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Verona Public Schools Mission Statement: 
The mission of the Verona Public Schools, the center of an engaged and supportive community, is to empower students to achieve their potential as active 
learners and productive citizens through rigorous curricula and meaningful, enriching experiences. 

 
 
Course Description:  

AP Physics 1 is an algebra-based physics course that rigorously addresses the areas of mechanics, electrostatics and introductory circuits.  Students will 
learn how to articulate and express scientific ideas and concepts through written responses and symbolic mathematics.  A minimum of 25% of instructional 
time will be spent doing inquiry- and discovery-based laboratory work either as an entire class or in smaller laboratory groups. 
 

 
Prerequisite(s):  

Algebra II, Chemistry 
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Standard 8: Technology Standards 

8.1: Educational Technology: All students will use digital tools to access, manage, 
evaluate, and synthesize information in order to solve problems individually and collaborate 
and to create and communicate knowledge. 

8.2: Technology Education, Engineering, Design, and Computational Thinking - 
Programming:  All students will develop an understanding of the nature and impact of technology, 
engineering, technological design, computational thinking and the designed world as they relate to the 
individual, global society, and the environment. 

 
 
 
 
 

X 

A. Technology Operations and Concepts 
B. Creativity and Innovation 
C. Communication and Collaboration 
D. Digital Citizenship 
E. Research and Information Fluency  
F. Critical thinking, problem solving, and decision making 

 
 

X 
 
 

A. The Nature of Technology: Creativity and Innovation 
B. Technology and Society 
C. Design 
D. Abilities for a Technological World 
E. Computational Thinking: Programming 

 
 

SEL Competencies and Career Ready Practices 
Social and Emotional Learning Core Competencies: These competencies 
are identified as five interrelated sets of cognitive, affective, and behavioral 
capabilities 

Career Ready Practices: These practices outline the skills that all individuals need to have 
to truly be adaptable, reflective, and proactive in life and careers. These are researched 
practices that are essential to career readiness. 

Self-awareness: The ability to accurately recognize one’s emotions and thoughts and their 
influence on behavior. This includes accurately assessing one’s strengths and 
limitations and possessing a well-grounded sense of confidence and optimism. 

X 
 
 

CRP2. Apply appropriate academic and technical skills. 
CRP9. Model integrity, ethical leadership, and effective management. 
CRP10. Plan education and career paths aligned to personal goals. 

Self-management: The ability to regulate one’s emotions, thoughts, and behaviors 
effectively in different situations. This includes managing stress, controlling impulses, 
motivating oneself, and setting and working toward achieving personal and academic 
goals. 

 
X 
X 

CRP3. Attend to personal health and financial well-being. 
CRP6. Demonstrate creativity and innovation. 
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them.  
CRP11. Use technology to enhance productivity. 

Social awareness: The ability to take the perspective of and empathize with others from 
diverse backgrounds and cultures, to understand social and ethical norms for 
behavior, and to recognize family, school, and community resources and supports. 

 CRP1. Act as a responsible and contributing citizen and employee. 
CRP9. Model integrity, ethical leadership, and effective management. 

Relationship skills: The ability to establish and maintain healthy and rewarding 
relationships with diverse individuals and groups. This includes communicating 
clearly, listening actively, cooperating, resisting inappropriate social pressure, 
negotiating conflict constructively, and seeking and offering help when needed. 

X 
 
 

 

CRP4. Communicate clearly and effectively and with reason. 
CRP9. Model integrity, ethical leadership, and effective management. 
CRP12. Work productively in teams while using cultural global competence. 

Responsible decision making: The ability to make constructive and respectful choices 
about personal behavior and social interactions based on consideration of ethical 
standards, safety concerns, social norms, the realistic evaluation of consequences of 
various actions, and the well-being of self and others. 

 
 

X 

CRP5. Consider the environmental, social, and economic impact of decisions. 
CRP7. Employ valid and reliable research strategies. 
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them.  
CRP9. Model integrity, ethical leadership, and effective management. 

 
 

Standard 9: 21st Century Life and Careers 
9.1: Personal Financial Literacy: This standard outlines 
the important fiscal knowledge, habits, and skills that must be 
mastered in order for students to make informed decisions 
about personal finance. Financial literacy is an integral 
component of a student's college and career readiness, 
enabling students to achieve fulfilling, financially-secure, and 
successful careers. 

9.2: Career Awareness, Exploration & Preparation: 
This standard outlines the importance of being knowledgeable 
about one's interests and talents, and being well informed about 
postsecondary and career options, career planning, and career 
requirements. 

9.3: Career and Technical Education: This standard 
outlines what students should know and be able to do upon 
completion of a CTE Program of Study. 

 A. Income and Careers  
B. Money Management  
C. Credit and Debt Management  
D. Planning, Saving, and Investing  
E. Becoming a Critical Consumer  
F. Civic Financial Responsibility  
G. Insuring and Protecting 
 

 
 

X 

A. Career Awareness (K-4) 
B. Career Exploration (5-8) 
C. Career Preparation (9-12) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

X 
 

A. Agriculture, Food & Natural Res. 
B. Architecture & Construction 
C. Arts, A/V Technology & Comm. 
D. Business Management & Admin. 
E. Education & Training 
F. Finance 
G. Government & Public Admin. 
H. Health Science 
I. Hospital & Tourism 
J. Human Services 
K. Information Technology 
L. Law, Public, Safety, Corrections & Security 
M. Manufacturing 
N. Marketing 
O. Science, Technology, Engineering & Math 
P. Transportation, Distribution & Log. 

