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

 
 
Course Description: 

This course presents the basic concepts of physics in a logical sequence. The organization of the text and the style of the writing are designed to meet the 
needs of today's students without compromising content. A fully integrated laboratory sequence follows the course so that the students engage in scientific 
discovery through their own experiments. Physics satisfies the requirements for a college preparatory program.  

 
Prerequisite(s): 

Algebra I College Prep and Geometry College Prep 
 
 
  

http://www.veronaschools.org/


 
Standard 8: Technology Standards 

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

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

 
 
 
 
 

X 

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

X 
 

X 
 
 

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

 
 

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

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

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

X 
 

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

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

 
X 
X 

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

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

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

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

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

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

 
 

X 

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

 
 

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

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

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

 
 
 
 

X 

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

 
 

X 

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

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

X 
 

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

 
 

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

 

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

● Pearson Conceptual Physics ● University of Colorado PhET Interactive Simulations 
● Applicable YouTube Videos 
● Applicable Online Applets 
● Inquiry-based Laboratory Investigations 

 

 

  



 

Physics CP 

Unit Title / Topic: Forces and Motion Unit Duration: 9 Weeks / 10 Cycles 
Stage 1: Desired Results 

Established Goals: 
 
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. [Clarification Statement: 
Examples of data could include tables or graphs of position or velocity as a function of time for objects subject to a net unbalanced force, such as a falling object, an object rolling down a ramp, or a moving object being pulled by a constant 
force.] [Assessment Boundary: Assessment is limited to one-dimensional motion and to macroscopic objects moving at nonrelativistic speeds.]  

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. [Clarification Statement: Examples of evaluation and refinement could 
include determining the success of the device at protecting an object from damage and modifying the design to improve it. Examples of a device could include a football helmet or a parachute.] [Assessment Boundary: Assessment is limited to 
qualitative evaluations and/or algebraic manipulations.]  

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. [Clarification Statement: Emphasis is on both 
quantitative and conceptual descriptions of gravitational and electric fields.] [Assessment Boundary: Assessment is limited to systems with two objects.]  

Science and Engineering Practices 
Analyzing and Interpreting Data  
Analyzing data in 9–12 builds on K–8 and progresses to introducing more detailed statistical 
analysis, the comparison of data sets for consistency, and the use of models to generate and 
analyze data.  
● Analyze data using tools, technologies, and/or models (e.g., computational, 

mathematical) in order to make valid and reliable scientific claims or determine an optimal 
design solution. (HS-PS2-1) 

Using Mathematics and Computational Thinking  
Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to 
using algebraic thinking and analysis, a range of linear and nonlinear functions including 
trigonometric functions, exponentials and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple computational simulations are 
created and used based on mathematical models of basic assumptions.  
● Use mathematical representations of phenomena to describe explanations. (HS-PS2-4)  
Constructing Explanations and Designing Solutions  
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and 
progresses to explanations and designs that are supported by multiple and independent 
student-generated sources of evidence consistent with scientific ideas, principles, and 
theories.  
● Apply scientific ideas to solve a design problem, taking into account possible 

unanticipated effects. (HS-PS2-3)  
 

-----------------------------------------------------  
Connections to Nature of Science  

 
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena  
● Theories and laws provide explanations in science. (HS-PS2-1),(HS-PS2-4)  
● Laws are statements or descriptions of the relationships among observable phenomena. 

(HS-PS2-1),(HS-PS2-4) 

Disciplinary Core Ideas 
PS2.A: Forces and Motion  
● Newton’s second law accurately predicts changes in the motion of macroscopic objects. 

(HS-PS2-1)  
● If a system interacts with objects outside itself, the total momentum of the system can 

change; however, any such change is balanced by changes in the momentum of objects 
outside the system. (HS-PS2-3)  

PS2.B: Types of Interactions  
● Newton’s law of universal gravitation and Coulomb’s law provide the mathematical 

models to describe and predict the effects of gravitational and electrostatic forces 
between distant objects. (HS-PS2-4)  

● Forces at a distance are explained by fields (gravitational, electric, and magnetic) 
permeating space that can transfer energy through space. Magnets or electric currents 
cause magnetic fields; electric charges or changing magnetic fields cause electric fields. 
(HS-PS2- 4) 

ETS1.A: Defining and Delimiting Engineering Problems  
● Criteria and constraints also include satisfying any requirements set by society, such as 

taking issues of risk mitigation into account, and they should be quantified to the extent 
possible and stated in such a way that one can tell if a given design meets them. 
(secondary to HS-PS2- 3)  

