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I. Description 

 

AP Physics 1: Algebra Based is a course designed to be an equivalent to a college level 

introductory physics course.  The framework for this course is designated by the College 

Board, and students who earn a qualifying score on the end of year AP examination may 

be eligible to earn college credit for this course.  The course is academically challenging, 

and enrolled students must be very strong in mathematical and visual-spatial reasoning.  

Students are expected to be fluent in mathematics including honors level Geometry, 

Algebra 1, and Algebra 2.  It is highly recommended that students enrolled in AP Physics 

1 be concurrently enrolled in Pre-calculus.  Lab activities are an integral part of the 

course.  They, too, are scholastically demanding and require the student to have a serious 

commitment toward the work.  Summer assignments are required.  The interpretation of 

data requires a level of thought and understanding not generally found in high school 

students. 

 

A challenging course, AP Physics 1 covers in detail introductory topics in Newtonian 

mechanics, including kinematics, dynamics, rotational motion and universal law of 

gravitation, simple harmonic motion and mechanical waves, momentum, work and 

energy, and some basic electricity, including electrostatic forces and DC circuitry.  

 

II. Objectives 

 A. Science Standards 

5.1  Science Practices: All students will understand that science is both a body of 

knowledge and an evidence-based, model-building enterprise that continually 

extends, refines, and revises knowledge.  The four Science Practices strands 

encompass the knowledge and reasoning skills that students must acquire to be 

proficient in science. 

5.2  Physical Science: All students will understand that physical science principles, 

including fundamental ideas about matter, energy, and motion, are powerful 

conceptual tools for making sense of phenomena in physical, living, and Earth 

systems science. 

5.4 All students will understand that Earth operates as a set of complex, dynamic, and 

interconnected systems, and is a part of the all-encompassing system of the 

universe. 

 

III. Core Curriculum Content Standards Workplace 

1. All students will develop career planning and workplace readiness skills. 

2.  All students will use information, technology, and other tools. 

3.  All students will use critical thinking, decision-making, and problem solving 

skills. 

4.  All students will demonstrate self-management skills. 

5. All students will apply safety principles. 

 

IV. Standard 9.1 (Career and Technical Education) 



All students will develop career awareness and planning, employment skills, and 

foundational knowledge necessary for success in the workplace. 

Strands and Cumulative progress Indicators 

 

Building knowledge and skills gained in preceding grades, by the end of Grade 12, 

students will: 

 

A. Career Awareness Preparation 

1.   Re-evaluate personal interests, ability and skills through various measures 

including self-assessments. 

2.   Evaluate academic and career skills needed in various career clusters. 

3. Analyze factors that can impact on individual’s career. 

4. Review and update their career plan and include plan in portfolio. 

5. Research current advances in technology that apply to a sector 

occupational career cluster. 

 

 B. Employment Skills 

1. Assess personal qualities that are needed to obtain and retain a job related 

to career clusters. 

2. Communicate and comprehend written and verbal thoughts, ideas, 

directions and information relative to educational and occupational 

settings. 

3. Select and utilize appropriate technology in the design and implementation 

of teacher-approved projects relevant to occupational and/or higher 

educational settings. 

4. Evaluate the following academic and career skills as they relate to home, 

school, community, and employment. 

 Communication 

 Punctuality 

 Time management 

 Organization 

 Decision making 

 Goal Setting 

 Resources allocation 

 Fair and equitable competition 

 Safety 

 Employment application 

 Teamwork 

5. Demonstrate teamwork and leadership skills that include student 

participation in real world applications of career and technical educational 

skills. 

 

 All students electing further study in career and technical education will 

also: participate in a structural learning experience that demonstrates 

interpersonal communication, teamwork and leadership skills. 

 



 

 

Unit 1 Overview 
Content Area:                          Science 

Unit Title:                                 Kinematics 

Target Course/Grade Level:  Advanced Placement Physics 1: Algebra-Based 

Unit Summary:  Kinematics is the study of motion.  In the study of kinematics, students develop critical 

and abstract thinking skills that follow throughout the study of physics.  Students will practice utilizing 

multiple representations of a process, using multiple formulas, graphing, and diagrams.  The kinematics 

unit pushes students to use abstract thinking, making informed decisions about when and how to simplify 

complex phenomena. 

Primary interdisciplinary connections: 

 Experimental data gathering, analysis and graphing using digital tools and computer software 

programs.  

 Computer-based lab simulations and modeling of key scientific principles, laws and theories. 

 Mathematical formulations and relationships to analyze data and draw conclusions. 

21st century themes:  Scientific investigations and technological developments on new materials, devices 

and processes used in various areas of society such as, consumer products, health care, communications, 

agriculture and industry, transport and entertainment. 

Unit Rationale:  Kinematics is foundational physics, which introduces students to high order critical 

thinking and abstraction.  Kinematics reinforces students’ graphical analysis ability and strengthens their 

relationship with technology used for analytical purposes. 

Learning Targets 
Standards 

HS-PS2-1:  Analyze data to support the claim that Newton’s second aw of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration. 

Content Statements 

 Mathematical, physical, and computational tools are used to search for and explain core scientific 

concepts and principles. 

 Interpretation and manipulation of evidence-based models are used to build and critique 

arguments/explanations. 

 Revisions of predictions and explanations are based on systematic observations, accurate 

measurements, and structured data/evidence. 

 Mathematical tools and technology are used to gather, analyze, and communicate results. 

 Empirical evidence is used to construct and defend arguments. 

 Scientific reasoning is used to evaluate and interpret data patterns and scientific conclusions. 

 Refinement of understandings, explanations, and models occurs as new evidence is incorporated. 

 Data and refined models are used to revise predictions and explanations. 

 Science is a practice in which an established body of knowledge is continually revised, refined, and 

extended as new evidence emerges. 

 Science involves practicing productive social interactions with peers, such as partner talk, whole-

group discussions, and small-group work. 

 Science involves using language, both oral and written, as a tool for making thinking public. 

 Ensure that instruments and specimens are properly cared for and that animals, when used, are treated 

humanely, responsibly, and ethically. 

Next Generation Science Standards 

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based 

on the patterns of electrons in the outermost energy level of atoms.  

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 



based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 

substances at the bulk scale to infer the strength of electrical forces between particles.  

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical 

reaction system depends upon the changes in total bond energy.  

HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of 

changing the temperature or concentration of the reacting particles on the rate at which a reaction 

occurs.  

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that 

would produce increased amounts of products at equilibrium.  

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, 

are conserved during a chemical reaction.  

HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom 

and the energy released during the processes of fission, fusion, and radioactive decay.  

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its 

acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system.  

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision 

 HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between objects.  

HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can 

produce a magnetic field and that a changing magnetic field can produce an electric current.  

HS-PS2-6. Communicate scientific and technical information about why the molecular-level 

structure is important in the functioning of designed materials. 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component 

in a system when the change in energy of the other component(s) and energy flows in and out of 

the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles (objects) and 

energy associated with the relative position of particles (objects).  

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one 

form of energy into another form of energy. 

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal 

energy when two components of different temperature are combined within a closed system 

results in a more uniform energy distribution among the components in the system (second law of 

thermodynamics).  

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields 

to illustrate the forces between objects and the changes in energy of the objects due to the 

interaction. 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships among 

the frequency, wavelength, and speed of waves traveling in various media.  

HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of 



information.  

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic 

radiation can be described either by a wave model or a particle model, and that for some 

situations one model is more useful than the other.  

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that 

different frequencies of electromagnetic radiation have when absorbed by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and capture 

information and energy. 

 

Unit Essential Questions 

 Can a vector have a component equal to zero and still have 

a nonzero magnitude? 

 How would you add two vectors that are not perpendicular 

or parallel? 

 A bullet is fired horizontally from a pistol and another bullet 

is dropped simultaneously from the same height.  

Neglecting air resistance, which bullet hits the ground first? 

Unit Enduring Understandings 

 Big Idea 1: Objects and systems have 

properties such as mass and charge.  

Systems may have internal structure. 

 Big Idea 3: The interactions of an 

object with other objects can be 

described by forces. 

 Big Idea 4: Interactions between 

systems can result in changes in those 

systems. 

Unit Learning Targets 
Students will ... 

 Graph displacement versus time data, velocity versus time, and and acceleration versus time graphs.  