 
 

Course Materials  
Core Instructional Materials: These are the board adopted and approved materials to support 
the curriculum, instruction, and assessment of this course. 

 

Differentiated Resources: These are teacher and department found materials, and also 
approved support materials that facilitate differentiation of curriculum, instruction, and assessment 
of this course. 

● Giancoli: Physics: Principles with Applications ● Applicable YouTube videos 
● Applicable online physics applets 
● Applicable PhET applications (University of Colorado) 
● Ranking Tasks in Physics 

 

 

  



 

Verona High School AP Physics 1 

Unit Title / Topic:  Kinematics Unit Duration:  14 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and 

graphical representations. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 4.A.2.1: The student is able to make predictions about the motion of a system based on the fact that acceleration is equal to the change in velocity per unit time, and velocity is equal 

to the change in position per unit time. 
Transfer Goal: 
Students will be able to independently use their learning to… 

● Launch a steel ball into projectile motion with an initially unknown velocity and hit a target through mathematical prediction 
Students will understand that: 
● The motion of objects can be represented in multiple ways. 
● Velocity and acceleration are related but not interchangeable. 
● Motion in the x- and y-directions are independent. 
● The acceleration of gravity close to Earth’s surface is constant in magnitude and direction. 
● The study of kinematics answers the question “How does an object move?” and not “Why does an 

object move?” 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● Do I need to know why an object is moving in order to describe how it is moving? 

Students will know: 
● Displacement 
● Distance 
● Velocity 
● Speed 
● Acceleration 
● Vectors vs. scalars 
● Average vs instantaneous quantities 

Students will be able to: 
● Analyze the motion of an object based upon graphs of the object’s displacement and velocity 

as functions of time. 
● Mathematically determine aspects of an object’s motion using kinematic equations. 
● Apply one-dimensional graphing and mathematical skills to motion in two directions. 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given a projectile launcher and a steel ball.  The launch speed of the launcher will be unknown and left to the students to experimentally determine.  After the determination of the firing 
speed a cup will be placed on the student’s table and the student will be asked to predict the initial conditions (firing angle and position) of the launcher and try to get the ball in the cup. 

 

  



 

Verona High School AP Physics 1 

Unit Title / Topic:  Forces Unit Duration:  14 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 1.C.1.1: The student is able to design an experiment for collecting data to determine the relationship between the net force exerted on an object, its inertial mass, and its acceleration. 
Learning Objective 2.B.1.1: The student is able to apply to calculate the gravitational force on an object with mass m in a gravitational field of strength g in the context of the effects of a net force on 

objects and systems. 
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and 

graphical representations. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of 

forces or components of forces. 
Learning Objective 3.A.3.2: The student is able to challenge a claim that an object can exert a force on itself. 
Learning Objective 3.A.3.3: The student is able to describe a force as an interaction between two objects and identify both objects for any force. 
Learning Objective 3.A.4.1: The student is able to construct explanations of physical situations involving the interaction of bodies using Newton’s third law and the representation of action-reaction pairs 

of forces. 
Learning Objective 3.A.4.2: The student is able to use Newton’s third law to make claims and predictions about the action-reaction pairs of forces when two objects interact. 
Learning Objective 3.A.4.3: The student is able to analyze situations involving interactions among several objects by using free-body diagrams that include the application of Newton’s third law to identify 

forces. 
Learning Objective 3.B.1.1: The student is able to predict the motion of an object subject to forces exerted by several objects using an application of Newton’s second law in a variety of physical 

situations with acceleration in one dimension. 
Learning Objective 3.B.1.2: The student is able to design a plan to collect and analyze data for motion (static, constant, or accelerating) from force measurements and carry out an analysis to determine 

the relationship between the net force and the vector sum of the individual forces. 
Learning Objective 3.B.1.3: The student is able to reexpress a free-body diagram representation into a mathematical representation and solve the mathematical representation for the acceleration of the 

object. 
Learning Objective 3.B.2.1: The student is able to create and use free-body diagrams to analyze physical situations to solve problems with motion qualitatively and quantitatively. 
Learning Objective 4.A.2.2: The student is able to evaluate using given data whether all the forces on a system or whether all the parts of a system have been identified. 
Transfer Goal: 
Students will be able to independently use their learning to… 

● Apply Newton’s second law to static and dynamic situations involving friction. 
Students will understand that: 
● Forces cause changes in an object’s motion, not its absolute position. 
● Friction has different behaviors based upon an object's motion. 
● Forces in the x- and y-directions are independent of each other. 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● What affect do I have on an object when I push or pull it? 
● How do forces I apply to an object interact with forces another applies to the same object? 

Students will know: 
● Newton’s laws of motion. 
● Static friction is as strong as it has to be, not always at its maximum value. 
● Kinetic friction is always less than static friction 
● How to mathematically approach forces in multiple directions. 
● Pulleys change the direction of force. 

Students will be able to: 
● Identify if there is an external net force acting on an object. 
● Sum the forces in both the x- and y-directions simultaneously. 
● Identify force pairs in accordance with Newton’s third law. 
● Determine if an applied force is strong enough to cause motion. 
● Rotate coordinate axes in order to solve problems involving ramps. 
● Apply Newton’s second law to situations involving pulleys. 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given a cube with different textures on each surface.  Students must determine the critical angle at which the block begins to slide down a ramp.  From this information students are to 
determine the coefficient of static friction.  Students are then to continue allowing the block to slide down the ramp at a constant acceleration in order to determine the coefficient of kinetic friction.  Motion 
sensors are allowed to be used but not force sensors as they render the task of determining forces trivial. 

