

• Show the equation you are using and how the slope of the graph will give 
you the unknown quantity, write derivation in y=mx+b format
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Experimental Analysis Part: Tips

• Use the Reference Table equations to guide your thinking to decide what 
quantity you will vary and what quantity will vary as a result

• Tip: Use the space in Part D to do your derivations to determine what 
you are going to graph, write derivation in y=mx+b format

• Fill out the data table to help the Reader know what values you are 
plotting but it will not be scored
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Experimental Analysis Part: Tips

• Label both axes with the Quantity and the Units, i.e,. length (m) or time (s) or t2 (s2)

• Make sure if a quantity is squared in your equation, you plot that quantity squared

• Label each axis with a linear scale of values

• Use as much of your graph as possible, don’t have all the dots in the bottom left-
hand corner because it makes it difficult to determine if the data points are correctly 
plotted

• Good rule of thumb is to have an equal number data points above and below the 
best fit line
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Experimental Analysis Part: Tips

• Make it clear how the graph/equation will be used to determine the 
unknown quantity

• When calculating the slope of the line show your work and make sure to 
use points on the line

• Use Desmos to determine the slope of your line

• Make sure your answer to Part D includes the correct units
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Using Desmos to Determine Slope of a Graph
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Switching Modes in Desmos!!
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Oather Strawderman  AP Physics

Developing the  
Science Practices

How your students will be asked 
to demonstrate what they know
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LAB Skills:



Instructional Planning Report 
Data
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Mech 2026



145

E&M 2026
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Next Time Questions: Arbor Scientific
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E&M LAB FRQ 2025: Nichrome Wire Experiments
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Mathematical Routines

FRQ #1 - 10 points
150



Oather Strawderman  AP Physics 151

Mathematical Routines Mechanics FRQ 2026
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Mathematical Routines Mechanics FRQ 2025
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Mathematical Routines E&M FRQ 2026



Oather Strawderman  AP Physics 154

Mathematical Routines E&M FRQ 2025
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Mathematical Routines FRQ
• Find Question #1 the MR FRQ
• Look at either the Mechanics or the E&M Student 

Samples packet
• Read through and determine the tasks that the 

student have to do for each part
• Record how many points per part
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MR FRQ Practice
• Work through the MR FRQ for the exam of your 

choosing

• As you work the FRQ think about how you can 
help prepare you students for this item type.

• How could you adjust your problem sets to match 
this derivation focused format?

• How could you adjust what you require when you 
score derivation FRQs?
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Mathematical Routines FRQ Mech and E&M

The Mathematical Routines question assesses students’ ability to use 
mathematics to analyze a scenario and make predictions about that 
scenario.  
(a)  Students will be expected to symbolically derive relationships 
between variables, as well as calculate numerical values. (5pts) 
(a)  Students will be expected to create and use representations that 
describe the scenario, either to help guide the mathematical analysis 
(such as drawing a free-body diagram) or that are applicable to the 
scenario (such as sketching velocity as a function of time).  (2pts) 
(b) Students will be expected to symbolically derive relationships 
between variables, as well as calculate numerical values. (3pts)

NEW Item Type 
Mathematical 

Routines 
FRQ #1
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Mathematical Routines FRQ P1 & P2
The Mathematical Routines question assesses students’ ability to use 
mathematics to analyze a scenario and make predictions about that 
scenario.  
(a)  Students will be expected to symbolically derive relationships 
between variables, as well as calculate numerical values. (5pts) 
(a)  Students will be expected to create and use representations that 
describe the scenario, either to help guide the mathematical analysis 
(such as drawing a free-body diagram) or that are applicable to the 
scenario (such as sketching velocity as a function of time).  (2pts) 
(b) For AP Physics 1 and AP Physics 2, the Mathematical Routines 
question will ask students to make a claim or prediction about the 
scenario and use appropriate physics concepts and principles to 
support and justify that claim. The justification is expected to be a 
logical and sequential application of physics concepts that demonstrates 
a student’s ability to connect multiple concepts to each other.  (3pts)

NEW Item Type 
Mathematical 

Routines 
FRQ #1



Tips for Derivations and Calculations
• Start with a fundamental Physics Law or Principle 

• Show all your Physics work, it is OK to not show every 
Algebra step 

• Try to be as organized as possible and follow a clear path 

• For answers to derivations, only use the given variables 
using the same letters/symbols and physical constants as 
appropriate 

• Circle or box your answer so it is clear to the Reader
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FRQ Booklet: Which Version?
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Question #1: Mathematical Routines-PC
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FRQ Booklet Structure: Which Version??

162



FRQ Booklet Structure: Label Sub-partsFRQ Booklet Structure
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Oather Strawderman  AP Physics

Developing the  
Science Practices

How your students will be asked 
to demonstrate what they know
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Mathematical Routines Skills:



Instructional Planning Report 
Data

166
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Mech 2026



168

E&M 2026
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Derive an equation for μΚ between the block and table in terms of 
the given variables and fundamental constants.
Note:  Massless/Frictionless Pulley & d>>h 
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Calculus on the 
AP Physics C 
Practice Exam #1

Mechanics and E&M
1712024-2025
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Calculus MCQs
•Open AP Classroom
•Either Mechanics or E&M
•Access Practice Exam #1
•Look through all of the questions 
and identify the ones that require 
the students to use calculus
•Make a list of those questions
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Calculus MCQs
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Calculus MCQs Mechanics E&M

14 4
15 (5)

20 8

22 10

(23) 21

25 40

28

33

36



Oather Strawderman  AP Physics

Calculus on the 
AP Physics C 
Practice Exam #1

Mechanics
1752024-2025
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Calculus on the 
AP Physics C 
Practice Exam #1

E&M
1862024-2025
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DAY 2: October 18

194
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Please Change 
Partners! 

 Thank You!!



