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Scope and Sequence

New Jersey Curricular Mandates for Science Instruction

Disabled & LGBT:

18A:35-4.35 - History of disabled and LGBT persons included in middle and high school curriculum. A board of education shall include instruction
on the political, economic, and social contributions of persons with disabilities and lesbian, gay, bisexual, and transgender people, in an appropriate
place in the curriculum of middle school and high school students as part of the district's implementation of the New Jersey Student Learning
Standards.

Diversity, Equity, and Inclusion (DEI):

C.18A:35-4.36a - Curriculum to include instruction on diversity and inclusion. 1. a. Beginning in the 2021-2022 school year, each school district
shall incorporate instruction on diversity and inclusion in an appropriate place in the curriculum of students in grades kindergarten through 12 as part
of the district’s implementation of the New Jersey Student Learning Standards. b. The instruction shall: (1) highlight and promote diversity, including
economic diversity, equity, inclusion, tolerance, and belonging in connection with gender and sexual orientation, race and ethnicity, disabilities, and
religious tolerance; (2) examine the impact that unconscious bias and economic disparities have at both an individual level and on society as a whole;
and (3) encourage safe, welcoming, and inclusive environments for all students regardless of race or ethnicity, sexual and gender identities, mental
and physical disabilities, and religious beliefs. c. The Commissioner of Education shall provide school districts with sample learning activities and
resources designed to promote diversity and inclusion.

N.J.S.A. 18A 52:16A-88 Every board of education shall incorporate the information regarding the contributions of African Americans to our country
in an appropriate place in the curriculum of elementary and secondary school students.

Climate Change:

2020 NJSLS-Science: Earth’s climate is now changing faster than at any point in the history of modern civilization, primarily as a result of human
activities. Global climate change has already resulted in a wide range of impacts across New Jersey and in many sectors of its economy. The addition
of academic standards that focus on climate change is important so that all students will have a basic understanding of the climate system, including
the natural and human-caused factors that affect it. The underpinnings of climate change span across physical, life, as well as Earth and space
sciences. The goal is for students to understand climate science as a way to inform decisions that improve quality of life for themselves, their
community, and globally and to know how engineering solutions can allow us to mitigate impacts, adapt practices, and build resilient systems.

Dissection Law
N.J.S.A. 18A:35-4.25 and N.J.S.A. 18A:35-4.24 authorizes parents or guardians to assert the right of their children to refuse to dissect, vivisect,
incubate, capture or otherwise harm or destroy animals or any parts thereof as part of a course of instruction.


https://docs.google.com/document/d/1nzkBrRj8aI_qgUfPcdWqI6ds8u5L-xHpbKJ8Hv2-iY4/edit?usp=sharing
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Honors Physics
Unit 1: DC Circuits

Grade Level: 11

Time Allotted: Approximately 7 Weeks

New Jersey Student Learning Standards (NJSLS)

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
@ given input. Assessment is limited to devices constructed with materials provided to students.]

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability,

and aesthetics, as well as possible social, cultural, and environmental impacts.

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.

Constructing Explanations and
Designing Solutions

Design, evaluate, and/or refine a
solution to a complex real-world
problem, based on scientific
knowledge, student-generated
sources of evidence, prioritized
criteria, and tradeoff
considerations.

Design or refine a solution to a
complex real-world problem,
based on scientific knowledge,
student-generated sources of
evidence, prioritized criteria,
and tradeoff considerations.
Evaluate a solution to a complex
real-world problem, based on
scientific knowledge, student-
generated sources of evidence,
prioritized criteria, and tradeoff
considerations.

Disciplinary Core ldeas

PS3.A: Definitions of Energy
e At the macroscopic scale, energy manifests itself in multiple ways, such as
in motion, sound, light, and thermal energy.

PS3.D: Energy in Chemical Processes
e  Although energy cannot be destroyed, it can be converted to less useful
forms—for example, to thermal energy in the surrounding environment.

ESS3.C: Human Impacts on Earth Systems
e  Scientists and engineers can make major contributions by developing
technologies that produce less pollution and waste and that preclude
ecosystem degradation.

ETS1.A: Defining and Delimiting an Engineering Problem
e  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)

ETS1.B: Developing Possible Solutions
e  When evaluating solutions, it is important to take into account a range of
constraints, including cost, safety, reliability, and aesthetics, and to
consider social, cultural, and environmental impacts.

Energy and Matter
e  Changes of energy and matter in a system can be
described in terms of energy and matter flows into, out
of, and within that system.

Stability and Change
®  Feedback (negative or positive) can stabilize or
destabilize a system.

Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering and Technology on Society and
the Natural World
e  Modern civilization depends on major technological
systems. Engineers continuously modify these
technological systems by applying scientific knowledge
and engineering design practices to increase benefits
while decreasing costs and risks.
®  New technologies can have deep impacts on society and
the environment, including some that were not
anticipated. Analysis of costs and benefits is a critical
aspect of decisions about technology.
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ETS1.C: Optimizing the Design Solution

e  Engineers continuously modify these technological

Criteria may need to be broken down into simpler ones that can be systems by applying scientific knowledge and
approached systematically, and decisions about the priority of certain engineering design practices to increase benefits while

criteria over others (trade-offs) may be needed.

decreasing costs and risks.

Essential Questions Student Learning Objectives Suggested Tasks/Activities Evidence of Learning (Assessment)
e How can electricity be Represent the relationship among Activity: Create a basic circuit to e Assessment of written and verbal
generated? charge, current, voltage, resistance light a single bulb mastery of unit-specific
e What model can be used to and power with words, graphs, Lab: Ohm’s Law, to determine the vocabulary.
. . . . . . relationship between voltage and e Assessment of lab skills
effectively describe electrical pictures/diagrams, and equations. . . )
o ] current for a resistor as well as a (Experimental Design, Data
circuits? Construct a simple and complex light bulb (non-ohmic). Analysis, and Arguing a Scientific
® How are resistance, voltage, circuit. Activity: The Handheld Generator to Claim) by submitting Lab Reports
current and power determined in Use a multimeter to measure understand the role and function of for each lab conducted
an electrical circuit? current and voltage. a battery in a circuit. e Assessment of Engineering Design
e What are all of the requirements Calculate resistance of a single Activity: Conductors and insulators Process skill by building the
for a safe electrical circuit in your resistor or several in combination. to un'derstand-what charge is, and project, inclgding supporting
house? Draw schematic diagrams. how it moves in the circuit. documentation.
) ) ) Activity: learn how to use e Assessment of test skills (Problem
Apply Kirchhoff's loop and junction voltmeters and ammeters to Solving, Creating and Interpreting
rules to quantitatively find measure Voltage and Currentin a Graphs, and Creating Scientific
unknown values of current and/or basic or complex circuit Explanations) by taking the Unit
voltage in various segments or Lab: Determine the effect that Test.
branches of the circuit. Series and Parallel loads ® Physics Benchmark #1

Predict the effect of changing
configurations of the circuit on
values of current and voltage, bulb
brightness, and equivalent
resistance.

Make predictions about bulb
brightness by quantitatively and/or
qualitatively evaluating power.

Boundary Statements:

- Limited to a single power supply

connections on current, voltage,
and bulb brightness (power).

Lab: Determine the relationship of
current entering a junction to that
leaving that junction. (Junction
Rule)

Lab: Determine the relationship of
voltage supplied to a loop to that
dropped at the loads in that loop.
(Loop Rule)

Lab: Determine the Resistivity of a
coil of wire as well as the other
factors that affect Resistance.
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per circuit (no capacitors nor
multiple power supplies)
- Loads are limited to (or

assumed to be) Ohmic resistors.

- Connectors (lead wires) are
assumed to be perfect
conductors.

- Loop and junction rules are
limited to simple algebraic
statements (no simultaneous
equations)

Activity: Validate the equations for
Equivalent Resistance with
experimental evidence

Activity: Associate Brightness and

Power using experimental values as

evidence

Project: Design and wire a
household circuit meeting defined
constraints and requirements.
Project: Design and build a fan-
powered race car meeting defined
constraints and requirements.

Project: Design, customize and
create your own light-up greeting
card that is powered with a mini
battery, an LED (or multiple LEDs),
and a circuit made of copper tape.

Project: Make a wearable textile
that lights up and has a specific
purpose.

Scientist Spotlight:

Thomas Edison — How his hearing
disability helped make him an
inventor.

Resources/Materials

- The Physics Classroom tutorials, concept builders, and_interactives

- Crash Course



https://www.pbs.org/newshour/health/the-medical-mystery-that-helped-make-thomas-edison-an-inventor
https://greeninstitute.ng/ozak-esu
https://www.physicsclassroom.com/class/circuits
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/playlist?list=PL8dPuuaLjXtN0ge7yDk_UA0ldZJdhwkoV
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- Bozeman Science

- PhET

- Khan Academy

- Explore Learning interactives

- The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
- Software: Pasco Capstone, Excel, Word

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.7. Conduct short as well as more sustained research projects to answer a question (including a self-
senerated 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.

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

Interdisciplinary Connections

ELA/Literacy

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

Mathematics
IMP.2 Reason abstractly and quantitatively
IMP.4 Model with mathematics



https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
https://www.explorelearning.com/
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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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
e Utilize critical thinking to make sense of problems and persevere in solving them.
e Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.C.4 Explain and identify interdependent systems and their functions.