 

 

  



 

Verona High School AP Physics 1 

Unit Title / Topic:  Gravitation Unit Duration:  14 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 1.C.3.1: The student is able to design a plan for collecting data to measure gravitational mass and to measure inertial mass and to distinguish between the two experiments. 
Learning Objective 2.B.1.1: The student is able to apply F=mg to calculate the gravitational force on an object with mass m in a gravitational field of strength g in the context of the effects of a net force on 

objects and systems. 
Learning Objective 2.B.2.1: The student is able to apply g=GM/r^2 to calculate the gravitational field due to an object with mass M, where the field is a vector directed toward the center of the object of 

mass M. 
Learning Objective 2.B.2.2: The student is able to approximate a numerical value of the gravitational field (g) near the surface of an object from its radius and mass relative to those of the Earth or other 

reference objects. 
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and 

graphical representations. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of 

forces or components of forces. 
Learning Objective 3.A.3.3: The student is able to describe a force as an interaction between two objects and identify both objects for any force. 
Learning Objective 3.B.1.1: The student is able to predict the motion of an object subject to forces exerted by several objects using an application of Newton’s second law in a variety of physical 

situations with acceleration in one dimension. 
Learning Objective 3.B.1.3: The student is able to reexpress a free-body diagram representation into a mathematical representation and solve the mathematical representation for the acceleration of the 

object. 
Learning Objective 3.B.2.1: The student is able to create and use free-body diagrams to analyze physical situations to solve problems with motion qualitatively and quantitatively. 
Learning Objective 3.C.1.1: The student is able to use Newton’s law of gravitation to calculate the gravitational force the two objects exert on each other and use that force in contexts other than orbital 

motion. 
Learning Objective 3.C.1.2: The student is able to use Newton’s law of gravitation to calculate the gravitational force between two objects and use that force in contexts involving orbital motion (for 

circular orbital motion only in Physics 1). 
Transfer Goal: 
Students will be able to independently use their learning to… 

● Determine the relationship between a planet’s orbital speed and its distance from the Sun. 
Students will understand that: 
● Forces cause changes in an object’s velocity, not necessarily speed. 
● Non-contact forces are mediated by fields. 
● Circular motion is accelerated motion. 
● There are two conceptually two types of mass even though they are numerically identical. 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● What affect do I have on an object when I push or pull it? 
● When I am standing still am I really motionless? 

Students will know: 
● Centripetal force 
● Centripetal acceleration 
● Gravitational vs inertial mass 
● Newton’s law of universal gravitation 
● Gravitational field 
● Kepler’s laws of planetary motion 

Students will be able to: 
● Calculate the magnitude and direction of the force necessary to cause perfectly circular 

motion. 
● Calculate the force of gravity between two objects. 
● Calculate the gravitational acceleration on the surface of a given planet. 
● Determine whether or not a laboratory experiment is measuring an object’s gravitational mass 

or inertial mass. 
● Calculate orbital speeds of planets and moons 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given the orbital distance and orbital period of the each planet from the Sun and must calculate their average orbital speeds.  Students will then graph orbital speed vs distance from the 
Sun in order to determine the relationship between the two quantities by the process of graph linearization.  Students will use this to predict the height of the cannon in the Newton’s Cannon applet used in 
class to create a perfectly circular orbit. 

 

  



 

Verona High School AP Physics 1 

Unit Title / Topic:  Energy Unit Duration:  14 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 2.B.1.1: The student is able to apply to calculate the gravitational force on an object with mass m in a gravitational field of strength g in the context of the effects of a net force on 

objects and systems. 
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and 

graphical representations. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of 

forces or components of forces. 
Learning Objective 3.E.1.1: The student is able to make predictions about the changes in kinetic energy of an object based on considerations of the direction of the net force on the object as the object 

moves. 
Learning Objective 3.E.1.2: The student is able to use net force and velocity vectors to determine qualitatively whether kinetic energy of an object would increase, decrease, or remain unchanged. 
Learning Objective 3.E.1.3: The student is able to use force and velocity vectors to determine qualitatively or quantitatively the net force exerted on an object and qualitatively whether kinetic energy of 

that object would increase, decrease, or remain unchanged. 
Learning Objective 3.E.1.4: The student is able to apply mathematical routines to determine the change in kinetic energy of an object given the forces on the object and the displacement of the object. 
Learning Objective 4.C.1.1: The student is able to calculate the total energy of a system and justify the mathematical routines used in the calculation of component types of energy within the system 

whose sum is the total energy. 
Learning Objective 4.C.1.2: The student is able to predict changes in the total energy of a system due to changes in position and speed of objects or frictional interactions within the system. 
Learning Objective 4.C.2.1: The student is able to make predictions about the changes in the mechanical energy of a system when a component of an external force acts parallel or antiparallel to the 

direction of the displacement of the center of mass. 
Learning Objective 4.C.2.2: The student is able to apply the concepts of conservation of energy and the work-energy theorem to determine qualitatively and/or quantitatively that work done on a 

two-object system in linear motion will change the kinetic energy of the center of mass of the system, the potential energy of the systems, and/or the internal energy of the 
system. 

Learning Objective 5.A.2.1: The student is able to define open and closed/isolated systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to those 
situations. 

Learning Objective 5.B.1.1: The student is able to set up a representation or model showing that a single object can only have kinetic energy and use information about that object to calculate its kinetic 
energy. 