AP Physics C
Workshop
Shenzhen College of 
International Education
Shenzhen, China

Oather Strawderman
International Lead AP Physics Consultant

October 17-18, 2026 196
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Schedule
8:30am - 10:00am:  AM 1 Session
10:00am - 10:15am  Tea Break
10:15am - 12:00pm:  AM 2 Session
12:00pm - 1:15pm:  Lunch
1:15pm - 1:30pm:  Check-in
1:30pm - 3:00pm:  PM 1 Session
3:00pm - 3:15pm:  Tea Break
3:15pm - 4:45pm:  PM 2 Session
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Sunday October 18
AM1 
• Meterstick Torque Lab Free Response Question

• Reading / Mock Reading 

• AP Classroom / Instructional Planning Reports

AM2 
• Translation Between Representations Free Response Questions

• Types of Representation: Diagrams & Sketches

• Toilet Paper Roll Free Response Question Activity

PM1 
• Qualitative/Quantitative Translation Free Response Questions

• Writing Strategies

• Dielectric Constant of Paper Lab Free Response Question

PM2 
• TIPERs & Ranking Tasks

• P1 Workbook

• Online Simulation Labs
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Contact Info:

www.PhluidPhysics.com 

oather@PhluidPhysics.com

199
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www.PhluidPhysics.com/Resources

Workshop Links & Documents
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Next Time Questions: Arbor Scientific
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Experimental Design and Analysis: P1 2025 Torque FRQ Lab
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AP Reading
Scoring the 
Free Response 
Questions

205
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AP Reading
• 7 (12) Days long
• First Week: June 3-9, 2027
• Cincinnati, OH
• 2026 (2025 / 2024) Exam Volumes
• P1 Exams 183,400 (174,506 / 164,950)
• P2 Exams  25,012 (23,650 / 22,831)
• C:Mech Exams 70,672 (66,238 / 61,606)
• C:E&M Exams 32,309 (29,946 / 28,238)
• 563 Onsite Readers and 485 At-Home 

Readers
• Mix of HS teachers & college professors
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Scoring Guides
• Rubric points are now uniform across exams.
• Item writers put the Physics into the uniform 

rubric.
• Test Development Committee has the final say 

before going to the Reading.
• Leaders ‘clarify’ the rubric after looking at 

hundreds of student samples.
• 5 days of Leader meetings
• 7 days of Reading
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Reading Positions

•Reader
•Table Leader
•Question Leader
•Exam Leader
•Chief Reader
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Reading Process
• Image projected on a laptop
• Readers grade just one question, not the whole 

exam.
• Readers decide if a response gets each individual 

point by clicking a radial button for each rubric 
point.
• Make sure they use a sharpened pencil or pen
• Focus your students on having good handwriting 

that is not miniscule.
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Mock Reading Activity
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Mock Reading Activity
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Mock Reading Activity: Lab FRQ
•Find FRQ#3 in the Student Sample Packet
•Practice using the rubric to score several 

student samples.
•The purpose of this activity is to give you an 

idea of what the Reading is like and practice 
applying a rubric.
•You will NOT agree with every decision 

made about how the rubric is applied, this 
activity is just to get a feel for the Reading.



218



AP Classroom

Consistent use increases AP 
score by 1 full point!!!

219
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MyAP.CollegeBoard.org

http://MyAP.CollegeBoard.org
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AP Classroom - AP Daily Videos
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AP Classroom - Question Bank
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Questions in AP Classroom
Formative Summative
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Questions in AP Classroom
Formative Summative

Topic Questions
MCQ Only

Yellow Light Bulb
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Questions in AP Classroom
Formative Summative

Topic Questions
MCQ Only

Yellow Light Bulb

Progress Check
MCQ & FRQ

Blue Desk Lamp
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Questions in AP Classroom
Formative Summative

Topic Questions
MCQ Only

Yellow Light Bulb

Practice Exams
MCQ & FRQ

Green Question Mark

Progress Check
MCQ & FRQ

Blue Desk Lamp
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Questions in AP Classroom
Formative Summative

Topic Questions
MCQ Only

Yellow Light Bulb

Practice Exams
MCQ & FRQ

Green Question Mark

Progress Check
MCQ & FRQ

Blue Desk Lamp

Old AP Exams
MCQ & FRQ

No Icon



228
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Translation
Between
Representations
Free Response Question

FRQ #2
12 PointsTBR 229
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Translation Between Representations Mech FRQ 2026
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Translation Between Representations Mech FRQ 2025
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Translation Between Representations E&M FRQ 2026
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Translation Between Representations E&M FRQ 2025
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Translation Between Representations FRQ
• Find Question #2 which is the TBR FRQ
• Look at either the Mechanics or the E&M Student 

Samples packet
• Read through and determine the tasks that the 

student have to do for each part
• Record how many points per part
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TBR FRQ Practice
• Work through the TBR FRQ for the exam of your 

choosing

• As you work the FRQ think about how you can 
help prepare you students for this item type.

• How could you adjust your problem sets to include 
multiple representations?

• How could you adjust what you require when you 
score FRQs with diagrams and sketches?
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Translation Between Representations FRQ
The Translating Between Representations question assesses students’ ability to 
connect different representations of a scenario.  
(a) Students will be expected to create a visual representation that describes a 
given scenario. (3 pts) 
(b) Students will derive equations that are relevant to the scenario. (4pts) 
(c) Students will sketch graphs that relate quantities within the scenario. (3pts) 
(d) Finally, students will be asked to do any one of the following: (2pts) 

• Justify why their answers to any two of the previous parts do/do not agree with 
each other. 

• Use their representations, mathematical analysis, or graph to make a 
prediction about another situation and justify their prediction using that 
reasoning or analysis. 

• Use their representations, mathematical analysis, or graph to make a 
prediction about how those representations would change if properties of the 
scenario were altered and justify that claim using consistent reasoning or 
analysis.

Translation 
Between 

Representations 
FRQ #2



FRQ Booklet: Which Version?
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FRQ Booklet Structure: Question #2 TBR
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Representations Discussion

What are the diagrams and sketches you teach in each course? 

❖ AP Physics 1 
❖ AP Physics 2 
❖ AP Physics C: Mech 
❖ AP Physics C: E&M 

• What representations are used in all courses? 
• Which representations are course specific? 
• How do you teach your students how to make and use each 

representation?