8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
o When possible, modify e Use scaffolds, such as e Use a graphic organizer to e Take on an additional or more
assignments so the ELL student prompting, to assist with the categorize concepts. complex design challenge.
writes less, has simpler design process. ® Provide an outline for research ® Interview someone in the field
guestions to answer, fewer ® Provide extended time for and design tasks. of technology education about
spelling words, etc. written responses and reports. e Provide extended time for how they use the design
® Provide models of completed e Use a graphic organizer to written responses and reports. process in their profession.
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homework assignments, categorize concepts. ® Incorporate student choice e Offer choices, once finished
projects, etc. ® Get a written list of instructions e Provide peer mentoring to with a basic task, with personal
® Assign a native language ® Receive large project as smaller improve techniques interest being the key.
partner. tasks with individual deadlines e Use effort and achievement
® Use sentence/paragraph frames e Work ortake atestina rubrics
to assist with writing peer different setting, such as a quiet ® Assure students they can be
review. room with few distractions successful
® Provide extended time for e Sit where they learn best (for ® Promote mastery or challenging
written responses and reports. example, near the teacher) tasks
e Use an alarm to help with time e Allow students many
management opportunities for practice and
e Work with a partner learning
e Use scaffolding for complex tasks
e Evaluate students on the basis of
mastery and not one another.
Classroom activities should be
noncompetitive

Honors Physics

Unit 2: Waves & Sound

Time Allotted: Approximately 3 Weeks

New Jersey Student Learning Standards (NJSLS)

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-PS4-5: 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.

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-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through
engineering.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost,
safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.
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Using Mathematics and Computational Thinking
e  Use mathematical representations of phenomena or design solutions to
describe and/or support claims and/or explanations.

Analyzing and Interpreting Data
e  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.

Constructing Explanations and Designing Solutions
e  Design a solution to a complex real-world problem, based on scientific
knowledge, student-generated sources of evidence, prioritized criteria,
and tradeoff considerations.
e  Evaluate a solution to a complex real-world problem, based on
scientific knowledge, student-generated sources of evidence,
prioritized criteria, and tradeoff considerations.

Asking Questions and Defining Problems
e  Evaluate questions that challenge the premise(s) of an argument, the
interpretation of a data set, or the suitability of a design.

Obtaining, Evaluating, and Communicating Information
e  Communicate technical information or ideas (e.g. about phenomena
and/or the process of development and the design and performance of
a proposed process or system) in multiple formats (including orally,
graphically, textually, and mathematically).

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
e  Theories and laws provide explanations in science.
e  Laws are statements or descriptions of the relationships among
observable phenomena.

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

PS3.D: Energy in Chemical Processes
e  Solar cells are human-made devices that
likewise capture the sun’s energy and produce
electrical energy. (secondary,)

PS4.A: Wave Properties

e  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.

e 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.

PS4.B: Electromagnetic Radiation
e  Photoelectric materials emit electrons when
they absorb light of a high-enough frequency.

PS4.C: Information Technologies and Instrumentation
e  Multiple technologies based on the

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

ETS1.B: Developing Possible Solutions
e  When evaluating solutions, it is important to
take into account a range of constraints,
including cost, safety, reliability, and
aesthetics, and to consider social, cultural, and
environmental impacts.

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

Cause and Effect

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

Stability and Change

e  Systems can be designed for greater or
lesser stability.

e  Systems can be designed to cause a
desired effect.

Connections to Engineering, Technology, and
Applications of Science

Influence of Science, Engineering, and Technology
on Society and the Natural World

® New technologies can have deep impacts
on society and the environment,
including some that were not anticipated.
Analysis of costs and benefits is a critical
aspect of decisions about technology.

®  Modern civilization depends on major
technological systems.

®  Engineers continuously modify these
technological systems by applying
scientific knowledge and engineering
design practices to increase benefits while
decreasing costs and risks.

Interdependence of Science, Engineering, and
Technology

e  Science and engineering complement
each other in the cycle known as research
and development (R&D).
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systematically, and decisions about the priority
of certain criteria over others (trade-offs) may
be needed.

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

Why does a police siren sound
different when it is moving toward
you than when it is moving away
from you?

What happens when two waves
meet?

How is resonance responsible for
the Tacoma Narrows Bridge
collapse?

How is sound produced?

Express transverse and longitudinal
waves using narrative, pictorial,
and graphical representations
Determine period, frequency, and
wavelength of a periodic
mechanical wave using graphical
and visual representations

Design an experiment to
determine the relationship
between wave speed, wavelength,
and frequency

Model the interaction of two
waves pulses (superposition)

Use superposition to describe the
formation of standing waves
Describe and predict the properties
of standing waves (nodes and
antinodes) formed from incident
and reflected waves (strings and
air columns)

Describe the properties of sound
waves

Experimentally determine the
speed of sound through air
Experimentally prove the
relationships among variables
responsible for creating standing
waves on strings and in an air
column

Calculate the wavelengths and
frequencies of standing waves
based on specific boundary

Transverse vs longitudinal wave
demonstration

Experimentally determine wave
speed using slinkies and springs
(Lab: Speed of a Wave in a Slinky)
Experimentally determine the
speed of a wave using standing
waves on strings (Lab: Speed of a
Standing Wave in a String)
Experimentally determine the
speed of sound using air column
standing waves (Lab: Speed of
Sound in a Slinky)

Determine the relationship
between the length of the string
and the resonant frequency of the
standing wave (Lab: Resonance of
Standing Wave in Strings)
Determine the relationship
between the length of open and
closed tubes and the resonant
frequency of the standing wave
(Lab: Resonance of Standing Wave
in Open and Closed Tubes)
Doppler Effect Demonstration
Beat Frequency Demonstration
Engineering Design Project: Design
a concert hall such that each person
sitting in the hall can hear a similar
sound regardless of their seat.
Engineering Design Project: Make a
musical instrument that can play

Assessment of written and verbal
mastery of unit-specific
vocabulary.

Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted
Assessment of Engineering Design
Process skill by building the
project, including supporting
documentation.

Assessment of test skills (Problem
Solving, Creating and Interpreting
Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.
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conditions (harmonics) the specified notes at a minimum of
e Describe the doppler effect __dB for a person 3 meters away.
phenomenon using both e Engineering Design Project: As an

guantitative and qualitative means
e Describe beat frequency using both
guantitative and qualitative means

environmental engineer, you must
determine if the noise level in our
school is acceptable for student

Boundary Statements: learning, and if not, fix it.
e Superposition limited to two ® Engineering Design Project: Design
waves/pulses and build an electric instrument.
e Frequency phenomena such as e Engineering Design Project: Design
Beats and Doppler Effect limited to an alarm that goes off when my __
qualitative effects. is moved/stolen.

e Engineering Design Project: Asan
acoustic engineer, your job is to set
up an acoustic mirror that will
detect a sound as far from the
source as possible.

Scientist Spotlight:
e Wanda Diaz-Merced: How a blind
astronomer/astrophysicist learned
to visualize space through sound.

Resources/Materials

- Data Collection & Analysis Software

- Word Processing Software

- Graph Paper, Ruler, Calculator

- Course Textbook

- The Physics Classroom tutorials, concept builders, and interactives
- Bozeman Science

- PhET

- Khan Academy
- The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)



https://www.sciencebuddies.org/blog/stem-for-everyone-wanda-diaz-merced?from=Blog
https://www.youtube.com/watch?v=3bj5kGC0FLE
https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
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- Selected Problem sets from various ancillary materials

ELA Companion Standards

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

WHST.11-12.8. Gather relevant information from multiple authoritative print and digital sources, using advanced
searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and
audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and
overreliance on any one source and following a standard format for citation.

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a
single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literacy

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively,
qualitatively, orally) evaluating the credibility and accuracy of each source.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

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.

Mathematics

IMP.2 Reason abstractly and quantitatively
MP.4 Model with mathematics
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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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices

- Utilize critical thinking to make sense of problems and persevere in solving them.

- Use technology to enhance productivity, increase collaboration, and communicate effectively.
- Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented

e Provide multiple types of e Provide adequate scaffolds for all ® Incorporate student choice e Lead the class in the deciphering
instruction - long-term assignments. e |nvite parents, neighbors, friends, of new learning.
written/oral/pictorial. ® Provide alternative choices (i.e. the school principal and other e Modify lab reports to include

e Use body movement and verbal or visual) to demonstrate community members to support additional data analysis outside
gestures to further explain proficiency. classroom activities. of assignment requirements.
concepts to students. ® Provide an outline of lessons ® Provide alternative assessments to ® Engagein a more complex

® Assign a native language partner ® Get a written list of instructions demonstrate proficiency problem solving and graphical
if possible e Work or take a test in a different interpretation
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setting, such as a quiet room with
few distractions

e Sit where they learn best (for
example, near the teacher)

e Use an alarm to help with time
management

e Work with a partner

Honors Physics \

Unit 3: 1-D & 2-D Kinematics

Time Allotted: Approximately 5-6 Weeks
New Jersey Student Learning Standards (NJSLS)

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-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through
engineering.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost,

safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

Cause and Effect
Newton’s second law accurately predicts °

Disciplinary Core Ideas

PS2.A: Forces and Motion

Analyzing and Interpreting Data
e  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.

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

changes in the motion of macroscopic
objects.

specific causes and effects.
Constructing Explanations and Designing Solutions

e  Design a solution to a complex real-world problem, based on scientific
knowledge, student-generated sources of evidence, prioritized criteria,
and tradeoff considerations.

e  Evaluate a solution to a complex real-world problem, based on scientific
knowledge, student-generated sources of evidence, prioritized criteria,
and tradeoff considerations.

ETS1.B: Developing Possible Solutions

e  When evaluating solutions, it is important to
Connections to Engineering, Technology, and
Applications of Science

take into account a range of constraints,
including cost, safety, reliability, and

aesthetics, and to consider social, cultural, . . )
Influence of Science, Engineering, and Technology

and environmental impacts. .
on Society and the Natural World

ETS1.C: Optimizing the Design Solution ® New technologies can have deep impacts

e  (Criteria may need to be broken down into

on society and the environment,
Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
e  Theories and laws provide explanations in science.
e  Laws are statements or descriptions of the relationships among
observable phenomena.

simpler ones that can be approached
systematically, and decisions about the
priority of certain criteria over others
(trade-offs) may be needed.

including some that were not anticipated.
Analysis of costs and benefits is a critical
aspect of decisions about technology.
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Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

How can the motion of objects be
predicted and/or explained?