Learning Objective 5.B.1.2: The student is able to translate between a representation of a single object, which can only have kinetic energy, and a system that includes the object, which may have both 
kinetic and potential energies. 

Learning Objective 5.B.2.1: The student is able to calculate the expected behavior of a system using the object model (i.e., by ignoring changes in internal structure) to analyze a situation. Then, when 
the model fails, the student can justify the use of conservation of energy principles to calculate the change in internal energy due to changes in internal structure because the 
object is actually a system. 

Learning Objective 5.B.3.1: The student is able to describe and make qualitative and/or quantitative predictions about everyday examples of systems with internal potential energy. 
Learning Objective 5.B.3.2: The student is able to make quantitative calculations of the internal potential energy of a system from a description or diagram of that system. 
Learning Objective 5.B.3.3: The student is able to apply mathematical reasoning to create a description of the internal potential energy of a system from a description or diagram of the objects and 

interactions in that system. 
Learning Objective 5.B.4.1: The student is able to describe and make predictions about the internal energy of systems. 
Learning Objective 5.B.4.2: The student is able to calculate changes in kinetic energy and potential energy of a system using information from representations of that system. 
Learning Objective 5.B.5.1: The student is able to design an experiment and analyze data to examine how a force exerted on an object or system does work on the object or system as it moves through a 

distance. 
Learning Objective 5.B.5.2: The student is able to design an experiment and analyze graphical data in which interpretations of the area under a force-distance curve are needed to determine the work 

done on or by the object or system. 
Learning Objective 5.B.5.3: The student is able to predict and calculate from graphical data the energy transfer to or work done on an object or system from information about a force exerted on the 

object or system through distance. 
Learning Objective 5.B.5.4: The student is able to make claims about the interaction between a system and its environment in which the environment exerts a force on the system, thus doing work on the 

system and changing the energy of the system (kinetic energy plus potential energy). 
Learning Objective 5.B.5.5: The student is able to predict and calculate the energy transfer to (i.e., the work done on) an object or system from information about a force exerted on the object or system 

through a distance. 
Transfer Goal: 
Students will be able to independently use their learning to… 

● Students will determine whether or not the shape of a track affects the force of friction an object experiences while traveling along that track. 
Students will understand that: 
● Conservation laws appear all over physics. 
● Why objects in motion may not always remain in motion 
● Work done on an object and the energy of an object are related. 
● Energy can be gained, lost, transferred, and stored 
● That potential energy is “stored” energy waiting to be converted to kinetic energy. 
● There are multiple types of potential energy. 
● In the absence of nonconservative forces the total mechanical energy of a system does not change. 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● What affect do I have on an object when I push or pull it? 
● Why do we have conservation laws if in reality our final values are never the same as our initial 

values? 

Students will know: 
● The relationship between work and energy 
● The difference between each type of energy 
● Conservation of energy 
● Conservative forces vs nonconservative forces 

Students will be able to: 
● Calculate the change in an object's energy based upon the work done on it. 
● Calculate the work done on an object through analysis of force vs displacement graphs. 
● Solve problems involving the conversion of energy between all forms of potential and kinetic 

energy using the conservation of energy. 
● Solve problems involving non-conservative forces and the loss of total mechanical energy. 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given marbles and malleable pipe insulation with which to construct multiple tracks of various shapes.  The ramp must have the same starting height and ending height and the same pipe 
insulation must be used for all track to keep the length constant.  Students will measure the speed of the marble as it leaves the bottom of the track in order to determine if the shape of the track has an 
effect on the amount of friction that the marble experiences while traveling down the track. 

 

 

  



 

Verona High School AP Physics 1 

Unit Title / Topic:  Momentum Unit Duration:  13 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 2.B.1.1: The student is able to apply to calculate the gravitational force on an object with mass m in a gravitational field of strength g in the context of the effects of a net force on objects and systems. 
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and graphical 

representations. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of forces or 

components of forces. 
Learning Objective 3.A.3.3: The student is able to describe a force as an interaction between two objects and identify both objects for any force. 
Learning Objective 3.A.4.1: The student is able to construct explanations of physical situations involving the interaction of bodies using Newton’s third law and the representation of action-reaction pairs of forces. 
Learning Objective 3.A.4.2: The student is able to use Newton’s third law to make claims and predictions about the action-reaction pairs of forces when two objects interact. 
Learning Objective 3.D.1.1: The student is able to justify the selection of data needed to determine the relationship between the direction of the force acting on an object and the change in momentum caused by that 

force. 
Learning Objective 3.D.2.1: The student is able to justify the selection of routines for the calculation of the relationships between changes in momentum of an object, average force, impulse, and time of interaction. 
Learning Objective 3.D.2.2: The student is able to predict the change in momentum of an object from the average force exerted on the object and the interval of time during which the force is exerted. 
Learning Objective 3.D.2.3: The student is able to analyze data to characterize the change in momentum of an object from the average force exerted on the object and the interval of time during which the force is exerted. 
Learning Objective 3.D.2.4: The student is able to design a plan for collecting data to investigate the relationship between changes in momentum and the average force exerted on an object over time. 
Learning Objective 4.A.1.1: The student is able to use representations of the center of mass of an isolated two-object system to analyze the motion of the system qualitatively and semiquantitatively. 
Learning Objective 4.A.2.3: The student is able to create mathematical models and analyze graphical relationships for acceleration, velocity, and position of the center of mass of a system and use them to calculate 

