Wall Township Public Schools Board Approval Date: 8/20/2024

Course Title: Physics

Course Description: Most systems or processes depend at some level on physical sub-processes that occur within it,
whether the system in question is a star, Earth's atmosphere, a river, or a bicycle. Understanding a process at any
scale requires awareness of the interactions occurring—in terms of the forces between objects, the related energy
transfers, and their consequences. In this way, physics underlies natural and human created phenomena. An
overarching goal for learning in physics, therefore, is to help students see that there are mechanisms of cause

and effect in all systems and processes that can be understood through a common set of physical and principles.
This course also presents connections between forces and energy in Earth’s history. This comprehensive course
provides a basic understanding of natural phenomena. This objective is accomplished through mathematical
analysis and laboratory experimentation. Students will demonstrate understanding through performance
expectations. Lab experiences complement the core concepts.

Course Sequence & Pacing

Unit Title Estimated Number of Instructional Periods

Unit 1: Forces and Motion 34




Unit 2: Momentum 10

Unit 3: Energy 18
Unit 4: Electricity and Magnetism 13
Unit 5: Waves (Sound & Light) 13

Unit 1: Forces and Motion

Stage 1 Desired Results

Unit 1: Forces and Motion

Unit Summary: At the end of this unit, students will be able to describe motion and measurement using graphical,
algebraic, and numerical representations. Students will also use Newton's Second Law to analyze the effect that
changes in mass and acceleration have on different forces at work in a real-world scenario.

Unit 1 Learning Standards / Targets

NJSLS Science (PE):

HS-PS2-1: Analyze data to support the claim that Newton’s Second Law of motion describes the mathematical
relationship among the net force on a macroscopic object, its mass, and its acceleration.

HS-PS2-4: Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to describe and
predict the gravitational and electrostatic forces between objects.

Unit Enduring Understandings: Unit Essential Questions:
e To be able to communicate the motion of an e How do we define a problem to be solved?
object(s), one must identify and define the e What influences exerted on a system must be
reference frame of the observer. accounted for, or may be ignored?
e How can we explain interactions between systems?




e When defining the reference frame, boundary e How can we use explanations of interactions to
conditions must be explicitly stated (e.g. predict how a system or systems will evolve?
statements about the position, velocity, or
acceleration of a system, particularly at the
beginning or end of the time interval of interest).

e Newton’s second law accurately predicts changes
in the motion of macroscopic objects, but it
requires revisions for subatomic scales or for
speeds close to the speed of light.

e A system may be a single object or include two or
more interacting objects. Interactions between
objects within the system cannot externally
influence that system.

e Newton’s law of universal gravitation provides
the mathematical model to describe and predict
the effects of gravitational forces between any
two objects, but is most useful for distant objects.

e Understanding transformations within a system
and interactions between systems can enable
predictions to be made about the behavior of a
system.

e Empirical evidence is required to differentiate
between cause and correlation and make claims
about specific causes and effects.

Vocabulary: motion, reference frame, boundary, position, velocity, acceleration, time interval, Newton’s second Law,
macroscopic, subatomic scale, Newton’s Law of Universal Gravitation, quantities, scalar, constant velocity, vector,
temperature, distance, kinematic equation, free body diagram, net force, force

Interdisciplinary Connections




Career Readiness, Life Literacies, & Key Skills (CLKS):

9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions
(e.g., S-ID.B.6a., 8.1.12.DA.5, 7.1.TH.IPRET.8)

Computer Science & Design Thinking (CS & DT):

8.2.12.ED.2: Create scaled engineering drawings for a new product or system and make modification to increase
optimization based on feedback.

NJSLS Companion Standards - ELA

RI.CR.11-12.1

Accurately cite a range of thorough textual evidence and make relevant connections to strongly support a
comprehensive analysis of multiple aspects of what an informational text says explicitly and inferentially, as well as
interpretations of the text.

RI.MF.11-12.6

Analyze, integrate, and evaluate multiple sources of information presented in different media or formats in order to
address a question or solve a problem.

W.IW.11-12.2

Write informative/explanatory texts to examine and convey complex ideas, concepts, and information clearly and
accurately through the effective selection, organization, and analysis of content.

W.WR.11-12.5

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.

SL.PE.11-12.4

Present information, findings, and supporting evidence, conveying a clear and distinct perspective, such that
listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to
purpose, audience, and task.

Connections to NJSLS - Mathematics
- MP.2 Reason abstractly and quantitatively. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)




« MP.4 Model with mathematics. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)

Unit 1 Stage 2 Assessment Evidence

Formative Assessments:

e Summary/analysis questions on inquiry based activity will be used to check for understanding the concept of
constant velocity.

e C(lassify the measured quantities as scalars and vectors ( From a list of quantities like velocity, speed, time,
temperature, distance, displacement)

e Model the motion in terms of distance and time, velocity and time. (motion maps, graphs and mathematical
equations)

e Describe the motion of an object by analyzing given data and graph (data describing the motion of a car)

e Describe the motion using multiple representations (Questions on the worksheet explaining the motion of a
car moving at different speeds)

o Students should be able to accurately move from one representation of motion to another. (PS2.A)

e Analyze the motion of a person/object trying to move at constant velocity. (Data analysis and summary
questions of Lab)

e Plan and conduct an investigation to describe the motion of an object moving at constant acceleration (freely
falling objects of different masses, dropped from different heights)

e Analysis questions on designing a parachute activity will be used (Ex: Explain how the size of the parachute
and mass affect the speed of the parachute, Analyze the height of the parachute above the earth’s surface and
its speed after it is released.)

e Apply kinematics equations to solve free fall problems (EX: 2-3 Problems involving free fall, find the one of the
variables initial velocity, final velocity, acceleration, time etc.)




e Apply Newton’s first law to explain the effect of force applying on an object (EX: A large group of college
students is trying to outlaw seatbelts in your town. They claim that seatbelts are not needed in order to keep
people safe. Write a short letter to your mayor explaining whether you agree or disagree with this group of
students. Explain your reasoning and include both force and motion diagrams in your letter.)

e Draw free body diagrams and calculate the net force acting on an object. (Ex. Draw force diagrams for the
following objects of interest (systems):

A hockey puck moving on ice slows to a stop. The puck is the object of interest.

A box is sliding down an inclined plane. The box is the object of interest.

You start lifting up a heavy suitcase; the suitcase is the object of interest.

A boat floats in the ocean; the boat is the object of interest. )

e Construct and analyze models to explain Newton’s second law (lab, simulation, problems involving force,
mass and acceleration) ( EX: Analysis/summary questions and graphical data analysis of Newton’s II law lab )

o Explain that objects change their motion only when a net force is applied.

o Apply the relationship, a = F/m, to physical situations in order to explain qualitatively and
quantitatively how any one variable is affected by a change in another.

o Use a = F/m in conjunction with motion equations to solve problems involving motion in one
dimension.
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Summative Assessments: (includes alternative assessments were applicable)

e Predicting the amount of time it would take an object to arrive at a destination given its speed.

e 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

e After completing a cooperative problem solving task, students will apply Newton's Second Law to a novel
real-world scenario.