(EU 3.A, 4.A) (SP 2, 5)  

 Describe the motion of a rolling cart or qualitatively, graphically, and then mathematically.  (EU 3.A, 

4.A) (SP 2, 3, 4, 5)  

 Use computer-based modeling to determine the value of the acceleration of gravity, and describe if and 

why it may vary for different falling objects.  (EU 3.A, 4.A) (SP 2, 5)  

 Describe everyday movement around town in terms of distance, displacement, speed, velocity, and 

acceleration.  

 Fire a projectile at different angles while experimentally determining height and range.  Student will use 

data about the launch velocity to predict the range of a projectile fired at an untested angle.  (EU 3.A, 

4.A) (SP 2, 4, 5)  

Evidence of Learning 

Summative Assessment (30 days): 
 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

 

Equipment needed:  

Lab materials (rolling carts, SPARK tablets with motion sensors and photogates, projectile launchers with 

time-of-flight accessory. 

 

Teacher Resources:  

Textbook and section review, study guide materials. 

 

Formative/Benchmark Assessments: 

 Questions and answers during lectures 



 Textbook-based review and reinforcement questions  

 Worksheets for in-class and at-home work 

 

Lesson Plans 

Lesson Timeframe 
Lesson 1 

AP Physics 1 Lab #1:  

Representing one-dimensional motion 

 

2 weeks 

Lesson 2 

AP Physics 1 Lab #2:  

Acceleration due to gravity 

 

1 lab period 

Lesson 3 

AP Physics 1 Lab #3:  

What is a vector? 

 

1 lab period 

Lesson 4 

AP Physics 1 Lab #4:  

Projectile Motion 

 

2 lab periods 

Teacher Notes:  
 Make sure laptops are available for PhET simulations 

 

Curriculum Development Resources: 

 http://advancesinap.collegeboard.org/math-and-science/physics 

 http://phet.colorado.edu  

 http://www.physicsclassroom.com 

 http://www.prettygoodphysics.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Unit 2 Overview 
Content Area:                          Science 

Unit Title:                                 Dynamics 

Target Course/Grade Level:  Advanced Placement Physics 2: Algebra-Based 

Unit Summary:  Dynamics is the study of forces and interactions between objects.  Newton’s Laws of 

Motion are explored in detail, as students become familiar with the concept of systems, and the choices 

involved in defining a system.  In addition to constructing force diagrams on a single object of interest, 

students will practice analyzing the interactions between multiple objects, as in a stack of books, or 

Atwood’s Machine.   

http://www.prettygoodphysics.com/


Primary interdisciplinary connections: 

 Experimental data gathering, analysis and graphing using digital tools and computer software 

programs.  

 Computer-based lab simulations and modeling of key scientific principles, laws and theories. 

 Mathematical formulations and relationships to analyze data and draw conclusions. 

21st century themes:  Scientific investigations and technological developments on new materials, devices 

and processes used in various areas of society such as, consumer products, health care, communications, 

agriculture and industry, transport and entertainment. 

Unit Rationale:  The study of dynamics is central to all key concepts in physics.  From basic motion to 

fluid dynamics to topics in modern physics, understanding what forces are and how they influence 

particles and objects is fundamental. 

Learning Targets 
Standards 

HS-PS-1:  Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration. 

HS-PS2-2: Use mathematical representations to support the claim that the total momentum of a system of 

objects is conserved when there is no net force on the system. 

HS-PS2-3: Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes 

the force on a macroscopic object during a collision.  

Content Statements 

 Mathematical, physical, and computational tools are used to search for and explain core scientific 

concepts and principles. 

 Interpretation and manipulation of evidence-based models are used to build and critique 

arguments/explanations. 

 Revisions of predictions and explanations are based on systematic observations, accurate 

measurements, and structured data/evidence. 

 Mathematical tools and technology are used to gather, analyze, and communicate results. 

 Empirical evidence is used to construct and defend arguments. 

 Scientific reasoning is used to evaluate and interpret data patterns and scientific conclusions. 

 Refinement of understandings, explanations, and models occurs as new evidence is incorporated. 

 Data and refined models are used to revise predictions and explanations. 

 Science is a practice in which an established body of knowledge is continually revised, refined, and 

extended as new evidence emerges. 

 Science involves practicing productive social interactions with peers, such as partner talk, whole-

group discussions, and small-group work. 

 Science involves using language, both oral and written, as a tool for making thinking public. 

 Ensure that instruments and specimens are properly cared for and that animals, when used, are treated 

humanely, responsibly, and ethically. 

 

Next Generation Science Standards 

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based 

on the patterns of electrons in the outermost energy level of atoms.  

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 

based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 

substances at the bulk scale to infer the strength of electrical forces between particles.  

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical 



reaction system depends upon the changes in total bond energy.  

HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of 

changing the temperature or concentration of the reacting particles on the rate at which a reaction 

occurs.  

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that 

would produce increased amounts of products at equilibrium.  

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, 

are conserved during a chemical reaction.  

HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom 

and the energy released during the processes of fission, fusion, and radioactive decay.  

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its 

acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system.  

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision 

 HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between objects.  

HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can 

produce a magnetic field and that a changing magnetic field can produce an electric current.  

HS-PS2-6. Communicate scientific and technical information about why the molecular-level 

structure is important in the functioning of designed materials. 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component 

in a system when the change in energy of the other component(s) and energy flows in and out of 

the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles (objects) and 

energy associated with the relative position of particles (objects).  

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one 

form of energy into another form of energy. 

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal 

energy when two components of different temperature are combined within a closed system 

results in a more uniform energy distribution among the components in the system (second law of 

thermodynamics).  

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields 

to illustrate the forces between objects and the changes in energy of the objects due to the 

interaction. 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships among 

the frequency, wavelength, and speed of waves traveling in various media.  

HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of 

information.  

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic 

radiation can be described either by a wave model or a particle model, and that for some 

situations one model is more useful than the other.  

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that 



different frequencies of electromagnetic radiation have when absorbed by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and capture 

information and energy. 

 

Unit Essential Questions 

 If an object is at rest, can we conclude that no external 

forces are acting on it? 

 What physical quantity is a measure of the amount of 

inertia an object has? 

 Why does a rope climber pull downward on the rope in 

order to move upward? 

Unit Enduring Understandings 

 Big Idea 1: Objects and systems have 

properties such as mass and charge.  

Systems may have internal structure. 

 Big Idea 2: Fields existing in space can 

be used to explain interactions 

 Big Idea 3: The interactions of an object 

with other objects can be described by 

forces. 

 Big Idea 4: Interactions between systems 

can result in changes in those systems. 

Unit Learning Targets 
Students will ... 

 Define inertia and its relationship to mass.  Explain how Newton’s second law gives a clear description 

of inertial mass.  (EU 3.A)  

 Describe the requirements for an object to experience a force.  Explain why there must be an action-

reaction pair, and explain why objects cannot place a force on themselves.  Share your explanation with 

a partner.  (EU 3.A) (SP 6)  

 [Connecting Across Enduring Understandings] – Given pictures of common objects in real world 

settings, students will identify one object and one system.  For each object/system, identify the forces 

acting on the object and system, identify the action-reaction pair, construct a free-body diagram, and 

predict the motion of the object and the system.  Share the results with another student and critique each 

other.  (LO 1.A.5.1, 3.A.4.3, 3.B.1.1) (SP 1, 6, 7) [CR3] [CR7]  

 Given a variety of scenarios, students will construct a free body diagram, assess the type of motion 

experienced by the object, determine the magnitude and direction of the sum of the force vectors, and 

determine the objects acceleration.  (EU 3.B, 4.A)  

 Statics Lab: Using masses, strings, and spring scales, students will suspend the masses in several 

configurations while recording the tension in each string.  The results will also be compared to free-body 

diagrams of each suspended mass.  (EU 3.A, 3.B) (SP 1, 2, 5, 7)  

 Groups will be given diagrams consisting of compound bodies in various configurations.  Identify 

objects/systems and prepare free-body diagram.  (LO 1.A.5.1, 3.A.4.3) (SP 1)  

 Atwood’s Machine. Determine the acceleration of gravity using two masses, a string, a pulley, a meter 

stick, and a timer.  (EU 1.A, 1.C, 3.A, 3.B) (SP 2, 4, 5) [CR6b]  

 Lab 7: [Guided-Inquiry] Given a ramp, a pulley, a string, unequal masses, a meter stick, a timer, and 

digital force sensor, design a series of experiments to determine the coefficients of static and kinetic 

friction.  In addition, determine the acceleration of the object when forces are unbalanced.  (EU 1.A, 1.C, 

3.A, 3.B) (SP 1, 2, 3, 4, 5, 6, 7) [CR6b]  

Evidence of Learning 

Summative Assessment (30 days) 
 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 
Equipment needed:  Lab materials and measuring instruments  

Teacher Resources:  Textbook and section review, study guide materials. 