ETS1.C: Optimizing the Design Solution  
● Criteria may need to be broken down into simpler ones that can be approached 

systematically, and decisions about the priority of certain criteria over others (trade-offs) 
may be needed. (secondary to HS-PS2-3) 

Crosscutting Concepts 
Patterns  
● Different patterns may be observed at each of the scales at which a system is studied 

and can provide evidence for causality in explanations of phenomena. (HS-PS2-4)  
Cause and Effect  
● Empirical evidence is required to differentiate between cause and correlation and make 

claims about specific causes and effects. (HS-PS2- 1) 
● Systems can be designed to cause a desired effect. (HS-PS2-3) 

 

Transfer Goal: 
Students will be able to independently use their learning to design, evaluate, and refine a device that minimizes the force imparted on an object during a collision. 

Students will understand that: 
● The motion of an object can be represented in multiple ways 
● Velocity and acceleration are related but not interchangeable 
● The acceleration due to gravity close to Earth’s surface is constant in magnitude and direction 
● The resulting movement of an object depends on a wide array of conditions 
● Forces always come in equal and opposite pairs, even when they do not physically touch 
● Friction has different behaviors depending on an object’s motion 
● Friction may be a friend or foe depending on your desired outcome 
● Kinetic friction is always less than static friction 
 

Essential Questions: 
● Can I predict the future based on what I know right now? 
● Why doesn’t my measured result match my calculated result? 
● How can I solve any problem given what I know? 
● How do I clearly show my findings to my audience? 
● How will studying this make me a more productive member of society? 
● How can I use math to describe the motion of an object and vice versa? 
● How do forces explain what I am observing? 
 

Students will know: 
● Displacement vs. Distance 
● Velocity vs. Speed 
● Acceleration 
● Average vs. Instantaneous Quantities 
● Kinematic Equations 
● Independence of Horizontal and Vertical Motion 
● Inertial vs Gravitational Mass 
● How gravity affects everything from humans to planets 
● Newton’s Three Laws of Motion 
● Free body diagrams 
● Gravitational and Normal Forces 
● Static vs. Kinetic Friction 
● Newton’s Laws of Universal Gravitation 

 

Students will be able to: 
● Analyze the motion of an object graphically and/or analytically 
● Solve and analyze algebra-based formulas to arrive at a correct answer 
● Use information about falling objects to determine starting conditions about the object 
● Identify and describe the similarities and differences between Newton’s three laws of motion 
● Identify force pairs in accordance with Newton’s Third Law 
● Determine if the applied force is strong enough to cause motion 
● Construct a free body diagram to analyze forces acting on an object 
● Explain what happens to an object when they push or pull it 

 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will construct a vehicle with teacher-supplied materials to protect an egg from breaking upon contact with the ground by reducing the force of impact experienced. After 
critically analyzing the construction of the vehicle, students will independently reflect and discuss how to improve the design of their vehicle to better protect their egg and 
minimize the forces experienced by egg.  

 

  



 

Physics CP 

Unit Title / Topic: Energy and Momentum Unit Duration: 9 Weeks / 10 Cycles 
Stage 1: Desired Results 

Established Goals: 
 
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. [Clarification Statement: Emphasis is on the quantitative 
conservation of momentum in interactions and the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to systems of two macroscopic bodies moving in one dimension.]  
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. [Clarification Statement: Examples of evaluation and refinement could 
include determining the success of the device at protecting an object from damage and modifying the design to improve it. Examples of a device could include a football helmet or a parachute.] [Assessment Boundary: Assessment is limited to 
qualitative evaluations and/or algebraic manipulations.]  
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. 
[Clarification Statement: Emphasis is on explaining the meaning of mathematical expressions used in the model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to systems of two or three 
components; and to thermal energy , kinetic energy , and/or the energies in gravitational, magnetic, or electric fields.]  
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). [Clarification Statement: Examples of phenomena at the macroscopic scale could include the conversion of kinetic energy to thermal energy , the energy stored due to position of an object above the earth, and 
the energy stored between two electrically-charged plates. Examples of models could include diagrams, drawings, descriptions, and computer simulations.]  
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. [Clarification Statement: Emphasis is on both qualitative and quantitative evaluations of 
devices. Examples of devices could include Rube Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms and efficiency.] [Assessment Boundary: 
Assessment for quantitative evaluations is limited to total output for a given input. Assessment is limited to devices constructed with materials provided to students.]  
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). [Clarification Statement: Emphasis is on analyzing data from student investigations and using mathematical thinking to describe the energy changes 
both quantitatively and conceptually. Examples of investigations could include mixing liquids at different initial temperatures or adding objects at different temperatures to water.] [Assessment Boundary: Assessment is limited to investigations 
based on materials and tools provided to students.]  