*Common Benchmark Assessment

Unit 1 Stage 3 Learning Plan

Potential Unit Launches
e Dueling Buggies Lab (Motion)




e Video: Moon Object Drop , Bowling Ball and Feather in Vacuum Chamber (Forces)
Potential Supporting Lessons
e Design an experiment to measure height and compare variable uncertainties in measurement.
e Design an experiment to calculate their average walking speed.
e Predict time needed to travel a given distance based on previously calculated walking speed.
e Describe the level of certainty in their prediction.
o Honors Notes: All labs and calculations should include an element of uncertainty.
Potential Summative Assessment: Calculate the average speed of a constant velocity car and predict how long it
would take to travel a given distance.
e (reate a graphical model for two different constant velocity cars.
e Compare and contrast graphical models of position vs. time.
e C(reate a path in real life using a motion detector that mimics a model position v. time graph.
e C(reate a linear function for a position vs. time graph (first Kinematics equation).
e Apply the first Kinematics equation to a variety of scenarios.
Potential Summative Assessment: Design an experiment to predict where two cars of differing constant
velocities will collide.
e C(reate a velocity vs. time graph given a position vs. time graph (constant and non-constant).
e Compare and explain the meaning and motion at different points in time on both types of graphs.
e Analyze graphs to determine changes in acceleration.
Potential Summative Assessment: Create multiple representations of the motion in a student created video.
e Design an experiment to test Aristotle’s hypothesis about free falling objects.
Describe in words the forces in a variety of scenarios (ex: holding two objects of differing weights).
Create models of balanced and unbalanced forces using a simulation or an in class activity.
Model balanced and unbalanced forces using Newton's Second Law.
Describe the effect of inertia (Newton's First Law) when velocity changes.
Calculations with Newton's Second Law.
Describe action/reaction pairs using Newton's Third Law (ex: stations activity)



https://www.youtube.com/watch?v=KDp1tiUsZw8
https://www.youtube.com/watch?v=E43-CfukEgs

o Honor's Notes: More focus on vector manipulation and movement in 2D involving trigonometry.

Core Instructional & Supplemental Materials

Texts, Readings, Online Platforms & Other Resources:
e The Physics Classroom
e Flipping Physics
e PhET online simulations
e Other resources will be published on Google Classroom

Accommodations and Modifications:
Students with Disabilities, English Language Learners,

Students at Risk of Failure, Students with 504s, Gifted & Talented Students

Specific Strategies and Practices that Support Students with Disabilities:
Students receiving Special Education programming have specific goals and objectives, as well as accommodations and
modifications outlined within their Individualized Education Plans (IEP) due to an identified disability and/or diagnosis. In
addition to exposure to the general education curriculum, the instruction is differentiated based upon the student's needs. The
IEP acts as a supplemental curriculum guide inclusive of instructional strategies that support each learner.
- Small group/One to one - Additional time - Review of directions - Student restates information - Space for movement or
breaks - Extra visual and verbal cues and prompts - Preferential seating - Follow a routine/schedule - Rest breaks - Verbal
and visual cues regarding directions and staying on task - Checklists - Immediate feedback- scaffolded net force
worksheet- scaffolded diagram- vocabulary checklist- problem solving checklist

Specific Strategies and Practices that Support English Language Learners
English language learner (ELL) is a national-origin-minority student who is limited-English-proficient. This term is often
preferred over limited-English-proficient (LEP) as it highlights accomplishments rather than deficits.
- Pre-teaching of vocabulary and concepts - Personal Glossary - Extended Time - Simplified/Verbal Instructions - Frequent
Breaks - Visual learning, including graphic organizers - Use of cognates to increase comprehension - Teacher modeling -




Pairing students with beginning English language skills with students who have more advanced English language skills
- Scaffolding - Word walls - Think-pair-share - Cooperative learning groups

Students at Risk of Failure
- Home/School Connection - Alternative Assessments - Learning Contracts - Homogenous Grouping - Supplemental
Instruction - Think-Pair-Share by Readiness - Homework Options - Differentiated Online Practice - Leveled Rubrics -
Tiered Level of Supports - Tiered Activities - Small Group Instruction - Work Alone Choice - Group Work Choice

Students with 504 Plans

Teachers are responsible for implementing designated services and strategies identified on a student’s 504 Plan.

504 plans are formal plans that schools develop to give kids the support they need and covers any condition that limits daily
activities in a major way. Students' accommodations are outlined in their individual 504 plan.

Specific Strategies and Practices that Support Gifted & Talented Students

It is critical that all teachers are able to recognize a high-ability student who may need more depth and complexity in
instruction.

-Homogenous Grouping - Small Group In-Depth Instruction - Differentiated Online Practice - Alternative Assessments -
Pre-Assess to provide Differentiated Instruction to Accelerate Learning

New Jersey Student Learning Standards - Science

Science

Scientific and technological advances have proliferated and now permeate most aspects of life in the 21st century. It
is increasingly important that all members of our society develop an understanding of scientific and engineering
concepts and processes. Learning how to construct scientific explanations and how to design evidence-based
solutions provides students with tools to think critically about personal and societal issues and needs. Students can
then contribute meaningfully to decision-making processes, such as discussions about climate change, new
approaches to health care, and innovative solutions to local and global problems.




Three Dimensions of NJSLS Science
Performance Expectations (PE) are student learning standards devised with the three dimensions or
components described below. For detailed information regarding the research and design behind the standards
click here.
Disciplinary Core Ideas (DCI)
The fundamental ideas that are necessary for understanding a given science discipline. The core ideas all have
broad importance within or across science or engineering disciplines, provide a key tool for understanding or
investigating complex ideas and solving problems, relate to societal or personal concerns, and can be taught over
multiple grade levels at progressive levels of depth and complexity.

Disciplinary Core Ideas in Physical Science (PS)

Disciplinary Core Ideas in Life Science (LS)

Disciplinary Core Ideas in Earth and Space Science (ESS)

Disciplinary Core Ideas in Engineering, Technology, and the Application of Science (ETS)
Science and Engineering Practices (SEP)
The practices are what students DO to make sense of phenomena. They are both a set of skills and a set of
knowledge to be internalized. The SEPs reflect the major practices that scientists and engineers use to investigate
the world and design and build systems.
Crosscutting Concepts (CCC)
These are concepts that hold true across the natural and engineered world. Students can use them to make
connections across seemingly disparate disciplines or situations, connect new learning to prior experiences, and
more deeply engage with material across the other dimensions. The NGSS requires that students explicitly use their
understanding of the CCCs to make sense of phenomena or solve problems.

Science and Engineering Practices (SEP) Crosscutting Concepts (CCC)
e Asking Questions and Defining Problems e Patterns
e Planning and Carrying Out Investigations Cause and Effect: Mechanism and Explanation

[ ]
e Analyzing and Interpreting Data e Scale, Proportion, and Quantity
e Developing and Using Models e Systems and System Models



https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states

e (onstructing Explanations and Designing e Energy and Matter
Solutions e Structure and Function

e Engaging in Argument from Evidence e Stability and Change

e Using Mathematics and Computational
Thinking

e Obtaining, Evaluating, and Communicating
Information

Unit 2: Momentum

Stage 1 Desired Results

Unit 2: Momentum

Unit Summary: At the end of this unit, students will be able to analyze real-world scenarios and describe the
relationships between force, momentum, and impulse and the effects of each on the objects in a system.

Unit # Learning Standards / Targets

NJSLS Science (PE):

HS-PS2-2: Use mathematical representations to support the claim that the total momentum of a system of objects is
conserved when there is no net force on the system

HS-PS2-3: Apply science and engineering ideas to design, evaluate, and refine a device that minimizes the force on a
macroscopic object during a collision.*

HS-ESS1-1 Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear fusion in
the sun’s core to release energy that eventually reaches Earth in the form of radiation.

HS-ESS1-2 Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion
of distant galaxies, and composition of matter in the universe.

HS-ESS1-3 Communicate scientific ideas about the way stars, over their life cycle, produce elements




Unit Enduring Understandings: Unit Essential Questions:

e During a collision an object experiences an e How does an object's momentum influence its
impulse; a force exerted over a period of time. motion?
The force can be reduced if the time of the e How can the Law of Conservation of Mass be used to
collision is increased and vice versa. It is not analyze collisions?

softness that prevents injury during a collision,
rather increased time to stop that reduces the
required force.

e If a projectile is shot forward, the object that fired
the projectile will move in the opposite direction
because momentum is conserved in a closed and
isolated system.

e If an object has a lot of mass and is moving fast,
it will be very hard to stop because it will have a
large amount of momentum.

Vocabulary: collision, impulse, force, momentum, conserved, closed, mass, Law of Conservation of Mass, collison,
qualitative, quantitative, projectile, friction,

Interdisciplinary Connections

Career Readiness, Life Literacies, & Key Skills (CLKS):

9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions
(e.g., S-ID.B.6a., 8.1.12.DA.5, 7.1.TH.IPRET.8)

Computer Science & Design Thinking (CS & DT):

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different
interpretations of real-world phenomena.

