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Unit 1 Overview 

Content Area:    Physics Honors                  

Unit Title:    The Science of Physics                         

Target Proficiency Level:  11 and 12 

Unit Summary: Students understand core concepts and principles of science and use measurement and 

observation tools to assist in categorizing, representing and interpreting the natural and designed world. 

 

Primary interdisciplinary connections:  Math 

 

 

Science and Engineering 

Practices(SEP) 

 

Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 

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. 

 

  

 

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

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

         Connections to Nature of 

Science 

 

  

PS2.A: Forces and Motion 

 

    Newton’s second law 

accurately predicts changes in 

the motion of macroscopic 

objects. 

Cause and Effect 

 

    Empirical evidence is 

required to differentiate 

between cause and correlation 

and make claims about specific 

causes and effects. 
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Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena 

 

    Theories and laws provide 

explanations in science. 

    Laws are statements or 

descriptions of the 

relationships among 

observable phenomena. 

 

 

 

 

 

 
 

Next Generation Science Standards (NGSS) 

Next Generation Science Standards (NGSS) 

 

HS-PS2-1 Motion and Stability: Forces and Interactions 

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 

sliding 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 non-

relativistic speeds.] 
Connections to other DCIs in this grade band. 

1. Cause and Effect 

 

    Empirical evidence is required to differentiate between cause and correlation and make claims about 

specific causes and effects. 

 

 

Articulation of DCIs across grade bands. 

1.  MS.PS2.A ; MS.PS3.C 

NJSLS Connections: 

 

1. ELA/Literacy - 

RST.11-12.1  Cite specific textual evidence to support analysis of science and technical texts, attending 

to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS2-1) 

RST.11-12.7  Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-

PS2-1) 

WHST.11-12.9  Draw evidence from informational texts to support analysis, reflection, and research. (HS-

PS2-1) 

Mathematics - 

MP.2  Reason abstractly and quantitatively. (HS-PS2-1) 

MP.4  Model with mathematics. (HS-PS2-1) 
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HSN.Q.A.1  Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin 

in graphs and data displays. (HS-PS2-1) 

HSN.Q.A.2  Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1) 

HSN.Q.A.3  Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1) 

HSA.SSE.A.1  Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1) 

HSA.SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1) 

HSA.CED.A.1  Create equations and inequalities in one variable and use them to solve problems. (HS-

PS2-1) 

HSA.CED.A.2  Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1) 

HSA.CED.A.4  Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1) 

HSF-IF.C.7  Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1  Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

 

Unit Rationale:   

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 analyze arguments/ 

explanations. 

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

structured data/ evidence. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1   Refine interrelationships among concepts and patterns of evidence found in different 

central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical and computational tools to build evidence-based 

models and to pose theories. 

Evidence of Learning 
Summative Assessment:   

Chapter test. 

 

Equipment needed:  Scales, Metric rulers, SPARKS probes and equipment, timers 

 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos, SPARKS probes and equipment 

 

Formative/Benchmark Assessments:                                       Alternative Assessments: 



5 

 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  
Lesson Timeframe (=180 days) 

Study of Physics and scientific method 2 hours/days 

Basic SI units and units conversions 4 hours/days 

Accuracy and precision. Significant figures 5 hours/days 

Order of magnitude calculations 2 /hours/days 
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Unit 2 Overview 

Content Area:    Physics Honors                  

Unit Title:   Motion in One Dimension                      

Target Proficiency Level:  11 and 12 

Unit Summary:  
It takes energy to change the motion of objects.  The energy change is understood in terms of forces. 

 

Primary interdisciplinary connections:  Math 

 

 

Science and Engineering 

Practices(SEP) 

 

Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 

 

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. 

 

  

 

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

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

         Connections to Nature of 

Science 

 

  

 

PS2.A: Forces and Motion 

 

    Newton’s second law 

accurately predicts changes in 

the motion of macroscopic 

objects. 

 

Cause and Effect 

 

    Empirical evidence is 

required to differentiate 

between cause and correlation 

and make claims about specific 

causes and effects. 
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Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena 

 

    Theories and laws provide 

explanations in science. 

    Laws are statements or 

descriptions of the 

relationships among 

observable phenomena. 

 

 

 

 
 

Next Generation Science Standards (NGSS) 

 

HS-PS2-1 Motion and Stability: Forces and Interactions 

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 

sliding 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 non-

relativistic speeds.] 
Connections to other DCIs in this grade band. 

1. Cause and Effect 

 

    Empirical evidence is required to differentiate between cause and correlation and make claims about 

specific causes and effects. 

 

Articulation of DCIs across grade bands. 

1.  MS.PS2.A ; MS.PS3.C 

NJSLS Connections: 

 

1. ELA/Literacy - 

RST.11-12.1  Cite specific textual evidence to support analysis of science and technical texts, attending 

to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS2-1) 

RST.11-12.7  Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-

PS2-1) 

WHST.11-12.9  Draw evidence from informational texts to support analysis, reflection, and research. (HS-

PS2-1) 

Mathematics - 

MP.2  Reason abstractly and quantitatively. (HS-PS2-1) 

MP.4  Model with mathematics. (HS-PS2-1) 

HSN.Q.A.1  Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin 

in graphs and data displays. (HS-PS2-1) 

HSN.Q.A.2  Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1) 
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HSN.Q.A.3  Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1) 

HSA.SSE.A.1  Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1) 

HSA.SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1) 

HSA.CED.A.1  Create equations and inequalities in one variable and use them to solve problems. (HS-

PS2-1) 

HSA.CED.A.2  Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1) 

HSA.CED.A.4  Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1) 

HSF-IF.C.7  Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1  Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

 

Unit Rationale:   

The motion of an object can be described by its position and velocity as functions of time and by its 

average speed and average acceleration during intervals of time. 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.2.12.E.1:      Compare the calculated and measured speed, average speed and acceleration of an 

object in motion, and account for differences that may exist between calculated and 

measured values.   

  

Evidence of Learning 
Summative Assessment:   

Chapter test. 