properties of the motion of the center of mass of a system. 
Learning Objective 4.A.3.1: The student is able to apply Newton’s second law to systems to calculate the change in the center-of-mass velocity when an external force is exerted on the system. 
Learning Objective 4.A.3.2: The student is able to use visual or mathematical representations of the forces between objects in a system to predict whether or not there will be a change in the center-of-mass velocity of 

that system. 
Learning Objective 4.B.1.1: The student is able to calculate the change in linear momentum of a two-object system with constant mass in linear motion from a representation of the system (data, graphs, etc.). 
Learning Objective 4.B.1.2: The student is able to analyze data to find the change in linear momentum for a constant-mass system using the product of the mass and the change in velocity of the center of mass. 
Learning Objective 4.B.2.1: The student is able to apply mathematical routines to calculate the change in momentum of a system by analyzing the average force exerted over a certain time on the system. 
Learning Objective 4.B.2.2: The student is able to perform analysis on data presented as a force-time graph and predict the change in momentum of a system. 
Learning Objective 5.A.2.1: The student is able to define open and closed/isolated systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to those situations. 
Learning Objective 5.D.1.1: The student is able to make qualitative predictions about natural phenomena based on conservation of linear momentum and restoration of kinetic energy in elastic collisions. 
Learning Objective 5.D.1.2: The student is able to apply the principles of conservation of momentum and restoration of kinetic energy to reconcile a situation that appears to be isolated and elastic, but in which data 

indicate that linear momentum and kinetic energy are not the same after the interaction, by refining a scientific question to identify interactions that have not been considered. Students will 
be expected to solve qualitatively and/or quantitatively for one-dimensional situations and only qualitatively in two-dimensional situations. 

Learning Objective 5.D.1.3: The student is able to apply mathematical routines appropriately to problems involving elastic collisions in one dimension and justify the selection of those mathematical routines based on 
conservation of momentum and restoration of kinetic energy. 

Learning Objective 5.D.1.4: The student is able to design an experimental test of an application of the principle of the conservation of linear momentum, predict an outcome of the experiment using the principle, analyze 
data generated by that experiment whose uncertainties are expressed numerically, and evaluate the match between the prediction and the outcome. 

Learning Objective 5.D.1.5: The student is able to classify a given collision situation as elastic or inelastic, justify the selection of conservation of linear momentum and restoration of kinetic energy as the appropriate 
principles for analyzing an elastic collision, solve for missing variables, and calculate their values. 

Learning Objective 5.D.2.1: The student is able to 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. 

Learning Objective 5.D.2.2: The student is able to plan data collection strategies to test the law of conservation of momentum in a two-object collision that is elastic or inelastic and analyze the resulting data graphically. 
Learning Objective 5.D.2.3: The student is able to apply the conservation of linear momentum to a closed system of objects involved in an inelastic collision to predict the change in kinetic energy. 
Learning Objective 5.D.2.4: The student is able to analyze data that verify conservation of momentum in collisions with and without an external friction force. 
Learning Objective 5.D.2.5: The student is able to classify a given collision situation as elastic or inelastic, justify the selection of conservation of linear momentum as the appropriate solution method for an inelastic 

collision, recognize that there is a common final velocity for the colliding objects in the totally inelastic case, solve for missing variables, and calculate their values. 
Learning Objective 5.D.3.1: The student is able to predict the velocity of the center of mass of a system when there is no interaction outside of the system but there is an interaction within the system (i.e., the student 

simply recognizes that interactions within a system do not affect the center of mass motion of the system and is able to determine that there is no external force). 

Transfer Goal: 
Students will be able to independently use their learning to… 

● Determine what types of collisions involve the greatest percent loss of energy and whether the initial velocity of a car affects the percent energy lost 
Students will understand that: 
● Conservation laws appear all over physics. 
● External forces cause changes in momentum. 
● Internal forces do not cause changes in momentum. 
● All collisions conserve momentum but only certain collisions conserve energy as well. 
● The motion of the center of mass of a system does not change in the absence of external forces. 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● What affect do I have on an object when I push or pull it? 
● Why do we have conservation laws if in reality our final values are never the same as our initial 

values? 

Students will know: 
● The impulse-momentum theorem. 
● That momentum is conserved during collisions. 
● The difference between all types of collisions. 
● Center of mass of an object and a system. 
● Power 

Students will be able to: 
● Calculate the change in momentum of an object based upon the impulse received. 
● Determine the change in momentum of an object by analyzing a graph of Force vs Time. 
● Solve problems involving collisions using the conservation of momentum. 
● Determine the position and velocity of the center of mass of an object/system. 
● Calculate the power that must be supplied in order to yield a particular motion. 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given collision carts, low-friction tracks, and motion sensors and will analyze the change in energy of inelastic collisions and totally inelastic collisions where one cart begins in motion while 
the other cart is at rest.  By recording the initial and final velocities of each cart the momentum and velocity of each car can be determined.  Trends of percent energy lost during collisions are to be 
determined by the student through graphical analysis of each collision type. 