Science and Engineering Practices 
Developing and Using Models  
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing 
models to predict and show relationships among variables between systems and their 
components in the natural and designed worlds.  
● Develop and use a model based on evidence to illustrate the relationships between 

systems or between components of a system. (HS-PS3-2) 
Planning and Carrying Out Investigations  
Planning and carrying out investigations to answer questions or test solutions to problems in 
9–12 builds on K–8 experiences and progresses to include investigations that provide 
evidence for and test conceptual, mathematical, physical and empirical models.  
● Plan and conduct an investigation individually and collaboratively to produce data to 

serve as the basis for evidence, and in the design: decide on types, how much, and 
accuracy of data needed to produce reliable measurements and consider limitations on 
the precision of the data (e.g., number of trials, cost, risk, time), and refine the design 
accordingly. (HS-PS3-4) 

Using Mathematics and Computational Thinking  
Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to 
using algebraic thinking and analysis, a range of linear and nonlinear functions including 
trigonometric functions, exponentials and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple computational simulations are 
created and used based on mathematical models of basic assumptions.  
● Use mathematical representations of phenomena to describe explanations. (HS-PS2-2)  
● Create a computational model or simulation of a phenomenon, designed device, process, 

or system. (HS-PS3-1)  
Constructing Explanations and Designing Solutions  
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and 
progresses to explanations and designs that are supported by multiple and independent 
student-generated sources of evidence consistent with scientific ideas, principles, and 
theories.  
● Apply scientific ideas to solve a design problem, taking into account possible 

unanticipated effects. (HS-PS2-3)  
● Design, evaluate, and/or refine a solution to a complex real-world problem, based on 

scientific knowledge, student-generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-PS3-3) 

Disciplinary Core Ideas 
PS2.A: Forces and Motion  
● Momentum is defined for a particular frame of reference; it is the mass times the velocity 

of the object. (HS-PS2-2)  
● If a system interacts with objects outside itself, the total momentum of the system can 

change; however, any such change is balanced by changes in the momentum of objects 
outside the system. (HS-PS2-2),(HS-PS2-3)  

PS3.A: Definitions of Energy  
● Energy is a quantitative property of a system that depends on the motion and interactions 

of matter and radiation within that system. That there is a single quantity called energy is 
due to the fact that a system's total energy is conserved, even as, within the system, 
energy is continually transferred from one object to another and between its various 
possible forms. (HS-PS3-1),(HS-PS3-2)  

● At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, 
sound, light, and thermal energy . (HS-PS3-2),(HS-PS3-3)  

● These relationships are better understood at the microscopic scale, at which all of the 
different manifestations of energy can be modeled as a combination of energy associated 
with the motion of particles and energy associated with the configuration (relative position 
of the particles). In some cases the relative position energy can be thought of as stored in 
fields (which mediate interactions between particles). This last concept includes radiation, 
a phenomenon in which energy stored in fields moves across space. (HS-PS3-2)  

PS3.B: Conservation of Energy and Energy Transfer  
● Conservation of energy means that the total change of energy in any system is always 

equal to the total energy transferred into or out of the system. (HS-PS3-1)  
● Energy cannot be created or destroyed, but it can be transported from one place to 

another and transferred between systems. (HS-PS3-1),(HS-PS3-4)  
● Mathematical expressions, which quantify how the stored energy in a system depends on 

its configuration (e.g. relative positions of charged particles, compression of a spring) and 
how kinetic energy depends on mass and speed, allow the concept of conservation of 
energy to be used to predict and describe system behavior. (HS-PS3-1)  

● The availability of energy limits what can occur in any system. (HS-PS3-1)  
● Uncontrolled systems always evolve toward more stable states— that is, toward more 

uniform energy distribution (e.g., water flows downhill, objects hotter than their 
surrounding environment cool down). (HS-PS3-4)  

PS3.D: Energy in Chemical Processes  
● Although energy cannot be destroyed, it can be converted to less useful forms—for 

example, to thermal energy in the surrounding environment. (HS-PS3-3),(HS-PS3-4)  
ETS1.A: Defining and Delimiting Engineering Problems  
● Criteria and constraints also include satisfying any requirements set by society, such as 

taking issues of risk mitigation into account, and they should be quantified to the extent 
possible and stated in such a way that one can tell if a given design meets them. 
(secondary to HS-PS2-3)  