How can we use models to help us
understand motion?

How can the idea of frames of

reference allow two people to tell the

truth yet have conflicting reports?

How do the motions of a thrown ball,
a dropped ball, and a ball rolled down

an incline differ?

Express the motion of an object
using narrative, pictorial,
mathematical, and graphical
representations

Design an experimental
investigation of the motion of an
object

Analyze experimental data
describing the motion of an
object and express the results
Make predictions about the
motion of a system based on the
fact that acceleration is equal to
the change in velocity per unit
time, and velocity is equal to the
in position per unit time

Create mathematical models
and analyze graphical
relationships for acceleration,
velocity, and position of an
object/system and use them to
calculate properties of the
object/system’s motion

Break a vector into components
to use in analysis of projectiles.
Understand the independence of|
the x & y components of a
vector.

Boundaries: limited to

situations with constant
acceleration

analysis of position vs. time and
velocity vs. time graphs
projectiles launched horizontally
and “ground-to-ground” only

(solutions not requiring

Experimentally determine the velocity
of an object moving at constant velocity
Determine the acceleration of an object
using pictorial representation of data
Develop the relationship between real-
life scenarios of increasing, decreasing
and constant speed with the shape of X
vst,vvst, and (a vs t) graphs (Match
Graph Activities, The Physics Classroom
Concept Builders)

Measure acceleration due to gravity of a
vertically-moving object (Free Fall lab)
Predict the landing position of a
horizontally launched ball (Ball in Cup
Investigation)

Design an experiment to measure
acceleration due to gravity (Freefall lab)
Lab: Determine the relationship
between acceleration of a cart down an
incline and the mass of the cart.

Lab: Determine the relationship
between the acceleration of a cart up
an incline and the acceleration down
the same incline.

Engineering Design Project: Design and
develop a city street with multiple
intersections and identify a safe speed
limit for their street based on their
knowledge of kinematics

Engineering Design Project: Design a car
that will move as far and as straight as
possible down a level hallway, using the

minimum amount of materials.

Diversity, Equity, and Inclusion:

Changing Attitudes to disability in
engineering

® Assessment of written and
verbal mastery of unit-specific
vocabulary.

® Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a
Scientific Claim) by submitting
Lab Reports for each lab
conducted

e Assessment of Engineering
Design Process skill by
building the project, including
supporting documentation.

® Assessment of test skills
(Problem Solving, Creating
and Interpreting Graphs, and
Creating Scientific
Explanations) by taking the
Unit Test.



https://www.imeche.org/news/news-article/feature-changing-attitudes-to-disability-in-engineering
https://www.imeche.org/news/news-article/feature-changing-attitudes-to-disability-in-engineering
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guadratic equations) e James Hermus — How learning challenges
shaped a mechanical engineer’s path.

Resources/Materials

- Data Collection & Analysis Software

- Word Processing Software

- Graph Paper, Ruler, Calculator

- Course Textbook

- The Physics Classroom tutorials, concept builders, and interactives

- Bozeman Science

- PhET

- Khan Academy

- The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
- Selected Problem sets from various ancillary materials

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames
(a single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literacy



https://news.mit.edu/2023/james-hermus-learning-challenges-shape-mechanical-engineers-path-0212
https://news.mit.edu/2023/james-hermus-learning-challenges-shape-mechanical-engineers-path-0212
https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
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SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and
teacher-led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own
clearly and persuasively.

SL.11-12.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually,
quantitatively, qualitatively, orally) evaluating the credibility and accuracy of each source.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

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.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when
indicated or appropriate

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and
using technology for more complicated cases

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

Career Readiness, Life Literacies, and Key
Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
® Act as a responsible and contributing community member and employee
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.

Work productively in teams while using cultural/global competence.




Course: Honors Physics

PVRHSD CURRICULUM MAP Grade Level: 11

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental
concerns, manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Work or take a testina
different setting, such as a
quiet room with few
distractions

Sit where they learn best (for
example, near the teacher)
Use an alarm to help with
time management

Work with a partner

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
e Provide multiple types of e Provide adequate scaffolds ® Incorporate student choice ® Leadthe classinthe
instruction - written/oral/pictorial. for all long-term assignments. ® Invite parents, neighbors, friends, deciphering of new
o Use body movement and gestures Provide alternative choices the school principal and other learning.
to further explain concepts to (i.e. verbal or visual) to community members to support e Modify lab reports to
students. demonstrate proficiency. classroom activities. include additional data
® Assign a native language partner if Provide an outline of lessons ® Provide alternative assessments to analysis outside of
possible Get a written list of demonstrate proficiency assignment requirements.
instructions e Engage in a more complex

problem solving and
graphical interpretation
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Honors Physics ‘
Unit 4: Mechanical Energy, Conservation, and Power

Time Allotted: Approximately 2-4 Weeks

New Jersey Student Learning Standards (NJSLS)

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-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through
engineering.

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs that account for a range of constraints, including cost,
safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.

Disciplinary Core Ideas

Developing and Using Models PS3.A: Definitions of Energy Energy and Matter
® Develop and use a model e  FEnergy is a quantitative property of a system that depends on the motion and ®  Energy cannot be created or destroyed—
based on evidence to illustrate interactions of matter and radiation within that system. That there is a single quantity only moves between one place and
the relationships between called energy is due to the fact that a system’s total energy is conserved, even as, within another place, between objects and/or
systems or between the system, energy is continually transferred from one object to another and between its fields, or between systems.
components of a system. various possible forms. e  Changes of energy and matter in a
® At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, system can be described in terms of
Constructing Explanations and sound, light, and thermal energy. energy and matter flows into, out of, and
Designing Solutions e  These relationships are better understood at the microscopic scale, at which all of the within that system.
e  Design, evaluate, and/or different manifestations of energy can be modeled as a combination of energy associated
refine a solution to a complex with the motion of particles and energy associated with the configuration (relative Stability and Change
real-world problem, based on position of the particles). In some cases the relative position energy can be thought of as ®  TFeedback (negative or positive) can
scientific knowledge, student- stored in fields (which mediate interactions between particles). This last concept stabilize or destabilize a system.
generated sources of evidence, includes radiation, a phenomenon in which energy stored in fields moves across space.




Course: Honors Physics

PVRHSD CURRICULUM MAP

Grade Level: 11

prioritized criteria, and
tradeoff considerations.
Evaluate a solution to a
complex real-world problem,
based on scientific knowledge,
student-generated sources of
evidence, prioritized criteria,
and tradeoff considerations.

PS3.D: Energy in Chemical Processes
Although energy cannot be destroyed, it can be converted to less useful forms—for
example, to thermal energy in the surrounding environment.

ESS3.C: Human Impacts on Earth Systems
Scientists and engineers can make major contributions by developing technologies that
produce less pollution and waste and that preclude ecosystem degradation.

ETS1.A: Defining and Delimiting an Engineering Problem

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)

ETS1.B: Developing Possible Solutions
‘When evaluating solutions, it is important to take into account a range of constraints,
including cost, safety, reliability, and aesthetics, and to consider social, cultural, and

environmental impacts.

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.

Connections to Engineering, Technology, and

Applications of Science

Influence of Science, Engineering, and Technology
on Society and the Natural World

New technologies can have deep impacts
on society and the environment,
including some that were not
anticipated. Analysis of costs and
benefits is a critical aspect of decisions
about technology.

Modern civilization depends on major
technological systems. Engineers
continuously modify these technological
systems by applying scientific
knowledge and engineering design
practices to increase benefits while
decreasing costs and risks.

Engineers continuously modify these
technological systems by applying
scientific knowledge and engineering
design practices to increase benefits
while decreasing costs and risks.

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

How do you know when to
apply conservation of
mechanical energy?

Why is the first hill of a roller
coaster always the biggest one?
How is energy transferred and
conserved?

How are forces related to
energy?

How does the flow of energy
affect the object/system?

Express the energy of an object
and conservation of energy using
narrative, pictorial, mathematical,
and graphical representations
Design an experimental
investigation that demonstrates
the conservation of energy within a
system.

Analyze experimental data
describing the energy of an object
and express the results

Make predictions about energy
changes of a system based on the
fact that the total energy of a

Design a simple roller coaster using
provided materials (a track with a
vertical loop and toy cars) to test
whether the total energy of a car-
Earth system is conserved if there
are no external forces exerted on it
by other objects. (Roller Coaster
Lab)

Demonstrate the relationship
between the initial mechanical
energy and final mechanical energy
of a mass-spring system. (Lab:
Energy conservation of Mass-
spring system)

Assessment of written and verbal
mastery of unit-specific
vocabulary.

Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted
Assessment of Engineering Design
Process skill by completing a
project including supporting
documentation.