 

 

Unit 3 Overview 
Content Area:                          Science 

Unit Title:                                 Conservation Laws: Energy and Momentum 

Target Course/Grade Level:  Advanced Placement Physics 1: Algebra-Based 

Unit Summary:  The study of energy introduces students to a big idea in physics, namely that interactions 

of objects are governed by conservation laws.  Students refine their thinking of interactions that are 

internal or external to a system, and that certain quantities, such as energy, can be manifest in many 

different forms.  This unit provides great opportunities to study contemporary societal issues, namely the 

energy crisis facing an increasingly technology-dependent world.  Students should gain a broader 

knowledge of the limitations to converting energy for human consumption, and a deeper appreciation for 

the engineering challenges currently being faced. 

 

Momentum is the other conserved quantity of importance.  The study of conservation of momentum helps 

students to model conservation of vector quantities, and to examine what happens as objects collide.  

Momentum, like energy, also has tremendous importance to modern physics. 

Primary interdisciplinary connections: 

 Experimental data gathering, analysis and graphing using digital tools and computer software 

programs.  

 Computer-based lab simulations and modeling of key scientific principles, laws and theories. 

 Mathematical formulations and relationships to analyze data and draw conclusions. 

21st century themes:  Scientific investigations and technological developments on new materials, devices 

and processes used in various areas of society such as, consumer products, health care, communications, 

Formative/Benchmark Assessments 

 Questions and answers during lectures 

 Textbook-based review and reinforcement questions  

 Worksheets for in-class and at-home work 

Lesson Plans 

Lesson Timeframe 
Lesson 1 

AP Physics 1 Lab #5:  

Acceleration of a cart rolling down a ramp 

 

1 lab periods 

Lesson 2 

AP Physics 1 Lab #6:  

Force Table – Forces in 2 dimensions 

 

2 lab periods 

Lesson 3 

Physics 1 Lab #7:  

Statics Lab 

 

1 lab period 

Lesson 3 

Physics 1 Lab #8:  

Atwood’s Machine 

 

2 lab periods 

Teacher Notes:  
Make sure there are enough springs for statics lab 

Curriculum Development Resources: 

 http://advancesinap.collegeboard.org/math-and-science/physics 

 http://phet.colorado.edu  

 http://www.physicsclassroom.com 

 http://www.prettygoodphysics.com 



agriculture and industry, transport and entertainment. 

Unit Rationale:  Energy is a cornerstone of physics, and this unit also provides a meaningful glimpse into 

modern physics, where energy holds more permanence than mass, and is the key to defining all 

phenomena.  Momentum has similarly important applications in modern physics.  The study of both 

reinforces the importance of conservation, and provides students with layers of representations of 

examining movement and changes in systems. 

Learning Targets 
Standards 

HS-PS3-1:  Create a computational model to calculate the change in the energy of one component in a 

system when the change in energy of the other component(s) and energy flows in and out of the system are 

known. 

HS-PS3-2: Develop and use models to illustrate that energy at the macroscopic scale can be accounted 

for as a combination of energy associated with the motions of particles (objects) and energy associated 

with the relative positions of particles (objects). 

HS-PS3-3: Design, build, and refine a device that works within given constraints to convert one form of 

energy into another form of energy. 

Content Statements 

 Mathematical, physical, and computational tools are used to search for and explain core scientific 

concepts and principles. 

 Interpretation and manipulation of evidence-based models are used to build and critique 

arguments/explanations. 

 Revisions of predictions and explanations are based on systematic observations, accurate 

measurements, and structured data/evidence. 

 Mathematical tools and technology are used to gather, analyze, and communicate results. 

 Empirical evidence is used to construct and defend arguments. 

 Scientific reasoning is used to evaluate and interpret data patterns and scientific conclusions. 

 Refinement of understandings, explanations, and models occurs as new evidence is incorporated. 

 Data and refined models are used to revise predictions and explanations. 

 Science is a practice in which an established body of knowledge is continually revised, refined, and 

extended as new evidence emerges. 

 Science involves practicing productive social interactions with peers, such as partner talk, whole-

group discussions, and small-group work. 

 Science involves using language, both oral and written, as a tool for making thinking public. 

Next Generation Science Standards 

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based 

on the patterns of electrons in the outermost energy level of atoms.  

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 

based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 

substances at the bulk scale to infer the strength of electrical forces between particles.  

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical 

reaction system depends upon the changes in total bond energy.  

HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of 

changing the temperature or concentration of the reacting particles on the rate at which a reaction 

occurs.  

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that 

would produce increased amounts of products at equilibrium.  



HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, 

are conserved during a chemical reaction.  

HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom 

and the energy released during the processes of fission, fusion, and radioactive decay.  

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its 

acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system.  

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision 

 HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between objects.  

HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can 

produce a magnetic field and that a changing magnetic field can produce an electric current.  

HS-PS2-6. Communicate scientific and technical information about why the molecular-level 

structure is important in the functioning of designed materials. 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component 

in a system when the change in energy of the other component(s) and energy flows in and out of 

the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles (objects) and 

energy associated with the relative position of particles (objects).  

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one 

form of energy into another form of energy. 

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal 

energy when two components of different temperature are combined within a closed system 

results in a more uniform energy distribution among the components in the system (second law of 

thermodynamics).  

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields 

to illustrate the forces between objects and the changes in energy of the objects due to the 

interaction. 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships among 

the frequency, wavelength, and speed of waves traveling in various media.  

HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of 

information.  

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic 

radiation can be described either by a wave model or a particle model, and that for some 

situations one model is more useful than the other.  

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that 

different frequencies of electromagnetic radiation have when absorbed by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and capture 

information and energy. 

 

Unit Essential Questions Unit Enduring Understandings 



 A person drops a ball from the top of a building while 

another person on the ground observes the ball’s motion.  

Will these two people always agree on the following:  the 

ball’s potential energy, the ball’s change in potential energy, 

the ball’s kinetic energy? 

 What energy transformations occur during a pole-vault 

event? 

 What is the production and dissipation of mechanical 

energy as an athlete does the following:  lifts a weight, 

holds the weight up in a fixed position, and then lowers the 

weight slowly? 

 Big Idea 1: Objects and systems have 

properties such as mass and charge.  

Systems may have internal structure. 

 Big Idea 2: Fields existing in space can 

be used to explain interactions. 

 Big Idea 3: The interactions of an 

object with other objects can be 

described by forces. 

 Big Idea 4: Interactions between 

systems can result in changes in those 

systems. 

 Big Idea 5: Changes that occur as a 

result of interactions are constrained by 

conservation laws. 
 

Unit Learning Targets: 

Students will ... 

 Create an energy model to visualize the relationships between energies within a system.  The conditions 

for both an open and closed system will be established, and examples of each will be discussed.  Given 

specific examples, students will use the model to suggest the source of a change in energy and the 

resulting effect on both the system and the environment.  (4.C, 5.A, 5.B) (SP 1, 2)  

 Explain the different types of energy within a system, including gravitational potential, kinetic, elastic 

potential, and internal energies.  Students will qualitatively and quantitatively determine changes to 

these energies as a result of changes within the system.  (EU 4.C, 5.B) (SP 1, 2, 6)  

 Describe previously learned forces as either conservative or non-conservative.  (EU 5.B) (SP 1)  

 Demonstrate how work is done by applying forces to an object at different angles.  Students will make 

predictions regarding the resulting motion.  Students will use their observations to determine how a force 

must be applied to change the internal energy of a system.  (EU 4.C, 5.B) (SP 1)  

 Use conservation of energy to determine key data about the state of energy at various positions for a 

moving object or changing system.  (EU 5.A, 5.B) (SP 2)  

 Research sources of energy (solar, fossil fuels, wind, geothermal, hydroelectric, etc.) and the cost-benefit 

of each.  Student teams present findings to the class and argue the merits of their assigned energy source. 

[CR4] [CR8]  

 Determine the change in momentum of various objects given their mass and initial velocity along with 

either: the objects resulting velocity; the force acting to change momentum and the time during which it 

acts; or graphical representation of force and time.  (EU 3.D, 4.B) (SP 2, 5, 6)  

 Design a plan to collect and organize data in order to determine the relationship between changes in 

momentum and average force in real world scenarios, such as car safety. 