 

Equipment needed:  Scales, Metric rulers, SPARKS probes and equipment, timers 

 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos, SPARKS probes and equipment 

 

Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  
Lesson Timeframe (=180 days) 

Motion in terms of displacement, time and velocity 2 hours/days 

Graphs of position versus time 3 hours/days 
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Accelerated motion- using kinematics equations 5 hours/days 

Object in free fall motion 3 /hours/days 

  

  

 

 

 

 
Unit 3 Overview 

Content Area:    Physics Honors                  

Unit Title:          Two-Dimensional Motion and Vectors               

Target Proficiency Level:  11 and 12 

Unit Summary:  
It takes energy to change the motion of objects.  The energy change is understood in terms of forces. 

 

 

Primary interdisciplinary connections:  Math 

 

 

Science and Engineering 

Practices(SEP) 

 

Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 

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. 

 

  

 

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

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

         Connections to Nature of 

Science 

 

PS2.A: Forces and Motion 

 

    Newton’s second law 

accurately predicts changes in 

the motion of macroscopic 

objects. 

Cause and Effect 

 

    Empirical evidence is 

required to differentiate 

between cause and correlation 

and make claims about specific 

causes and effects. 
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Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena 

 

    Theories and laws provide 

explanations in science. 

    Laws are statements or 

descriptions of the 

relationships among 

observable phenomena. 

 

 

 

 

 

 
 

Next Generation Science Standards (NGSS) 

 

HS-PS2-1 Motion and Stability: Forces and Interactions 

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 

sliding 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 non-

relativistic speeds.] 
 

Connections to other DCIs in this grade band. 

1. Cause and Effect 

 

    Empirical evidence is required to differentiate between cause and correlation and make claims about 

specific causes and effects. 

 

Articulation of DCIs across grade bands. 

1. MS.PS2.A ; MS.PS3.C 

NJSLS Connections: 

ELA/Literacy 

1. ELA/Literacy - 

RST.11-12.1  Cite specific textual evidence to support analysis of science and technical texts, attending 

to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS2-1) 

RST.11-12.7  Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-

PS2-1) 

WHST.11-12.9  Draw evidence from informational texts to support analysis, reflection, and research. (HS-

PS2-1) 

Mathematics - 

MP.2  Reason abstractly and quantitatively. (HS-PS2-1) 

MP.4  Model with mathematics. (HS-PS2-1) 
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HSN.Q.A.1  Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin 

in graphs and data displays. (HS-PS2-1) 

HSN.Q.A.2  Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1) 

HSN.Q.A.3  Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1) 

HSA.SSE.A.1  Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1) 

HSA.SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1) 

HSA.CED.A.1  Create equations and inequalities in one variable and use them to solve problems. (HS-

PS2-1) 

HSA.CED.A.2  Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1) 

HSA.CED.A.4  Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1) 

HSF-IF.C.7  Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1  Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

 

Unit Rationale:   

Objects undergo different kinds of motion (translational, rotational and vibrational.) 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.2.12.E.2   Compare the translational and rotational motions of a thrown object and potential 

applications of this understanding. 

Evidence of Learning 
Summative Assessment:   

Chapter test. 

 

Equipment needed:  Scales, Metric rulers, SPARKS probes and equipment, timers 

 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos, SPARKS probes and equipment 

 

Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  
Lesson Timeframe (=180 days) 

Scalar and vector quantities 1 hours/days 
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Graphical method of adding subtracting and multiplying 

vectors 

4 hours/days 

Resolving vectors to components. Magnitude and 

direction of resulting vector 

4 hours/days 

Projectile motion 7hours/days 

 

 

 

 
Unit 4 Overview 

Content Area:    Physics Honors                  

Unit Title:            Forces and the Laws of Motion             

Target Proficiency Level:  11 and 12 

Unit Summary: It takes energy to change the motion of objects.  The energy change is understood in terms of 

forces. 

 

Primary interdisciplinary connections:  Math 

 

 

Science and Engineering 

Practices(SEP) 

 

Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 

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. 

 

  

 

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

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

         Connections to Nature of 

Science 

 

PS2.A: Forces and Motion 

 

    Newton’s second law 

accurately predicts changes in 

the motion of macroscopic 

objects. 

Cause and Effect 

 

    Empirical evidence is 

required to differentiate 

between cause and correlation 

and make claims about specific 

causes and effects. 
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Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena 

 

    Theories and laws provide 

explanations in science. 

    Laws are statements or 

descriptions of the 

relationships among 

observable phenomena. 

 

 

 

 

 

 

 
 

Next Generation Science Standards (NGSS) 

 

HS-PS2-1 Motion and Stability: Forces and Interactions 

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 

sliding 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 non-

relativistic speeds.] 
 

Connections to other DCIs in this grade band. 

1. Cause and Effect 

 

    Empirical evidence is required to differentiate between cause and correlation and make claims about 

specific causes and effects. 

 

Articulation of DCIs across grade bands. 

1. . MS.PS2.A ; MS.PS3.C 

NJSLS Connections: 

1. ELA/Literacy - 

RST.11-12.1  Cite specific textual evidence to support analysis of science and technical texts, attending 

to important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS2-1) 

RST.11-12.7  Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-

PS2-1) 

WHST.11-12.9  Draw evidence from informational texts to support analysis, reflection, and research. (HS-

PS2-1) 

Mathematics - 

MP.2  Reason abstractly and quantitatively. (HS-PS2-1) 

MP.4  Model with mathematics. (HS-PS2-1) 
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HSN.Q.A.1  Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin 

in graphs and data displays. (HS-PS2-1) 

HSN.Q.A.2  Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1) 

HSN.Q.A.3  Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1) 

HSA.SSE.A.1  Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1) 

HSA.SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1) 

HSA.CED.A.1  Create equations and inequalities in one variable and use them to solve problems. (HS-

PS2-1) 

HSA.CED.A.2  Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1) 

HSA.CED.A.4  Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1) 

HSF-IF.C.7  Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1  Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

 

Unit Rationale:  The motion of an object changes only when a net force is applied.The magnitude of 

acceleration of an object depends directly on the strength of the net force, and inversely on the mass of the 

object. This relationship (a= Fnet/m) is independent of the nature of the force.  