 
  



 
 

Verona High School AP Physics 1 

Unit Title / Topic:  Rotation Unit Duration:  13 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 2.B.1.1: The student is able to apply to calculate the gravitational force on an object with mass m in a gravitational field of strength g in the context of the effects of a net force on 

objects and systems.  
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and 

graphical representations. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of 

forces or components of forces. 
Learning Objective 3.B.1.1: The student is able to predict the motion of an object subject to forces exerted by several objects using an application of Newton’s second law in a variety of physical 

situations with acceleration in one dimension. 
Learning Objective 3.F.1.1: The student is able to use representations of the relationship between force and torque. 
Learning Objective 3.F.1.2: The student is able to compare the torques on an object caused by various forces. 
Learning Objective 3.F.1.3: The student is able to estimate the torque on an object caused by various forces in comparison to other situations. 
Learning Objective 3.F.1.4: The student is able to design an experiment and analyze data testing a question about torques in a balanced rigid system. 
Learning Objective 3.F.1.5: The student is able to calculate torques on a two-dimensional system in static equilibrium by examining a representation or model (such as a diagram or physical construction). 
Learning Objective 3.F.2.1: The student is able to make predictions about the change in the angular velocity about an axis for an object when forces exerted on the object cause a torque about that axis. 
Learning Objective 3.F.2.2: The student is able to plan data collection and analysis strategies designed to test the relationship between a torque exerted on an object and the change in angular velocity of 

that object about an axis. 
Learning Objective 3.F.3.1: The student is able to predict the behavior of rotational collision situations by the same processes that are used to analyze linear collision situations using an analogy between 

impulse and change of linear momentum and angular impulse and change of angular momentum. 
Learning Objective 3.F.3.2: In an unfamiliar context or using representations beyond equations, the student is able to justify the selection of a mathematical routine to solve for the change in angular 

momentum of an object caused by torques exerted on the object. 
Learning Objective 3.F.3.3: The student is able to plan data collection and analysis strategies designed to test the relationship between torques exerted on an object and the change in angular 

momentum of that object. 
Learning Objective 4.D.1.1: The student is able to describe a representation and use it to analyze a situation in which several forces exerted on a rotating system of rigidly connected objects change the 

angular velocity and angular momentum of the system. 
Learning Objective 4.D.1.2: The student is able to plan data collection strategies designed to establish that torque, angular velocity, angular acceleration, and angular momentum can be predicted 

accurately when the variables are treated as being clockwise or counterclockwise with respect to a well-defined axis of rotation, and refine the research question based on 
the examination of data. 

Learning Objective 4.D.2.1: The student is able to describe a model of a rotational system and use that model to analyze a situation in which angular momentum changes due to interaction with other 
objects or systems. 

Learning Objective 4.D.2.2: The student is able to plan a data collection and analysis strategy to determine the change in angular momentum of a system and relate it to interactions with other objects 
and systems. 

Learning Objective 4.D.3.1: The student is able to use appropriate mathematical routines to calculate values for initial or final angular momentum, or change in angular momentum of a system, or average 
torque or time during which the torque is exerted in analyzing a situation involving torque and angular momentum. 

Learning Objective 4.D.3.2: The student is able to plan a data collection strategy designed to test the relationship between the change in angular momentum of a system and the product of the average 
torque applied to the system and the time interval during which the torque is exerted. 

Learning Objective 5.E.1.1: The student is able to make qualitative predictions about the angular momentum of a system for a situation in which there is no net external torque. 
Learning Objective 5.E.1.2: The student is able to make calculations of quantities related to the angular momentum of a system when the net external torque on the system is zero. 
Learning Objective 5.E.2.1: The student is able to describe or calculate the angular momentum and rotational inertia of a system in terms of the locations and velocities of objects that make up the 

system. Students are expected to do qualitative reasoning with compound objects. Students are expected to do calculations with a fixed set of extended objects and point 
masses. 

Transfer Goal: 
Students will be able to independently use their learning to… 

● Determine the moment of inertia of an object that has a complicated interior. 
Students will understand that: 
● Linear motion and angular motion are very similar. 
● Each linear quantity studied has an angular counterpart. 
● Newton’s laws all still hold for rotation. 
● Conservation laws still hold for rotation. 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● What affect do I have on an object when I push or pull it? 
● Why do we have conservation laws if in reality our final values are never the same as our initial 

values? 
● How can an applied force cause one object to slide but the same force cause another to 

rotate? 
Students will know: 
● Angular kinematics 
● Torque 
● Moment of inertia 
● Angular kinetic energy 
● Angular momentum 
● Angular impulse 

Students will be able to: 
● Analyze angular displacement vs time and velocity vs time graphs. 
● Use the angular kinematic equations 
● Use Newton’s second law for rotation 
● Apply the conservation of energy including rotational energy 
● Analyze graphs of torque vs time to determine the change in angular momentum of a system 
● Apply the conservation of angular momentum 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given a golf ball, a tennis ball, a marble, and a motion sensor and asked to determine the moment of inertia of each object by rolling them down a ramp.  The tennis ball and the marble 
have given equations that can be used to determine their moment of inertia.  By calculating the moment of inertia of all three objects students can determine on their own if their value for the moment of 
inertia of the golf ball is reasonable or not and also make statements about whether their determined value will be higher or lower than the actual value based on those of the tennis ball and marble. 

 

  



 

Verona High School AP Physics 1 

Unit Title / Topic:  Waves Unit Duration:  13 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 3.A.1.1: The student is able to express the motion of an object using narrative, mathematical, and graphical representations. 
Learning Objective 3.A.1.2: The student is able to design an experimental investigation of the motion of an object. 
Learning Objective 3.A.1.3: The student is able to analyze experimental data describing the motion of an object and is able to express the results of the analysis using narrative, mathematical, and 

graphical representations.  
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of 

forces or components of forces. 
Learning Objective 3.B.3.1: The student is able to predict which properties determine the motion of a simple harmonic oscillator and what the dependence of the motion is on those properties. 
Learning Objective 3.B.3.2: The student is able to design a plan and collect data in order to ascertain the characteristics of the motion of a system undergoing oscillatory motion caused by a restoring 