Assessment of test skills (Problem
Solving, Creating and Interpreting
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system is conserved in situations
when work is and is not done.
Use multiple representations of
energy to provide evidence for
claims.
Use a bar chart, the mathematical
expression of conservation of
energy represented by the graph,
and/or the corresponding
calculations to evaluate whether
the outcome of an experiment
supports the idea of energy
conservation.
Create mathematical models and
analyze graphical relationships for
energy, work, force, and
displacement of an object/system
and use them to calculate
properties of the object/system’s
energy
Make quantitative calculations of
the internal potential energy of a
system from a description or
diagram of that system.
Calculate the total energy of a
system and justify the
mathematical routines used in the
calculation of component types of
energy within the system whose
sum is the total energy.
Describe and use the physics term
of “work”, including when it is
positive, negative, or zero
Determine the work done by a
specified constant force on an
object that undergoes a specified
displacement.
Relate the work done by a force to
the area under a graph of force as

Demonstrate the relationship
between the initial mechanical
energy and final mechanical energy
of a cart launched up an incline.
(Lab: Energy conservation of Cart-
Track system)

Determine the effect of friction on
the speed of an object moving
down a ramp (Lab: Conservative vs.
Non conservative forces & TME)
Determine the relationship
between the power used and the
angle of a ramp. (Lab: Calculate the
power of a motorized lego car
climbing a ramp pulling a sled)
Determine the relationship
between vertical height and work
done on a straw rocket. (Lab: Straw
Rocket)

Project: Build a Rube Goldberg
Machine to complete a defined
task and made with materials
found in your home.

Project: Build a roller coaster ride
out of basic crafts materials such as
paper and tape.

Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.
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a function of position, and
calculate this work in the case
where the force is a linear function
of position.

® Describe examples of conservative
forces and non-conservative
forces, including understanding
why potential energy can be
associated only with conservative
forces.

e Determine the rate in which
energy is consumed, and relate it
to power dissipation.

Boundaries:

e Energy types are limited to
Gravitational potential, spring
potential, and kinetic energies

e Graphical Analysis at this level
must include work-energy bar
charts, energy-time, force-
displacement, and work-time
graphs.

Resources/Materials

- The Physics Classroom tutorials, concept builders, and_ interactives
- Bozeman Science
- PhET

- Khan Academy
- The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)

- Selected Problem sets from various ancillary materials

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are

used in a specific scientific or technical context relevant to grades 11-12 texts and topics.



https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
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RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.5. 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.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

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

Interdisciplinary Connections

ELA/Literacy

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively,
qualitatively, orally) evaluating the credibility and accuracy of each source.

SL.11-12.3. Evaluate a speaker’s point of view, reasoning, and use of evidence and rhetoric, assessing the stance,
premises, links among ideas, word choice, points of emphasis, and tone used.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

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.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated
or appropriate

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and [9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

Key Skills 9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
® Act as a responsible and contributing community member and employee
Consider the environmental, social, and economic impacts of decisions.
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking [8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
e Display labeled images of designs e Provide extended time for the ® Provide peer mentoring to improve e Take on an additional or more
and parts. creation of products. techniques. complex design challenge.
® Restate design steps aloud before e Scaffolded explanations for proper ® Provide an outline for project tasks. ® Interview someone in the field of
project activity. use of equipment. ® Incorporate student choice technology education about how
® Assign a native language partner. ® Provide an outline of lessons o Use effort and achievement rubrics they use the design process in their
® When possible, modify e Get a written list of instructions ® Assure students they can be profession.
assignments so the ELL student ® Receive large project as smaller successful
writes less, has simpler questions tasks with individual deadlines e Promote mastery or challenging
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to answer, fewer spelling words,
etc.

Provide a variety of texts and
resources on curriculum topics at a
range of reading levels.

Provide models of completed
homework assignments, projects,
etc.

Work or take a test in a different
setting, such as a quiet room with
few distractions.

Sit where they learn best (for
example, near the teacher)

Use an alarm to help with time
management

Work with a partner

tasks

Allow students many opportunities
for practice and learning

Use scaffolding for complex tasks
Evaluate students on the basis of
mastery and not one another.
Classroom activities should be
noncompetitive.

Offer choices, once finished with a
basic task, with personal interest
being the key.
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Honors Physics ‘

Unit 5: Forces in linear motion

Time Allotted: Approximately 6 Weeks

New Jersey Student Learning Standards (NJSLS)

Analyzing and Interpreting 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.

Constructing Explanations and Designing Solutions
®  Design a solution to a complex real-world problem, based on scientific
knowledge, student-generated sources of evidence, prioritized criteria,
and tradeoff considerations.

knowledge, student-generated sources of evidence, prioritized criteria,
and tradeoff considerations.

Connections to Nature of Science

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.

e  Evaluate a solution to a complex real-world problem, based on scientific

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-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability,
and aesthetics, as well as possible social, cultural, and environmental impacts.

Disciplinary Core Ideas

PS2.A: Forces and Motion

ETS1.B: Developing Possible Solutions

Newton’s second law accurately predicts °
changes in the motion of macroscopic
objects.

When evaluating solutions, it is important to
take into account a range of constraints,
including cost, safety, reliability, and
aesthetics, and to consider social, cultural,
and environmental impacts.

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.

Cause and Effect

Connections to Engineering, Technology, and

Influence of Science, Engineering, and Technology
on Society and the Natural World

ETS1.C: Optimizing the Design Solution °

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

Applications of Science

New technologies can have deep impacts
on society and the environment,
including some that were not anticipated.
Analysis of costs and benefits is a critical
aspect of decisions about technology.

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

e How do Newton’s Laws of Motion
explain the motion of objects in a

wide variety of situations? and equations.

® Represent the relationship among
mass, acceleration, and force with
words, graphs, pictures/diagrams,

between Gravitational Force and
mass.

e Activity: Determine the relationship | e

e Determine the relationships °

Assessment of written and verbal
mastery of unit-specific
vocabulary.

Assessment of lab skills
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e How do Newton’s Laws of Motion
explain the role of safety devices
in a vehicle, such as seatbelts,
airbags, crumple zones, anti-lock
brakes, and more?

Use Newton’s second law to
accurately predict changes in the
motion of macroscopic objects.
Diagram the various forces acting
on an object, identifying which
impact the object’s motion.
Describe how unbalanced forces
on an object are responsible for
changes in motion.
Quantitatively identify and/or
calculate mass, speed, position,
force, and acceleration.

Predict the outcome of
investigations with moving objects.
Describe how inanimate objects
can exert forces.

Distinguish and describe weight,
mass, and inertia.

Apply trigonometry to figure out
components of forces acting at
angles.

Boundary Statements: This is limited to

Two-body systems which are
connected and therefore have
the same acceleration.
Constant acceleration

Using primarily v-t graphs (avoid
use of a-t graphs)

between acceleration, net force and
mass.(Lab: Newton’s Second Law)
Activity: Determine the relationship
between the angle of an incline and
the force required to maintain
equilibrium

Activity: Determine the mass of an
unknown object suspended at static
equilibrium with multiple forces
acting at various angles

Lab: Determine the relationship
between acceleration of a cart and
the angle of the incline

Lab: Determine the relationship
between the acceleration of a cart
up an incline and the acceleration
down the same incline.

Lab: Determine the coefficient of
Kinetic Friction between an object
and a surface.

Lab: Determine the coefficient of
Static Friction between an object
and a surface in two ways.
Determine the acceleration of a
vertically-hanging mass (Lab:
Atwood’s Machine)

Lab: For a modified Atwood'’s
Machine, determine the maximum
mass, m2, that will cause m1 to
meet certain criteria (such as, to
stay at rest on the incline or to
accelerate up (or down) the incline
at a particular rate).

Project: Build an air-pressure
launched (Bottle Rocket) Racer that
meets specific constraints and
requirements.

Project: Create a method of
stopping a marble that meets

(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted
Assessment of Engineering Design
Process skill by completing the
unit project, including supporting
documentation.

Assessment of test skills (Problem
Solving, Creating and Interpreting
Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.

Physics Benchmark #2
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specific constraints and
requirements.

® Project: Design a satellite and a
launch vehicle to carry it to the
moon, both of which meet specific
constraints and requirements.

® Project: Design a parachute that

keeps a 50-g mass falling with the
smallest “g” possible.

® Project: Design a floatation device
that can carry a moderate load
(household goods, pets, or children
under 50 pounds) during a flood,
and safely navigate a short distance
(powered by an electric motor?)

® Project: Design a device that will
transport ___ down a ramp at
constant speed, while meeting
specific constraints and
requirements.

IScientist Spotlight:

Resources/Materials

The Physics Classroom tutorials, concept builders, and interactives

Crash Course

Bozeman Science

PhET

Khan Academy

Explore Learning interactives

The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
Software: Pasco Capstone, Excel, Word

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical

texts, attending to precise details for explanations or descriptions.



https://www.aps.org/careers/physicists/profiles/oluseyi.cfm
https://www.youtube.com/watch?v=7GzFYmFVBC4
https://www.youtube.com/watch?v=7GzFYmFVBC4
https://www.youtube.com/watch?v=7GzFYmFVBC4
https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/playlist?list=PL8dPuuaLjXtN0ge7yDk_UA0ldZJdhwkoV
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
https://www.explorelearning.com/
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RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.5. 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.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

WHST.11-12.7. 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.

WHST.11-12.8. Gather relevant information from multiple authoritative print and digital sources, using advanced
searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and
audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and
overreliance on any one source and following a standard format for citation.

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a
single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literacy
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SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively,
qualitatively, orally) evaluating the credibility and accuracy of each source.

SL.11-12.3. Evaluate a speaker’s point of view, reasoning, and use of evidence and rhetoric, assessing the stance,
premises, links among ideas, word choice, points of emphasis, and tone used.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

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.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated
or appropriate

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
e Act as a responsible and contributing community member and employee
e Consider the environmental, social, and economic impacts of decisions.
e Demonstrate creativity and innovation.
e Utilize critical thinking to make sense of problems and persevere in solving them.
[ J

Model integrity, ethical leadership, and effective management.
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e Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking [8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.C.4 Explain and identify interdependent systems and their functions.