NJSLS Companion Standards - ELA




RI.CR.11-12.1

Accurately cite a range of thorough textual evidence and make relevant connections to support analysis of scientific
texts related to momentum, impulse, and collisions.

RI.MF.11-12.6

Analyze and integrate information presented in mathematical models, simulations, data tables, and multimedia to
solve problems involving momentum conservation.

W.IW.11-12.2

Write informative/explanatory texts describing scientific procedures, experimental results, and design solutions
related to collisions and impulse.

W.WR.11-12.5

Conduct short and sustained research projects to answer questions or solve engineering problems involving
momentum and force minimization.

W.SE.11-12.6

Gather relevant information from multiple authoritative print and digital sources; assess credibility and integrate
information while avoiding plagiarism.

Connections to NJSLS - Mathematics

- MP.2 Reason abstractly and quantitatively. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

» MP.4 Model with mathematics. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)

Unit 2 Stage 2 Assessment Evidence

Formative Assessments:

e (alculate the momentum of systems before and after collisions to demonstrate conservation of momentum.
e Compare the momentum of different objects qualitatively and quantitatively.




e Use the concept of impulse to explain and demonstrate mathematically why it is safer in a collision to take a
longer time to come to a stop.

Summative Assessments: (includes alternative assessments were applicable)

e Egg Car Crash- Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes
the force on a macroscopic object during a collision (Ex: Determine 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 an egg drop. Assessment: Qualitative evaluation of the success of the device and/or algebraic
manipulations)

e Car Company Logistics Report— 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 (Ex: problem like A
60-kg friend is riding a 1.0-kg skateboard toward the right at 2.0 m/s. She pushes the skateboard and after
leaving it is now moving at 1.0 m/s toward the right. How fast and in what direction is the skateboard now
moving?)

*Common Benchmark Assessment
Unit 2 Stage 3 Learning Plan

Potential Unit Launches
e Egg car crash (build and test)
e Astronauts throwing an object and moving backwards as a result
e 0ld car designs vs new designs in a car crash
e Football helmet designs over time
e Mars rover landing
Potential Supporting Lessons
e (reate a mathematical model of momentum being conserved using frictionless carts, tracks, and video
analysis.
e Develop a momentum/impulse bar chart to track momentum of objects before and after collisions (closed
system)
e Students in groups create a demo with given materials that demonstrate conservation of momentum. They




will analyze it in a video and provide a written explanation.
Create a mathematical model of impulse using momentum carts and tracks
Analyze the effect of impulse on momentum of open systems.
o Honors Notes: Extend the collisions to include explosions.
e Potential Summative Assessment: Explore impulse in an egg drop project. Compare the best designs and
explain why they were so successful using key terms from the unit.

Core Instructional & Supplemental Materials

Texts, Readings, Online Platforms & Other Resources:
e The Physics Classroom
e Flipping Physics
e PhET online simulations
e Other resources will be published on Google Classroom

Accommodations and Modifications:
Students with Disabilities, English Language Learners,

Students at Risk of Failure, Students with 504s, Gifted & Talented Students

Specific Strategies and Practices that Support Students with Disabilities:
Students receiving Special Education programming have specific goals and objectives, as well as accommodations and
modifications outlined within their Individualized Education Plans (IEP) due to an identified disability and/or diagnosis. In
addition to exposure to the general education curriculum, the instruction is differentiated based upon the student's needs. The
IEP acts as a supplemental curriculum guide inclusive of instructional strategies that support each learner.
- Small group/One to one - Additional time - Review of directions - Student restates information - Space for movement or
breaks - Extra visual and verbal cues and prompts - Preferential seating - Follow a routine/schedule - Rest breaks - Verbal
and visual cues regarding directions and staying on task - Checklists - Immediate feedback- chunking egg project- guided
momentum graphic organizer- modified rubric




Specific Strategies and Practices that Support English Language Learners

English language learner (ELL) is a national-origin-minority student who is limited-English-proficient. This term is often

preferred over limited-English-proficient (LEP) as it highlights accomplishments rather than deficits.
- Pre-teaching of vocabulary and concepts - Personal Glossary - Extended Time - Simplified/Verbal Instructions - Frequent
Breaks - Visual learning, including graphic organizers - Use of cognates to increase comprehension - Teacher modeling -
Pairing students with beginning English language skills with students who have more advanced English language skills
- Scaffolding - Word walls - Think-pair-share - Cooperative learning groups

Students at Risk of Failure
- Home/School Connection - Alternative Assessments - Learning Contracts - Homogenous Grouping - Supplemental
Instruction - Think-Pair-Share by Readiness - Homework Options - Differentiated Online Practice - Leveled Rubrics -
Tiered Level of Supports - Tiered Activities - Small Group Instruction - Work Alone Choice - Group Work Choice

Students with 504 Plans

Teachers are responsible for implementing designated services and strategies identified on a student’s 504 Plan.

504 plans are formal plans that schools develop to give kids the support they need and covers any condition that limits daily
activities in a major way. Students’ accommodations are outlined in their individual 504 plan.

Specific Strategies and Practices that Support Gifted & Talented Students
It is critical that all teachers are able to recognize a high-ability student who may need more depth and complexity in
instruction.
-Homogenous Grouping - Small Group In-Depth Instruction - Differentiated Online Practice - Alternative Assessments -
Pre-Assess to provide Differentiated Instruction to Accelerate Learning

New Jersey Student Learning Standards - Science

Science
Scientific and technological advances have proliferated and now permeate most aspects of life in the 21st century. It




is increasingly important that all members of our society develop an understanding of scientific and engineering
concepts and processes. Learning how to construct scientific explanations and how to design evidence-based
solutions provides students with tools to think critically about personal and societal issues and needs. Students can
then contribute meaningfully to decision-making processes, such as discussions about climate change, new
approaches to health care, and innovative solutions to local and global problems.

Three Dimensions of NJSLS Science
Performance Expectations (PE) are student learning standards devised with the three dimensions or
components described below. For detailed information regarding the research and design behind the standards
click here.
Disciplinary Core Ideas (DCI)
The fundamental ideas that are necessary for understanding a given science discipline. The core ideas all have
broad importance within or across science or engineering disciplines, provide a key tool for understanding or
investigating complex ideas and solving problems, relate to societal or personal concerns, and can be taught over
multiple grade levels at progressive levels of depth and complexity.

Disciplinary Core Ideas in Physical Science (PS)

Disciplinary Core Ideas in Life Science (LS)

Disciplinary Core Ideas in Earth and Space Science (ESS)

Disciplinary Core Ideas in Engineering, Technology, and the Application of Science (ETS)
Science and Engineering Practices (SEP)
The practices are what students DO to make sense of phenomena. They are both a set of skills and a set of
knowledge to be internalized. The SEPs reflect the major practices that scientists and engineers use to investigate
the world and design and build systems.
Crosscutting Concepts (CCC)
These are concepts that hold true across the natural and engineered world. Students can use them to make
connections across seemingly disparate disciplines or situations, connect new learning to prior experiences, and
more deeply engage with material across the other dimensions. The NGSS requires that students explicitly use their
understanding of the CCCs to make sense of phenomena or solve problems.



https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states

Science and Engineering Practices (SEP) Crosscutting Concepts (CCC)
e Asking Questions and Defining Problems e Patterns

Planning and Carrying Out Investigations Cause and Effect: Mechanism and Explanation

Analyzing and Interpreting Data Scale, Proportion, and Quantity

Developing and Using Models Systems and System Models

Constructing Explanations and Designing Energy and Matter

Solutions Structure and Function

e Engaging in Argument from Evidence Stability and Change

e Using Mathematics and Computational
Thinking

e Obtaining, Evaluating, and Communicating
Information

Unit 3: Energy

Stage 1 Desired Results
Unit 3: Energy

Unit Summary: In this unit of study, students will develop an understanding that energy is understood as a
guantitative property of a system that depends on the motion and interactions of matter, and the total change of
energy in any system is equal to the total energy transferred into and out of the system.

Unit 3 Learning Standards / Targets

NJSLS Science (PE):

HS-PS3-1: Create a computational model to calculate the change in the energy of one component in a system when
the change in energy of the other component(s) and energy flows in and out of the system are known.