 

 

 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.2.12.E.3   Create simple models to demonstrate the benefits of seatbelts using Newton’s first law of 

motion. 

5.2.12.E.4  Measure and describe the relationship between the force acting on an object and the 

resulting acceleration. 

Evidence of Learning 
Summative Assessment:   

Chapter test. 

 

Equipment needed:  Scales, Metric rulers, SPARKS probes and equipment, timers 

 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos, SPARKS probes and equipment 

 

Formative/Benchmark Assessments:                                       Alternative Assessments: 
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 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  
Lesson Timeframe (=180 days) 

Newton’s Laws 2 hours/days 

Free body diagrams and net forces 4 hours/days 

Acceleration of an object in terms of its mass and the net 

external force acting on it 

5 hours/days 

Mass and Weight 2 /hours/days 

Friction 3 hours/days 

Inclined plane 5 hours/days 
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Unit 5 Overview 

Content Area:    Physics Honors                  

Unit Title:          Work and Energy               

Target Proficiency Level:  11 and 12 

Unit Summary:  The conservation of energy can be demonstrated by keeping track of familiar forms of 

energy as they are transferred from one object to another.It takes energy to change the motion of objects. The 

energy change is understood in terms of forces. 

 

Primary interdisciplinary connections:  Math 

 

 

Science and Engineering 

Practices(SEP) 

 

Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 

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. 

 

 

 

 

 

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. 

    At the macroscopic scale, 

energy manifests itself in 

multiple ways, such as in 

motion, sound, light, and 

thermal energy. 

    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 

Energy and Matter 

 

    Energy cannot be created or 

destroyed—only moves 

between one place and another 

place, between objects and/or 

fields, or between systems. 
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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. 

 

  

 
 

Next Generation Science Standards (NGSS) 

 

HS-PS3-2 Energy 

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). [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.] 
 

 

Connections to other DCIs in this grade band. 

1.  HS.ESS2.A ; HS.PS1.A ; HS.PS1.B ; HS.PS2.B 

 

Articulation of DCIs across grade bands. 

1.  MS.PS1.A ; MS.PS2.B ; MS.PS3.A ; MS.PS3.C 

NJSLS Connections: 

ELA/Literacy 

1. ELA/Literacy - 

SL.11-12.5  Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive 

elements) in presentations to enhance understanding of findings, reasoning, and evidence and to add 

interest. (HS-PS3-2) 

Mathematics - 

MP.2  Reason abstractly and quantitatively. (HS-PS3-2) 

MP.4  Model with mathematics. (HS-PS3-2) 

 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

 

Unit Rationale:  The potential energy of an object on Earth’s surface is increased when the object’s position 

is changed from one closer to Earth’s surface to one farther from Earth’s surface. 

The motion of an object can be described by its position and velocity as functions of time and by its average 

speed and average acceleration during intervals of time. 
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Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.2.12.D.1  Model the relationship between the height of an object and its potential energy. 

 

Unit Essential Questions•  

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? Disregard rotational motion and air 

resistance. 

• 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, then 

lowers the weight slowly? 

 

 

 

Unit Enduring Understanding 

• No, the person on the top of the building 

will see the ball’s potential energy as less than 

zero due to his relative position to the ball; while 

the person on the ground will view the ball’s 

potential as greater than zero until it reaches the 

ground also due to his relative position to the 

ball. Their view on the ball’s kinetic energy 

should be the same since kinetic energy is due to 

the object’s velocity not its position. 

 

• During a pole-vault event the athlete’s 

energy transformations will be from low 

potential energy while on the ground to kinetic 

energy while running to an increase in potential 

energy while flying over the bar as his kinetic 

energy decreases to zero and then increases as he 

drops to the ground as his potential energy 

decreases. 

 • An athlete lifting a weight increases the 

potential energy as he lifts it to above his head;  

in doing so, he performs work through the 

movement (kinetic energy).  While the weight is 

above his head he is performing no work but, 

while he is lowering it, he lowers the weight’s 

potential energy, increases its kinetic energy and 

performs work. 

 

Unit Learning Targets 

Students will: 

 Recognize the difference between the scientific and ordinary definitions of work. 

 

 Define work, relating it to force and displacement. 

 

 Identify where work is being performed in a variety of situations. 

 

 Calculate the net work done when many forces are applied to an object. 

 

 Distinguish between kinetic and potential energy. 
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 Classify different types of potential energy. 

 

 Calculate the potential energy associated with an object’s position. 

 

 Identify situations in which conservation of mechanical energy is valid. 

 

 Recognize the forms that conserved energy can take. 

 

 Solve problems using conservation of mechanical energy. 

 

 Apply the work-kinetic energy theorem to solve problems. 

 

 Relate the concepts of energy, time and power. 

 

 Calculate power in two different ways. 

 

 Explain the effect of machines on work and power. 

 

 

Evidence of Learning 
Summative Assessment:   

Chapter test. 

 

Equipment needed:  Scales, Metric rulers, SPARKS probes and equipment, timers 

 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos, SPARKS probes and equipment 

 

Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  
Lesson Timeframe (=180 days) 

Work related to force and displacement 2 hours/days 

Net work done when many forces are applied 2hours/days 

Forms of energy: kinetic and potential 4 hours/days 

Solving problems using conservation of energy 4 hours/days 

Work- kinetic energy theorem 3 hours/days 

Power 2 hours/days 
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Unit 6 Overview 

Content Area:    Physics Honors                  

Unit Title:     Momentum and Collisions                    

Target Proficiency Level:  11 and 12 

Unit Summary: The conservation of energy can be demonstrated by keeping track of familiar forms of 

energy as they are transferred from one object to another. 

 

Primary interdisciplinary connections:  Math 

 

 

Science and Engineering 

Practices(SEP) 

 

Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 

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. 

 

 

 

 

 

PS2.A: Forces and Motion 

 

    Momentum is defined for a 

particular frame of reference; 

it is the mass times the velocity 

of the object. 