 Articulate the difference between open and closed systems and their affect on conserved quantities.  (EU 

5.A) (SP 6, 7)  

 Classify different collisions as elastic, inelastic, or perfectly elastic.  Students must predict the resulting 

motion of colliding objects, and verify their predictions using the appropriate conservation of 

momentum calculations.  

Evidence of Learning 

Summative Assessment (30 days): 
 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

Equipment needed:   



Lab materials and measuring instruments  

Teacher Resources:   

Textbook and section review, study guide materials. 

Formative/Benchmark Assessments 

 Questions and answers during lectures 

 Textbook-based review and reinforcement questions  

 Worksheets for in-class and at-home work 

 

 

Lesson Plans 

Lesson Timeframe 
Lesson 1 

AP Physics 1 Lab #8:  

Transference of Energy 

 

2 lab periods 

Lesson 2 

AP Physics 1 Lab #9:  

Elastic Potential Energy in Rubber Frog 

“Poppers” 

1 lab period 

 

 

 

Lesson 3 

AP Physics 1 Lab #10:  

PhET Collision Lab 

 

2 lab periods 

 

Lesson 4 

AP Physics 1 Lab #11:  

Impulse on an Egg – Video Analysis Lab 

1 lab period 

 

Teacher Notes:  

 Ensure access to laptops or computers for digital labs 

 Ensure egg-throwing video is on share drive 

 

Curriculum Development Resources: 

 http://advancesinap.collegeboard.org/math-and-science/physics 

 http://phet.colorado.edu 

 http://www.physicsclassroom.com 

 http://www.prettygoodphysics.com 

 

 

http://www.prettygoodphysics.com/


 

Unit 4 Overview 
Content Area:                          Science 

Unit Title:                                 Rotational Motion and Universal Gravitation 

Target Course/Grade Level:  Advanced Placement Physics 1: Algebra-Based 

Unit Summary:  The study of rotational motion allows such familiar concepts as kinematics and forces, 

but relies heavily on analogous relationships to describe this different kind of motion.  Students will 

incorporate the measure of angles in radians to relate linear and angular quantities, examine torque, and 

reconcile their notion of linear inertia with rotational inertia by examining centripetal and centrifugal 

forces. 

Primary interdisciplinary connections: 

 Experimental data gathering, analysis and graphing using digital tools and computer software 

programs.  

 Computer-based lab simulations and modeling of key scientific principles, laws and theories. 

 Mathematical formulations and relationships to analyze data and draw conclusions. 

21st century themes:   

Scientific investigations and technological developments on new materials, devices and processes used in 

various areas of society such as, consumer products, health care, communications, agriculture and 

industry, transport and entertainment. 

Unit Rationale:   

Rotational motion is useful for understanding the motion of car engines, compact disc players, cars 

moving around a turn, and bodies in our solar system.  Studying gravity gives students insight into the 

minds of early physicists, who linked terrestrial observations with celestial ones. 

Learning Targets 
Standards 

HS-PS2-1: Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration. 

HS-PS2-4: Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to 

describe and predict the gravitational and electrostatic forces between objects. 

Content Statements 

 Mathematical, physical, and computational tools are used to search for and explain core scientific 

concepts and principles. 

 Interpretation and manipulation of evidence-based models are used to build and critique 

arguments/explanations. 

 Revisions of predictions and explanations are based on systematic observations, accurate 

measurements, and structured data/evidence. 

 Mathematical tools and technology are used to gather, analyze, and communicate results. 

 Empirical evidence is used to construct and defend arguments. 

 Scientific reasoning is used to evaluate and interpret data patterns and scientific conclusions. 

 Refinement of understandings, explanations, and models occurs as new evidence is incorporated. 

 Data and refined models are used to revise predictions and explanations. 

 Science is a practice in which an established body of knowledge is continually revised, refined, and 

extended as new evidence emerges. 

 Science involves practicing productive social interactions with peers, such as partner talk, whole-

group discussions, and small-group work. 

 Science involves using language, both oral and written, as a tool for making thinking public. 

 Some forces act by touching, while other forces can act without touching. 

 Magnetic, electrical, and gravitational forces can act at a distance. 

 



Next Generation Science Standards 

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based 

on the patterns of electrons in the outermost energy level of atoms.  

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 

based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 

substances at the bulk scale to infer the strength of electrical forces between particles.  

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical 

reaction system depends upon the changes in total bond energy.  

HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of 

changing the temperature or concentration of the reacting particles on the rate at which a reaction 

occurs.  

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that 

would produce increased amounts of products at equilibrium.  

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, 

are conserved during a chemical reaction.  

HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom 

and the energy released during the processes of fission, fusion, and radioactive decay.  

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its 

acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system.  

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision 

 HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between objects.  

HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can 

produce a magnetic field and that a changing magnetic field can produce an electric current.  

HS-PS2-6. Communicate scientific and technical information about why the molecular-level 

structure is important in the functioning of designed materials. 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component 

in a system when the change in energy of the other component(s) and energy flows in and out of 

the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles (objects) and 

energy associated with the relative position of particles (objects).  

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one 

form of energy into another form of energy. 

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal 

energy when two components of different temperature are combined within a closed system 

results in a more uniform energy distribution among the components in the system (second law of 

thermodynamics).  

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields 

to illustrate the forces between objects and the changes in energy of the objects due to the 



interaction. 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships among 

the frequency, wavelength, and speed of waves traveling in various media.  

HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of 

information.  

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic 

radiation can be described either by a wave model or a particle model, and that for some 

situations one model is more useful than the other.  

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that 

different frequencies of electromagnetic radiation have when absorbed by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and capture 

information and energy. 
 

Unit Essential Questions 

 What are the differences between linear 

speed and angular speed? 

 When a wheel rotates about a fixed axis, 

do all points on the wheel have the same 

angular speed?  Do they all have the same 

linear speed? 

 An object moves in a circular path with 

constant speed, .  Is the object’s velocity 

constant?  Explain. Is the object’s 

acceleration constant?  Explain. 

 Explain why the following statement is 

wrong:  “There is no gravity in outer 

space.” 

Unit Enduring Understandings 

 Big Idea 1: Objects and systems have properties 

such as mass and charge.  Systems may have internal 

structure. 

 Big Idea 3: The interactions of an object with other 

objects can be described by forces. 

 Big Idea 4: Interactions between systems can result 

in changes in those systems. 

 Big Idea 5: Changes that occur as a result of 

interactions are constrained by conservation laws. 
 

 

Unit Learning Targets 
Students will ... 

 Locate the center of mass of given objects, and state its relationship to the linear and rotational motion of 

a freely moving object.  (EU 4.A) (SP 5)  

 Compare the effect on the center of mass due to forces acting within a system to forces acting on the 

system.  In addition, students must recognize that if no external forces act, the system will move at 

constant velocity.  (EU 4.A, 5.D) (SP 1, 2, 6)  

 Describe how a rotating system can be visualized as a collection of objects in circular motion.  (EU 1.A) 

(SP 1)  

 Compare rotational and linear quantities and solve rotational kinematic problems using previously 

learned techniques.  (EU 4.D) (SP 2, 7)  

 Identify the components of force creating torque on a rotating body, characterize each torque as positive 

or negative, determine the net torque, and determine the resulting motion of the system.  (EU 3.F) (SP 1) 

[CR7]  

 Lab 12:  Given an apparatus that rotates horizontally due to the vertical motion of a mass draped over a 

pulley, students will collect a variety of data to determine the moment of inertia of the rotating system, 

the net torque acting on the system, the angular and linear acceleration, the final velocity of the system, 

the work done during the motion.  Students will also use conservation of energy to determine the final 

velocity and compare this to the value obtained using torque and kinematics.  (EU 3.F, 4.D, 5.B) (SP 4, 

5)  

 Given a rotating system, students will determine angular momentum using both linear and rotational 



variables.  Students will make predictions and compare how interactions with external objects or 

changes within the system can influence angular momentum.  (EU 4.D, 5.E) (SP 1, 2, 3, 7)  

 Lab 13: [Guided-Inquiry] Using a pulley and a rotating platform, students will design a lab involving a 

rotating system where a net torque results in angular acceleration.  Students will also make changes to 

the system’s configuration to explore the effect on angular momentum.  Students will compare the 

change in angular momentum to the change in average torque multiplied by time.  (EU 3.F, 4.D, 5.E) 

(SP 1, 2, 4, 5) 

 Discuss gravity as a fundamental force, how it is represented as gravity field, and the relationship 

between the gravitational field and gravitational force.  (EU 2.A, 2.B, 3.G)  

 Compare and contrast inertial mass and gravitational mass.  (EU 1.C)  

 Diagram and compare the uniform gravitational field near Earth’s surface with the radial field 

surrounding Earth.  Determine the magnitude and direction of the gravity field and the gravitational 

force acting on a smaller mass inserted into the field. Investigate the effect of moving objects in each 

field.  (EU 1.A, 1.C, 2.A, 2.B, 3.A, 3.B, 3.C) (SP 1, 2, 6, 7)  

 Use the inverse square law to predict the magnitude of the gravity field at a specific location in space. 