HS-PS3-2: Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a
combination of energy associated with the motions of particles (objects) and energy associated with the relative
position of particles (objects).

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

HS-PS1-8 Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy
released during the processes of fission, fusion, and radioactive decay.

HS-ESS1-5 Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of
plate tectonics to explain the ages of crustal rocks.

HS-ESS2-1 Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and
temporal scales to form continental and ocean-floor features.

HS-ESS2-3 Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal
convection.

HS-ESS1-4 Use mathematical or computational representations to predict the motion of orbiting objects in the solar
system.

HS-ESS1-6 Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary
surfaces to construct an account of Earth’s formation and early history.

Unit Enduring Understandings: Unit Essential Questions:

e Energy is always conserved unless there is a e How is energy transferred and conserved?
force exerted from an external object. e How do we use the concept of energy to understand

e The only way to change the energy of a system is the world around us?
by doing work from an external object. e What types of energy are there?

e If a system does not interact with its e What does it mean to be the most powerful person in
environment in any way, then certain the room?
mechanical properties of the system cannot
change.




e The concept of energy is used to model
interactions between systems and within
systems.

Vocabulary: energy, work, power, mechanical property, system, energy transfer, energy conservation, positive work,
negative work, zero work, kinetic energy, gravitational potential energy, energy transfer, potential energy, Joule,
conservation of energy

Interdisciplinary Connections

Career Readiness, Life Literacies, & Key Skills (CLKS):
9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data.

Computer Science & Design Thinking (CS & DT):

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different
interpretations of real-world phenomena.

NJSLS Companion Standards - ELA

RI.CR.11-12.1

Accurately cite textual evidence to support analysis of informational texts addressing energy transfer, conservation,
and system interactions.

RI.KI.11-12.2

Determine central ideas of scientific texts related to energy and analyze how those ideas develop over the course of
the text.

W.IW.11-12.2

Write informative/explanatory texts to examine energy transformations, computational models, and experimental
findings.

W.WR.11-12.5

Conduct research projects synthesizing multiple sources to model and explain conservation of energy in physical
systems.




SL.UM.11-12.5
Make strategic use of digital media to enhance presentations of energy models, simulations, and data analyses.

Connections to NJSLS - Mathematics

« MP.2 Reason abstractly and quantitatively. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« MP.4 Model with mathematics. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)

Unit 3 Stage 2 Assessment Evidence

Formative Assessments:

e After three experiments and class discussion on work done on and by an object: Describe a situation where a
positive work, negative work and zero work is done ( Examples may include an object falling under gravity,
an object at rest, an object pulled against gravity etc)

e Aregular problem to calculate the work done, force applied and distance moved by object (EX: Sara drops a 1
kg ball from the top of a cliff. It falls vertically with a constant acceleration (9.8 m/s?). What object (if any)
exerts a force that does work on the ball (system)? How much work has been done on the ball if it falls 10 m?
Sketch the situation. Draw the direction of the force exerted on the ball and the direction of the
displacement.)

e Explain a real-life situation that is consistent with the work-energy processes described below. (Ex: No
external work is done on the system, but due to some processes in the system, kinetic energy of the system
transforms into gravitational potential energy. Positive work is done on the system, both kinetic energy and
gravitational potential energy of the system increase. This will be asked at the end of the designing an
experiment using materials on your desk.)

e Calculate potential energy and kinetic energy of an object (EX: 1.A hockey puck is sliding along the ice in an ice
rink. Consider the puck and the ice as the system. Jon changes the speed of the puck by exerting a force on




the puck-ice system over a distance of 4.0 m. He does -54.0J of work. How has the energy of the system
changed? Explain your answer. i. The kinetic energy of the system increased. ii. The kinetic energy of the
system decreased. iii. The internal energy of the system increased.)

e Analyze the energy transfer between two states of a system. (EX: a) Complete the tables below to describe all
the energy transformations. Be sure to identify the system in each step. Initial state: The bob has no velocity
and is at the highest point of the swing. Final State: The bob is at the bottom of the swing and is going really
fast.

e Graphical Data analysis of the lab and conclusion questions will be used to assess student’s knowledge in
conservation of energy.

Summative Assessments: (includes alternative assessments were applicable)

e Students identify and describe* the components to be computationally modeled, including:
i. The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of
the initial or final state does not have to be zero);
ii. The initial energies of the system’s components (e.g., energy in fields, thermal energy, kinetic energy,
energy stored in springs — all expressed as a total amount of Joules in June 2015 Page 1 of 2 each component),
including a quantification in an algebraic description to calculate the total initial
energy of the system;
iii. The energy flows in or out of the system, including quantification in an algebraic description with flow
into the system defined as positive; and
iv. The final energies of the system components, including quantification in an algebraic description to
calculate the total final energy of the system.

e Computational Modeling:
a. Students use the algebraic descriptions of the initial and final energy state of the system, along with the
energy flows to create a computational model (e.g., simple computer program, spreadsheet, simulation
software package application) that is based on the principle of the conservation of energy.
b. Students use the computational model to calculate changes in the energy of one component of the system
when changes in the energy of the other components and the energy flows are known.




e Analysis:

a. Students use the computational model to predict the maximum possible change in the energy of one
component of the system for a given set of energy flows.

b. Students identify and describe* the limitations of the computational model, based on the assumptions that
were made in creating the algebraic descriptions of energy changes and flows in the system.

e (Connections:

a. Students use their models to show that in closed systems the energy is conserved on both the macroscopic
and molecular/atomic scales so that as one form of energy changes, the total system energy remains
constant, as evidenced by the other forms of energy changing by the same amount or changes only by the
amount of energy that is transferred into or out of the system.

b. Students use their 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 on both the macroscopic and microscopic scales

Suggested Performance Task:

e (reate 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: ( EX:
Quantitative conservation of energy problems like Roller coaster )

e Students calculate the PE and KE at different points of a roller coaster. Ask students what information they
have at point 1. Since they know height and mass, they determine they can find the gravitational potential
energy at point 1. After solving for potential energy, they identify that point 1 is the highest point and apply
that at the highest point you have all potential energy. Then, we determine that the potential energy at the
highest point is equal to the total mechanical energy of the system since the cart starts at rest at the top of
the coaster and kinetic energy is zero.

Since we are dealing with conservation of energy, students recognize that the total energy will be the same at
each point; it will just be transferred from one type of energy to another. They use different points on the
roller coaster to model conservation of energy quantitatively.




e 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). (EX: Develop a model for how when two objects interacting through a
field change relative position, the energy stored in the field is changed, but the total amount of energy in a
closed system is conserved. Develop or Analyze the model of a roller coaster, simple pendulum, Atwood
machine, Rube Goldberg machine, wind turbine etc.)

e Students build a roller coaster that demonstrates conservation of energy. The goal of this lesson is for
students to be able to work with their groups to create a plan to actually build a roller coaster that will give
them data to solve for work, power, energy and speed at various points in the roller coaster. Students use 1
meter pieces of pipe insulation to build the coaster attached by masking tape and supported by materials in
the classroom. The roller coaster cart is a marble.