ETS1.C: Optimizing the Design Solution  
● Criteria may need to be broken down into simpler ones that can be approached 

systematically, and decisions about the priority of certain criteria over others (trade-offs) 
may be needed. (secondary to HS-PS2-3) 

Crosscutting Concepts 
Cause and Effect  
● Systems can be designed to cause a desired effect. (HS-PS2-3)  
Systems and System Models  
● When investigating or describing a system, the boundaries and initial conditions of the 

system need to be defined. (HS-PS2-2)  
● When investigating or describing a system, the boundaries and initial conditions of the 

system need to be defined and their inputs and outputs analyzed and described using 
models. (HS-PS3-4)  

● Models can be used to predict the behavior of a system, but these predictions have 
limited precision and reliability due to the assumptions and approximations inherent in 
models. (HS-PS3-1) 

Energy and Matter  
● Changes of energy and matter in a system can be described in terms of energy and 

matter flows into, out of, and within that system. (HS-PS3-3)  
● Energy cannot be created or destroyed—only moved between one place and another 

place, between objects and/or fields, or between systems. (HS-PS3-2)  
 

------------------------------------------------  
Connections to Engineering, Technology, and Applications of Science  

 
Influence of Science, Engineering, and Technology on Society and the Natural World  
● Modern civilization depends on major technological systems. Engineers continuously 

modify these technological systems by applying scientific knowledge and engineering 
design practices to increase benefits while decreasing costs and risks. (HS-PS3-3)  

 
---------------------------------------------  

Connections to Nature of Science  
 

Scientific Knowledge Assumes an Order and Consistency in Natural Systems  
● Science assumes the universe is a vast single system in which basic laws are consistent. 

(HS-PS3-1) 

 

Transfer Goal: 
Students will be able to independently use their learning to design, build, and refine a vehicle that converts from gravitational potential energy into kinetic energy in the most 
efficient way possible. 

Students will understand that: 
● Why objects in motion may not always remain in motion 
● Momentum is always conserved, but Kinetic Energy is rarely conserved 
● Momentum transfers occur during collisions 
● Impulses are used to change the momentum of an object 
● Conservation laws appear frequently within Physics 
● Potential energy is stored energy waiting to be converted to kinetic energy 
● Energy can be gained, stored, released, transferred, and lost 
● Energy conversions are highly inefficient due to heat / friction, but these losses can be minimized 

 

Essential Questions: 
● Can I predict the future based on what I know right now? 
● Why doesn’t my measured result match my calculated result? 
● How can I solve any problem given what I know? 
● The object had energy, but where did it go? 
● How will studying this make me a more productive member of society? 
● How can the transfer of energy be used to explain the motion of objects? 
● Does it make more sense to analyze this problem from a force or energy perspective? 

 

Students will know: 
● Momentum, Impulse, and their relationship to forces 
● Elastic vs. Inelastic Collisions 
● The Law of Conservation of Momentum 
● Potential, Kinetic, Thermal, and Elastic Energies 
● The Law of Conservation of Energy 
● Power 
● The First and Second Law of Thermodynamics 
● Efficiency 
● Heat Transfer 

Students will be able to: 
● Explain what happens to an object when they push or pull it 
● Use impulses to explain the changes in momentum and vice versa. 
● Calculate the total momentum and velocities of objects within a system. 
● Calculate the energies within a system and justify where / why these losses occur. 
● Use the first and second laws of thermodynamics to explain the observable results of energy 

conversions. 
● Calculate the efficiencies of objects as they convert one energy form to another. 

 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will construct a vehicle to transport an object down the hallway. The vehicle will begin with gravitational potential energy and convert it to kinetic energy. Students will 
then calculate the efficiency of their vehicle as it traveled down the hallway. After analyzing the construction of their vehicle, students will independently reflect and discuss how 
to improve the design of their vehicle to reduce the heat lost by their machine to achieve a higher efficiency. 