(EU 2.B)  

 Compare elliptical and circular orbits, listing Kepler’s Laws, using conservation of angular momentum.    

Evidence of Learning 

Summative Assessment (30 days): 
 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 
Equipment needed:   

Lab materials and measuring instruments  

 

Teacher Resources:   

Textbook and section review, study guide materials. 

 

Formative/Benchmark Assessments 

 Questions and answers during lectures 

 Textbook-based review and reinforcement questions  

 Worksheets for in-class and at-home work 

 

Lesson Plans 

Lesson Timeframe 
Lesson 1 

AP Physics 1 Lab #12:  

Finding the Center of Mass 

 

 

1 lab period 

Lesson 2 

AP Physics 1 Lab #13:  

Measuring Rotational Quantities 

 

1-2 lab periods 

Lesson 3 

AP Physics 1 Lab #14:  

Centripetal Force 

 

 

2 lab periods 

Lesson 4 

AP Physics 1 Lab 15:  

Moment of Inertia 

 

2 lab periods 



 

Teacher Notes:  

 Cut shapes from cardboard or wood to describe center of mass 

 Make sure centripetal force apparatus is functional  

 

Curriculum Development Resources: 

 http://advancesinap.collegeboard.org/math-and-science/physics 

 http://phet.colorado.edu  

 http://www.physicsclassroom.com 

 http://www.prettygoodphysics.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Unit 5 Overview 
Content Area:                           Science 

Unit Title:                                 Harmonic Motion, Waves, Sound, and Electromagnetic Waves 

Target Course/Grade Level:  Advanced Placement Physics 1: Algebra-Based 

Unit Summary:  From studying simple harmonic motion, students will learn how features of harmonic 

motion are present in all areas of their life, from pendulums, to crystalline structures, to waves such as 

water, sound, and light.  Students will be able to identify key similarities between these phenomena, but 

http://www.prettygoodphysics.com/


also distinguish unique characteristics of each of these, such as how different wave interactions such as 

refraction, diffraction, and interference patterns are manifest. 

Primary interdisciplinary connections: 

 Experimental data gathering, analysis and graphing using digital tools and computer software 

programs.  

 Computer-based lab simulations and modeling of key scientific principles, laws and theories. 

 Mathematical formulations and relationships to analyze data and draw conclusions. 

21st century themes:  Scientific investigations and technological developments on new materials, devices 

and processes used in various areas of society such as, consumer products, health care, communications, 

agriculture and industry, transport and entertainment. 

Unit Rationale:  Understanding of harmonic motion provides insight into how energy is transferred across 

distances, and the nuances of understanding what sound is and how it is transferred.  This study bridges to 

the Physics 2 concept of EM waves. 

Learning Targets 
Standards 

HS-PS3-2: Develop and use models to illustrate that energy at the macroscopic scale can be accounted 

for as a combination of energy associated with the motions of particles (objects) and energy associated 

with the relative positions of particles (objects). 

HS-PS3-3: Design, build, and refine a device that works within given constraints to convert one form of 

energy into another form of energy. 

HS-PS4-1: Use mathematical representations to support a claim regarding relationships among the 

frequency, wavelength, and speed of waves traveling in various media 

HS-PS4-3: Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation 

can be described either by a wave model or a particle model, and that for some situations one model is 

more useful than the other. 

HS-PS3-5: Communicate technical information about how some technological devices use the principles 

of wave behavior and wave interactions with matter to transmit and capture information and energy. 

Content Statements 

 Mathematical, physical, and computational tools are used to search for and explain core scientific 

concepts and principles. 

 Interpretation and manipulation of evidence-based models are used to build and critique 

arguments/explanations. 

 Revisions of predictions and explanations are based on systematic observations, accurate 

measurements, and structured data/evidence. 

 Mathematical tools and technology are used to gather, analyze, and communicate results. 

 Empirical evidence is used to construct and defend arguments. 

 Scientific reasoning is used to evaluate and interpret data patterns and scientific conclusions. 

 Refinement of understandings, explanations, and models occurs as new evidence is incorporated. 

 Data and refined models are used to revise predictions and explanations. 

 Science is a practice in which an established body of knowledge is continually revised, refined, and 

extended as new evidence emerges. 

 

 Science involves practicing productive social interactions with peers, such as partner talk, whole-

group discussions, and small-group work. 

 Science involves using language, both oral and written, as a tool for making thinking public. 

 Next Generation Science Standards 

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based 

on the patterns of electrons in the outermost energy level of atoms.  

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 



based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 

substances at the bulk scale to infer the strength of electrical forces between particles.  

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical 

reaction system depends upon the changes in total bond energy.  

HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of 

changing the temperature or concentration of the reacting particles on the rate at which a reaction 

occurs.  

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that 

would produce increased amounts of products at equilibrium.  

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, 

are conserved during a chemical reaction.  

HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom 

and the energy released during the processes of fission, fusion, and radioactive decay.  

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its 

acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system.  

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision 

 HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between objects.  

HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can 

produce a magnetic field and that a changing magnetic field can produce an electric current.  

HS-PS2-6. Communicate scientific and technical information about why the molecular-level 

structure is important in the functioning of designed materials. 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component 

in a system when the change in energy of the other component(s) and energy flows in and out of 

the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles (objects) and 

energy associated with the relative position of particles (objects).  

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one 

form of energy into another form of energy. 

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal 

energy when two components of different temperature are combined within a closed system 

results in a more uniform energy distribution among the components in the system (second law of 

thermodynamics).  

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields 

to illustrate the forces between objects and the changes in energy of the objects due to the 

interaction. 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships among 

the frequency, wavelength, and speed of waves traveling in various media.  

HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of 



information.  

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic 

radiation can be described either by a wave model or a particle model, and that for some 

situations one model is more useful than the other.  

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that 

different frequencies of electromagnetic radiation have when absorbed by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and capture 

information and energy. 

 

Unit Essential Questions 

 How is the period of a simple harmonic vibration related 

to its frequency? 

 What is common to all waves? 

 How do transverse and longitudinal waves differ? 

 When two waves interfere, can the resultant wave be 

larger than either of the two original waves?  If so, under 

what conditions? 

 What are the differences between infrasonic, ultrasonic 

and audible sound waves? 

 As a result of a distant explosion, an observer first senses 

a ground tremor, then, hears the explosion. What 

accounts for this time lag? 

 You are at a street corner and hear an ambulance siren. 

Without looking, how can you tell when the ambulance 

passes by? 

Unit Enduring Understandings 

 

 Big Idea 1: Objects and systems have 

properties such as mass and charge.  

Systems may have internal structure. 

 Big Idea 2: Fields existing in space can be 

used to explain interactions. 

 Big Idea 3: The interactions of an object 

with other objects can be described by 

forces. 

 Big Idea 4: Interactions between systems 

can result in changes in those systems. 

 Big Idea 5: Changes that occur as a result 

of interactions are constrained by 

conservation laws. 

 

 Big Idea 6: Waves can transfer energy and 

momentum from one location to another 

without the permanent transfer of mass 

and serve as a mathematical model for the 

description of other phenomena.  

Unit Learning Targets 

Students will ... 

 

 Predict which properties influence the motion of an oscillating spring and an oscillating pendulum. 