*Common Benchmark Assessment
Unit 3 Stage 3 Learning Plan

Potential Unit Launches
e Chalk smashing with a brick
e Roller coaster videos with an analysis of their motion
Potential Supporting Lessons
e Knowledge Acquisitions: Work done on and by an object, different types of energy transfer (McGraw-Hill
textbook reading, physics classroom reading, khan academy videos, ck12 reading and videos, graphic
organizer
e Three experiments to understand the ability of group of objects to smash a chalk
e Design an experiment using materials on your desk to show an experiment consistent with each item below.
Identify your system for each experiment.
a) Positive work causes an increase in the gravitational potential energy of the system.
b) Positive work causes an increase in the kinetic energy of the system.
c) Positive work causes an increase in the elastic potential energy of the system.




d) Kinetic energy in the system is converted to gravitational potential energy.
e) Kinetic energy in the system is converted to elastic potential energy.
f) Gravitational potential energy in the system is converted to internal energy.
g) Gravitational potential energy in the system is converted to elastic potential energy.
Guided practice problems to calculate potential and kinetic energy.
Guided practice to draw energy bar charts to analyze the transfer of energy between two states of a system.
Guided practice problems applying conservation of energy principle equations.
Lab: Balls or marbles of different masses rolling down a ramp from different heights. Students need to
calculate potential and kinetic energies of each ball and analyze or evaluate the results to examine whether
the conservation of energy holds good.
Potential Summative Assessments
e Design a piece of technology that converts energy and draw bar charts
e Marble Roller Coaster
e Powerplant analysis with renewable energy sources

Core Instructional & Supplemental Materials

Texts, Readings, Online Platforms & Other Resources:
e The Physics Classroom
e Flipping Physics
e PhET online simulations
e Other resources will be published on Google Classroom

Accommodations and Modifications:

Students with Disabilities, English Language Learners,
Students at Risk of Failure, Students with 504s, Gifted & Talented Students




Specific Strategies and Practices that Support Students with Disabilities:
Students receiving Special Education programming have specific goals and objectives, as well as accommodations and
modifications outlined within their Individualized Education Plans (IEP) due to an identified disability and/or diagnosis. In
addition to exposure to the general education curriculum, the instruction is differentiated based upon the student's needs. The
IEP acts as a supplemental curriculum guide inclusive of instructional strategies that support each learner.
- Small group/One to one - Additional time - Review of directions - Student restates information - Space for movement or
breaks - Extra visual and verbal cues and prompts - Preferential seating - Follow a routine/schedule - Rest breaks - Verbal
and visual cues regarding directions and staying on task - Checklists - Immediate feedback- rollercoaster project
sentence starters- Energy graphic organizer- calculations checklist

Specific Strategies and Practices that Support English Language Learners

English language learner (ELL) is a national-origin-minority student who is limited-English-proficient. This term is often

preferred over limited-English-proficient (LEP) as it highlights accomplishments rather than deficits.
- Pre-teaching of vocabulary and concepts - Personal Glossary - Extended Time - Simplified/Verbal Instructions - Frequent
Breaks - Visual learning, including graphic organizers - Use of cognates to increase comprehension - Teacher modeling -
Pairing students with beginning English language skills with students who have more advanced English language skills
- Scaffolding - Word walls - Think-pair-share - Cooperative learning groups

Students at Risk of Failure
- Home/School Connection - Alternative Assessments - Learning Contracts - Homogenous Grouping - Supplemental
Instruction - Think-Pair-Share by Readiness - Homework Options - Differentiated Online Practice - Leveled Rubrics -
Tiered Level of Supports - Tiered Activities - Small Group Instruction - Work Alone Choice - Group Work Choice

Students with 504 Plans

Teachers are responsible for implementing designated services and strategies identified on a student’s 504 Plan.

504 plans are formal plans that schools develop to give kids the support they need and covers any condition that limits daily
activities in a major way. Students’ accommodations are outlined in their individual 504 plan.

Specific Strategies and Practices that Support Gifted & Talented Students
It is critical that all teachers are able to recognize a high-ability student who may need more depth and complexity in
instruction.




-Homogenous Grouping - Small Group In-Depth Instruction - Differentiated Online Practice - Alternative Assessments -
Pre-Assess to provide Differentiated Instruction to Accelerate Learning

New Jersey Student Learning Standards - Science

Science

Scientific and technological advances have proliferated and now permeate most aspects of life in the 21st century. It
is increasingly important that all members of our society develop an understanding of scientific and engineering
concepts and processes. Learning how to construct scientific explanations and how to design evidence-based
solutions provides students with tools to think critically about personal and societal issues and needs. Students can
then contribute meaningfully to decision-making processes, such as discussions about climate change, new
approaches to health care, and innovative solutions to local and global problems.

Three Dimensions of NJSLS Science
Performance Expectations (PE) are student learning standards devised with the three dimensions or
components described below. For detailed information regarding the research and design behind the standards
click here.
Disciplinary Core Ideas (DCI)
The fundamental ideas that are necessary for understanding a given science discipline. The core ideas all have
broad importance within or across science or engineering disciplines, provide a key tool for understanding or
investigating complex ideas and solving problems, relate to societal or personal concerns, and can be taught over
multiple grade levels at progressive levels of depth and complexity.

Disciplinary Core Ideas in Physical Science (PS)

Disciplinary Core Ideas in Life Science (LS)

Disciplinary Core Ideas in Earth and Space Science (ESS)

Disciplinary Core Ideas in Engineering, Technology, and the Application of Science (ETS)
Science and Engineering Practices (SEP)



https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states

The practices are what students DO to make sense of phenomena. They are both a set of skills and a set of
knowledge to be internalized. The SEPs reflect the major practices that scientists and engineers use to investigate
the world and design and build systems.

Crosscutting Concepts (CCC)

These are concepts that hold true across the natural and engineered world. Students can use them to make
connections across seemingly disparate disciplines or situations, connect new learning to prior experiences, and
more deeply engage with material across the other dimensions. The NGSS requires that students explicitly use their
understanding of the CCCs to make sense of phenomena or solve problems.

Science and Engineering Practices (SEP) Crosscutting Concepts (CCC)
e Asking Questions and Defining Problems e Patterns
e Planning and Carrying Out Investigations e Cause and Effect: Mechanism and Explanation
e Analyzing and Interpreting Data e Scale, Proportion, and Quantity
e Developing and Using Models e Systems and System Models
e C(onstructing Explanations and Designing e Energy and Matter
Solutions e Structure and Function
Engaging in Argument from Evidence e Stability and Change

Using Mathematics and Computational
Thinking

e Obtaining, Evaluating, and Communicating
Information

Unit 4: Electricity and Magnetism



Stage 1 Desired Results

Unit 4: Electricity and Magnetism

Unit Summary: In this unit of study, students’ understanding of how forces at a distance can be explained by fields,
why some materials are attracted to each other while other are not, how magnets or electric currents cause magnetic

fields, and how charges or changing magnetic fields cause electric fields.

Unit 4 Learning Standards / Targets

NJSLS Science (PE):

HS-PS2-4: Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to describe and
predict the gravitational and electrostatic forces between objects.

HS-PS3-5: Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the
forces between objects and the changes in energy of the objects due to the interaction.

HS-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.

Unit Enduring Understandings:

e The Coulomb force, similar to gravitational force,
exerted by a charged particle on another is
proportional to the product of their charges and
inversely proportional to the square of the
distance between them.

e Avariable magnetic field will induce an electric
current and a variable current will induce a
magnetic field.

e Interactions can be modeled as fields such as
gravitational, electrostatic, magnetic, nuclear.

e The problem in society is not a lack of energy but
conversion of energy into a form people can use.

Unit Essential Questions:

e How can one explain and predict the interactions
between objects and within a system of objects?

e How does electric current and magnetic field are
related?

e Why are houses wired in parallel?




Vocabulary: Coulomb force, gravitational force, charged particle, magnetic field, electric current, magnetic field,
energy conversion, Newton’s Law of Gravitation, circuit, voltage, Ohm’s Law, resistance, ratio

Interdisciplinary Connections

Career Readiness, Life Literacies, & Key Skills (CLKS):
9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data.

Computer Science & Design Thinking (CS & DT):

8.2.12.ETW.3: Identify a complex, global environmental or climate change issue, develop a systemic plan of
investigation, and propose an innovative sustainable solution.

NJSLS Companion Standards - ELA

RI.CR.11-12.1

Accurately cite textual evidence to support analysis of science texts related to electric and magnetic fields and force
interactions.

RI.MF.11-12.6

Analyze, integrate, and evaluate information from simulations, diagrams, equations, and texts to address questions
involving fields and circuits.

W.IW.11-12.2

Write informative/explanatory texts describing investigations, models, and technical processes involving electricity
and magnetism.

W.WR.11-12.5

Conduct research projects to answer scientific or engineering questions related to energy conversion and
electromagnetic interactions.

SL.PE.11-12.4

Present findings and models explaining electric and magnetic phenomena with clarity and appropriate use of
evidence.