    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. 

Systems and System Models 

 

    When investigating or 

describing a system, the 

boundaries and initial 

conditions of the system need 

to be defined. 
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Next Generation Science Standards (NGSS) 

 

HS-PS2-2 Motion and Stability: Forces and Interactions 

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.] 
Connections to other DCIs in this grade band. 

1. HS.ESS1.A ; HS.ESS1.C 

 

Articulation of DCIs across grade bands. 

1. MS.PS2.A ; MS.PS3.C 

NJSLS Connections: 

1. Mathematics - 

MP.2  Reason abstractly and quantitatively. (HS-PS2-2) 

MP.4  Model with mathematics. (HS-PS2-2) 

HSN.Q.A.1  Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin 

in graphs and data displays. (HS-PS2-2) 

HSN.Q.A.2  Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-2) 

HSN.Q.A.3  Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-2) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems. (HS-

PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-2) 

 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

 

Unit Rationale:  Energy may be transferred from one object to another during collisions. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.2.12.D.4  Measure quantitatively the energy transferred between objects during a collision. 

 

Unit Essential Questions 

• If an object is not moving, what is its 

momentum? 

• Two skaters initially at rest push against each 

other so that they move in opposite directions.  What is 

the total momentum of the two skaters when they begin 

moving?  Explain. 

 

Unit Enduring Understanding 

• The object has no momentum unless it is 

moving: p = mv. 

• The initial momentum of the skaters is 

zero since they are not moving. 

• Using the principles of momentum one 

would say that the gun before being fired has no 

momentum.  Once it is fired the bullet’s 



22 

 

• When a bullet is fired from a gun, what happens 

to the gun?  Explain using the principles of momentum. 

• Consider a perfectly inelastic head-on collision 

between a small car and a large truck traveling at the 

same speed. Which vehicle has a greater change in kinetic 

energy as a result of the collision? 

 

momentum is determined by the mass and 

velocity of the bullet, we will consider this to be 

in the positive direction.  The momentum of the 

gun will be equal to yet opposite direction to that 

of the bullet. 

• In a perfectly inelastic collision the two 

vehicles will be attached, they will have had the 

same change in momentum but the motion of the 

combined vehicles will be in the direction of the 

large truck due to its greater momentum before 

the collision. 

 

Unit Learning Targets 

Students will: 

 Compare the momentum of different moving objects. 

 

 Compare the momentum of the same object moving with different velocities. 

 

 Identify examples of change in the momentum of an object. 

 

 Describe changes in momentum in terms of force and time. 

 

 Describe the interaction between two objects before and after they interact. 

 

 Compare the total momentum of two objects before and after they interact. 

 

 State the law of conservation of momentum. 

 

 Predict the final velocities of objects after collisions, given their initial velocities. 

 

 Identify different types of collisions. 

 

 Determine the decrease in kinetic energy during perfectly inelastic collisions. 

 

 Compare conservation of momentum and conservation of kinetic energy in perfectly inelastic and elastic 

collisions. 

 

Evidence of Learning 
Summative Assessment:   

Chapter test. 

 

Equipment needed:  Scales, Metric rulers, SPARKS probes and equipment, timers 

 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos, SPARKS probes and equipment 
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Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  
Lesson Timeframe (=180 days) 

Momentum of an object 2 hours/days 

Changes in momentum in terms of force and time 2 hours/days 

Collisions and the conservation of momentum 5 hours/days 

Loss of kinetic energy during perfectly inelastic 

collisions. 

2 /hours/days 

Conservation of momentum and conservation of kinetic 

energy in perfectly inelastic and elastic collisions 

3 hours/days 
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Unit 7 Overview 

Content Area:   Physics                   

Unit Title:   Linear Momentum                          

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

One way to quantify the inertia of an object in motion is to determine its momentum which is the 

product of the object mass and its velocity. A net force applied to an object will change its momentum. 

The laws of Conservation of Momentum and Energy allow us to analyze the dynamics of objects during 

collisions. 

 

Primary interdisciplinary connections:   
Use of algebraic and pre-calculus concepts and methods to solve mathematical formulas involved in the 

determination of impulse, momentum and velocity of objects during collisions. 

 

Science and Engineering Practices (SEP) 

 

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-S) 

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 
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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),(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 the 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 (DCI) 

 

PS2.A: Forces and Motion 

• Newton's second law accurately predicts changes in the motion of macroscopic objects. (HS-

PS2-1) 

• 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 
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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.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-S) 

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). 
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Crosscutting Concepts (CCC) 

Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

•  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) 

 

Next Generation Science Standards (NGSS) 

 

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 sliding 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 non-relativistic speeds.] 

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 
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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.] 

Connections to other DCIs in this grade band. 

1. Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 

 

NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  
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WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 

MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 

(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   

 

Unit Rationale:   

The understanding of Newton’s 2nd Law of Motion and, Conservation of Momentum and Energy is 

critical for the student to analyze accurately the dynamics of objects in collisions. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 

5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  
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5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and 

theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a 

means of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and 

explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based 

arguments. 

5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

5.2.12.D.1 Model the relationship between the height of an object and its potential energy. 

5.2.12.D.1 The potential energy of an object on Earth’s surface is increased when the 

object’s position is changed from one closer to Earth’s surface to one farther 

from Earth’s surface. 

5.2.12.D.4   Measure quantitatively the energy transferred between objects during a collision. 

5.2.12.E.1 The motion of an object can be described by its position and velocity as 

functions of time and by its average speed and average acceleration during 

intervals of time. 

  

 

Unit Essential Questions 

 If an object is not moving, what is its momentum? 

 Two skaters initially at rest push against each other so that they move in opposite directions.  

What is the total momentum of the two skaters when they begin moving?  Explain. 

 When a bullet is fired from a gun, what happens to the gun?  Explain using the principles of 

momentum. 

 Consider a perfectly inelastic head-on collision between a small car and a large truck 

traveling at the same speed. Which vehicle has a greater change in kinetic energy as a result 

of the collision? 
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Unit Learning Targets 

Students will: 

 Compare the momentum of different moving objects. 