Students will share their predictions.  (EU 3.B) (SP 6, 7)  

 Design a two-part lab, which will determine the relationship between a spring’s restoring force, spring 

constant, and displacement and examine the oscillation of the spring determining the period of the 

oscillation, the energy of the system, and the force and speed acting on the mass at various locations 

during the oscillation.  (EU 3.B, 5.B) (SP 4, 5) [CR6b]  

 Differentiate a simple pendulum from a physical pendulum.  (EU 3.B, 5.B) (SP 6, 7)  

 Analyze period motion in terms of frequency and period, identifying equilibrium states, identifying the 

significance of minima and maxima, determining the force constant, determining values of force and 

acceleration, and the states of energy.  (EU 3.B, 5.B) (SP 3) [CR7]  

 Design a lab to determine the strength of the gravity field on Earth, using only a pendulum.  (EU 3.B, 

5.A, 5.B) (SP 2, 3, 4, 5, 7) [CR6b]  

 Represent the superposition of waves pictorially, identifying constructive and destructive interference 

patterns.  (EU 6.D) (SP 1)  

 Students will see demonstrations of mechanical waves reflecting at a boundary between two mediums 



with differing densities.  Students will diagram the types of reflections seen compared to the medium 

densities.  Students will be given other scenarios involving mediums with differing densities and then 

will predict how each reflection will behave.  (SP 1)  

 Generate standing waves in a string using an adjustable wave driver.  In the first part of the lab, the 

medium will remain constant (constant string tension and length) while frequency is varied to identify 

the fundamental frequency and several harmonics.  In the second phase of the lab, the tension will be 

varied to access the effect on frequency, wavelength, and wave speed of altering the medium.  In the 

third phase, the affect of changing wave amplitude will be explored.  Students will quantitatively 

determine period, frequency, wavelength and wave speed.  Students will access the affect on wave 

energy due to changes in frequency, wavelength, and amplitude.  (EU 6.A, 6.B, 6.D) (SP 4, 5)  

 Describe how sound moves in a medium and how it transfers energy. Real world examples involving the 

relationship of energy to frequency, wavelength, and amplitude will be discussed.  (EU 6.A, 6.B) (SP 1, 

6)  

 Students will diagram the waves associated with the fundamental frequency, 1st harmonic, 2nd 

harmonic, and 3rd harmonic for a string, an open tube, and a closed tube.  The dependence of 

wavelength on the size of the region, as opposed to the frequency, will be discussed.  Students will 

calculate wavelengths and frequencies associated with each waveform.  (EU 6.D) (SP 1, 2, 6)  

 Calculate the perceived frequency shift of a sound source moving towards or away from an observer, 

and qualitatively observe the Doppler effect using a “Doppler Rocket.” 

 Lab 18: [Guided-Inquiry] Using a tube submerged in water, a set of tuning forks, and a meter stick, 

design an experiment to determine the speed of sound in air.  (EU 6.B, 6.D) (SP 4, 5, 6, 7) [CR6b]  

 Students will superimpose diagrams of two waves having different frequencies. The waves will be added 

graphically to demonstrate beats.  (EU 6.D) (SP 1)  

 

 

 

 

Evidence of Learning 

Summative Assessment (30 days) 
 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

Equipment needed:   

Doppler Rocket, tuning forks, pitched tubes, ripple tank, oscilloscope, and pendulums. 

Teacher Resources:   

Textbook and section review, study guide materials. 

Formative/Benchmark Assessments 

 Questions and answers during lectures 

 Textbook-based review and reinforcement questions  

 Worksheets for in-class and at-home work 

Lesson Plans 

Lesson Timeframe 
Lesson 1 

AP Physics 1 Lab #16:  

Periodicity of a Pendulum 

 

1 lab period 

 

Lesson 2 

AP Physics 1 Lab #17:  

Calculating “g” with a Pendulum  

 

2 lab periods 

Lesson 3  



AP Physics 1 Lab #18:  

The Ripple Tank 

2 lab periods 

Lesson 4 

AP Physics 1 Lab #19:  

Superposition of Sound Waves 

 

1 lab period 

Lesson 5: 

AP Physics Lab #20:  

Standing wave formation on a fixed length string 

 

1 lab period 

Lesson 6: 

AP Physics Lab #21:  

The Doppler Effect 

 

Teacher Notes:  
Ensure that wires are wrapped safely and are compatible with power supply 

Curriculum Development Resources: 

 http://advancesinap.collegeboard.org/math-and-science/physics 

 http://phet.colorado.edu  

 http://www.physicsclassroom.com 

 http://www.prettygoodphysics.com 

 



 

Unit 6 Overview 
Content Area:                          Science 

Unit Title:                                 Charge, Current, and Circuits 

Target Course/Grade Level:  Advanced Placement Physics 2: Algebra-Based 

Unit Summary:  This unit will describe the electric force, in like terms to that of Newton’s law of 

universal gravitation, and cover basics in static electricity, electrical potential, charge flow, and circuits 

with resistors. 

Primary interdisciplinary connections: 

 Experimental data gathering, analysis and graphing using digital tools and computer software 

programs.  

 Computer-based lab simulations and modeling of key scientific principles, laws and theories. 

 Mathematical formulations and relationships to analyze data and draw conclusions. 

21st century themes:  Scientific investigations and technological developments on new materials, devices 

and processes used in various areas of society such as, consumer products, health care, communications, 

agriculture and industry, transport and entertainment. 

Unit Rationale:  The study of the electric force provides a more modern perspective of physics, 

introducing forces important to opening the door to modern physics, fundamental forces, and relativity. 

Though these more modern topics are a feature of AP Physics 2, this unit provides greater context for 

ideas highlighted within AP Physics 1, and provides a bridge into the second year of the AP Physics 

course. 

Learning Targets 
Standards 

HS-PS2-4: Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to 

describe and predict the gravitational and electrostatic forces between objects. 

HS-PS2-5: Plan and conduct an investigation to provide evidence that an electric current can produce a 

magnetic field and that a changing magnetic field can produce an electric current 

HS-PS3-3: Design, build, and refine a device that works within given constraints to convert one form of 

energy into another form of energy. 

HS-PS3-5: Develop and use a model of two objects interacting through electric or magnetic fields to 

illustrate the forces between objects and the changes in energy of the objects due to the interaction. 

Content Statements 

 Mathematical, physical, and computational tools are used to search for and explain core scientific 

concepts and principles. 

 Interpretation and manipulation of evidence-based models are used to build and critique 

arguments/explanations. 

 Revisions of predictions and explanations are based on systematic observations, accurate 

measurements, and structured data/evidence. 

 Mathematical tools and technology are used to gather, analyze, and communicate results. 

 Empirical evidence is used to construct and defend arguments. 

 Scientific reasoning is used to evaluate and interpret data patterns and scientific conclusions. 

 Refinement of understandings, explanations, and models occurs as new evidence is incorporated. 

 Data and refined models are used to revise predictions and explanations. 

 Science is a practice in which an established body of knowledge is continually revised, refined, and 

extended as new evidence emerges. 

 Science involves practicing productive social interactions with peers, such as partner talk, whole-

group discussions, and small-group work. 

 Science involves using language, both oral and written, as a tool for making thinking public. 

 Some forces act by touching, while other forces can act without touching. 



 Magnetic, electrical, and gravitational forces can act at a distance. 

 Light travels in a straight line until it interacts with an object or material.  Light can be absorbed, 

redirected, bounced back, or allowed to pass through.  The path of reflected or refracted light can be 

predicted. 

  Energy is transferred from place to place.  Light energy can be thought of as traveling in rays.  

Thermal energy travels via conduction and convection. 

 Next Generation Science Standards 

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based 

on the patterns of electrons in the outermost energy level of atoms.  

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction 

based on the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 

substances at the bulk scale to infer the strength of electrical forces between particles.  

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical 

reaction system depends upon the changes in total bond energy.  

HS-PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of 

changing the temperature or concentration of the reacting particles on the rate at which a reaction 

occurs.  

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that 

would produce increased amounts of products at equilibrium.  

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, 

are conserved during a chemical reaction.  

HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom 

and the energy released during the processes of fission, fusion, and radioactive decay.  

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the 

mathematical relationship among the net force on a macroscopic object, its mass, and its 

acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a 

system of objects is conserved when there is no net force on the system.  

HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that 

minimizes the force on a macroscopic object during a collision 

 HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s 

Law to describe and predict the gravitational and electrostatic forces between objects.  

HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can 

produce a magnetic field and that a changing magnetic field can produce an electric current.  

HS-PS2-6. Communicate scientific and technical information about why the molecular-level 

structure is important in the functioning of designed materials. 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component 

in a system when the change in energy of the other component(s) and energy flows in and out of 

the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be 

accounted for as a combination of energy associated with the motions of particles (objects) and 

energy associated with the relative position of particles (objects).  

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one 

form of energy into another form of energy. 

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal 



energy when two components of different temperature are combined within a closed system 

results in a more uniform energy distribution among the components in the system (second law of 

thermodynamics).  

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields 

to illustrate the forces between objects and the changes in energy of the objects due to the 

interaction. 

HS-PS4-1. Use mathematical representations to support a claim regarding relationships among 

the frequency, wavelength, and speed of waves traveling in various media.  

HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of 

information.  

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic 

radiation can be described either by a wave model or a particle model, and that for some 

situations one model is more useful than the other.  