Connections to NJSLS - Mathematics
- MP.2 Reason abstractly and quantitatively. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)




« MP.4 Model with mathematics. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)

Unit 4 Stage 2 Assessment Evidence

Formative Assessments:

e Compare Newton’s law of gravitation and Coulomb’s law of gravitation ( Ex : Venn diagram to compare both
laws,Simulation Lab analysis questions, qualitative description of Newton’s law of gravitation and Coulomb’s
law of electrostatics))

e Analyze electrostatic interactions between the objects (EX: Lab observation and analysis questions on
Electrostatic Interaction lab. materials: balloon and fur, plastic, rubber rod, electroscope etc.)

o EX: Build an electrical circuit using batteries, bulbs, resistors and switch. Measure voltage and current
in the circuit, Analyze Ohm’s law to verify the relationship between voltage, current and
resistance.(Lab: Ohm’s law, data collection, data analysis, calculate unknown resistance)

Summative Assessments: (includes alternative assessments were applicable)

e Summative 1:
e Observable features of the student performance by the end of the course:
e 1Representation:

o a. Students clearly define the system of the interacting objects that is mathematically represented.

o b. Using the given mathematical representations, students identify and describe* the gravitational
attraction between two objects as the product of their masses divided by the separation distance
squared (F, = -G mym,/ d’), where a negative force is understood to be attractive.

o c.Using the given mathematical representations, students identify and describe* the electrostatic force
between two objects as the product of their individual charges divided by the separation distance
squared (F, = k q,q,/ d*), where a negative force is understood to be attractive.

e 2 Mathematical modeling:




o a. Students correctly use the given mathematical formulas to predict the gravitational force between
objects or predict the electrostatic force between charged objects.
e 3 Analysis:

o a.Based on the given mathematical models, students describe* that the ratio between gravitational and
electric forces between objects with a given charge and mass is a pattern that is independent of
distance.

o b. Students describe* that the mathematical representation of the gravitational field (Fg = -G m,m,/ d?)
only predicts an attractive force because mass is always positive.

o c. Students describe* that the mathematical representation of the electric field (F, = k q,q,/ d*) predicts
both attraction and repulsion because electric charge can be either positive or negative. d Students use
the given formulas for the forces as evidence to describe* that the change in the energy of objects
interactions

Suggested Performance Task: Use mathematical representations of Newton’s Law of Gravitation and
Coulomb’s Law to describe and predict the gravitational and electrostatic forces between objects. ( Calculate
gravitational force due to two masses separated by a distance and calculate electrostatic force between two
charges separated by a distance)

Summative 2:

Observable features of the student performance by the end of the course:

11dentifying the phenomenon to be investigated:

o a. Students describe* the phenomenon under investigation, which includes the following idea: that an
electric current produces a magnetic field and that a changing magnetic field produces an electric
current.

2 Identifying the evidence to answer this question.

o a. Students develop an investigation plan and describe* the data that will be collected and the evidence

to be derived from the data about
m 1) an observable effect of a magnetic field that is uniquely related to the presence of an electric
current in the circuit, and




m 2) An electric current in the circuit that is uniquely related to the presence of a changing
magnetic field near the circuit. Students describe* why these effects seen must be causal and
not correlational, citing specific cause-effect relationships.

e 3 Planning for the investigation a In the investigation plan students include:

o 1. The use of an electric circuit through which electric current can flow, a source of electrical energy
that can be placed in the circuit, the shape and orientation of the wire, and the types and positions of
detectors;

m ii. A means to indicate or measure when electric current is flowing through the circuit;

m iii. A means to indicate or measure the presence of a local magnetic field near the circuit;

m iv. A design of a system to change the magnetic field in a nearby circuit and a means to indicate
or measure when the magnetic field is changing.

o b In the plan, students state whether the investigation will be conducted individually or collaboratively.

e 4 Collecting the data:
o a. Students measure and record electric currents and magnetic fields.
e 5 Refining the design:

o a. Students evaluate their investigation, including an evaluation of:

m i. The accuracy and precision of the data collected, as well as limitations of the investigation;
and

m ii. The ability of the data to provide the evidence required.

o b. If necessary, students refine the investigation plan to produce more accurate, precise, and useful
data such that the measurements or indicators of the presence of an electric current in the circuit and
a magnetic field near the circuit can provide the required evidence

e Suggested Performance Task: Develop and use a model of two objects interacting through electric or magnetic
fields to illustrate the forces between objects and the changes in energy of the objects due to the
interaction.(EX: Explore the interactions between a compass and bar magnet. Discover how you can use a
battery and wire to make a magnet! Can you make it a stronger magnet? Can you make the magnetic field
reverse? or students can design and build an electric motor, or they can study about a premade toy motor)




e Suggested Performance Task: 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.( EX: Plan
and carry out investigations to explore the relationships between electrical currents and magnetic fields with
the given materials like iron nail, copper wire, battery, magnet etc. or Students can put a bar magnet through
a solenoid and measuring the current in the wire. Students could also experiment with the number of loops,
radius of the coil, gauge of wire, or length of the coil. )

*Common Benchmark Assessment
Unit 4 Stage 3 Learning Plan

Potential Unit Launches
e Try to create an explanatory model for how lightning is created
e An investigation of balloon behavior with static electricity
Potential Supporting Lessons
e Knowledge Acquisition: Newton’s law of gravitation and Coulomb’s law of Electrostatics (Reading, video,
Physics classroom, CK12 reading & activities)
Simulation labs (Gravitation and electrostatics)
Practice problems involving Gravitational force and Electrostatic forces
Electrostatics interactions Physics classroom activities
Electrostatic interactions Lab
Knowledge Acquisition: Circuit components, Ohm’s Law (Simulation Lab, Gizmo labs, Physics classroom
activities, Textbook reading and practice)
Build an electrical circuit and analyze Ohm’s law lab
Design and build a generator or Analyze premade toy car
Explore the interactions between a compass and bar magnet
Experiment to explore the relationships between electrical currents and magnetic fields with the given
materials.
Potential Summative Assessments
e Powerplant analysis with renewable energy sources




e Concept map with energy, fields, and forces concepts for electricity and magnetism
e (reate an explanatory model for why you are safe inside of a car when lightning strikes the vehicle

Core Instructional & Supplemental Materials

Texts, Readings, Online Platforms & Other Resources:

The Physics Classroom

e Flipping Physics

e PhET online simulations

e Other resources will be published on Google Classroom

Accommodations and Modifications:
Students with Disabilities, English Language Learners,

Students at Risk of Failure, Students with 504s, Gifted & Talented Students

Specific Strategies and Practices that Support Students with Disabilities:
Students receiving Special Education programming have specific goals and objectives, as well as accommodations and
modifications outlined within their Individualized Education Plans (IEP) due to an identified disability and/or diagnosis. In
addition to exposure to the general education curriculum, the instruction is differentiated based upon the student's needs. The
IEP acts as a supplemental curriculum guide inclusive of instructional strategies that support each learner.
- Small group/One to one - Additional time - Review of directions - Student restates information - Space for movement or
breaks - Extra visual and verbal cues and prompts - Preferential seating - Follow a routine/schedule - Rest breaks - Verbal
and visual cues regarding directions and staying on task - Checklists - Immediate feedback

Specific Strategies and Practices that Support English Language Learners
English language learner (ELL) is a national-origin-minority student who is limited-English-proficient. This term is often
preferred over limited-English-proficient (LEP) as it highlights accomplishments rather than deficits.




- Pre-teaching of vocabulary and concepts - Personal Glossary - Extended Time - Simplified/Verbal Instructions - Frequent
Breaks - Visual learning, including graphic organizers - Use of cognates to increase comprehension - Teacher modeling -
Pairing students with beginning English language skills with students who have more advanced English language skills
- Scaffolding - Word walls - Think-pair-share - Cooperative learning groups

Students at Risk of Failure
- Home/School Connection - Alternative Assessments - Learning Contracts - Homogenous Grouping - Supplemental
Instruction - Think-Pair-Share by Readiness - Homework Options - Differentiated Online Practice - Leveled Rubrics -
Tiered Level of Supports - Tiered Activities - Small Group Instruction - Work Alone Choice - Group Work Choice

Students with 504 Plans
Teachers are responsible for implementing designated services and strategies identified on a student’s 504 Plan.