8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
o When possible, modify e Use scaffolds, such as e Use a graphic organizer to e Take on an additional or more
assignments so the ELL student prompting, to assist with the categorize concepts. complex design challenge.
writes less, has simpler design process. ® Provide an outline for research ® Interview someone in the field
questions to answer, fewer e Provide extended time for and design tasks. of technology education about
spelling words, etc. written responses and reports. ® Provide extended time for how they use the design
® Provide models of completed e Use a graphic organizer to written responses and reports. process in their profession.
homework assignments, categorize concepts. e Incorporate student choice e Offer choices, once finished
projects, etc. ® Get a written list of instructions ® Provide peer mentoring to with basic task, with personal
® Assign a native language ® Receive large project as smaller improve techniques interest being the key.
partner. tasks with individual deadlines e Use effort and achievement
® Use sentence/paragraph frames e Work or take a testin a rubrics
to assist with writing peer different setting, such as a quiet e Assure students they can be
review. room with few distractions successful
® Provide extended time for e Sit where they learn best (for e Promote mastery or challenging
written responses and reports. example, near the teacher) tasks
e Use an alarm to help with time e Allow students many
management opportunities for practice and
e Work with a partner learning
e Use scaffolding for complex tasks
e Evaluate students on the basis of
mastery and not one another.
Classroom activities should be
noncompetitive
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Honors Physics

Unit 6: Linear Momentum & Impulse

Time Allotted: Approximately 2-3 Weeks

New Jersey Student Learning Standards (NJSLS)

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

HS-PS2-3 Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes the force on a macroscopic object during a collision
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through
engineering.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including
cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

Using Mathematics and Computational Thinking PS2.A: Forces and Motion Systems and System Models

e  Use mathematical representations of ®  Momentum is defined for a particular frame of reference; it is the mass e  When investigating or describing a system,

phenomena to describe explanations. times the velocity of the object. the boundaries and initial conditions of the
e  Ifasystem interacts with objects outside itself, the total momentum of system need to be defined.
Constructing Explanations and Designing Solutions the system can change; however, any such change is balanced by

®  Design a solution to a complex real-world changes in the momentum of objects outside the system. Cause and Fffect
problem, based on scientific knowledge, e  Systems can be designed to cause a desired
student-generated sources of evidence, ETS1.A: Defining and Delimiting an Engineering Problem effect.
prioritized criteria, and tradeoff e  (riteria and constraints also include satisfying any requirements set by
considerations. society, such as taking issues of risk mitigation into account, and they |  -------------------_-___________

e  Evaluate a solution to a complex real-world should be quantified to the extent possible and stated in such a way Connections to Engineering, Technology, and
problem, based on scientific knowledge, that one can tell if a given design meets them. (secondary,) Applications of Science
student-generated sources of evidence,
prioritized criteria, and tradeoff ETS1.B: Developing Possible Solutions Influence of Science, Engineering, and Technology
considerations. e  When evaluating solutions, it is important to take into account a range on Society and the Natural World

e  Apply scientific ideas to solve a design of constraints, including cost, safety, reliability, and aesthetics, and to e  New technologies can have deep impacts
problem, taking into account possible consider social, cultural, and environmental impacts. on society and the environment, including
unanticipated effects. some that were not anticipated. Analysis off

ETS1.C: Optimizing the Design Solution costs and benefits is a critical aspect of
e  Criteria may need to be broken down into simpler ones that can be decisions about technology.
approached systematically, and decisions about the priority of certain
criteria over others (trade-offs) may be needed.
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e  (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)

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning
(Assessment)

Why and how does pushing an

object change its momentum?

How is the physics definition of
momentum different from how
momentum is used to describe
things in everyday life?

How does the law of conservation of

momentum govern interactions
between objects and systems?
How can momentum be used to
determine fault in car crashes?

How can impulse be used to explain

sports as varied as karate,
gymnastics, baseball, and golf?

Represent the relationship
among mass, velocity,
momentum, and impulse with
words, graphs,
pictures/diagrams, and
equations.

Justify the selection of data
needed to determine and
calculate the relationships
between the average force
acting on an object, the change
in momentum caused by that
force, impulse, and time of
interaction

Design an investigation to
determine the relationship
between change in momentum
and the average force exerted
on an object over time

Analyze data and calculate the
change in linear momentum of a
two-object, constant mass
system using the product of the
mass and the change in velocity
of the center of mass

Analyze force-time graphs and
predict the change in
momentum of a system

Apply the principles of
conservation of linear
momentum and conservation of

Determine the relationship between
the angle of the incline and the impulse
exerted during the collision with a force
sensor (Lab: Cart - Force Sensor
Collision)

Dropping objects onto different
surfaces on a force platform demo
Determine which has a greater impulse,
a cart that bounces or a cart that sticks
to a second cart (Lab: Bouncing vs
sticking cart collision)

Experimentally determine whether a
non-sticking collision is elastic or
inelastic.

Engineering Design Project: Design and
develop a device to minimize the force
acting on an object during a collision
(Egg Drop, Crumple Zone, etc.)
Engineering Design Project: Design a
vertically-launched water-bottle rocket
that carries a specified payload with
the longest possible hangtime.

Assessment of written and
verbal mastery of unit-
specific vocabulary
Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a
Scientific Claim) by
submitting Lab Reports for
each lab conducted
Assessment of Engineering
Design Process skill by
completing the unit project,
including supporting
documentation.
Assessment of test skills
(Problem Solving, Creating
and Interpreting Graphs, and
Creating Scientific
Explanations) by taking the
Unit Test.




Course: Honors Physics

PVRHSD CURRICULUM MAP Grade Level: 11

to
°

Boundary Statements: This is limited

mechanical energy to make
gualitative predictions and
guantitative analyses of inelastic
and elastic collisions with and
without external forces acting
on the system

Define open and closed systems
for everyday situations and
apply conservation of linear
momentum and energy to those
situations

Design experiments to test the
law of conservation of linear
momentum in elastic and
inelastic collisions and analyze
the resulting data

Collisions involving two object
systems
Collisions in one plane

Resources/Materials

Data Collection & Analysis Software

Word Processing Software

Graph Paper, Ruler, Calculator

Course Textbook

The Physics Classroom tutorials, concept builders, and interactives

Bozeman Science

PhET

Khan Academy

The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
Selected Problem sets from various ancillary materials

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes,
or information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements,
or performing technical tasks; analyze the specific results based on explanations in the text.



https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
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RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.
WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate
to task, purpose, and audience.

WHST.11-12.5. 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.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

WHST.11-12.7. 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.

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames
(a single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literacy

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and
teacher-led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own
clearly and persuasively.

SL.11-12.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually,
quantitatively, qualitatively, orally) evaluating the credibility and accuracy of each source.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

Mathematics
IMP.2 Reason abstractly and quantitatively
MP.4 Model with mathematics
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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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and
using technology for more complicated cases

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

Career Readiness, Life Literacies, and Key
Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
e Act as a responsible and contributing community member and employee
Consider the environmental, social, and economic impacts of decisions.
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental
concerns, manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.D.1. Design and create a prototype to solve a real-world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
e Provide multiple types of ® Provide adequate scaffolds e Incorporate student choice e Leadthe classin the
instruction - for all long-term e Invite parents, neighbors, friends, deciphering of new
written/oral/pictorial. assignments. the school principal and other learning.
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Use body movement and gestures

to further explain concepts to
students.

Assign a native language partner

if possible

Provide alternative choices
(i.e. verbal or visual) to
demonstrate proficiency.
Provide an outline of lessons
Get a written list of
instructions

Work or take a testin a
different setting, such as a
quiet room with few
distractions

Sit where they learn best (for
example, near the teacher)
Use an alarm to help with
time management

Work with a partner

community members to support
classroom activities.

Provide alternative assessments to
demonstrate proficiency

Modify lab reports to
include additional data
analysis outside of
assignment requirements.
Engage in a more complex
problem solving and
graphical interpretation
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Honors Physics

Unit 7: Rotational Motion

Time Allotted: Approximately 4 Weeks

New Jersey Student Learning Standards (NJSLS)

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-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through
engineering.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost,
safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

Disciplinary Core Ideas Cross-Cutting Concepts
Analyzing and Interpreting Data PS2.A: Forces and Motion Cause and Effect
®  Analyze data using tools, technologies, and/or models (e.g., e  Newton’s second law accurately predicts e  Empirical evidence is required to
computational, mathematical) in order to make valid and reliable changes in the motion of macroscopic differentiate between cause and
scientific claims or determine an optimal design solution. objects. correlation and make claims about
specific causes and effects.
Constructing Explanations and Designing Solutions ETS1.B: Developing Possible Solutions
®  Design a solution to a complex real-world problem, based on scientific ®  When evaluating solutions, it is importantto | -~ ----------------------o---oooo-
knowledge, student-generated sources of evidence, prioritized criteria, take into account a range of constraints, Connections to Engineering, Technology, and
and tradeoff considerations. including cost, safety, reliability, and Applications of Science
e  Evaluate a solution to a complex real-world problem, based on scientific aesthetics, and to consider social, cultural,
knowledge, student-generated sources of evidence, prioritized criteria, and environmental impacts. Influence of Science, Engineering, and Technology
and tradeoff considerations. on Society and the Natural World
ETS1.C: Optimizing the Design Solution ® New technologies can have deep impacts

“““““““““““““““““““ e  (Criteria may need to be broken down into on society and the environment,

Connections to Nature of Science simpler ones that can be approached including some that were not anticipated.
systematically, and decisions about the Analysis of costs and benefits is a critical
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena priority of certain criteria over others aspect of decisions about technology.
®  Theories and laws provide explanations in science. (trade-offs) may be needed.
®  Laws are statements or descriptions of the relationships among

observable phenomena.