 

Physics CP 

Unit Title / Topic: Electricity and Magnetism Unit Duration: 9 Weeks / 10 Cycles 
Stage 1: Desired Results 

Established Goals: 
 
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. [Clarification Statement: Emphasis is on both 
quantitative and conceptual descriptions of gravitational and electric fields.] [Assessment Boundary: Assessment is limited to systems with two 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. [Assessment Boundary: Assessment is 
limited to designing and conducting investigations with provided materials and tools.]  
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. 
[Clarification Statement: Emphasis is on explaining the meaning of mathematical expressions used in the model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to systems of two or three 
components; and to thermal energy , kinetic energy , and/or the energies in gravitational, magnetic, or electric fields.]  
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). [Clarification Statement: Examples of phenomena at the macroscopic scale could include the conversion of kinetic energy to thermal energy , the energy stored due to position of an object above the earth, and 
the energy stored between two electrically-charged plates. Examples of models could include diagrams, drawings, descriptions, and computer simulations.]  
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. [Clarification Statement: Emphasis is on both qualitative and quantitative evaluations of 
devices. Examples of devices could include Rube Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms and efficiency.] [Assessment Boundary: 
Assessment for quantitative evaluations is limited to total output for a given input. Assessment is limited to devices constructed with materials provided to students.]  
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. [Clarification Statement: 
Examples of models could include drawings, diagrams, and texts, such as drawings of what happens when two charges of opposite polarity are near each other.] [Assessment Boundary: Assessment is limited to systems containing two 
objects.] 

Science and Engineering Practices 
Developing and Using Models  
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing 
models to predict and show relationships among variables between systems and their 
components in the natural and designed worlds.  
● Develop and use a model based on evidence to illustrate the relationships between 

systems or between components of a system. (HS-PS3-2),(HS-PS3-5)  
Planning and Carrying Out Investigations  
Planning and carrying out investigations to answer questions or test solutions to problems in 
9–12 builds on K–8 experiences and progresses to include investigations that provide 
evidence for and test conceptual, mathematical, physical and empirical models.  
● Plan and conduct an investigation individually and collaboratively to produce data to 

serve as the basis for evidence, and in the design: decide on types, how much, and 
accuracy of data needed to produce reliable measurements and consider limitations on 
the precision of the data (e.g., number of trials, cost, risk, time), and refine the design 
accordingly. (HS-PS2-5) 

Using Mathematics and Computational Thinking  
Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to 
using algebraic thinking and analysis, a range of linear and nonlinear functions including 
trigonometric functions, exponentials and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple computational simulations are 
created and used based on mathematical models of basic assumptions.  
● Use mathematical representations of phenomena to describe explanations. (HS-PS2-4)  
● Create a computational model or simulation of a phenomenon, designed device, process, 

or system. (HS-PS3-1) 
Constructing Explanations and Designing Solutions  
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and 
progresses to explanations and designs that are supported by multiple and independent 
student-generated sources of evidence consistent with scientific ideas, principles, and 
theories.  
● Design, evaluate, and/or refine a solution to a complex real-world problem, based on 

scientific knowledge, student-generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-PS3-3)  

 
-----------------------------------------------------  

Connections to Nature of Science  
 

Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena  
● Theories and laws provide explanations in science. (HS-PS2-4)  
● Laws are statements or descriptions of the relationships among observable phenomena. 

(HS-PS2-4) 

Disciplinary Core Ideas 
PS2.B: Types of Interactions  
● Newton’s law of universal gravitation and Coulomb’s law provide the mathematical 

models to describe and predict the effects of gravitational and electrostatic forces 
between distant objects. (HS-PS2-4)  

● Forces at a distance are explained by fields (gravitational, electric, and magnetic) 
permeating space that can transfer energy through space. Magnets or electric currents 
cause magnetic fields; electric charges or changing magnetic fields cause electric fields. 
(HS-PS2- 4),(HS-PS2-5)  

PS3.A: Definitions of Energy  
● “Electrical energy” may mean energy stored in a battery or energy transmitted by electric 

currents. (secondary to HS-PS2-5)  
● Energy is a quantitative property of a system that depends on the motion and interactions 

of matter and radiation within that system. That there is a single quantity called energy is 
due to the fact that a system's total energy is conserved, even as, within the system, 
energy is continually transferred from one object to another and between its various 
possible forms. (HS-PS3-1),(HS-PS3-2)  

● At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, 
sound, light, and thermal energy . (HS-PS3-2)(HS-PS3-3)  

● These relationships are better understood at the microscopic scale, at which all of the 
different manifestations of energy can be modeled as a combination of energy associated 
with the motion of particles and energy associated with the configuration (relative position 
of the particles). In some cases the relative position energy can be thought of as stored in 
fields (which mediate interactions between particles). This last concept includes radiation, 
a phenomenon in which energy stored in fields moves across space. (HS-PS3-2)  