Translation 
Between 

Representations 
FRQ #2



240

Unit 
Number Mechanics Units

1 Kinematics

2 Force and Translational Dynamics

3 Work, Energy, and Power

4 Linear Momentum

5 Torque and Rotational Dynamics

6 Energy and Momentum of Rotating 
Systems

7 Oscillations

Unit 
Number E&M Units

8
Electric Charges, Fields, and 
Gauss’s Law

9 Electric Potential

10 Conductors and Capacitors

11 Electric Circuits

12
Magnetic Fields and 
Electromagnetism

13 Electromagnetic Induction



Unit 
Number Unit Title

1 Kinematics

2 Force and Translational Dynamics

3 Work, Energy, and Power

4 Linear Momentum

5 Torque and Rotational Dynamics

6 Energy and Momentum of Rotating 
Systems

7 Oscillations

8 Fluids

Unit 
Number Unit Title

9 Thermodynamics

10 Electric Force, Field and Potential

11 Electric Circuits

12 Magnetism and Electromagnetism

13 Geometric Optics

14 Waves, Sound and Physical Optics

15 Modern Physics
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Oather Strawderman  AP Physics

Developing the  
Science Practices

How your students will be asked 
to demonstrate what they know
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TBR Skills:  



Instructional Planning Report 
Data

244
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Mech 2026
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E&M 2026
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Question #2: Translation Between Representations
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Question #2: Translation Between Representations

249



Question #2: Translation Between Representations

250



Question #2: Translation Between Representations

The Translation Between Representations question assesses students’ ability to connect different 
representations of a scenario. 

• Students will be expected to create a visual representation that describes a given scenario.

• Students will derive equations that are relevant to the scenario.

• Students will sketch graphs that relate quantities within the scenario.

• Finally, students will be asked to do any one of the following:

o Justify why their answers to any two of the previous parts do/do not agree with each other.

o Use their representations, mathematical analysis, or graph to make a prediction about another 
situation and justify their prediction using that reasoning or analysis.

o Use their representations, mathematical analysis, or graph to make a prediction about how those 
representations would change if properties of the scenario were altered and justify that claim using 
consistent reasoning or analysis.

• 12 points, Suggested time 25-30 minutes

251



FRQ Booklet: Which Version?
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FRQ Booklet Structure: Question #2 TBR
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Free Body Diagrams

• Pointing away from the dot/box 

• Touching the dot/box 

• Same direction: side by side 

• Labeled: Various conventions accepted 

• Straight, use ruler 

• Relative length on grid 

• NO Components

254



Tips for Derivations and Calculations
• Start with a fundamental Physics Law or Principle

• Show all your work

• Try to be as organized as possible and follow a clear path

• For answers to derivations, only use the given variables using the 
same letters/symbols and physical constants as appropriate

• Make sure to include units in any numerical answer

• Circle your answer so it is clear to the Reader

255



Tips for Sketching Graphs

• You are not plotting data, do not make up data.

• Focus on the shape. 
o Straight
▪ Slope
▪ Vertical or Horizontal Intercept 

o Curved
▪ What shape? 

• If a grid is given, focus on relative location of lines (i.e., steeper, 
intersection of lines, axis intercept).

256



Do or Do Not Agree???
• One of the possible tasks for the written portion of this question:

o Justify why your answers to any two of the previous parts do/do not agree with 
each other. 

• If you are comparing two parts of your answers to each other, they must agree if 
you did both parts correctly! (NOTE: If a hypothetical student introduces a model/
claim, it may not necessarily match your answer(s).)

• What to do if you realize two of your parts do not agree??

o Move on and come back to this part at the end

o If you have enough time at the end, try and fix which part you realize is incorrect 
and then say how they agree

o If not enough time, explain how the parts do not agree 257
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Toilet Paper Roll TBR: P1 PE#1 FRQ #3
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Toilet Paper Roll TBR: P1 PE#1 FRQ #3
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Toilet Paper Roll TBR: P1 PE#1 FRQ #3



262

Toilet Paper Roll TBR: P1 PE#1 FRQ #3
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Toilet Paper Roll TBR: P1 PE#1 FRQ #3
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Electric Circuit Diagram
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Optics Ray Diagram
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Translation Between Representations FRQ
The Translation Between Representations question assesses students’ ability to 
connect different representations of a scenario.  
(a) Students will be expected to create a visual representation that describes a 
given scenario. (3 pts) 
(b) Students will derive equations that are relevant to the scenario. (4pts) 
(c) Students will sketch graphs that relate quantities within the scenario. (3pts) 
(d) Finally, students will be asked to do any one of the following: (2pts) 

• Justify why their answers to any two of the previous parts do/do not agree with 
each other. 

• Use their representations, mathematical analysis, or graph to make a 
prediction about another situation and justify their prediction using that 
reasoning or analysis. 

• Use their representations, mathematical analysis, or graph to make a 
prediction about how those representations would change if properties of the 
scenario were altered and justify that claim using consistent reasoning or 
analysis.

Translating 
Between 

Representations
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TBR

Example of a Sketch
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Representing 
Forces with 
Diagrams

273
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Oather Strawderman AP Physics

AP Free Body Diagram Guidelines

• Pointing away from the dot
• Touching the dot
• Labeled: Various conventions accepted
• Straight, use ruler
• Relative length on grid
• NO Components
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293

Instructional Approaches offer recommendations on integrating skills and content

Elements included:
• Selecting and Using Course 

Materials
• Guided Inquiry in AP Physics
• Instructional Strategies (with 

examples from different topics 
of the course)

• Developing Mathematical 
Practices (with key questions 
and sample activities that 
address different skills)

• Practicing with Science 
Practices and Skills: Case 
Study CED 

pp. 
155-174
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Course and Exam Description Instructional Strategy

CED 
p. 162

Translating 
Between 

Representations
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Translating Between Representations FRQ

The Translating Between Representations (TBR) question assesses students’ ability 
to connect different representations of a scenario. Students will be expected to 
create a visual representation that describes a given scenario. Students will 
derive equations that are mathematically relevant to the scenario. Students will 
draw graphs that relate quantities within the scenario. Finally, students will be 
asked to do any one of the following: 

• Justify why their answers to any two of the previous parts do/do not agree with 
each other. 