504 plans are formal plans that schools develop to give kids the support they need and covers any condition that limits daily
activities in a major way. Students’ accommodations are outlined in their individual 504 plan.

Specific Strategies and Practices that Support Gifted & Talented Students
It is critical that all teachers are able to recognize a high-ability student who may need more depth and complexity in
instruction.

-Homogenous Grouping - Small Group In-Depth Instruction - Differentiated Online Practice - Alternative Assessments -
Pre-Assess to provide Differentiated Instruction to Accelerate Learning

New Jersey Student Learning Standards - Science

Science

Scientific and technological advances have proliferated and now permeate most aspects of life in the 21st century. It
is increasingly important that all members of our society develop an understanding of scientific and engineering
concepts and processes. Learning how to construct scientific explanations and how to design evidence-based
solutions provides students with tools to think critically about personal and societal issues and needs. Students can




then contribute meaningfully to decision-making processes, such as discussions about climate change, new
approaches to health care, and innovative solutions to local and global problems.

Three Dimensions of NJSLS Science
Performance Expectations (PE) are student learning standards devised with the three dimensions or
components described below. For detailed information regarding the research and design behind the standards
click here.
Disciplinary Core Ideas (DCI)
The fundamental ideas that are necessary for understanding a given science discipline. The core ideas all have
broad importance within or across science or engineering disciplines, provide a key tool for understanding or
investigating complex ideas and solving problems, relate to societal or personal concerns, and can be taught over
multiple grade levels at progressive levels of depth and complexity.

Disciplinary Core Ideas in Physical Science (PS)

Disciplinary Core Ideas in Life Science (LS)

Disciplinary Core Ideas in Earth and Space Science (ESS)

Disciplinary Core Ideas in Engineering, Technology, and the Application of Science (ETS)
Science and Engineering Practices (SEP)
The practices are what students DO to make sense of phenomena. They are both a set of skills and a set of
knowledge to be internalized. The SEPs reflect the major practices that scientists and engineers use to investigate
the world and design and build systems.
Crosscutting Concepts (CCC)
These are concepts that hold true across the natural and engineered world. Students can use them to make
connections across seemingly disparate disciplines or situations, connect new learning to prior experiences, and
more deeply engage with material across the other dimensions. The NGSS requires that students explicitly use their
understanding of the CCCs to make sense of phenomena or solve problems.

Science and Engineering Practices (SEP) Crosscutting Concepts (CCC)
e Asking Questions and Defining Problems e Patterns



https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states

e Planning and Carrying Out Investigations e (ause and Effect: Mechanism and Explanation
e Analyzing and Interpreting Data e Scale, Proportion, and Quantity
e Developing and Using Models e Systems and System Models
e Constructing Explanations and Designing e Energy and Matter
Solutions e Structure and Function
Engaging in Argument from Evidence e Stability and Change

e Using Mathematics and Computational
Thinking

e Obtaining, Evaluating, and Communicating
Information

Unit 5: Waves (Sound and Light)

Stage 1 Desired Results

Unit 4: Waves (Sound and Light)

Unit Summary: In this unit of study, students apply their understanding of how wave properties can be
used to transfer information across long distances, store information, and investigate nature on many scales.

Unit 5 Learning Standards / Targets

NJSLS Science (PE):

HS-PS4-1: Use mathematical representations to support a claim regarding relationships among the frequency,
wavelength, and speed of waves traveling in various media.

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




HS-PS4-3: Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be
described either by a wave model or a particle model, and that for some situations one model is more useful than the
other.

HS-PS4-4: Evaluate the validity and reliability of claims in published materials of the effects that different
frequencies of electromagnetic radiation have when absorbed by matter.

HS-PS4-5: Communicate technical information about how some technological devices use the principles of wave
behavior and wave interactions with matter to transmit and capture information and energy.

Unit Enduring Understandings: Unit Essential Questions:

e Waves transmit energy and information. e What are the benefits of wireless communication

e The effect waves have depends on the amount of and how will it evolve?
energy they transmit. e How can waves as a transmission of energy and
Sound is a wave. information be applied in order to engineer solutions
Electromagnetic waves include x-rays, light, to technological challenges?
microwaves, radio waves. e Why do Physicists make the best surfers?

How do we use waves to explain the universe?

Vocabulary: frequency, wavelength, speed, transmission, wave, sound, electromagnetic waves, physicist, universe,
pendulum, sound, doppler effect,

Interdisciplinary Connections

Career Readiness, Life Literacies, & Key Skills (CLKS):

9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions
(e.g., S-ID.B.6a., 8.1.12.DA.5, 7.1.IH.IPRET.8)

Computer Science & Design Thinking (CS & DT):

8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on
research, constraints, trade-offs, and aesthetic and ethical considerations and share this information with an
appropriate audience.

NJSLS Companion Standards - ELA




RI.CR.11-12.1

Accurately cite textual evidence to support analysis of texts related to wave behavior, electromagnetic radiation, and
information transmission.

RI.MF.11-12.6

Analyze and integrate quantitative and visual information (graphs, equations, simulations) to explain relationships
among frequency, wavelength, and wave speed.

W.IW.11-12.2

Write informative/explanatory texts conveying scientific understanding of wave interactions and technological
applications.

W.WR.11-12.5

Conduct research projects to evaluate claims and evidence related to electromagnetic radiation and wave-based
technologies.

SL.UM.11-12.5

Use digital media strategically to enhance presentations on wave phenomena and technological solutions.

Connections to NJSLS - Mathematics

- MP.2 Reason abstractly and quantitatively. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« MP.4 Model with mathematics. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4)

« 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)

Unit 5 Stage 2 Assessment Evidence

Formative Assessments:
e Differentiate between two different types of waves; How wavelength, frequency and speed of a wave are
related?(EX: Data analysis and conclusion questions on “making waves’ activity will be used to assess
student’s knowledge)




e Apply mathematical representation to support a claim regarding relationships among the frequency,

wavelength and speed of waves (EX: problems involving wave equation.)
o a. Calculate the frequency of a pendulum with a period of 6 seconds. Do not include units in this
answer
o b. A pendulum takes 10 seconds to swing through 2 complete cycles.
m 1. How long does it take to complete one cycle?
m 2. What is its period?
m 3. What is its frequency?

e The questions based on observation of each lab station activity will be used to evaluate the understanding
wave interactions (Lab: Wave stations activities ;Coke bottles activity, wine glasses activity, wave interaction
simulation, straw in a glass, Investigations around the corners,

Mini golf billiards(website),Christian Doppler and the violinist (website) )
Comparison of waves (Hand out: highlight the similarities and differences between mechanical and
electromagnetic waves.

e How are standing waves formed? ( Physics classroom assignment and check the answer key there)

Summative Assessments: (includes alternative assessments were applicable)
e 1Representation:
o a. Students identify and describe* the relevant components in the mathematical representations:
m i. Mathematical values for frequency, wavelength, and speed of waves traveling in various
specified media; and
m ii. The relationships between frequency, wavelength, and speed of waves traveling in various
specified media.
e 2 Mathematical modeling:

o a. Students show that the product of the frequency and the wavelength of a particular type of wave in a
given medium is constant, and identify this relationship as the wave speed according to the
mathematical relationship v = fi.

o b. Students use the data to show that the wave speed for a particular type of wave changes as the
medium through which the wave travels changes.




o . Students predict the relative change in the wavelength of a wave when it moves from one medium to
another (thus different wave speeds using the mathematical relationship v = fA). Students express the
relative change in terms of cause (different media) and effect (different wavelengths but same
frequency).

e 3 Analysis:

o a.Using the mathematical relationship v = fA, students assess claims about any of the three quantities
when the other two quantities are known for waves traveling in various specified media.

o b. Students use the mathematical relationships to distinguish between cause and correlation with
respect to the supported claims.