PS3.B: Conservation of Energy and Energy Transfer  
● Conservation of energy means that the total change of energy in any system is always 

equal to the total energy transferred into or out of the system. (HS-PS3-1)  
● Energy cannot be created or destroyed, but it can be transported from one place to 

another and transferred between systems. (HS-PS3-1) 
● Mathematical expressions, which quantify how the stored energy in a system depends on 

its configuration (e.g. relative positions of charged particles, compression of a spring) and 
how kinetic energy depends on mass and speed, allow the concept of conservation of 
energy to be used to predict and describe system behavior. (HS-PS3-1)  

● The availability of energy limits what can occur in any system. (HS-PS3-1)  
PS3.C: Relationship Between Energy and Forces  
● When two objects interacting through a field change relative position, the energy stored in 

the field is changed. (HS-PS3-5)  
PS3.D: Energy in Chemical Processes  
● Although energy cannot be destroyed, it can be converted to less useful forms—for 

example, to thermal energy in the surrounding environment. (HS-PS3-3) 

Crosscutting Concepts 
Patterns  
● Different patterns may be observed at each of the scales at which a system is studied 

and can provide evidence for causality in explanations of phenomena. (HS-PS2-4)  
Cause and Effect  
● Empirical evidence is required to differentiate between cause and correlation and make 

claims about specific causes and effects.(HS-PS2-5)  
● Cause and effect relationships can be suggested and predicted for complex natural and 

human designed systems by examining what is known about smaller scale mechanisms 
within the system. (HS-PS3-5) 

Systems and System Models  
● Models can be used to predict the behavior of a system, but these predictions have 

limited precision and reliability due to the assumptions and approximations inherent in 
models. (HS-PS3-1)  

Energy and Matter  
● Changes of energy and matter in a system can be described in terms of energy and 

matter flows into, out of, and within that system. (HS-PS3-3)  
● Energy cannot be created or destroyed—only moved between one place and another 

place, between objects and/or fields, or between systems. (HS-PS3-2) 
 

 ------------------------------------------------  
Connections to Engineering, Technology, and Applications of Science  

 
Influence of Science, Engineering, and Technology on Society and the Natural World  
● Modern civilization depends on major technological systems. Engineers continuously 

modify these technological systems by applying scientific knowledge and engineering 
design practices to increase benefits while decreasing costs and risks. (HS-PS3-3)  

 
---------------------------------------------  

Connections to Nature of Science  
 

Scientific Knowledge Assumes an Order and Consistency in Natural Systems  
● Science assumes the universe is a vast single system in which basic laws are consistent. 

(HS- PS3-1)  

 

Transfer Goal: 
Students will be able to independently use their learning to design, build, and refine an electrical circuit that converts one type of energy to another. 

Students will understand that: 
● Gravitational and Electrical forces are governed by a similar formula. 
● All electromagnetic interactions are derived from charge, amount, polarity, and distance. 
● The charge difference and distance between particles forms the basis of electricity. 
● How objects become charged if macroscopic objects are neutral. 
● Opposites attract while like charges repel. 
● Electricity causes magnetism and vice versa. 
● Electrical losses may be a design feature or design flaw depending on the task of a circuit. 
● Electrical energy may be converted into other forms of energy, but this process is only so efficient. 

Essential Questions: 
● How can models be used to visualize the unseen? 
● Why doesn’t my measured result match my calculated result? 
● How can I solve any problem given what I know? 
● The object had energy, but where did it go? 
● How will studying this make me a more productive member of society? 
● How can my prior knowledge be used to draw similarities to electricity and magnetism? 
● Why do microscopic forces and particles have such a huge impact on modern life? 

 
Students will know: 
● Gravitational vs. Electrical forces 
● Electrostatics vs. Electricity 
● Electric Potential vs Voltage 
● Electrical Forces and Coulomb’s Law 
● Voltage, Current, Resistance, Power, Capacitors, and Ohm’s Law 
● Converting electric energy into other forms of energy 
● Electric vs. Magnetic Fields 
● Maxwell-Faraday’s Law and the Right-Hand Rule 
● Magnetism 
● Lenz’s Law 
● Efficiency 

Students will be able to: 
● Determine the electrical potential between two charged particles. 
● Determine the magnitude and direction of a force between two charged particles.  
● Construct a simple circuit that displays the relationships within Ohm’s Law. 
● Predict and justify the motion of a charged particle under the influence of an electric / magnetic 

field. 
● Calculate the strength of a magnetic field. 

 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will construct a Rube Goldberg Machine to convert various forms of mechanical energy into electrical energy. Students will analyze the efficiency of each step of their 
machine as it operates. After analyzing the efficiency of their machine, students will independently reflect and discuss how to improve the design of their machine to reduce the 
energy losses of their machine to achieve a higher efficiency. 