• Use their representations, mathematical analysis, or graph to make a prediction 
about another situation and justify their prediction using that reasoning or analysis. 

• Use their representations, mathematical analysis, or graph to make a prediction 
about how those representations would change if properties of the scenario were 
altered and justify that claim using consistent reasoning or analysis.

Translating 
Between 

Representations
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Diagram Graph 

Mathematical Representation Qualitative Analysis
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TBR 
Representations 

& CED 
Instructional 

Strategies

Rapid Compression of a Gas: Fire Syringe 

https://www.youtube.com/watch?v=K6bPDMkYoAM
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Diagram Graph 

Mathematical Representation Qualitative Analysis
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Diagram Graph 

Mathematical Representation Qualitative Analysis 

The gas is compressed, so positive work is done on the gas 
adding energy to the gas, therefore W = +.  Because the gas is 
compressed rapidly, there is not time for energy to transfer to/
from the gas via a heating process, so Q = 0. The change in 
internal energy is the sum of the energy added/removed by 
heating and the work done on the gas, so the internal energy of 
the gas increases. Because internal energy is directly 
proportional to temperature, the temperature of the gas also 
increases. By the ideal gas law, the temperature of the gas is 
proportional to the product of pressure and volume. Therefore, 
because the temperature of the gas increases, the product of 
PV is greater in the final state than in the initial state. 
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Two Positively Charged Particles

A system consists of 
two positively charged 
particles. The particle 
on the left is fixed in 
place. The particle on 
the right moves 
towards the particle on 
the left at constant 
velocity. 

+ +

+ +∞

+ +

+ +

TBR 
Representations 

& CED 
Instructional 

Strategies
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Diagram Graph 

Mathematical Representation Qualitative Analysis
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Diagram Graph 

Mathematical Representation Qualitative Analysis 

When the charges are an infinite distance apart, the potential 
energy is zero. Because the electric force, which is internal to the 
system, is repulsive, for the charges to move closer together at 
constant velocity an external force must push the charges toward 
each other. The kinetic energy of the system is constant, but the 
external force does positive work, so the energy of the two-charge 
system increases. As a result, the electric potential energy is 
greater for each new configuration because of the work done by 
the external force.
As the charges move closer together, more force is needed to 
move the charge through each equal distance interval, so more 
work must be done and the potential energy changes at a greater 
rate for smaller separation distances. 
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Two Objects Submerged in Liquid

Two objects of identical mass 
are attached to strings and 
submerged in a large tank of 
liquid, as shown at right. The 
fluid is filled to a depth of 2.0 m.  

Object A has a volume of 1.0 x 
10-5 m3 and a density of 1300 
kg/m3. The tension in the string 
to which object A is attached is 
0.0098 N. 

Object B is tied to the bottom of 
the tank. The tension in the 
string to which object B is 
attached is 0.1104 N.

A B 2.0 m

TBR 
Representations 

& CED 
Instructional 

Strategies
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Diagram Graph 

Mathematical Representation Qualitative Analysis



Systems and Energy

Oather Strawderman
International Lead AP Physics Consultant
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Tool Choice
• Hammer/Screwdriver Example
• It is just as important to teach when to use a tool as it is to 

teach how to use a tool
• Talk out loud before starting each problem describing what 

made you choose to use the tool you are using
•Make sure and include problems from previous units in 

every unit exam
• Don’t save review till the Spring
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Energy
•Mechanical Energy
-Kinetic Energy
-Elastic Potential Energy
-Electric Potential Energy
‣ Requires a system
-Gravitational Potential Energy
‣ Requires Earth as part of the system

• Energy Transferred through Heating or Cooling
- Atomic level Kinetic Energy transferred through friction, 

heating or cooling
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Types of Systems
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Types of Systems
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Systems MCQ: 2017 IPE
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Systems MCQ: 2014 Practice Exam
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Reading Kelly O’Shea Blog
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Energy Bar Graphs
• The “Free Body Diagrams” of the Energy Unit
• Can be used during Fluids, Thermo and E&M in P2
• Three parts
-First graph represents the energy in the system prior to 
the event
-The Circle tells you the system you are analyzing and 
shows any work done on or by the system
-Second graph represents the energy in the system after 
the event
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Energy Bar Graphs WS
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Energy Bar Graphs WS
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Energy Bar Graphs WS
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Energy Bar Graphs WS
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Energy Bar Graphs WS
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Energy Bar Graphs WS
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Day 2 Folder: Energy Bar Graphs WS
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Energy Bar Graph MCQ:  2017 IPE
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AP Physics 1 2022 Exam FRQ #1
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AP Physics 1 2022 Exam FRQ #1
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AP Physics 2 2022 Exam FRQ #3
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AP Physics 2 2022 Exam FRQ #3
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AP Physics 2 2023 Exam FRQ #4
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AP Physics 2 2023 Exam FRQ #4
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PhET: Energy Skate Park

Access the Simulation at: https://phet.colorado.edu/sims/html/energy-skate-park/latest/energy-skate-park_en.html
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The Physics Classroom

Access the Simulation at: https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-
Bar-Charts/Work-Energy-Bar-Charts-Interactive
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The Physics Aviary

Access the Simulation at: https://www.thephysicsaviary.com/Physics/Programs/Labs/WorkToKELab/
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Lunch

337
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Qualitative / Quantitative 
Translation

FRQ #4 - 8 points
339
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Qualitative/Quantitative Translation FRQ 2026
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Qualitative/Quantitative Translation FRQ 2025
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Qualitative/Quantitative Translation FRQ 2026
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Qualitative/Quantitative Translation FRQ 2026
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Qualitative / Quantitative Translation  FRQ
• Find Question #4 the QQT FRQ
• Look at either the Mechanics or the E&M Student 

Samples packet
• Read through and determine the tasks that the 

student have to do for each part
• Record how many points per part
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QQT FRQ Practice
• Work through the QQT FRQ for the exam of your 

choosing

• As you work the FRQ think about how you can 
help prepare you students for this item type.