 Compare the momentum of the same object moving with different velocities. 

 Identify examples of change in the momentum of an object. 

 Describe changes in momentum in terms of force and time. 

 Describe the interaction between two objects before and after they interact. 

 Compare the total momentum of two objects before and after they interact. 

 State the law of conservation of momentum. 

 Predict the final velocities of objects after collisions, given their initial velocities. 

 Identify different types of collisions. 

 Determine the decrease in kinetic energy during perfectly inelastic collisions. 

 Compare conservation of momentum and conservation of kinetic energy in perfectly inelastic 

and elastic collisions. 

Evidence of Learning 

Summative Assessment:   

Test Ch.7 Linear Momentum 

 Impulse (I = FΔt) and Change in Momentum 

 Conservation of Momentum and Energy during Collisions 

 

Equipment needed:   

 PASCO: Carts and Track; SPARK data collection and sensors. 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 

  
Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

Impulse and Momentum (FΔt = Δp) 2 Period (80 minutes) 

Collisions and Conservation of Momentum 4 Period (160 minutes) 

Elastic and Inelastic Collisions & Explosions 4 Periods (160 minutes) 

Lab: Impulse and Momentum 2 Periods (80 minutes) 
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Lab: Collisions 2 Periods (80 minutes) 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit 8 Overview 

Content Area:   Physics                   

Unit Title:   Rotational Motion                          

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

Equations describing rotational motion of an object are similar to the equations governing linear 

motion. Formulas related to force, torque, rotational inertia, constant acceleration and, conservation 

of momentum and energy are used to analyze rotational motion of different objects. 

 

Primary interdisciplinary connections:   
Rotational motion concepts such as rotational inertial, period and frequency of rotation and angular 

momentum are used in the study of rotating bodies as small as electric motors and as large as 

galaxies.  
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Science and Engineering Practices (SEP) 

 

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-S) 

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-PS2-2),(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 the 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 (DCI  



34 

 

 

PS2.A: Forces and Motion 

• Newton's second law accurately predicts changes in the motion of macroscopic objects. (HS-

PS2-1) 

• 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.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-S) 
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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 (CCC) 

Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

•  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) 

 
 

 

Next Generation Science Standards (NGSS) 

 

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 sliding down a ramp, or a moving object being pulled by a 

constant force.] [Assessment Boundary: Assessment is limited to one-dimensional 
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motion and to macroscopic objects moving at non-relativistic speeds.] 

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-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 omponents; 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.] 

 

Connections to other DCIs in this grade band. 

Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 
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MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 

NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 

MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 

(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   

 

Unit Rationale:   

Concepts and formulations used in the study of rotational motion as widely used in mechanical 

engineering for the design of equipment and machinery. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 
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5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  

5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a means 

of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based arguments. 

5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

5.2.12.D.1 Model the relationship between the height of an object and its potential energy. 

5.2.12.D.1 The potential energy of an object on Earth’s surface is increased when the object’s 

position is changed from one closer to Earth’s surface to one farther from Earth’s 

surface. 

5.2.12.D.4 Measure quantitatively the energy transferred between objects during a collision. 

5.2.12.E.1 The motion of an object can be described by its position and velocity as functions 

of time and by its average speed and average acceleration during intervals of 

time. 

5.2.12.E.2:   Compare the translational and rotational motions of a thrown object and potential 

applications of this understanding. 

  

 

Unit Essential Questions 

 

 What is relationship between linear and angular velocity? 

 What is relationship between linear and angular acceleration? 

 How to calculate rotational inertia given dimensions and mass distribution of an object? 

 How to calculate torque given acceleration and rotational inertia? 

 What is the total kinetic energy of an object rolling down an incline? 

 How to calculate angular momentum of a rotating object? 

 How to apply Law of Conservation of Angular Momentum to analyze relationship between 

rotational inertia and angular velocity. 
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Unit Learning Targets 

Students will: 

 

 Convert between degrees and radian units. 

 Determine angular velocity given frequency of rotation (RPM) 

 Calculate linear velocity given angular velocity and radius of rotation. 

 Calculate linear acceleration given angular acceleration and radius of rotation. 

 Determine motion variables involved in uniformly accelerated rotational motion. 

 Determine torque applied to an object given its rotational inertia and angular acceleration. 

 Calculated translational, rotational and total kinetic energy of an object in motion. 

 Apply Law of Conservation of Energy for an object rolling down an incline. 

 Determine the angular momentum of a rotating rigid body. 

 Apply law of Conservation of Momentum to analyze motion of a rotating object. 

 

Evidence of Learning 

 

Summative Assessment:   

Test Rotational Motion 

 

Equipment needed:   

Stop Watch          Measuring Tape           Ramp 

Solid Cylinder       Hoop               Hollow Cylinder              Sphere 

 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 

 

 
Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

Angular Motion Quantities 3 Periods (120 minutes) 

Torque and Rotational Inertia  3 Periods (120 minutes) 

Translational and Rotational Kinetic Energy 2 Periods (80 minutes) 
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 Unit 9 Overview 

Content Area:   Physics                   
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Unit Title:   Vibrations and Waves                         

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

Vibrating objects undergoes Simple Harmonic Motion (SHM) is restoring force is proportional to the 

displacement – Hooke’s Law. SHM is sinusoidal in nature and the period of vibration is directly 

proportional to the vibrating mass and inversely proportional to spring constant k. The total 

mechanical energy is the sum of the linear and elastic kinetic energy. Waves may be reflected back 

creating constructive and/or destructive interference. 

 

Primary interdisciplinary connections:   
The fundamental principles of vibrations and waves are applied in a large variety of studies involving 

sound, light and other types of electromagnetic radiation.  