 

Physics CP 

Unit Title / Topic: Waves and Electromagnetic Radiation Unit Duration: 9 Weeks / 10 Cycles 



Stage 1: Desired Results 
Established Goals: 
 
HS-PS4-1. Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves traveling in various media. [Clarification Statement: Examples of data could include 
electromagnetic radiation traveling in a vacuum and glass, sound waves traveling through air and water, and seismic waves traveling through the Earth.] [Assessment Boundary: Assessment is limited to algebraic relationships and describing 
those relationships qualitatively.] 
 HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of information. [Clarification Statement: Examples of advantages could include that digital information is stable because it can be stored 
reliably in computer memory , transferred easily , and copied and shared rapidly. Disadvantages could include issues of easy deletion, security , and theft.]  
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. [Clarification Statement: Emphasis is on how the experimental evidence supports the claim and how a theory is generally modified in light of new evidence. Examples of a phenomenon could include resonance, interference, 
diffraction, and photoelectric effect.] [Assessment Boundary: Assessment does not include using quantum theory.]  
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. [Clarification Statement: Emphasis is on the idea 
that photons associated with different frequencies of light have different energies, and the damage to living tissue from electromagnetic radiation depends on the energy of the radiation. Examples of published materials could include trade 
books, magazines, web resources, videos, and other passages that may reflect bias.] [Assessment Boundary: Assessment is limited to qualitative descriptions.]  
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. [Clarification 
Statement: Examples could include solar cells capturing light and converting it to electricity ; medical imaging; and communications technology.] [Assessment Boundary: Assessments are limited to qualitative information. Assessments do not 
include band theory.]  

Science and Engineering Practices 
Asking Questions and Defining Problems  
Asking questions and defining problems in grades 9–12 builds from grades K–8 experiences 
and progresses to formulating, refining, and evaluating empirically testable questions and 
design problems using models and simulations.  
●  Evaluate questions that challenge the premise(s) of an argument, the interpretation of a 

data set, or the suitability of a design. (HS-PS4-2)  
Using Mathematics and Computational Thinking  
Mathematical and computational thinking at the 9-12 level builds on K-8 and progresses to 
using algebraic thinking and analysis, a range of linear and nonlinear functions including 
trigonometric functions, exponentials and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple computational simulations are 
created and used based on mathematical models of basic assumptions.  
● Use mathematical representations of phenomena or design solutions to describe and/or 

support claims and/or explanations. (HS-PS4-1)  
Engaging in Argument from Evidence 
Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to 
using appropriate and sufficient evidence and scientific reasoning to defend and critique 
claims and explanations about natural and designed worlds. Arguments may also come from 
current scientific or historical episodes in science.  
● Evaluate the claims, evidence, and reasoning behind currently accepted explanations or 

solutions to determine the merits of arguments. (HS-PS4-3)  
Obtaining, Evaluating, and Communicating Information  
Obtaining, evaluating, and communicating information in 9–12 builds on K–8 and progresses 
to evaluating the validity and reliability of the claims, methods, and designs.  
● Evaluate the validity and reliability of multiple claims that appear in scientific and technical 

texts or media reports, verifying the data when possible. (HS-PS4-4)  
● Communicate technical information or ideas (e.g. about phenomena and/or the process 

of development and the design and performance of a proposed process or system) in 
multiple formats (including orally , graphically , textually , and mathematically). 
(HS-PS4-5) 

 
 -----------------------------------------------------  

Connections to Nature of Science  
 
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena  
● A scientific theory is a substantiated explanation of some aspect of the natural world, 

based on a body of facts that have been repeatedly confirmed through observation and 
experiment and the science community validates each theory before it is accepted. If new 
evidence is discovered that the theory does not accommodate, the theory is generally 
modified in light of this new evidence. (HS-PS4-3) 

Disciplinary Core Ideas 
PS3.D: Energy in Chemical Processes  
● Solar cells are human-made devices that likewise capture the sun’s energy and produce 

electrical energy . (secondary to HS-PS4-5)  
PS4.A: Wave Properties  
● The wavelength and frequency of a wave are related to one another by the speed of 

travel of the wave, which depends on the type of wave and the medium through which it 
is passing. (HS-PS4-1)  

● Information can be digitized (e.g., a picture stored as the values of an array of pixels); in 
this form, it can be stored reliably in computer memory and sent over long distances as a 
series of wave pulses. (HS-PS4-2),(HS-PS4-5)  