• How could you adjust your home work sets to 
match this derivation format?

• How could you adjust your home work sets to 
match this qualitative heavy question?



Qualitative/Quantitative Translation FRQ
The Qualitative/Quantitative Translation (QQT) question assesses students’ 
ability to connect the nature of the scenario, the physical laws that govern the 
scenario, and mathematical representations of that scenario to each other. 

(a)Students will be asked to make and justify a claim about a given scenario. 
(3 pts)

(b) Students will then be asked to derive an equation related to that scenario. 
(3 pts)

(c)Finally, students will be asked to do any one of the following:  (2 pts)

• Justify why their answers to the previous parts do (do not) agree with each 
other.

• Use their representations or mathematical analysis to make a prediction about 
another situation and justify their prediction using that reasoning or analysis. 

• Use their representations and mathematical analysis to make a prediction 
about how those representations would change if properties of the scenario 
were altered and justify that claim using consistent reasoning or analysis. 

QQT 
FRQ 

FRQ #4



• Evidence: information from the question or 
event description

• Reasoning: using Physics principles to 
synthesize your evidence into your Claim

• Claim: short statement that answers the 
question

ERC

Evidence
Reasoning
Claim
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FRQ Booklet: Which Version?
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FRQ Booklet Structure: Question #4 QQT
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Last Question…Now What?

350



Oather Strawderman  AP Physics

Developing the  
Science Practices

How your students will be asked 
to demonstrate what they know

351
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QQT Skills:



Instructional Planning Report 
Data
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Mech 2026
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E&M 2026
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Instructional 
Strategies for 
Effective Writing in 
AP Physics
Oather Strawderman

International Lead  
AP Physics Consultant
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Scientific Writing

Strategies and Processes

359



• Framework for writing scientific arguments
• Tool students can use to answer “Justify 

your answer” questions
• Students may be familiar with this 

framework from other classes
• Claim: short statement that answers the 

question
• Evidence: information from the question or 

event description
• Reasoning: using Physics principles to 

synthesize your evidence into your Claim

CER

Claim
Evidence
Reasoning
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• CER is a great method, but…..
• Don’t start with answering the 

question!!
• Most of the time when students start 

with an answer it comes from their 
gut and not their brain, seen it 
thousands of times at the Reading 

• Start with things they see and then 
tie them to Physics principles

Switch-it Up

Focus on the order

361



• NEW ORDER

• Evidence: information from the question or 
event description

• Reasoning: using Physics principles to 
synthesize your evidence into your Claim

• Claim: short statement that answers the 
question

ERC

Evidence
Reasoning
Claim
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• NEW ORDER

• Evidence: information from the question or 
event description

• Reasoning: using Physics principles to 
synthesize your evidence into your Claim

• Claim: short statement that answers the 
question

ERC

Evidence
Reasoning
Claim
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ERC
2018 P1 FRQ #5
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• Write every day!
• Start small, one sentence statements
• Start early!!
• Scaffold what you are asking them to do 

both Physics wise and writing wise….don’t 
jump into lengthy responses in Unit 1

• Give them a framework to use that you 
teach and continually use…just like you do 
with Quantitative problems

• Present material in ways that foster writing 
vs just computation

• Show students the rubrics

376

Tips

Just write it!
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2018 AP Physics C: E&M FRQ #2
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SHM LAB FRQ: Mech Unit 7 Progress Check FRQ#3
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Pendulum LAB FRQ: Mech Unit 7 Progress Check FRQ#3
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Pendulum LAB FRQ: Mech Unit 7 Progress Check FRQ#3
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TIPERs

Tasks Inspired 
by Physics 
Education 
Research

384



Physics Education Research

A field of research focused on understanding 
how students think about physics and how to 
teach physics more effectively. 

“… focused inquiry into what happens as 
students struggle to grasp and use the 
concepts of physics.” 

How do students learn physics?

385
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Using TIPERs

How can you use TIPERs as Formative 
Assessments? 

– Classroom starters 
– Review of previous topics 
– Class discussion 
– Combined with a demonstration 
– Pre-lab activity

387



PER Resources
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Ranking Tasks

• Composed of a question with several 
contextually similar situations 

• Rank situation according to some other 
physical quantity, with justification 

• Provide a justification for the answers

400



Oather Strawderman AP Physics

Ranking Task Exercises: Common Elements

• Should not require use of a calculator, all 
math should be ‘easy’ 

• Sometimes are ‘tricky’ to drive home a point 

• The explanation is not to be glossed over but 
the most important part 

• “How sure were you?” ranking very important
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Physics Ranking Tasks 29 Mechanics

Ropes Pulling Boxes—Rope Tension 27

The figures below show boxes that are being pulled by ropes along frictionless surfaces, accelerating
toward the left. All of the boxes are identical, and the acceleration is the same in each figure. As you can
see, some of the boxes are pulled by ropes attached to the box in front of them.

Rank the ropes from greatest to least on the basis of the tension in the rope.

A B C

D E F

a a

a

Greatest  1_______  2________  3________  4________  5________  6________  Least

Or, all of the tensions will be the same. _______

Please carefully explain your reasoning.

How sure were you of your ranking?  (circle one)
Basically Guessed                                          Sure                                                  Very Sure
1             2              3             4              5              6              7              8              9            10

                                                
27 S. Loucks
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Physics Ranking Tasks 29 Mechanics

Ropes Pulling Boxes—Rope Tension 27

The figures below show boxes that are being pulled by ropes along frictionless surfaces, accelerating
toward the left. All of the boxes are identical, and the acceleration is the same in each figure. As you can
see, some of the boxes are pulled by ropes attached to the box in front of them.

Rank the ropes from greatest to least on the basis of the tension in the rope.