Essential Questions Student Learning Objectives Suggested Tasks/Activities Evidence of Learning (Assessment)
e How do Newton’s Laws of Motion | ® Represent the relationship among Lab: F b b e Assessment of written and verbal
. . . . e Lab: For an object rotating about an . e
explain the rotation of objects in force, torque, and lever arm . © 0. Jectro .g (.J mastery of unit-specific
) ] o _ . axis, determine the relationship vocabular
a wide variety of situations? distance with words, graphs, &

between the tangential velocity and

e What are the similarities and pictures/diagrams, and equations. the radius. Assessment of lab skills
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differences between straight-line,
circular, and rotational motion?

e How do | create a stable structure
that resists toppling?

State the analogous symbols,
guantities and equations for
kinematics and Newton’s Laws
Calculate torques on a two-
-dimensional system in static
equilibrium, by examining a
representation or model (such as a
diagram or physical construction.)
Diagram the various forces acting
on an extended object, identifying
which impact the object’s
rotational motion.

Describe how both balanced
torques and balanced forces on an
object are responsible equilibrium.
Predict the outcome of
investigations with balanced
objects.

Create and interpret graphical
representations of the relationship
between clockwise and
counterclockwise torques, as well
as between force, torque, and
lever arm distance.

Design and carry out an
experiment and analyze data
testing a question about torques in
a balanced rigid system.

Boundary statements:

Angular Kinematics is limited to
understanding the conceptual
differences and the mathematical
conversion between angular and

Lab: For an object rotating about an
axis, determine the relationship
between the angular velocity and
the radius.

Lab: Determine the relationship
between the clockwise and
counterclockwise torques for a
variety systems in equilibrium (such
as seesaws, cantilevers, and/or
“sign” set-ups.)

Lab: Determine the relationship
between force and lever arm
position for a constant torque.
Project: Design a Mobile that meets
specific constraints and
requirements.

Project: Design a cantilever that can
support a 20-g mass at the farthest
distance from the edge of the table
while meeting specific constraints
and requirements.

Project: Design a roof that can
withstand a snow load of
pounds while meeting specific

constraints and requirements.

(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted
Assessment of Engineering Design
Process skill by completing the
unit project, including supporting
documentation.

Assessment of test skills (Problem
Solving, Creating and Interpreting
Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.
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linear quantities of displacement,
velocity, and acceleration (not the
Big 4).

e Application of Newton’s Laws is
limited to situations of equilibrium
only.

e No discussion of energy or
momentum here.

Resources/Materials

- Crash Course

- Bozeman Science

- PhET

- Khan Academy

- Explore Learning interactives

- The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
- Software: Pasco Capstone, Excel, Word

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/

experiments, or technical processes.



https://www.youtube.com/playlist?list=PL8dPuuaLjXtN0ge7yDk_UA0ldZJdhwkoV
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
https://www.explorelearning.com/
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WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.5. 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.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

WHST.11-12.7. Conduct short as well as more sustained research projects to answer a question (including a self-
gsenerated 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.

WHST.11-12.8. Gather relevant information from multiple authoritative print and digital sources, using advanced
searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and
audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and
overreliance on any one source and following a standard format for citation.

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a
single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literacy

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated
or appropriate

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

HSS-ID.A.1 Represent data with plots on the real number line (dot plots, histogram, and box plots)
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Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
e Act as a responsible and contributing community member and employee
e Demonstrate creativity and innovation.
e Ultilize critical thinking to make sense of problems and persevere in solving them.
e Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.C.4 Explain and identify interdependent systems and their functions.

8.2.12.D.1. Design and create a prototype to solve a real-world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
® When possible, modify e Use scaffolds, such as prompting, e Use a graphic organizer to e Take on an additional or more
assignments so the ELL student to assist with the design process. categorize concepts. complex design challenge.
writes less, has simpler questions e Provide extended time for written ® Provide an outline for research and e Interview someone in the field of
to answer, fewer spelling words, responses and reports. design tasks. technology education about how
etc. e Use a graphic organizer to ® Provide extended time for written they use the design process in
® Provide models of completed categorize concepts. responses and reports. their profession.
homework assignments, projects, e Get a written list of instructions e Incorporate student choice e Offer choices, once finished with
etc. e Receive large project as smaller ® Provide peer mentoring to improve basic task, with personal interest
® Assign a native language partner. tasks with individual deadlines techniques being the key.
e Use sentence/paragraph frames to e Work or take a test in a different o Use effort and achievement rubrics
assist with writing peer review. setting, such as a quiet room with ® Assure students they can be
® Provide extended time for written few distractions successful
responses and reports. e Sit where they learn best (for e Promote mastery or challenging
example, near the teacher) tasks
® Use an alarm to help with time o Allow students many opportunities
management for practice and learning
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e Work with a partner o Use scaffolding for complex tasks

e Evaluate students on the basis of
mastery and not one another.
Classroom activities should be
noncompetitive

Honors Physics \

Unit 8: Circular & Gravitational Motion

Time Allotted: Approximately 2-3 Weeks
New Jersey Student Learning Standards (NJSLS)

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

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability,
and aesthetics, as well as possible social, cultural, and environmental impacts.

Using Mathematics and Computational Thinking PS2.A: Forces and Motion Cause and Effect
e  Use mathematical representations of ®  Newton’s second law accurately predicts changes in the motion e  Empirical evidence is required to differentiate
phenomena to describe explanations. of macroscopic objects. between cause and correlation and make claims
about specific causes and effects.
Constructing Explanations and Designing Solutions PS2.B: Types of Interactions
®  Design a solution to a complex real-world e  Newton’s law of universal gravitation and Coulomb’s law Patterns
problem, based on scientific knowledge, provide the mathematical models to describe and predict the e Different patterns may be observed at each of the
student-generated sources of evidence, effects of gravitational and electrostatic forces between distant scales at which a system is studied and can provide
prioritized criteria, and tradeoff objects. evidence for causality in explanations of
considerations. e  Torces at a distance are explained by fields (gravitational, phenomena.
e  Evaluate a solution to a complex real-world electric, and magnetic) permeating space that can transfer
problem, based on scientific knowledge, energy through space. Magnets or electric currents cause Scale, Proportion, and Quantity
student-generated sources of evidence, magnetic fields; electric charges or changing magnetic fields ®  Algebraic thinking is used to examine scientific data
prioritized criteria, and tradeoff cause electric fields. and predict the effect of a change in one variable on
considerations. another (e.g., linear growth vs. exponential growth).
ESS1.B: Earth and the Solar System
Analyzing and Interpreting Data e  Kepler'slaws describe common features of the motions of | - - oo
®  Analyze data using tools, technologies, orbiting objects, including their elliptical paths around the Connections to Engineering, Technology, and Applications of
and/or models (e.g., computational, sun. Orbits may change due to the gravitational effects Science
mathematical) in order to make valid and from, or collisions with, other objects in the solar system.
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reliable scientific claims or determine an
optimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories
Explain Natural Phenomena
e  Theories and laws provide explanations in
science.

e  Laws are statements or descriptions of the

relationships among observable phenomena.

impacts.

ETS1.C: Optimizing the Design Solution

needed.

a range of constraints, including cost, safety, reliability, and
aesthetics, and to consider social, cultural, and environmental

priority of certain criteria over others (trade-offs) may be

®  (Criteria may need to be broken down into simpler ones that °
can be approached systematically, and decisions about the

Influence of Science, Engineering, and Technology on Society
ETS1.B: Developing Possible Solutions and the Natural World
®  When evaluating solutions, it is important to take into account ®  New technologies can have deep impacts on society

and the environment, including some that were not
anticipated. Analysis of costs and benefits is a
critical aspect of decisions about technology.

Interdependence of Science, Engineering, and Technology

Science and engineering complement each other in
the cycle known as research and development
(R&D). Many R&D projects may involve scientists,
engineers, and others with wide ranges of expertise.

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

e How is circular motion different .
from linear motion, in terms of
kinematics and Newton’s Laws?

e How does NASA determine
elevation and velocity of a satellite
or the escape velocity needed for a| e
space probe?

e How do humans compensate for
the limitations that the centripetal
force requirement places on °
velocity in circular paths?

e What is the significance and
consequence of the word
“Universal” in the Law of Universal
Gravitation?

e How did human understandingof | e
the structure of our universe
change over time? What are the
current frontiers of thinking in this
area?

e Why do we feel like we are being | ®
crushed at the bottom of a roller
coaster loop?

Represent the relationship among
mass, velocity, radius of a turn, and
centripetal force with words,
graphs, pictures/diagrams, and
equations.

Create and use free-body diagrams
to analyze physical situations to
solve problems with motion
qualitatively and quantitatively
Use Newton’s law of gravitation to
calculate the gravitational force
the two objects exert on each
other and use that force both in
contexts including, and other than,
orbital motion.

Use Newton’s Third Law to make
claims and predictions about the
action-reaction pairs of forces
when two objects interact in an
orbiting situation.

Represent the relationship among
masses, altitude, and gravitational
force with words, graphs,

Predict and validate the period for a
conical pendulum (Lab: Conical
Pendulum)

Predict and validate the centripetal
acceleration of a flying pig (Lab:
Flying Pig)

Lab: Determine the acceleration due
to gravity near the Earth’s surface.
Determine either the magnitude of
the frictional force keeping a
quarter on top of a spinning
turntable, or the coefficient of static
friction between the quarter and
the turntable. (Lab: Quarter on a
Turntable)

Determine coefficients of friction
(static & kinetic) between rotating
blocks and the surface on which
they are moving.

Determine the relationship between
Centripetal force and mass of the
system, radius of the circular path,
and/or the speed. (Lab: Swinging

Assessment of written and verbal
mastery of unit-specific
vocabulary.

Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted
Assessment of Engineering Design
Process skill by completing the
unit project, including supporting
documentation.