 

Science and Engineering Practices (SEP) 

 

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-S) 

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-PS2-2),(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-
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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 the 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 (DCI  

 

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) 
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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-S) 

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-S) 

• [From the 3-S grade band endpoints] Waves 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) 

 

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 (CCC) 
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Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

• 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) 

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) 

 
 

 

 

 

 

 

Next Generation Science Standards (NGSS) 

 

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 omponents; 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 



45 

 

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-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-S.  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; 
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medical imaging; and communications technology.] [Assessment Boundary: 

Assessments are limited to qualitative information. Assessments do not include 

band theory.] 

Connections to other DCIs in this grade band. 

Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 

NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 

MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 

(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   
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Unit Rationale:   

The study of the basic concepts, principles and formulations involving vibrations and waves is readily 

applicable to any object or systems of objects undergoing a periodic energy absorption from bicycles, 

motorcycles and automobiles to buildings and bridges experiencing earthquakes. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 

5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  

5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a 

means of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based 

arguments. 

5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

  

  

 

Unit Essential Questions 

 

 What is definition of Simple Harmonic Motion (SHM)? 

 Define and apply Hooke’s Law for masses oscillating on a spring. 

 How to calculate the period of vibration for a mass oscillating on a vertical spring with a 

stiffness constant k? 

 How to determine the period of oscillation of a pendulum given its length? 
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 Determine the total mechanical energy of a mass oscillating on a spring. 

 Define resonance and damped vibrations. 

 Define constructive and destructive interference. 

  

Unit Learning Targets 

Students will:  

 

 Define Simple Harmonic Motion. 

 Use Hooke’s Law to analyze motion of a mass oscillating on a vertical spring. 

 Determine the period T of oscillation of a mass attached to a vertical spring. 

 Determine the period T of oscillation of pendulum of length l. 

 Calculate the total (linear and elastic) kinetic energy of a mass oscillating on a spring. 

 Define resonant frequency and damped vibrations. 

 Define transverse and longitudinal waves. 

 Define constructive and destructive interference.  

Evidence of Learning 

Summative Assessment:   

Test Vibrations and Waves 

 

Equipment needed:   

Stop Watch          Weight Scale             Measuring Tape           Spring                 Pendulum 

 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 

 
Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

SHM and Hooke’s Law 1 Periods (40 minutes) 

Springs & Pendulums – Period of Oscillation  2 Periods (80 minutes) 

Linear and Elastic Kinetic Energy 2 Periods (80 minutes) 
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Unit 10 Overview 

Content Area:   Physics                   

Unit Title:   Sound                         

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

Vibrating thin membranes, strings and wind instruments create air vibrations producing sound waves. 

Musical instruments are simple sources of sound in which standing waves are produced. Strings and 

wind instruments produce higher frequencies, called overtones or harmonics, which are multiples of 

the simple fundamental frequency. 

 

Primary interdisciplinary connections:   
The fundamental physics principles of sound waves are applied to the study of music and musical 

instruments in general. 

 

Science and Engineering Practices (SEP) 

 

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-S) 

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-PS2-2),(HS-

PS2-4) 



50 

 

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 the 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 (DCI  

 

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 
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cool down). (HS-PS3-4) 

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-S) 

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-S) 

• [From the 3-S grade band endpoints] Waves 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) 

 

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 (CCC) 
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Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

• 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) 

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) 

 
 

 

 

 

 

 

Next Generation Science Standards (NGSS) 

 

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 omponents; 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 



53 

 

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-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.] 

 

Connections to other DCIs in this grade band. 

Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 
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NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 

MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 

(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   

 

Unit Rationale:   

Sounds waves characteristics and properties are good examples of the principles learned in the study 

of vibrations and waves. 

 

 

 

 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 
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5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 

5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  

5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a 

means of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based 

arguments. 

5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

  

  

 

Unit Essential Questions 

 

 What are the main characteristics of sound waves? 

 What are the definitions of pitch, audible range and intensity of sound? 

 What is the “fundamental” frequency of a sound wave? 

 What are “overtones” or “harmonics” of a sound wave? 

 How to determine the “overtones” of sound in open and close tube wind instruments? 

 How to determine the “overtones” of sound in string instruments? 

 What is the definition of “beat”? 

 What is the definition of Doppler Effect? 

 

 

 

 

 

 

Unit Learning Targets 
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Students will:  

 

 Define pitch and intensity of sound. 

  Define and determine the fundamental frequency of a sound wave. 

 Define and determine the harmonics / overtones of a sound wave. 

 Determine the fundamental and harmonics of sound created in open and close tube wind 

instruments. 

 Determine the fundamental and harmonics of sound created in open and close tube wind 

instruments. 

 Define “beat” during interference of sound waves. 

 Define the Doppler Effect. 

 

 

Evidence of Learning 

Summative Assessment:   

Test Sound 

 

Equipment needed:   

Sound Frequency Generator 

 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 

 
Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

Pitch and Intensity of Sound 1 Periods (40 minutes) 

Fundamentals and Harmonics  3 Periods (120 minutes) 

Beats and Doppler Effect 1 Periods (40 minutes) 

  

  

 
 
 
 



57 

 

 

Unit 11 Overview 

Content Area:   Physics                   

Unit Title:   Electric Charge and Electric Field                          

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

Electric charge, produced by rubbing, conduction or induction, can be defined as the accumulation of 

either positive or negative particles in parts of an object. Conductors are materials in which electrons 

flow readily. Insulators are materials in which few electrons are free to move. Electric charges create 

electric field in the space surrounding any charged object. Electric charges exert a force on each other. 

The magnitude of the electric force is defined by Coulomb’ Law.  

 

Primary interdisciplinary connections:   
Fundamentals of electrostatic charge and electric field form the basic principles for the scientific 

understanding electricity and the variety of its technological applications. 

 

Science and Engineering Practices (SEP) 

 

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-S) 

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-PS2-2),(HS-PS2-4) 

Constructing Explanations and Designing Solutions 
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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 the 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 (DCI) 

 

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 
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energy distribution (e.g., water flows downhill, objects hotter than their surrounding environment 

cool down). (HS-PS3-4) 

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-S) 

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 (CCC) 

Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

•  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) 
 

Next Generation Science Standards (NGSS) 

 

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 omponents; 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 
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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-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 
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Boundary: Assessment is limited to qualitative descriptions.] 