A B C

D E F

a a

a

Greatest  1_______  2________  3________  4________  5________  6________  Least

Or, all of the tensions will be the same. _______

Please carefully explain your reasoning.

How sure were you of your ranking?  (circle one)
Basically Guessed                                          Sure                                                  Very Sure
1             2              3             4              5              6              7              8              9            10

                                                
27 S. Loucks
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Ranking Task
A physics experiment is performed 
with a can full of water that has three 
openings spaced at equal intervals h 
above the base of the can. The can is 
open to the atmosphere, and the 
speed of the water at the top of the 
can is approximately equal to zero. 
The result of the experiment is shown 
on the diagram.  

Rank in order from greatest to least, 
the magnitude of the exit velocity of 
the water at each of the openings at 
the instant the holes are opened.
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The six circuits below all have one battery and three resistors. All of 
the batteries are identical. All of the wires in these circuits are 
identical, of equal length and negligible resistance. 
Rank these circuits, from greatest to least, on the basis of the 
potential difference across the circled resistor. Place ties in the 
same blank.
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Physics Ranking Tasks 5 Mechanics

Ball Motion Diagrams—Acceleration II 4

The following drawings indicate the motion of a ball subject to one or more forces on various surfaces
from    left       to       right   . Each circle represents the position of the ball at succeeding instants of time. Each time-
interval between successive positions is equal.

Rank each case from the highest to the lowest acceleration, based on the drawings. Assume all
accelerations are constant and use the coordinate system specified in the drawing. Note: Zero is greater
than negative acceleration, and ties are possible.

A                                 B                                 C

D                                    E                                  F

Highest 1________  2________  3________  4________  5________  6________ Lowest

Or, all have the same acceleration. _________

Please carefully explain your reasoning.

How sure were you of your ranking?  (circle one)
Basically Guessed                                          Sure                                                  Very Sure
1             2              3             4              5              6              7              8              9            10

                                                
4 D. Schramme, C. Fang, B. Speers, C. Hieggelke, D. Maloney, T. O’Kuma

406



Physics Ranking Tasks 5 Mechanics

Ball Motion Diagrams—Acceleration II 4

The following drawings indicate the motion of a ball subject to one or more forces on various surfaces
from    left       to       right   . Each circle represents the position of the ball at succeeding instants of time. Each time-
interval between successive positions is equal.

Rank each case from the highest to the lowest acceleration, based on the drawings. Assume all
accelerations are constant and use the coordinate system specified in the drawing. Note: Zero is greater
than negative acceleration, and ties are possible.

A                                 B                                 C

D                                    E                                  F

Highest 1________  2________  3________  4________  5________  6________ Lowest

Or, all have the same acceleration. _________

Please carefully explain your reasoning.

How sure were you of your ranking?  (circle one)
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4 D. Schramme, C. Fang, B. Speers, C. Hieggelke, D. Maloney, T. O’Kuma
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Create a ranking task that addresses one 
of the following Essential Knowledge

Mechanics - EK 3.2.A.4 
	 “The work-energy theorem states that the change in an 

object’s kinetic energy is equal to the sum of the work 
(net work) being done by all forces exerted on the 
object.” 

E&M - EK 12.2.B.1 
    “A magnetic field will exert a force on a charged object 

moving within that field, with magnitude and direction 
that depend on the cross-product of the charge’s 
velocity and the magnetic field.” 
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Create a ranking task that addresses one 
of the following Essential Knowledge

P1/C:Mech 
	 “The work-energy theorem states that the change in an 

object’s kinetic energy is equal to the sum of the work 
(net work) being done by all forces exerted on the object.” 

P2/E&M 
    “The magnitude of the force exerted by a magnetic field 

on a moving charged object is proportional to the 
magnitude of the charge, the magnitude of the charged 
object’s velocity, and the magnitude of the magnetic field 
and also depends on the angle between the velocity and 
magnetic field vectors.”
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Conflicting Contentions Tasks: 
Teaching Strategy

The think-pair-share strategy can be used with this 
type of task.  
– Students first work individually and write down 

their answers.  
– Then they share their answers with one partner 

and see if they agree or disagree with each other.  
– After each of the exercises, you can ask a couple 

of teams to share their answers with the class. 

410



Conflicting Contentions Tasks
• Present students with disagreeing statements 
• Students indicate which is correct and why 
• Contrast students’ alternate conceptions with 

physically accepted statements

411
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Conflicting Contentions Task P2

A square wire loop with sides of length L and resistance R is 
being pulled to the right at velocity v through a region with a 
magnetic field of strength B directed into the page as shown 
below:

Three students are working on this problem and make the following statements 
regarding the direction of the induced current:
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Conflicting Contentions Task P2
Student A: The current must be counterclockwise. As the loop is 

moved out of the magnetic field, it increases the flux and the 
induced field acts in opposition to it. By applying Lenz’s law, I 
determined that the current must flow counterclockwise. 

Student B: There is no induced current since the loop is only 
halfway inside the magnetic field and does not receive the full 
effect of the magnetic field region. 

Student C: As the loop is moved to the right, the flux decreases so 
the induced field must act in the same direction of the applied field 
to try to keep the flux constant. In order to produce an induced 
magnetic field into the page, the current must flow clockwise.
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Conflicting Contentions Task P2
The graph below represents the data obtained in a photoelectric 
effect experiment for a range of frequencies. The students graphed 
the stopping potential as a function of frequency as shown below:

Students in a physics class were asked to draw an expected graph 
for a different metal surface with a threshold frequency of 7.0 x 1014 
Hz. Three students’ responses to this task are given.
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Conflicting Contentions Task P2

Student A	 	 	 Student B

• Student C 
A metal surface with a threshold value of 7.0 x 1014 Hz will not 

be able to eject electrons unless the light intensity is 
increased.
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Conflicting Contentions Tasks
P1/Mech 
	 “Qualitatively predict, in terms of linear momentum 

and kinetic energy, how the outcome of a collision 
between two objects changes depending on 
whether the collision is elastic or inelastic.” 