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that 

different frequencies of electromagnetic radiation have when absorbed by matter.  

HS-PS4-5. Communicate technical information about how some technological devices use the 

principles of wave behavior and wave interactions with matter to transmit and capture 

information and energy. 

 

Unit Essential Questions 

 

 How is the electric force similar to the force of gravity?  

How is it different? 

 In what ways can static charge build up? 

 What is the meaning of electrical potential energy?  What is 

electrical potential? 

 What is a lightning strike, and under what circumstances are 

they survivable? 

 How do batteries provide usable power for a circuit? 

 In what ways is energy conserved in an electrical circuit?  

 Why do different materials exhibit different electrical 

properties, and how can these properties be utilized to build 

a circuit with a specific purpose? 

 

 

Unit Enduring Understandings 

 

 Big Idea 1: Objects and systems have 

properties such as mass and charge.  

Systems may have internal structure. 

 Big Idea 2: Fields existing in space can 

be used to explain interactions. 

 Big Idea 3: The interactions of an 

object with other objects can be 

described by forces. 

 Big Idea 5: Changes that occur as a 

result of interactions are constrained by 

conservation laws. 

Unit Learning Targets 
Students will ... 

 Identify the atomic particles having the property of charge and list their characteristics, including the 

charge on an electron, proton, and neutron.  (EU 1.B) (SP 6)  

 Explain the meaning of saying that charge is conserved and quantized.  (EU 1.A, 1.B) (SP 1, 7)  

 Diagram and compare the uniform electric field between plates with the field surrounding circular or 

spherical point charges.  The direction of force on a point charge placed in each field will be 

diagrammed.  Compare and contrast the electric field and force to the gravity field and gravitational 

force.  Using Coulomb’s Law, students will determine the magnitude of force between two point 

charges.  (EU 3.C) (SP 1, 2, 7)  

 Predict the charge and the sign of the charge on objects that are charged by friction or induction.  (EU 

1.B, 5.A) (SP 6, 7)  

 Model how voltage and resistivity affect current.  Students will be asked to make analogies to real world 



systems that have similarities to electric circuits.  (EU 1.A) (SP 1)  

 Explain which characteristics determine the resistivity of a substance, and will test the resistance in a 

length of wire.  (EU 1.E) (SP 2, 4)  

 Using a multi-meter, students will explore the relationships between emf, current, and resistance in a 

simple circuit.  Students will predict and test the power of components in a circuit of resistors and 

batteries.  (EU 5.B) (SP 5, 6)  

 Construct one series and one parallel circuit involving the same three resistors.  Measurements of 

potential, current, and resistance will be used to deduce Kirchhoff’s Laws.  The connections to 

conservation of charge, matter, and energy will be stressed.  (EU 5.B) (SP 1, 6, 7)  

 Design a circuit mixing series and parallel pathways.  They will prepare a schematic of the circuit, and 

use Kirchhoff’s laws to predict the current and potential drops across each resistor.  Using a multi-meter, 

students will then confirm their predictions.  (EU 5.C) (SP 2, 4, 5, 6)  

 Given a variety of circuit schematics, students will be able to determine the current, voltage drops, and 

power consumption in all components comprising the circuit.  (EU 5.C) (SP 1, 2, 5)  

Evidence of Learning 

Summative Assessment (30 days) 
 Quizzes and tests 

 Laboratory Experiment Reports 

 Projects 

 

Equipment needed:   

Lab materials: resistor packs, batteries and battery holders, jump wire, electrostatics bundle, glass and 

acrylics rods, conductive ink pen, digital multimeters. 

 

Teacher Resources:   

Textbook and section review, study guide materials. 

 

Formative/Benchmark Assessments 

 Questions and answers during lectures 

 Textbook-based review and reinforcement questions  

 Worksheets for in-class and at-home work 

Lesson Plans 

Lesson Timeframe 
Lesson 1: What is Charge? 

AP Physics 1 Lab #22:  

Electrostatics Lab 

 

1 week 

Lesson 2: Electrical Potential Energy 

AP Physics 1 Lab #23:  

Measuring voltage and equipotential field lines 

around point charges 

 

2 lab periods 

Lesson 3: Resistors 

AP Physics 1 Lab #24:  

Constructing basic circuits and practicing 

electrical safety 

 

2 weeks 

AP Physics 2 Lab #18:  

Imaging with Lenses 

2 lab periods 

Teacher Notes:  
Ensure that laptops are reserved for PhET lab  



Curriculum Development Resources: 

 http://advancesinap.collegeboard.org/math-and-science/physics 

 http://phet.colorado.edu  

 http://www.physicsclassroom.com 

 http://www.prettygoodphysics.com 

 

 

VI. Benchmarks 

 

By the end of semester 1: 

 

 The student is able to design an experimental investigation of the motion of an object. 

  The student is able to express the motion of an object using narrative, mathematical, and 

graphical representations. 

 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. 

 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. 

 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.  

 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.  

 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. 

 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. 

 

 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.  

 The student is able to challenge a claim that an object can exert a force on itself. 

 The student is able to describe a force as an interaction between two objects and identify both 

objects for any force. 

 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. 



 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. 

 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. 

 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.  

 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. 

 The student is able to re-express a free-body diagram representation into a mathematical 

representation and solve the mathematical representation for the acceleration of the object. 

 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. 

 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. 

 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. 

 The student is able to create and use free-body diagrams to analyze physical situations to solve 

problems with motion qualitatively and quantitatively. 

  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. 

 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. 

 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. 

 The student is able to make claims about various contact forces between objects based on the 

microscopic cause of those forces.  

 The student is able to explain contact forces (tension, friction, normal, buoyant, and spring) as 

arising from interatomic electric forces and that they therefore have certain directions. 

 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. 

 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. 



 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. 

 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. 

 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.  

 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.  

 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). 

 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. 

 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.  

 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. 

 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. 

 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. 

 

 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.  

 The student is able to describe and make qualitative and/or quantitative predictions about 

everyday examples of systems with internal potential energy. 

 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.  



 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.  

 The student is able to describe and make predictions about the internal energy of systems. 

 The student is able to calculate changes in kinetic energy and potential energy of a system using 

information from representations of that system.  

 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. 

 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. 

 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. 

 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. 

 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. 

 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. 

 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. 

 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.). 

 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. 

 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. 

 The student is able to perform analysis on data presented as a force-time graph and predict the 

change in momentum of a system. 

 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. 

 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. 



 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. 

 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.  

 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.  

 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.  

 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. 

 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. 

 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. 

 The student is able to analyze data that verify conservation of momentum in collisions with and 

without an external friction force.  

 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. 

By the end of semester 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). 

 The student is able to use representations of the relationship between force and torque. 

 The student is able to compare the torques on an object caused by various forces. 



 The student is able to estimate the torque on an object caused by various forces in comparison to 

other situations. 

 The student is able to design an experiment and analyze data testing a question about torques in a 

balanced rigid system. 

 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). 

 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. 

 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. 

 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.  

 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.  

 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. 

 The student is able to apply 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. 

 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. 

 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. 

 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).  

 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.  

 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.  

 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. 



 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. 

 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. 

 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.  

 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. 

 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.  

 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. 

 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. 

  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. 

 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.  

 The student is able to construct a qualitative and/or a quantitative explanation of oscillatory 

behavior given evidence of a restoring force.  

 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. 

 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. 

 The student is able to describe representations of transverse and longitudinal waves. 

 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.  

 The student is able to contrast mechanical and electromagnetic waves in terms of the need for a 

medium in wave propagation. 



 The student is able to use graphical representation of a periodic mechanical wave to determine the 

amplitude of the wave. 

 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. 

 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.  

 The student is able to use a visual representation of a periodic mechanical wave to determine 

wavelength of the wave. 

 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. 

 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. 

 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). 

 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. 

 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.  

 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.  

 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. 

 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. 

 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. 

 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. 

 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. 



 The student is able to use a visual representation to explain how waves of slightly different 

frequency give rise to the phenomenon of beats. 

 The student is able to make claims about natural phenomena based on conservation of electric 

charge. 

 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.  

 The student is able to construct an explanation of the two-charge model of electric charge based 

on evidence produced through scientific practices. 

 The student is able to make a qualitative prediction about the distribution of positive and negative 

electric charges within neutral systems as they undergo various processes. 

 The student is able to challenge claims that polarization of electric charge or separation of charge 

must result in a net charge on the object.  

 The student is able to challenge the claim that an electric charge smaller than the elementary 

charge has been isolated.  

 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). 