force. 
Learning Objective 3.B.3.3: The student can analyze data to identify qualitative or quantitative relationships between given values and variables (i.e., force, displacement, acceleration, velocity, period of 

motion, frequency, spring constant, string length, mass) associated with objects in oscillatory motion to use that data to determine the value of an unknown. 
Learning Objective 3.B.3.4: The student is able to construct a qualitative and/or a quantitative explanation of oscillatory behavior given evidence of a restoring force. 
Learning Objective 6.A.1.1: The student is able to use a visual representation to construct an explanation of the distinction between transverse and longitudinal waves by focusing on the vibration that 

generates the wave. 
Learning Objective 6.A.1.2: The student is able to describe representations of transverse and longitudinal waves. 
Learning Objective 6.A.2.1: The student is able to describe sound in terms of transfer of energy and momentum in a medium and relate the concepts to everyday examples. 
Learning Objective 6.A.3.1: The student is able to use graphical representation of a periodic mechanical wave to determine the amplitude of the wave. 
Learning Objective 6.A.4.1: The student is able to explain and/or predict qualitatively how the energy carried by a sound wave relates to the amplitude of the wave, and/or apply this concept to a 

real-world example. 
Learning Objective 6.B.1.1: The student is able to use a graphical representation of a periodic mechanical wave (position vs. time) to determine the period and frequency of the wave and describe how a 

change in the frequency would modify features of the representation. 
Learning Objective 6.B.2.1: The student is able to use a visual representation of a periodic mechanical wave to determine wavelength of the wave. 
Learning Objective 6.B.4.1: The student is able to design an experiment to determine the relationship between periodic wave speed, wavelength, and frequency and relate these concepts to everyday 

examples. 
Learning Objective 6.B.5.1: The student is able to create or use a wave front diagram to demonstrate or interpret qualitatively the observed frequency of a wave, dependent upon relative motions of 

source and observer. 
Learning Objective 6.D.1.1: The student is able to use representations of individual pulses and construct representations to model the interaction of two wave pulses to analyze the superposition of two 

pulses. 
Learning Objective 6.D.1.2: The student is able to design a suitable experiment and analyze data illustrating the superposition of mechanical waves (only for wave pulses or standing waves). 
Learning Objective 6.D.1.3: The student is able to design a plan for collecting data to quantify the amplitude variations when two or more traveling waves or wave pulses interact in a given medium. 
Learning Objective 6.D.2.1: The student is able to analyze data or observations or evaluate evidence of the interaction of two or more traveling waves in one or two dimensions (i.e., circular wave fronts) 

to evaluate the variations in resultant amplitudes. 
Learning Objective 6.D.3.1: The student is able to refine a scientific question related to standing waves and design a detailed plan for the experiment that can be conducted to examine the phenomenon 

qualitatively or quantitatively. 
Learning Objective 6.D.3.2: The student is able to predict properties of standing waves that result from the addition of incident and reflected waves that are confined to a region and have nodes and 

antinodes. 
Learning Objective 6.D.3.3: The student is able to plan data collection strategies, predict the outcome based on the relationship under test, perform data analysis, evaluate evidence compared to the 

prediction, explain any discrepancy and, if necessary, revise the relationship among variables responsible for establishing standing waves on a string or in a column of air. 
Learning Objective 6.D.3.4: The student is able to describe representations and models of situations in which standing waves result from the addition of incident and reflected waves confined to a region. 
Learning Objective 6.D.4.1: The student is able to challenge with evidence the claim that the wavelengths of standing waves are determined by the frequency of the source regardless of the size of the 

region. 
Learning Objective 6.D.4.2: The student is able to calculate wavelengths and frequencies (if given wave speed) of standing waves based on boundary conditions and length of region within which the 

wave is confined, and calculate numerical values of wavelengths and frequencies. Examples should include musical instruments. 
Learning Objective 6.D.5.1: The student is able to use a visual representation to explain how waves of slightly different frequency give rise to the phenomenon of beats. 
Transfer Goal: 
Students will be able to independently use their learning to… 

● Students will determine the relationship between wave speed on a taught string and the tension of the string and the linear density of the string. 
Students will understand that: 
● Mechanical waves require a medium through which to transfer energy from one position to another. 
● Wave speed is dependent upon the density of the medium through which it travels. 
● Wave energy is dependent upon amplitude. 
● Waves interfere with each other. 
● Periodic oscillations have wave-like behavior 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● How do I hear sound if the objects making sound  are not in contact with my ears? 

Students will know: 
● Simple harmonic motion 
● Amplitude 
● Frequency 
● Wavelength 
● Period 
● Transverse vs longitudinal 
● Doppler Effect 
● Wave equation 
● Constructive and destructive wave interference 
● Pendulum oscillations 
● Mass-spring oscillations 
● String oscillations 
● Sound waves 
● Beats 
● Medium 

Students will be able to: 
● Predict the outcome of wave interference 
● Calculate the speed of a wave. 
● Calculate the frequency and period of a wave. 
● Calculate the energy in a wave 
● Determine amplitude, frequency, wavelength, and period of wave based upon a graph of 

displacement vs time. 
● Qualitatively discuss the doppler effect for sound based on wave diagrams 
● Calculate the beat frequency of two sound waves 
● Calculate standing waves on strings and open columns 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will create standing waves on a wave generator using strings of various tensions and linear densities.  Wavelength and frequency can be determined from the standing wave and from those 
quantities students will calculate the wave speed.  Students will determine the relationship between wave speed and tension and wave speed and linear density through graph linearization. 