P2/E&M 
	 “The student is able to predict electric charges on 

objects within a system by application of the 
principle of charge conservation within a system .”

418



419



Online Simulations in AP Physics

Online Simulation Sites

The ones I use the most! 420
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Online Simulations in AP Physics 424

My Favorite Sites
• PhET.Colorado.edu
• www.ThePhysicsAviary.com
• www.oPhysics.com

• www.walter-fendt.de/html5/phen/
• www.falstad.com/mathphysics.html
• www.physicsclassroom.com/Physics-Interactives

• Your favorites??

http://PhET.Colorado.edu
http://www.ThePhysicsAviary.com
http://www.oPhysics.com
http://www.walter-fendt.de/html5/phen/
http://www.falstad.com/mathphysics.html
http://www.physicsclassroom.com/Physics-Interactives


Online Simulations in AP Physics

Experimental Design FRQs
and
Online Simulations

Great way to prepare students for the exam!
425



Online Simulations in AP Physics 426

Uses
• Pre-Lab Activity: Better understanding of what the 

lab will be investigating
• Ability to vary difficult to vary IVs like g or n
• Lab makeup
•WS replacement
• Determining Unknown Constants
-Replicates FRQ Experimental Design Questions

• Linearization Practice
• Replicates expensive equipment
• Helps visualize unseeable things



• Look at the released Experimental Design 
Questions for lab ideas

• Also carefully examine the rubrics to see 
common points

• Make sure students are doing those things 
in lab and on lab reports

• C: Mechanics look at P1 FRQs
• C: E&M look through E&M P2 FRQs

• Basic basic basic!!!

427

Experimental 
Design Rubrics
Duplicate items in lab 
reports
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Online Simulations in AP Physics

Pre-Lab and Post-Lab Uses 
for Online Simulations

Supplement Hands-On Lab Experiences
435



Online Simulations in AP Physics 436

Use as a Pre-Lab Activity
• See a basic image of the setup
• Have students begin to investigate possible 

Independent Variables and how they affect the 
Dependent Variable (directly or inversely)
• Start to make a list of required equipment and 

measuring devices
• Reinforces what values to measure and how to 

measure them



Online Simulations in AP Physics 437

Pendulum Lab: PhET.Colorado.edu
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Online Simulations in AP Physics 439

Post-Lab Uses
• Change unchangeable Independent Variables
-Most common is g

• Change Independent Variables that are difficult to 
change quickly
-Example on the next slide of n

•Great for use as Homework to replace worksheets
-PhET has a great site about using them as 
Homework
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Online Simulations in AP Physics 441

Impulse Lab: www.ThePhysicsAviary.com



Online Simulations in AP Physics 442

Force Electric in a Line HW: www.ThePhysicsAviary.com



Online Simulations in AP Physics 443

Force Electric in a Line HW: www.ThePhysicsAviary.com



Online Simulations in AP Physics 444

Force Electric in a Line HW: www.ThePhysicsAviary.com
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AP Physics 1:  
Using the Student 
Workbook to Scaffold 
Content and 
Skill Instruction

Oather Strawderman
International Lead AP Physics Consultant
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What is the Student Workbook?

• Print instructional resource, available as a digital PDF

• Developed by a team of experienced educators—from both high 
schools and higher education institutions—to help AP Physics 1 
teachers support students in their learning of college-level 
physics content and skills

• Contains 159 individual scenarios, aligned to specific units, 
essential knowledge statements, and science practices from 
the AP Course and Exam Description (CED)

• Designed to guide students through the processes of thinking 
about physics both conceptually and mathematically, as well 
as writing about physics

• Includes an Appendix with a summary of graphical methods and 
specific tips for writing in physics
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Where can I access it?  

Option #1:  AP Course Audit
apcentral.collegeboard.org/ap-course-

audit

• You must be a course-authorized AP 
Physics 1 teacher to access the Student 
Workbook

• Student version may be printed and 
distributed to students

• Teacher version should not be shared with 
students
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Where can I access it?  Option #2:  AP Classroom
myap.collegeboard.org
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Why did we make them?

• To facilitate exploration of the required course content and 
skills in the CED  

• To provide scaffolded skill instruction and practice using 
the course Science Practices 

• To shift focus from just mathematical understanding of 
physics to full conceptual understanding of physics 

• To support teachers in making connections between 
course content and skills 

• To model strategies that students can use on their own to 
support efficient study and true understanding



Scaffolded Approach

AP Physics 1 Student WorkbookAP Physics 1 451
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How does it work? SCAFFOLDING
• Instructional technique used to move 

students progressively toward stronger 
understanding and, ultimately, greater 
independence in the learning process

• Provides success levels of temporary 
support that help students reach higher 
levels of content comprehension and 
skill acquisition

• Supports are incrementally removed 
when they are no longer needed, as 
the student gradually takes additional 
ownership of their learning

• The units in the workbook are scaffolded so that 
students can learn the skills such as 
argumentation, quantitative analysis, and data 
analysis, alongside course content, so that they 
will be prepared for the AP Exam by May.

• As you read through the problems, you will see 
that the scaffolding slowly falls away as 
students progress from unit to unit. By Unit 10, 
students are expected to be able to demonstrate 
all skills without support. 

• Teachers are encouraged to modify the 
problems in the workbook as necessary, so 
that they meet students’ needs. If appropriate, 
consider adding your own scaffolding to the 
scenarios. 



What’s Covered?

AP Physics 1 Student WorkbookAP Physics 1 453
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Workbook units align to CED units …

• Unit 1: Kinematics
• Unit 2: Dynamics
• Unit 3: Circular Motion and Gravitation
• Unit 4: Work and Energy
• Unit 5: Momentum
• Unit 6: Simple Harmonic Motion
• Unit 7: Torque and Rotation
• Unit 8: Electric Charge and Force
• Unit 9: DC Circuits
• Unit 10: Mechanical Waves and Sound
• Unit 11: Review Questions

15 scenarios
15 scenarios
15 scenarios
15 scenarios
15 scenarios
12 scenarios
15 scenarios
12 scenarios
15 scenarios
15 scenarios
15 scenarios

159 scenarios
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How does it work?
• Each unit in the workbook is unique and focuses on content, skills, 

and learning objectives for that unit.