HS-PS4-S.  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.] 

Connections to other DCIs in this grade band. 

1. Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 

 

NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 

MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 
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(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   

 

Unit Rationale:   

The understanding of electrostatic charge and electric field provide the student with a good foundation 

for his studies of electric currents, potential, conductors, resistors and energy and power in electric 

circuits. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 

5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  

5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a means 

of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based 

arguments. 

5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

5.1.12.D.4 Energy may be transferred from one object to another during collisions. 

5.2.12.D.1 Model the relationship between the height of an object and its potential energy. 

  

 

Unit Essential Questions 
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 How electric charge is created in an object. 

 How do we define conductors and insulators? 

 What are the different ways an electric charge can be produced in an object? 

 How do we use Coulomb’s Law to determine the magnitude of the force between charged 

objects? 

 How do we determine the magnitude of the electric field created by an electric charge? 

 

Unit Learning Targets 

Students will:  

 

 Define nature and types of electric charge. 

 Define conductors and insulators. 

 Describe different methods of creating an electric charge in an object. 

 Apply Coulomb’s Law to determine the force created between charged objects. 

 Determine the intensity of the electric field surround a charged object. 

 

Evidence of Learning 

Summative Assessment:   

Test Ch.16 Electric Charge and Electric Field 

 

Equipment needed:   

 Van der Graff electrostatic generator           Conductors                  Insulators 

 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 

  
Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

Electric Charge and Electric Field 1 Period (40 minutes) 

Coulomb’s Law and Electric Force 2 Period (80 minutes) 

Lab: Electrostatic Charge 2 Periods (80 minutes) 
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Unit 12 Overview 

Content Area:   Physics                   

Unit Title:   Electric Currents                         

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

An electric battery transforms stored chemical energy into a potential difference, voltage, between the 

end points of an electric circuit. This energy difference causes a flow of electrons, electric current, 

through the components of the circuit. The resistance of an electric device in the circuit is a 

measurement of how easily electrons flow through the device. Electric power is the rate at which energy 

is used in an electric circuit and is expressed watts.  

 

Primary interdisciplinary connections:   
Basic calculations and measurements related to the flow of electrons, electric current, give the student a 

solid foundation for his/he understanding of more complex electric circuitries from electronic devices to 

electric signals in the nervous system of animals. 

 

Science and Engineering Practices (SEP) 

 

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-S) 

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-PS2-2),(HS-PS2-4) 



65 

 

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 the 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 (DCI) 

 

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) 
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• 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.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-S) 

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 (CCC) 

Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

•  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) 
 

Next Generation Science Standards (NGSS) 

 

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 omponents; 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 
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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-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, 
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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.] 

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.] 

Connections to other DCIs in this grade band. 

1. Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 

 

NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 
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MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 

(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   

 

Unit Rationale:   

The understanding of electrostatic charge and electric field provide the student with a good foundation 

for his studies of electric currents, potential, conductors, resistors and energy and power in electric 

circuits. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 

5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  

5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and 

theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a 

means of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and 

explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based 

arguments. 
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5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

5.1.12.D.4 Energy may be transferred from one object to another during collisions. 

5.2.12.D.1 Model the relationship between the height of an object and its potential energy. 

  

 

Unit Essential Questions 

 

 What is an electric battery and how does it convert chemical to electric energy? 

 How does an electric current form in an electric circuit? 

 How do we control the direction and magnitude of electric current? 

 What factors determine the magnitude of resistance in a circuit? 

 What is electric resistivity of a material? 

 How do we define and determine electric power? 

 

Unit Learning Targets 

Students will:  

 

 Describe the nature and function of an electric battery. 

 Define voltage as the electric potential difference in an electric circuit. 

 Define electric current as the flow of electrons. 

 Define resistance of a device in an electric circuit. 

 Determine the resistance of a resistor given its material resistivity, length and cross-sectional 

area. 

 Use Ohm’s Law to describe the relationship between voltage, resistance and electric current. 

 Define and determine the power used up in an electric circuit. 

 

Evidence of Learning 

Summative Assessment:   

Test Ch.18 Electric Currents 

 

Equipment needed:   

 Batteries                  Resistors           Light Bulbs                     Multimeter 

 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 
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Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

Electric Battery and Voltage 1 Period (40 minutes) 

Ohm’s Law V = R I 1 Period (40 minutes) 

Lab: Resistors 2 Periods (80 minutes) 

  

  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit 13 Overview 
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Content Area:   Physics                   

Unit Title:   DC Circuits                         

Target Proficiency Level:  Grade 11-12 

Unit Summary:   

In order to achieve a desired total resistance in an electric circuit, resistors can be connected in-series or 

in-parallel. Kirchhoff’s rules are useful in determining the current and voltages in circuits. 

 

Primary interdisciplinary connections:   
Electric circuits are used in a variety of applications in the scientific and engineering fields.  

 

Science and Engineering Practices (SEP) 

 

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-S) 

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-PS2-2),(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) 
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Connections to the 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 (DCI) 

 

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.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-S) 

ETS1.A: Defining and Delimiting Engineering 
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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 (CCC) 

Planning and Carrying Out Investigations 

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),(HS-PS2-S) 

•  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) 
 

Next Generation Science Standards (NGSS) 

 

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 omponents; 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 
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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-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.] 

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.] 

Connections to other DCIs in this grade band. 
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1. Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4),(HS-PS2-S); HS.PS3.C 

(HS-PS2-1); HS.PS4.B (HS-PS2-S); HS.ESS1.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-4); 

HS.ESS1.B (HS-PS2-4); HS.ESS2.A (HS-PS2-S); HS.ESS1.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-

4); HS.ESS2.C (HS-PS2-1),(HS-PS2-4); HS.ESS3.A (HS-PS2-4),(HS-PS2-S) 

 

 

Articulation of DCIs across grade bands. 