 

 



 Verona High School AP Physics 1 

Unit Title / Topic:  Electricity and Circuits Unit Duration:  13 class periods 
Stage 1: Desired Results 

Established Goals: 
Learning Objective 1.A.5.1: The student is able to model verbally or visually the properties of a system based on its substructure and to relate this to changes in the system properties over time as 

external variables are changed. 
Learning Objective: 1.B.1.1: The student is able to make claims about natural phenomena based on conservation of electric charge. 
Learning Objective: 1.B.1.2: The student is able to make predictions, using the conservation of electric charge, about the sign and relative quantity of net charge of objects or systems after various 

charging processes, including conservation of charge in simple circuits. 
Learning Objective 1.B.2.1: The student is able to construct an explanation of the two-charge model of electric charge based on evidence produced through scientific practices. 
Learning Objective 1.B.3.1: The student is able to challenge the claim that an electric charge smaller than the elementary charge has been isolated. 
Learning Objective 1.E.2.1: The student is able to choose and justify the selection of data needed to determine resistivity for a given material. 
Learning Objective 2.B.2.1: The student is able to apply g=GM/r^2 to calculate the gravitational field due to an object with mass M, where the field is a vector directed toward the center of the object of 

mass M. 
Learning Objective 3.A.2.1: The student is able to represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude, direction, and units during the analysis of a situation. 
Learning Objective 3.A.3.1: The student is able to analyze a scenario and make claims (develop arguments, justify assertions) about the forces exerted on an object by other objects for different types of 

forces or components of forces. 
Learning Objective 3.A.3.3: The student is able to describe a force as an interaction between two objects and identify both objects for any force. 
Learning Objective 3.C.2.1: The student is able to use Coulomb’s law qualitatively and quantitatively to make predictions about the interaction between two electric point charges (interactions between 

collections of electric point charges are not covered in Physics 1 and instead are restricted to Physics 2). 
Learning Objective 3.C.2.2: The student is able to connect the concepts of gravitational force and electric force to compare similarities and differences between the forces. 
Learning Objective 3.C.4.1: The student is able to make claims about various contact forces between objects based on the microscopic cause of those forces. 
Learning Objective 3.C.4.2: The student is able to explain contact forces (tension, friction, normal, buoyant, spring) as arising from interatomic electric forces and that they therefore have certain 

directions. 
Learning Objective 3.G.1.1: The student is able to articulate situations when the gravitational force is the dominant force and when the electromagnetic, weak, and strong forces can be ignored. 
Learning Objective 5.A.2.1: The student is able to define open and closed/isolated systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to those 

situations. 
Learning Objective 5.B.9.1: The student is able to construct or interpret a graph of the energy changes within an electrical circuit with only a single battery and resistors in series and/or in, at most, one 

parallel branch as an application of the conservation of energy (Kirchhoff ’s loop rule). 
Learning Objective 5.B.9.2: The student is able to apply conservation of energy concepts to the design of an experiment that will demonstrate the validity of Kirchhoff ’s loop rule ( ) in a circuit with only a 

battery and resistors either in series or in, at most, one pair of parallel branches. 
Learning Objective 5.B.9.3: The student is able to apply conservation of energy (Kirchhoff ’s loop rule) in calculations involving the total electric potential difference for complete circuit loops with only a 

single battery and resistors in series and/or in, at most, one parallel branch. 
Learning Objective 5.C.3.1: The student is able to apply conservation of electric charge (Kirchhoff ’s junction rule) to the comparison of electric current in various segments of an electrical circuit with a 

single battery and resistors in series and in, at most, one parallel branch and predict how those values would change if configurations of the circuit are changed. 
Learning Objective 5.C.3.2: The student is able to design an investigation of an electrical circuit with one or more resistors in which evidence of conservation of electric charge can be collected and 

analyzed. 
Learning Objective 5.C.3.3: The student is able to use a description or schematic diagram of an electrical circuit to calculate unknown values of current in various segments or branches of the circuit. 
Transfer Goal: 
Students will be able to independently use their learning to… 

● Build complex circuits based consisting of resistors in series and parallel and use equipment to make precise measurements of voltage and current across all resistors. 
Students will understand that: 
● Conservation laws appear all over physics. 
● Electricity is due to the flow of electrons. 
● Non-contact forces are mediated by fields. 
● All contact forces are electromagnetic in nature 
● The amount of electrical current that passes through a circuit is different depending on how the 

circuit is wired. 
● Sparking occurs when there is a large potential difference that causes electrons to jump from one 

surface to another. 

Essential Questions: 
● Can I predict the future based upon what I know right now? 
● How do objects become charged if macroscopic items are electrically neutral? 

Students will know: 
● Coulomb’s law 
● Electric fields 
● Ohm’s law 
● Electrical resistance 
● Electrical power 
● Kirchhoff's circuit laws 
● Series vs parallel resistors 

Students will be able to: 
● Compare the magnitude of the electric force to the gravitational force. 
● Compare the magnitude of the electric field to the gravitational field. 
● Calculate the potential difference across a resistor in an electrical circuit using Ohm’s law 
● Use laboratory equipment to record the potential difference across a resistor. 
● Calculate the electric current through a resistor using Ohm’s law. 
● Use laboratory equipment to calculate the electric current flowing through a resistor. 
● Mathematically reduce multiple-resistor circuits into single-resistor circuits. 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given a set of materials and a written description of a circuit.  The students are to wire the circuit as described and need to record the potential difference and current through each resistor. 
After submitting their experimental measurements they are to mathematically determine the values. 

 