Assessment of test skills (Problem
Solving, Creating and Interpreting
Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.

Assessment of research,
argumentation, and/or
presentation skills by completing
a project, including supporting
documentation.
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e Why is it so important to slow
down when driving around curves
in rainy, snowy, or icy weather?

e Why do we feel pulled toward
Earth, but not toward a pencil?

e How are satellites launched and
how do they stay in their orbits?

pictures/diagrams, and equations.
Use the law of universal gravitation
to derive equations for
gravitational acceleration and
orbital velocity.

Uses Kepler’s laws to describe
common features of the motions
of orbiting objects, including their
elliptical paths around the sun.
Explain how orbits may change due
to the gravitational effects from, or
collisions with, other objects in the
solar system.

Boundary statements:

Frictional & Normal forces apply
to non-banked surfaces only.
Law of Universal Gravitational
limited to circular orbits and
Newtonian principles.

Stopper)

Project: Research and create a
presentation on one past and one
current scientist involved in
widening our ideas about our
universe and gravitational forces.
Project: Create a presentation about
one area of interest in current
scientific research, even if it seems
like science fiction.

Project: Create a presentation about
how a science fiction book or movie
accurately (or wrongly) predicted
the direction of current events.
Project: Design a vehicle that will
cover the maximum distance while
moving in a consistently circular
path, while meeting the listed
constraints.

Scientist Spotlight:

e Sally Ride — First American Woman
in space.

e Jane Rigby — Operations Project
Scientist for NASA’s James Webb
Space telescope

Resources/Materials

The Physics Classroom tutorials, concept builders, and interactives

Bozeman Science
PhET

Khan Academy

The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
Selected Problem sets from various ancillary materials



https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://ngss.nsta.org/DisciplinaryCoreIdeas.aspx?id=29&detailid=149
https://www.nationalgeographic.com/history/article/sally-ride-astronaut-lgbtq-legacy-photographs
https://www.nasa.gov/feature/goddard/2022/nasa-goddard-astrophysicist-awarded-2022-lgbtq-scientist-of-the-year
https://www.womenshistory.org/education-resources/biographies/mae-jemison
https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
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ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.5. 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.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

WHST.11-12.7. Conduct short as well as more sustained research projects to answer a question (including a self-
gsenerated 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.

WHST.11-12.8. Gather relevant information from multiple authoritative print and digital sources, using advanced
searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and
audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and
overreliance on any one source and following a standard format for citation.

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a
single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literac
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SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated
or appropriate

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
® Act as a responsible and contributing community member and employee
Consider the environmental, social, and economic impacts of decisions.
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
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specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)
8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.
Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented

e Display labeled images of ® Provide extended time for the e Use a graphic organizer to e Take on an additional or more
designs and parts. creation of products. categorize concepts. complex design challenge.

o Restate design steps aloud e Scaffolded explanations for ® Provide an outline for research e Interview someone in the field
before project activity. proper use of equipment. and design tasks. of technology education about

® Assign a native language ® Provide an outline of lessons ® Provide extended time for how they use the design
partner. e Get a written list of instructions written responses and reports. process in their profession.

e When possible, modify e Receive large project as smaller ® Incorporate student choice e Offer choices, once finished
assignments so the ELL student tasks with individual deadlines e Provide peer mentoring to with a basic task, with personal
writes less, has simpler e Work or take a testin a improve techniques interest being the key.
questions to answer, fewer different setting, such as a quiet e Use effort and achievement
spelling words, etc. room with few distractions. rubrics

® Provide a variety of texts and e Sit where they learn best (for ® Assure students they can be
resources on curriculum topics example, near the teacher) successful
at a range of reading levels. e Use an alarm to help with time

e Provide models of completed management
homework assignments, e Work with a partner
projects, etc.
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Honors Physics ‘

Unit 9: Simple Harmonic Motion

Time Allotted: Approximately 3 Weeks

New Jersey Student Learning Standards (NJSLS)

object, its mass, and its acceleration.

engineering.

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

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost,
safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

Disciplinary Core Ideas

Cross-Cutting Concepts

Constructing Explanations and Designing Solutions

e  Design a solution to a complex real-world
problem, based on scientific knowledge,
student-generated sources of evidence,
prioritized criteria, and tradeoff
considerations.

e  Evaluate a solution to a complex real-world
problem, based on scientific knowledge,
student-generated sources of evidence,
prioritized criteria, and tradeoff
considerations.

Analyzing and Interpreting Data
e  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

Science Models, Laws, Mechanisms, and Theories
Explain Natural Phenomena
e  Theories and laws provide explanations in
science.
e  Laws are statements or descriptions of the
relationships among observable phenomena.

PS2.A: Forces and Motion

Newton’s second law accurately predicts changes in the motion
of macroscopic objects.

ETS1.B: Developing Possible Solutions

When evaluating solutions, it is important to take into account
a range of constraints, including cost, safety, reliability, and
aesthetics, and to consider social, cultural, and environmental
impacts.

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.

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

Connections to Engineering, Technology, and Applications of
Science

Influence of Science, Engineering, and Technology on Society
and the Natural World
®  New technologies can have deep impacts on society
and the environment, including some that were not
anticipated. Analysis of costs and benefits is a
critical aspect of decisions about technology.
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Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

e What factors influence the period
of a pendulum vs. that of a mass
on a spring?

e How is an oscillatory motion
similar to and different from
linear motion?

e How is an oscillatory motion
similar to and different from
circular motion?

e How come you aren't injured
when going on thrill rides such as
a bungee jump or the Dlve Devil
(at Six Flags in Jackson, NJ)?

Represent the relationship among
period, restoring force, spring force
constant, acceleration due to
gravity, oscillating mass and
distance with words, graphs,
pictures/diagrams, and equations.
Analyze the motion of a
horizontally-oscillating mass on a
spring in terms of kinematics,
energy, and Newton’s Laws
Analyze the motion of a pendulum
in terms of kinematics, energy, and
Newton’s Laws

Calculate the period of an
oscillating mass, by examining a
representation or model (such as a
diagram or physical construction.)
Determine the factors which
impact an oscillating object’s
period.

Create and interpret graphical
representations in order to find the
spring force constant of a spring.
Design and carry out an
experiment and analyze data
testing a question about an
oscillating system.

Lab: Determine the spring force
constant using the relationship
between the restoring force and the
displacement of a vertically-hanging
spring-system at equilibrium.

Lab: Determine the spring force
constant using the relationship
between period and mass of a
horizontally- oscillating spring-
system.

Lab: Determine the relationship
between acceleration due to gravity
and the length of a pendulum.
Project: Design a bungee drop
(and/or launch) that meets specific
constraints and requirements while
not injuring the rider.

Project: Create a “stopwatch” that
meets specific constraints and
requirements.

Project: Design a launcher that will
makea _ moveexactly m,
meeting specific constraints and
requirements.

Assessment of written and verbal
mastery of unit-specific
vocabulary.

Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted
Assessment of Engineering Design
Process skill by completing the
unit project, including supporting
documentation.

Assessment of test skills (Problem
Solving, Creating and Interpreting
Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.

Physics Benchmark #3
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Boundary statements:

- Systems are limited to
pendulums and horizontal
springs.

- Focusis on Hooke’s Law and
period; energy is a bonus, if
time allows.

- No discussion of sinusoidal
motion, since acceleration is not

constant.

Resources/Materials

- The Physics Classroom (Tutorials, concept builders, and interactives)

- Crash Course

- Bozeman Science

- PhET

- Khan Academy

- Explore Learning interactives

- The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
- Software: Pasco Capstone, Excel, Word

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical
texts, attending to precise details for explanations or descriptions.

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.



https://www.physicsclassroom.com/class/waves
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/playlist?list=PL8dPuuaLjXtN0ge7yDk_UA0ldZJdhwkoV
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
https://www.explorelearning.com/
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WHST.11-12.7. 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.

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

Interdisciplinary Connections

ELA/Literac

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
® Act as a responsible and contributing community member and employee
Consider the environmental, social, and economic impacts of decisions.
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.

Work productively in teams while using cultural/global competence.
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Computer Science and Design Thinking [8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.C.4 Explain and identify interdependent systems and their functions.

8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
e When possible, modify e Use scaffolds, such as e Use a graphic organizer to ® Take on an additional or more
assignments so the ELL student prompting, to assist with the categorize concepts. complex design challenge.
writes less, has simpler design process. e Provide an outline for research ® Interview someone in the field
questions to answer, fewer ® Provide extended time for and design tasks. of technology education about
spelling words, etc. written responses and reports. ® Provide extended time for how they use the design
e Provide models of completed e Use a graphic organizer to written responses and reports. process in their profession.
homework assignments, categorize concepts. e Incorporate student choice e Offer choices, once finished
projects, etc. ® Get a written list of instructions ® Provide peer mentoring to with basic task, with personal
® Assign a native language ® Receive large project as smaller improve techniques interest being the key.
partner. tasks with individual deadlines e Use effort and achievement
e Use sentence/paragraph frames e Work ortake atestina rubrics
to assist with writing peer different setting, such as a quiet ® Assure students they can be
review. room with few distractions successful
e Provide extended time for e Sit where they learn best (for ® Promote mastery or challenging
written responses and reports. example, near the teacher) tasks
e Use an alarm to help with time e Allow students many
management opportunities for practice and
e Work with a partner learning
Use scaffolding for complex tasks
Evaluate students on the basis of
mastery and not one another.
Classroom activities should be
noncompetitive




Course: Honors Physics

PVRHSD CURRICULUM MAP

Grade Level: 11

Honors Physics ‘

Unit 10: Electrostatics

Time Allotted: Approximately 2-3 Weeks, if time allows

New Jersey Student Learning Standards (NJSLS)

between objects.

object, its mass, and its acceleration.

energy of the objects due to the interaction.