 The student is able to connect the concepts of gravitational force and electric force to compare 

similarities and differences between the forces. 

 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. 

 The student is able to choose and justify the selection of data needed to determine resistivity for a 

given material. 

 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).  

 

 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.  

 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.  

 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.  

 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. 

 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. 

 The student is able to articulate the reasons that the theory of conservation of mass was replaced 

by the theory of c.  The student is able to explain why classical mechanics cannot describe all 

properties of objects by articulating the reasons that classical mechanics must be refined and an 

alternative explanation developed when classical particles display wave properties.  

 The student is able to articulate the reasons that classical mechanics must be replaced by special 

relativity to describe the experimental results and theoretical predictions that show that the 

properties of space and time are not absolute.  [Students will be expected to recognize situations 

in which nonrelativistic classical physics breaks down and to explain how relativity addresses that 

breakdown, but students will not be expected to know in which of two reference frames a given 

series of events corresponds to a greater or lesser time interval, or a greater or lesser spatial 

distance; they will just need to know that observers in the two reference frames can “disagree” 

about some time and distance intervals.]  

VII. Evaluations  
Tests 

Quizzes 

Term Exams 

Projects 

Laboratory Experiments 

Class Participation 

Homework 

 

VIII. Affirmative Action – evidence of 
A-1 Minorities and females incorporated in plans. 

A-2 Human relations concepts are being taught. 

A-3 Teaching plans to change ethnic and racial stereotypes. 

 

 

 

IX. Bibliography, Materials and Resources 

Teacher prepared materials 

Software materials 

Probeware:  (Dell Computer, Spark Tablets, Laptops with Pasco Probeware) 

Textbook:   College Physics 

 Second Edition 

 Giambattista, Richardson and Richardson 

 McGraw Hill Higher Education, 2007 

 

  



Considerations for classified students: 

Classroom Instruction: 

 All instruction for classified students will be guided by the students’ Individualized 

Education Plan (IEP). 

 Regular education teachers will be responsible for differentiating instruction for 

classified students based on the instructional modifications listed in the IEP. 

 In the case of General Education - Supported Instruction (GE-SI) Classes, the 

special education teacher will be responsible for support in modifying the 

curriculum for the students, informing the class room teacher of the 

modifications, and directing instructional aide(s) to provide support accordingly. 

 Grading will be done collaboratively by the regular and special education 

teachers.  

Modifications: 

 Modifications include but are not limited to: 

Extra time for assignments, modified classwork/homework assignments based on 

disability, preferential seating, study guides, copies of class notes, assistive 

technology and rewording/repeating or clarifying directions.   

In-class Assessments 

 All assessments are to be in line with students’ IEPs. In-class support 

teachers should modify tests for classified students. Tests may be given in 

the regular education classroom or completed with the inclusion teacher in 

another location with additional time. Students may be tested separately 

according to the IEP. 

 Assessment grades may be modified based on a student’s disability and in 

accordance with their IEP.   

Considerations for English Language Learners (ELLs): 

CLASSROOM INSTRUCTION: 

 Instruction for ESL students will be guided by their WIDA English Language 

Proficiency level. Teachers should receive this level from the ESL teacher 

assigned to the building. 

 General education teachers will be responsible for differentiating instruction for 

ELLs with the assistance of the ESL teacher that promotes language, literacy 

and content learning. 

 Sheltered Instruction Observation Protocol (SIOP)  

http://siop.pearson.com/about-siop/  

The following 8 components provide all teachers with lesson planning and 
instructional strategies that support language and learning goals for all students. 

http://siop.pearson.com/about-siop/


This approach to teaching aligns with preparing students with college and career 
ready skills. 
 The SIOP Model components:  
1. Lesson Preparation  

2. Building Background  

3. Comprehensible Input   

4. Strategies   

5. Interaction   

6. Practice and Application  

7. Lesson Delivery  

8. Review and Assessment 

 In the case of Content-Based ESL (CBE), the ESL teacher and the general 

education teacher will be responsible for identifying language objectives and 

additional instructional strategies that improve proficiency in English and 

academic success of ELLs. Instructional strategies and the necessary scaffolds 

to promote student learning will be shared with the general education teacher for 

daily lessons that are aligned to District Curricula, CCSS, and WIDA Standards. 

The general Education teacher and ESL teacher will be co-teachers for a pre-

determined amount of classroom instruction. 

 Grading will be done collaboratively by the regular and ESL teachers.  

MODIFICATIONS: The following are possible modifications but are not limited to this 

list. 

 

 Direct instruction, small group or pullout, about the contrasting letter sound 

correspondences, syllabication patterns and morphology in English supported 

with connections to their native language, native language text and/or resources, 

graphic organizers, visuals, sentence starters/ sentence frames, cloze activities, 

modeling, working with a partner, timeline and phrase wall and adapted text (in 

English) or specific sections of the original text, highlighted/bold-faced words 

within text. 

 Draw pictures instead of writing/speaking.  

 Match drawings with new vocabulary that might correspond. 

 Work in small group or pairs with their English Only (EOs) peers for authentic 

content language talk and grade level modeling. 

 Write simple sentences instead of complex sentences that demonstrates an 

understanding of academic language particular to specific content.  

 Match simple sentences with new vocabulary that might apply to edit sentences. 

 Have students provide examples/explanations of main idea in simple sentences. 

Revisions show an attempt to improve Language Control by embedding academic 

http://www.youtube.com/v/o5xK5gP_Tbw?version=3&hl=en_US
http://www.youtube.com/v/mTnHonxao70?version=3&hl=en_US
http://www.youtube.com/v/rhYI3w5I0EA?version=3&hl=en_US
http://www.youtube.com/v/GjOrFN6PEDg?version=3&hl=en_US
http://www.youtube.com/v/hUrQr4GBg0g?version=3&hl=en_US
http://www.youtube.com/v/GGFTlmJmdmw?version=3&hl=en_US
http://www.youtube.com/v/sXkCZcPGxwE?version=3&hl=en_US


content vocabulary and Linguistic Complexity by expanding and varying sentence 

structures and using correct punctuation. 

 Draw pictures instead of writing/speaking about seasonal changes. Match 

drawings with new vocabulary (adjective word wall, content word walls) that might 

correspond. 

 Provide multiple opportunities for authentic speech acts to practice language skills 

and develop English fluency. 

 Total Physical Response (TPR) to model critical thinking skills like analyze and 

synthesize. 

 Study Guides 

 
IN CLASS ASSESSMENTS: 
 

 All formative and summative assessments will include modifications that support 

student’s English Proficiency level. ESL teachers will collaborate with regular 

education teachers to provide appropriate differentiation for assessing ELLs. 

 
Considerations for At Risk Students: 
 

 At Risk students are identified by the I&RS committee in each school. The 

committee woks to understand the reasons behind the student’s low performance 

level in school and to create and implement a plan that is carried out by a variety 

of staff members in the building. 

 Teachers with At Risk students are notified by the I&RS committee and provided 

with a copy of the plan and a timeframe for assessing the growth of the student. 

There are academic as well as behavioral goals that are listed for the students 

with recommended strategies unique to each individual. 

 Classroom teachers are to follow the plan using instructional strategies that will 

help the student improve his/her performance while applying appropriate 

behavioral strategies consistent with the needs of the student. 

 Teachers will report student progress to the I&RS committee within the specified 

timeframe for the plan. 

 
Classroom instruction: 

 Teachers will use differentiated instruction for At Risk students as they do for all 

students in their class. The strategies would be guided by the I&RS plan and be 

consistent with the student’s ability and learning modality.  

Modifications:  

 Clarify all assignments and place specific timeframes for completion. Provide 

student with opportunity for one on one time for clarification. 



 Set clear expectations for all assignments, in and outside of class. Keep 

expectations within the framework of the I&RS plan. 

 Use positive reinforcement for all successes. Hold student to defined 

consequences for not completing work. 

 Provide time outside the normal class time for completion of work. Not 

completing assignments is unacceptable, all assignments will be completed. 

 

 

In Class Assessments: 

 At Risk students should receive any modifications listed in the I&RS plan. If 

necessary, students should be provided with extended time to complete 

assessments. 

Considerations for Gifted Students: 

 Teachers will use differentiated instruction for Gifted Students as they do for all 

students in their class. 

 Assignments and assessments can be planned and implemented with input from 

the student. 

 Gifted students will be provided with the opportunity to demonstrate their 

knowledge through a variety of platforms. 

 Teachers will have the latitude to provide assignments with the individual 

student’s ability in mind.  

 
 

 