e Suggested Performance Task:
e Observable features of the student performance by the end of the course:

o 10btaining information:

m a. Students obtain at least two claims proposed in published material (using at least two sources
per claim) regarding the effect of electromagnetic radiation that is absorbed by matter. One of
these claims deals with the effect of electromagnetic radiation on living tissue.

o 2 Evaluating information:

m a. Students use reasoning about the data presented, including the energies of the photons
involved (i.e., relative wavelengths) and the probability of ionization, to analyze the validity and
reliability of each claim.

o b. Students determine the validity and reliability of the sources of the claims.

o c.Students describe the cause and effect reasoning in each claim, including the extrapolations to larger
scales from cause and effect relationships of mechanisms at small scales (e.g., extrapolating from the
effect of a particular wavelength of radiation on a single cell to the effect of that wavelength on the
entire organism)

e Use mathematical representations to support a claim regarding relationships among the frequency,
wavelength, and speed of waves traveling in various media. (Ex: Draw a wave and label period, frequency and
wavelength. A wave has a wavelength of 10 mm and a frequency of 5.0 hertz)




o The goal of this lesson is to help students develop the wave equations that relate frequency and
wavelength of a wave and the period and wavelength of a wave (SP2). Students create waves and focus
on measuring the different aspects of a transverse wave and then using that information to engage in
computational thinking (SP5). Students collect and analyze the data (SP4) from the waves they draw in
the activity to create the wave equation. They solve problems using wave equation.

o Evaluate the validity and reliability of claims in published materials of the effects that different
frequencies of electromagnetic radiation have when absorbed by matter. (Ex: Radiation journal
assignment: Health risks of electromagnetic exposure and develop understanding of electromagnetic
transmission; or Activity: What materials block your phone? ) Students explore what materials block
the microwaves that are emitted or are received by their mobile phone and review the experimental
results to conclude that electromagnetic radiation interacts with matter in three ways: absorbed,
reflected or transmitted.

*Common Benchmark Assessment
Unit 5 Stage 3 Learning Plan

Potential Unit Launches
e Sound and doppler effect
e (reate an explanatory model to explain why food gets warm in certain spots when in a microwave
e Why is the sky blue and why are sunsets orange

Potential Supporting Lessons

e Knowledge Acquisition: Waves PowerPoint presentation, graphic organizer, textbook reading, Physics
classroom, cki2 reading, videos.
Making waves activity using Slinky to understand the different types of waves and their characteristics
Practice problems involving wave equation to support a claim regarding relationship among the frequency,
wavelength and speed of waves.

e Waves Simulation activity, wave station lab to observe and analyze the wave interactions.

e Knowledge Acquisition: Electromagnetic waves (PowerPoint, videos, Textbook reading, graphic organizer....)




e Practice section: Electromagnetic waves: to demonstrate some previous skills (sketching waves, writing wave
equations, etc.) and some new skills (identifying destructive interference, relating frequencies with energy,
etc.)

e Knowledge Acquisition: Standing waves (Videos, reading, graphic organizer)

Introduction lesson to understand photoelectric effect and electromagnetic radiation
Standing Waves activity Phet Simulation, standing wave demo.

Potential Summative Assessments
e (reate an explanatory model to visualize how light scatters in an occurring phenomena in nature
e Design a communication device using wave properties (radio waves, microwaves, etc)

Core Instructional & Supplemental Materials

Texts, Readings, Online Platforms & Other Resources:

The Physics Classroom

Flipping Physics

PhET online simulations

Other resources will be published on Google Classroom

Accommodations and Modifications:

Students with Disabilities, English Language Learners,

Students at Risk of Failure, Students with 504s, Gifted & Talented Students
Specific Strategies and Practices that Support Students with Disabilities:
Students receiving Special Education programming have specific goals and objectives, as well as accommodations and
modifications outlined within their Individualized Education Plans (IEP) due to an identified disability and/or diagnosis. In




addition to exposure to the general education curriculum, the instruction is differentiated based upon the student's needs. The
IEP acts as a supplemental curriculum guide inclusive of instructional strategies that support each learner.
- Small group/One to one - Additional time - Review of directions - Student restates information - Space for movement or
breaks - Extra visual and verbal cues and prompts - Preferential seating - Follow a routine/schedule - Rest breaks - Verbal
and visual cues regarding directions and staying on task - Checklists - Immediate feedback

Specific Strategies and Practices that Support English Language Learners

English language learner (ELL) is a national-origin-minority student who is limited-English-proficient. This term is often

preferred over limited-English-proficient (LEP) as it highlights accomplishments rather than deficits.
- Pre-teaching of vocabulary and concepts - Personal Glossary - Extended Time - Simplified/Verbal Instructions - Frequent
Breaks - Visual learning, including graphic organizers - Use of cognates to increase comprehension - Teacher modeling -
Pairing students with beginning English language skills with students who have more advanced English language skills
- Scaffolding - Word walls - Think-pair-share - Cooperative learning groups

Students at Risk of Failure
- Home/School Connection - Alternative Assessments - Learning Contracts - Homogenous Grouping - Supplemental
Instruction - Think-Pair-Share by Readiness - Homework Options - Differentiated Online Practice - Leveled Rubrics -
Tiered Level of Supports - Tiered Activities - Small Group Instruction - Work Alone Choice - Group Work Choice

Students with 504 Plans

Teachers are responsible for implementing designated services and strategies identified on a student’s 504 Plan.

504 plans are formal plans that schools develop to give kids the support they need and covers any condition that limits daily
activities in a major way. Students’ accommodations are outlined in their individual 504 plan.

Specific Strategies and Practices that Support Gifted & Talented Students
It is critical that all teachers are able to recognize a high-ability student who may need more depth and complexity in
instruction.
-Homogenous Grouping - Small Group In-Depth Instruction - Differentiated Online Practice - Alternative Assessments -
Pre-Assess to provide Differentiated Instruction to Accelerate Learning




New Jersey Student Learning Standards - Science

Science

Scientific and technological advances have proliferated and now permeate most aspects of life in the 21st century. It
is increasingly important that all members of our society develop an understanding of scientific and engineering
concepts and processes. Learning how to construct scientific explanations and how to design evidence-based
solutions provides students with tools to think critically about personal and societal issues and needs. Students can
then contribute meaningfully to decision-making processes, such as discussions about climate change, new
approaches to health care, and innovative solutions to local and global problems.

Three Dimensions of NJSLS Science
Performance Expectations (PE) are student learning standards devised with the three dimensions or
components described below. For detailed information regarding the research and design behind the standards
click here.
Disciplinary Core Ideas (DCI)
The fundamental ideas that are necessary for understanding a given science discipline. The core ideas all have
broad importance within or across science or engineering disciplines, provide a key tool for understanding or
investigating complex ideas and solving problems, relate to societal or personal concerns, and can be taught over
multiple grade levels at progressive levels of depth and complexity.

Disciplinary Core Ideas in Physical Science (PS)

Disciplinary Core Ideas in Life Science (LS)

Disciplinary Core Ideas in Earth and Space Science (ESS)

Disciplinary Core Ideas in Engineering, Technology, and the Application of Science (ETS)
Science and Engineering Practices (SEP)
The practices are what students DO to make sense of phenomena. They are both a set of skills and a set of
knowledge to be internalized. The SEPs reflect the major practices that scientists and engineers use to investigate
the world and design and build systems.
Crosscutting Concepts (CCC)



https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states

These are concepts that hold true across the natural and engineered world. Students can use them to make
connections across seemingly disparate disciplines or situations, connect new learning to prior experiences, and
more deeply engage with material across the other dimensions. The NGSS requires that students explicitly use their
understanding of the CCCs to make sense of phenomena or solve problems.

Science and Engineering Practices (SEP)

Asking Questions and Defining Problems
Planning and Carrying Out Investigations
Analyzing and Interpreting Data
Developing and Using Models
Constructing Explanations and Designing
Solutions

Engaging in Argument from Evidence
Using Mathematics and Computational
Thinking

Obtaining, Evaluating, and Communicating
Information

Crosscutting Concepts (CCC)

Patterns

Cause and Effect: Mechanism and Explanation
Scale, Proportion, and Quantity

Systems and System Models

Energy and Matter

Structure and Function

Stability and Change
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