1. Articulation to DCIs across grade-bands:  MS.PS2.A (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

MS.PS2.B (HS-PS2-4),(HS-PS2-S); MS.PS3.C (HS-PS2-1),(HS-PS2-2),(HS-PS2-3); 

  MS.ESS1.B (HS-PS2-4),(HS-PS2-S) 

 

NJSLS Connections: 

ELA/Literacy 

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)  

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, 

or trying a new approach, focusing on addressing what is most significant for a specific purpose 

and audience . (HS-PS1-2)  

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question 

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when 

appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation.  (HS-PS1-6) 

SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 

interactive elements) in presentations to enhance understanding of findings,  

Mathematics – reasoning, and evidence and to add interest. (HS-PS1-4)  

MP.2 Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7) 

MP.4 Model with mathematics. (HS-PS1-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step 

problems; choose and interpret units consistently in formulas; choose and interpret the scale and 

the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS1-4), 

(HS-PS1-7) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS1-2),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7) 

 

21st century themes:   

 

Unit Rationale:   
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The understanding of electrostatic charge and electric field provide the student with a good foundation 

for his studies of electric currents, potential, conductors, resistors and energy and power in electric 

circuits. 

 

 

Learning Targets 

Related Cultural Content Statements 

 

CPI #  Cumulative Progress Indicator (CPI) 

5.1.12.A.1 Refine interrelationships among concepts and patterns of evidence found in 

different central scientific explanations. 

5.1.12.A.2 Develop and use mathematical, physical, and computational tools to build 

evidence-based models and to pose theories. 

5.1.12.A.3 Use scientific principles and theories to build and refine standards for data 

collection, posing controls, and presenting evidence. 

5.1.12.B.1 Design investigations, collect evidence, analyze data, and evaluate evidence to 

determine measures of central tendencies, causal/correlational relationships, and 

anomalous data.  

5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, 

and computational tools. 

5.1.12.B.3 Revise predictions and explanations using evidence, and connect 

explanations/arguments to established scientific knowledge, models, and 

theories. 

5.1.12.B.4 Develop quality controls to examine data sets and to examine evidence as a 

means of generating and reviewing explanations. 

5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

5.1.12.C.2 Use data representations and new models to revise predictions and 

explanations. 

5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based 

arguments. 

5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and 

learn from others’ ideas, observations, and experiences. 

5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, 

concept maps, and diagrams. 

5.1.12.D.4 Energy may be transferred from one object to another during collisions. 

5.2.12.D.1 Model the relationship between the height of an object and its potential energy. 

  

 

Unit Essential Questions 

 

 Which ways can we connect several resistors to achieve a desired resistance in a circuit? 

 What is an in-series resistor circuit? 

 What is an in-parallel resistor circuit? 
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 How do we apply Kirchhoff’s Rules to determine voltage and resistance in circuits? 

 

Unit Learning Targets 

Students will:  

 

 Describe and determine total resistance in in-series circuits. 

 Describe and determine total resistance in in-parallel circuits. 

 Apply Kirchhoff’s rules to determine voltage and resistance in electric circuits. 

  

Evidence of Learning 

Summative Assessment:   

Test Ch.19 DC Circuits 

 

Equipment needed:   

 Batteries                  Resistors           Light Bulbs                     Multimeter 

 

Teacher Resources:   

 Physics, Giancoli 7th Edition 

 College Physics, Giambattista 2nd Edition 

 Phet Computer Simulation 

 

 

 

  
Formative/Benchmark Assessments:                                       Alternative Assessments: 

 Quizzes 

 Class worksheets 

 

 Homework 

 Lab reports 

 

Lesson Plans  

Lesson Timeframe (=180 days) 

Resistors In-Series & In-Parallel 2 Period (80 minutes) 

DC Circuits – Kirchhoff’ Rules 3 Period (120 minutes) 

Lab: DC Circuits 2 Periods (80 minutes) 
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Content Area Unit 

Name 

Science 

Interdisciplinary 

Connections 

Mathematics, Technology, and English Arts, Science 

Core Instructional 

Materials  

including digital 

tools 

Textbooks, Classroom Resources, Digital Tools 

21st Century 

Themes and Skills 
 

 

For information related to the 12 Career Ready Practices follow the links below:  

 

http://www.state.nj.us/education/cccs/2014/career/CareerReadyPractices.pdf 

 

Personal Financial Literacy 9.1 

http://www.state.nj.us/education/cccs/2014/career/91.pdf  

 

Career Awareness, Exploration, and Preparation 9.2 

http://www.state.nj.us/education/cccs/2014/career/92.pdf  

 

Career and Technical Education 9.3 

http://www.state.nj.us/education/cccs/2014/career/93.pdf  

 

8.1 Educational 

Technology 
 

8.2 Technology 

Education, 

Engineering, 

Design, and 

Computational 

Thinking - 

Programming 
 

 

 

K-2:  Navigate provided URL’S, Use basic word processing to create and illustrate 

a simple story, Work collaboratively with peers on project, Use digital tools to 

explore an issue and design solution for a problem, Identify how technology 

improves life, Use digital tools to design an approach to solving problems. 

 

3-5:  Peers collaborate to produce text about current events; Understand the 

consequences for inappropriate use of technology and social media, Apply 

engineering designs to data collection and solutions, Understand how technology 

evolves based on need and cultural influences. 

 

6-8: Select appropriate technology and applications to create publication on global 

topic, Use technology and social media responsibly, Employ a wide range of digital 

resources to collect data and form solutions, Identify the forces that come into play 

for further development of technology; apply engineering design process to real 

world problems. 

 

9-12:  Create and edit multi-page document for public presentation. 

 

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 

http://www.state.nj.us/education/cccs/2014/career/CareerReadyPractices.pdf
http://www.state.nj.us/education/cccs/2014/career/91.pdf
http://www.state.nj.us/education/cccs/2014/career/92.pdf
http://www.state.nj.us/education/cccs/2014/career/93.pdf
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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.  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 

http://siop.pearson.com/about-siop/
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
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District Curricula, NJSLS, 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 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 

works 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. 
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 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 their 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.  

 

 

 