● [From the 3–5 grade band endpoints] Wav es can add or cancel one another as they 
cross, depending on their relative phase (i.e., relative position of peaks and troughs of the 
waves), but they emerge unaffected by each other. (Boundary : The discussion at this 
grade level is qualitative only ; it can be based on the fact that two different sounds can 
pass a location in different directions without getting mixed up.) (HS-PS4-3) 

PS4.B: Electromagnetic Radiation  
● Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of 

changing electric and magnetic fields or as particles called photons. The wave model is 
useful for explaining many features of electromagnetic radiation, and the particle model 
explains other features. (HS-PS4-3)  

● When light or longer wavelength electromagnetic radiation is absorbed in matter, it is 
generally converted into thermal energy (heat). Shorter wavelength electromagnetic 
radiation (ultraviolet, X-ray s, gamma rays) can ionize atoms and cause damage to living 
cells. (HS-PS4-4)  

● Photoelectric materials emit electrons when they absorb light of a high-enough frequency. 
(HS-PS4-5) 

PS4.C: Information Technologies and Instrumentation  
● Multiple technologies based on the understanding of waves and their interactions with 

matter are part of everyday experiences in the modern world (e.g., medical imaging, 
communications, scanners) and in scientific research. They are essential tools for 
producing, transmitting, and capturing signals and for storing and interpreting the 
information contained in them. (HS-PS4- 5) 

Crosscutting Concepts 
Cause and Effect  
● Empirical evidence is required to differentiate between cause and correlation and make 

claims about specific causes and effects. (HS-PS4-1)  
● Cause and effect relationships can be suggested and predicted for complex natural and 

human designed systems by examining what is known about smaller scale mechanisms 
within the system. (HS-PS4-4)  

● Systems can be designed to cause a desired effect. (HS-PS4-5)  
Systems and System Models  
● Models (e.g., physical, mathematical, computer models) can be used to simulate systems 

and interactions— including energy , matter, and information flows—within and between 
systems at different scales. (HS-PS4-3)  

Stability and Change  
● Systems can be designed for greater or lesser stability . (HS-PS4-2)  
 

---------------------------------------------  
Connections to Engineering, Technology, and Applications of Science  

 
Interdependence of Science, Engineering, and Technology  
● Science and engineering complement each other in the cycle known as research and 

development (R&D). (HS-PS4-5)  
Influence of Engineering, Technology, and Science on Society and the Natural World  
● Modern civilization depends on major technological systems. (HS-PS4-2),(HS-PS4-5)  
● Engineers continuously modify these technological systems by applying scientific 

knowledge and engineering design practices to increase benefits while decreasing costs 
and risks. (HS-PS4-2) 

 
Transfer Goal: 
Students will be able to independently use their learning to communicate technical information about how technological devices use the principles of wave behavior and wave 
interactions with matter to transmit and capture information and energy. 

Students will understand that: 
● Swinging pendulums can help model the motion of waves 
● Wave speed is dependent on the medium through which it travels 
● Why the speed of sound is so low compared to the speed of light 
● All waves, including light, can cancel itself out 
● Light behaves like both a wave and a particle 
● Photons and Electrons are essential to modern life 

Essential Questions: 
● How can models be used to visualize the unseen? 
● Why doesn’t my measured result match my calculated result? 
● How can I solve any problem given what I know? 
● The object had energy, but where did it go? 
● How will studying this make me a more productive member of society? 
● How does invisible energy affect me? 

Students will know: 
● Oscillations, Vibrations, Pendulums and Simple Harmonic Motion 
● Amplitude, Period, Frequency, Wavelength, and the Wave Equation 
● Speed of Sound in various media 
● Constructive and Destructive Wave Interference 
● Beats and Standing Waves 
● Photons vs Electrons 
● The Speed of Light 
● The Electromagnetic Spectra 
● Energy of Photons and Ionizing Radiation 
● Particle/Wave Duality 
● Photons - Creation and Applications 

Students will be able to: 
● Calculate the speed of a wave 
● Model the movement of an oscillating object to describe the motion of photons 
● Explain how photons are created 
● Predict the outcome of various wave interference phenomena 
● List the different forms of electromagnetic radiation and explain why they are different from one 

another 
● Explain why standing in front of a microwave is safe, but standing in direct sunlight is not 

 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will be given a one type of electromagnetic radiation to research. Students will create an investigative report for the positive and negative effects associated with 
utilizing this type of energy in society, and critically analyze how it can be improved / reduce the risks of its use. Examples may include using the particle nature of visible light to 
operate solar cells, usage of x-rays to view broken bones, radioactive decay of atoms to create nuclear energy, etc. 

 


