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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
AM1 
• Translation Between Representations 

• Types of Representation: Diagrams & Sketches

AM2 
• AP Classroom / Instructional Planning Reports

• Instructional Strategies / Vocabulary in AP Physics

PM1 
• Qualitative/Quantitative Translation FRQs 

• Labs: Decay Constant Lab and Density of Air Lab

PM2 
• TIPERs & Ranking Tasks

• LAB FRQ Simulation Labs
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www.PhluidPhysics.com/Resources

Workshop Links & Documents
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Translation
Between
Representations
Free Response Question

FRQ #2
12 PointsTBR 7
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Translation Between Representations Tasks
• Open up your Physics CEDs
• Find Question #2 the TBR FRQ
• P1 page 194
• P2 page 204

• Read through the CED TBR FRQ and the Practice 
Exam TBR FRQ linked in the agenda and identify 
what tasks they ask students to do 
• Record how many points per part
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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?



FRQ Booklet Structure: Question #2 TBR



12

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



P1 Units
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



P2 Units
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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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
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TBR Skills:  
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P1 2025



18

P2 2025
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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
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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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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



48

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



Oather Strawderman  AP Physics



Oather Strawderman  AP Physics 63

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



Oather Strawderman  AP Physics 69

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



Oather Strawderman  AP Physics 78

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



86

 
 
 
 
     
 
 

  
  
   
   
   
   
 

  
 

  
 

   
 

  
   
 

   
   
 
     
 



87

The Physics Aviary

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

Consistent use increases AP 
score by 1 full point!!!
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MyAP.CollegeBoard.org

http://MyAP.CollegeBoard.org
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AP Classroom - AP Daily Videos: AP Physics 2
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AP Classroom - Question Bank: AP Physics 1
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AP Educators YouTube Channel
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Qualitative / Quantitative 
Translation

FRQ #4 - 8 points
97
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Qualitative/Quantitative Translation Tasks
• Find Question #4 the QQT FRQ
• P1 page 198
• P2 page 208

• Read through the CED QQT FRQ and the 
Practice Exam QQT FRQ linked in the agenda 
and identify what tasks they ask students to do 
• Recored how many points per part



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

100



FRQ Booklet: Which Version?



FRQ Booklet Structure: Question #4 QQT



Last Question…Now What?
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QQT Skills:
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P1 2025



106

P2 2025





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
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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
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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
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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



AP Physics 1 
Workbook at a 
Glance



AP Physics 1 
Workbook at a 
Glance



AP Physics 1 
Workbook 
 
Misconceptions 
and Skills Tables



Physics 1  
Student Workbook

Scaffolded Sample Tasks



Experimental 
Design

128
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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

134
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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

142
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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

149
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2018 AP Physics 1: Algebra-Based Exam 
Task: Derivations
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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. 





TIPERs

Tasks Inspired 
by Physics 
Education 
Research



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?





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



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
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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



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



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



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.



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.



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



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



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.” 



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.”



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. 



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

physically accepted statements







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:



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.



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.



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.



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 .”





Online Simulations in AP Physics

Online Simulation Sites

The ones I use the most! 192









Online Simulations in AP Physics 196

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!
197



Online Simulations in AP Physics 198

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!!!

199

Experimental 
Design Rubrics
Duplicate items in lab 
reports



200
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Online Simulations in AP Physics

Pre-Lab and Post-Lab Uses 
for Online Simulations

Supplement Hands-On Lab Experiences
207



Online Simulations in AP Physics 208

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 209

Pendulum Lab: PhET.Colorado.edu





Online Simulations in AP Physics 211

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





Online Simulations in AP Physics 213

Impulse Lab: www.ThePhysicsAviary.com



Online Simulations in AP Physics 214

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



Online Simulations in AP Physics 215

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



Online Simulations in AP Physics 216

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



Thank You!!!

oather@PhluidPhsyics.com