• However, the overall format of each unit and each scenario is 
similar.

• Each page includes a scenario, which acts as the prompt to focus 
students’ attention on key elements of the problem.

• Each problem is then broken down into several parts, and 
headings are added to provide guidance to the students—to key 
them into the type of question they’re going to be asked. The major 
headings are:

➢ Using Representations
➢ Quantitative Analysis
➢ Argumentation
➢ Data Analysis
➢ Experimental Design
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There’s more for teachers …

• Teacher pages include the Unit,  
Essential Knowledge, and Science 
Practices that are linked to each 
scenario.

• Teacher pages also include notes about 
how to Prepare for assigning the page, 
use it in your classroom (Teach) and 
Assess that your students have learned 
key concepts and/or skills. Some of the 
teacher notes include quick quizzes, lab 
ideas, or other suggestions for 
extensions.

• The What’s the point? section will help 
you emphasize the main idea of the 
entire scenario with your students.
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How can I use the workbook?

Teachers can:

• Assign scenarios as pre-work before class discussion or instruction
• Assign scenarios as homework after class instruction
• Work through a scenario with students in class
• Use the teacher notes to create related extensions: desktop 

experiments, lab investigations, quick quizzes, etc.
• Assign the lab questions as pre- or post-lab exercises
• Have students work through the scenario and articulate the “So 

What?” for themselves
• Assign specific parts that are most relevant for your students
• Use their own scaffolding to modify scenarios
• Use the style of the scenarios to create their own “AP-like” 

questions from textbook exercises
• Use as exam-prep work in the Spring



Student Misconceptions

AP Physics 1 Student WorkbookAP Physics 1 458
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Student Misconceptions

• Students may struggle with in-depth 
conceptual understanding and resort 
to using memorized terms to answer 
conceptual questions.

• Teachers are encouraged to set the 
stage for learning by helping 
students understand that their 
preconceived notions may just 
based on incomplete understanding, 
not incorrect understanding.

• Teachers are also encouraged to 
identify their students’ 
misconceptions and then provide a 
forum for students to confront them.
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More on addressing skills …

• The design of the AP Physics 1 course 
and exam focuses on seven 
overarching science practices that 
capture important aspects of the work 
of scientists. 

• Science practices describe the skills 
and abilities that students should learn 
and demonstrate, integrated with 
content knowledge, to reach a goal or 
complete a learning activity. 

• While the skills listed in the charts 
associated with each unit are critical to 
student success, most of them are 
scaffolded skills necessary for students 
to be successful at the science practice 
listed with each skill.



Student 
Resources: 
AP Physics 1 
Student 
Workbook
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AP Physics 1 
Workbook at a 
Glance
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AP Physics 1 
Workbook at a 
Glance
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AP Physics 1 
Workbook 
 
Misconceptions 
and Skills Tables
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Physics 1  
Student Workbook

Scaffolded Sample Tasks
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Experimental 
Design

466
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2018 AP Physics 1: Algebra-Based Exam 
Task: Experimental Design
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Unit 1, Physics 1 Student Workbook 1.C
Task: Experimental Design
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Unit 5, Physics 1 Student Workbook 5.H
Task: Experimental Design
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Unit 5, Physics 1 Student Workbook 5.K
Task: Experimental Design
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Unit 10, Physics 1 Student Workbook 10.M
Task: Experimental Design



Writing About 
Physics

472
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2018 AP Physics 1: Algebra-Based Exam 
Task: Writing About Physics
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Unit 1, Physics 1 Student Workbook 1.A
Task: Writing About Physics
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Unit 2, Physics 1 Student Workbook 2.B
Task: Writing About Physics
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Unit 2, Physics 1 Student Workbook 2.C
Task: Writing About Physics

Checklist

√ I answered the question directly.

 
I stated a law of physics that is 
always true.

 
I connected the law or laws of 
physics to the specific 
circumstances of the situation.

  
  I used physics vocabulary (force, 

mass, acceleration, velocity, 
coefficient, friction). 
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Unit 3, Physics 1 Student Workbook 3.D
Task: Writing About Physics
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Unit 6, Physics 1 Student Workbook 6.I
Task: Writing About Physics

Checklist

√ I answered the question directly.

 
I stated a law of physics that is always 
true.

  I connected the law or laws of physics 
to the specific circumstances of the 
situation.

  
  I compared the situation (stated what 

was the same in all cases). 

I contrasted the situations (stated what 
was different in all cases). 

I used physics vocabulary (period, 
mass, spring constant, force, velocity, 
displacement, equilibrium, momentum, 
energy). 
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Unit 9, Physics 1 Student Workbook 9.J
Task: Writing About Physics



Graphing

480



481

2018 AP Physics 1: Algebra-Based Exam 
Task: Graphing
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Unit 1, Physics 1 Student Workbook 1.B
Task: Graphing
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Unit 2, Physics 1 Student Workbook 2.A
Task: Graphing
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Unit 3, Physics 1 Student Workbook 3.K
Task: Graphing
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Unit 5, Physics 1 Student Workbook 5.C
Task: Graphing
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Unit 8, Physics 1 Student Workbook 8.H
Task: Graphing



Derivations
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2018 AP Physics 1: Algebra-Based Exam 
Task: Derivations



489

Unit 1, Physics 1 Student Workbook 1.O
Task: Derivations
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Unit 2, Physics 1 Student Workbook 2.C
Task: Derivations
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Unit 5, Physics 1 Student Workbook 5.J
Task: Derivations
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Unit 9, Physics 1 Student Workbook 9.I
Task: Derivations

Part C: Derive an expression for P, the power delivered to the light bulb, in terms of ε, r, and R. 
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Experimental Design and Analysis: Ball Drop FRQ Lab



Thank You!!!

oather@PhluidPhysics.com
495
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