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
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

HS-PS2-6. Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.
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

Disciplinary Core Ideas

e  Use mathematical representations of o
phenomena to describe explanations.

®  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. °

Obtaining, Evaluating, and Communicating
Information
e  Communicate scientific and technical
information (e.g. about the process of

performance of a proposed process or °
system) in multiple formats (including
orally, graphically, textually, and
mathematically).

Using Mathematics and Computational Thinking PS2.A: Forces and Motion

Newton’s second law accurately predicts changes in the motion
of macroscopic objects.

Analyzing and Interpreting Data PS2.B: Types of Interactions

Newton’s law of universal gravitation and Coulomb’s law
provide the mathematical models to describe and predict the
effects of gravitational and electrostatic forces between distant
objects.

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

development and the design and PS2.B: Types of Interactions

Attraction and repulsion between electric charges at the atomic
scale explain the structure, properties, and transformations of
matter, as well as the contact forces between material objects.

Cause and Effect

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

e  Cause and effect relationships can be suggested and
predicted for complex natural and human designed
systems by examining what is known about smaller
scale mechanisms within the system.

Patterns
e  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.

Structure and Function

e Investigating or designing new systems or structures
requires a detailed examination of the properties of
different materials, the structures of different
components, and connections of components to
reveal its function and/or solve a problem.
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Developing and Using Models
®  Develop and use a model based on evidence
to illustrate the relationships between
systems or between components of a
system.

Connections to Nature of Science

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.

PS3.C: Relationship Between Energy and Forces
e  When two objects interacting through a field change relative
position, the energy stored in the field is changed.

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)

e Why would you use an insulator °
instead of a conductor in various
situations?

e Why does a charge in an electric °
field experience a force?

e What are the similarities and
differences between gravitational
and electrostatic forces, and why is
this interesting for scientists to
consider? °

e What is the difference between a
field force and a contact force?

e What about the historical °
evolution of the concept of charge
is interesting or important?

Make claims about natural
phenomena based on conservation
of electric charge.

Make predictions, using the
conservation of electric charge,
about the sign and relative
quantity of net charge of objects or
systems after various charging
processes.

Distinguish between the methods
of charging (friction, conduction,
and induction.

Diagram the process of
polarizations.

State the law of electric charge.
Use Coulomb’s law qualitatively
and quantitatively to make
predictions about the interaction
between two electric point charges
Connect the concepts of

(Lab: Charging Objects by Friction)
Create a Triboelectric Series of a
collection of unknown materials
(Lab: Insulators and Conductors-
Triboelectric Series)

Measure the electric force created
between objects charged using
various methods (Lab: Electrical
Forces between Charged Objects)
Measure the relative size and
direction of electric force between
objects (Lab: Forces between a
Charged Object and an Uncharged
Object)

Determine the number of charges
on two balloons hanging side-by-

side after being rubbed by felt. (Lab:

Repulsion of Balloons)
Demonstrate the limitations of
qualitative observations on

® Assessment of written and verbal
mastery of unit-specific
vocabulary.

® Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a Scientific
Claim) by submitting Lab Reports
for each lab conducted

e Assessment of test skills (Problem
Solving, Creating and Interpreting
Graphs, and Creating Scientific
Explanations) by taking the Unit
Test.
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gravitational force and electric
force to compare similarities and
differences between the forces.
Explain the concept electric field
that results at a point some
distance from one source charges.
Understand the idea of a “test
charge” and convention used for
+/-

Determine the magnitude and
direction of the electric force on a
charged particle placed in an
electric field.

Sketch the electric field pattern in
the region between charges

Boundary Statement:

Limited to a basic introduction to
the concepts that there are
positive and negative charges, and
the electrostatic attraction and
repulsion between these charges
Electric field is limited to uniform
only, conceptual only. No magnetic
field, or quantitative approach
needed.

Limited to two point chargesin a
single plane (no multiple charges
or plates)

measuring types and sizes of electric
charges and forces (Lab: Scotch
tape)

Resources/Materials

The Physics Classroom tutorials, concept builders, and interactives

Bozeman Science
PhET

Khan Academy

The AP Physics Workbook - guided practice (student and teacher versions downloadable from AP Classroom)
Selected Problem sets from various ancillary materials

ELA Companion Standards

RST.11-12.1. Accurately cite strong and thorough evidence from the text to support analysis of science and technical

texts, attending to precise details for explanations or descriptions.



https://www.physicsclassroom.com/Physics-Tutorial/Newton-s-Laws
https://www.physicsclassroom.com/Concept-Builders
https://www.physicsclassroom.com/Physics-Interactives
https://www.youtube.com/channel/UCEik-U3T6u6JA0XiHLbNbOw
https://phet.colorado.edu/en/simulations/filter?subjects=physics&sort=alpha&view=grid
https://www.khanacademy.org/science/physics/forces-newtons-laws
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RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.5. Analyze how the text structures information or ideas into categories or hierarchies, demonstrating
understanding of the information or ideas.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a
single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literac

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.

SL.11-12.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively,
qualitatively, orally) evaluating the credibility and accuracy of each source.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

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.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated
or appropriate

Mathematics
IMP.2 Reason abstractly and quantitatively
IMP.4 Model with mathematics
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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
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
e Act as a responsible and contributing community member and employee
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications
based on input from potential consumers (peers)

8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented

e Display labeled images of ® Provide extended time for the e Use a graphic organizer to e Take on an additional or more
designs and parts. creation of products. categorize concepts. complex design challenge.

o Restate design steps aloud e Scaffolded explanations for ® Provide an outline for research e Interview someone in the field
before project activity. proper use of equipment. and design tasks. of technology education about
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Assign a native language
partner.

When possible, modify
assignments so the ELL student
writes less, has simpler
guestions to answer, fewer
spelling words, etc.

Provide a variety of texts and
resources on curriculum topics
at a range of reading levels.
Provide models of completed
homework assignments,
projects, etc.

Provide an outline of lessons
Get a written list of instructions
Receive large project as smaller
tasks with individual deadlines
Work or take a test in a
different setting, such as a quiet
room with few distractions.

Sit where they learn best (for
example, near the teacher)

Use an alarm to help with time
management

Work with a partner

Provide extended time for

written responses and reports.

Incorporate student choice
Provide peer mentoring to
improve techniques

Use effort and achievement
rubrics

Assure students they can be
successful

how they use the design
process in their profession.
Offer choices, once finished
with a basic task, with personal
interest being the key.

Additional Resources to promote DEI:

e  Structure Matters: Twenty-One Teaching Strategies to Promote Student Engagement and Cultivate Classroom Equity
e Race Matters
e Inclusive Teaching



https://www.lifescied.org/doi/10.1187/cbe.13-06-0115
https://www.cell.com/cell/pdf/S0092-8674(20)30337-8.pdf
https://www.lifescied.org/doi/10.1187/cbe.19-01-0021
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Honors Physics
Unit 11: Projects: A Culminating Unit

Grade Level: 11

Time Allotted: Approximately 3 Weeks

New Jersey Student Learning Standards (NJSLS)

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-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.

Constructing Explanations and
Designing Solutions
° Design, evaluate, and/or

refine a solution to a
complex real-world
problem, based on
scientific knowledge,
student-generated sources
of evidence, prioritized
criteria, and tradeoff
considerations.

Disciplinary Core Ideas

Cross-Cutting Concepts

PS3.A: Definitions of Energy

® At the macroscopic scale, energy manifests itself in multiple ways, such as in
motion, sound, light, and thermal energy.

PS3.D: Energy in Chemical Processes

e  Although energy cannot be destroyed, it can be converted to less useful
forms—for example, to thermal energy in the surrounding environment.

ESS3.C: Human Impacts on Earth Systems
®  Scientists and engineers can make major contributions by developing
technologies that produce less pollution and waste and that preclude
ecosystem degradation.

ETS1.B: Developing Possible Solutions
®  When evaluating solutions, it is important to take into account a range of
constraints, including cost, safety, reliability, and aesthetics, and to consider
social, cultural, and environmental impacts. (secondary)

ETS1.A: Defining and Delimiting an Engineering Problem
e  (riteria 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)

Energy and Matter
®  Changes of energy and matter in a system can be
described in terms of energy and matter flows into, out
of, and within that system.

Stability and Change
®  Feedback (negative or positive) can stabilize or
destabilize a system.

Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering and Technology on Society and
the Natural World
e  Modern civilization depends on major technological
systems. Engineers continuously modify these
technological systems by applying scientific knowledge
and engineering design practices to increase benefits
while decreasing costs and risks.
®  Engineers continuously modify these technological
systems by applying scientific knowledge and
engineering design practices to increase benefits while
decreasing costs and risks.

Essential Questions

Student Learning Objectives

Suggested Tasks/Activities

Evidence of Learning (Assessment)
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How do the big ideas in physics
interact together to create
working models as well as explain
how these things function?
What do engineers do?

How is the scientific method
different from and similar to the
engineering design process?
What is the nature of scientific
and technological progress that
tends to move in gradual
iterations instead of quantum
jumps?

state the steps of the engineering
design process.

Draw a scale diagram of a solution
to a problem.

Document their progress in
coherent, concise written and/or
oral format.

Use appropriate tools to collect
and organize data that
communicates the successes and
failures of the solution to the
problem.

Make changes to their solution
based upon the collected data as
well as feedback from peers and/or|
adult coaches.

Use failures as a stimulus to new
approaches to the problem.
Analyze the model in terms of
physics concepts; both as scientific
explanations and problem solving.

Project: Design a plane that
could fly on Mars

Project: Design and build a
parachute that would work on
Mars.

Project: Build a Rube Goldberg
Machine to complete a defined
task and made with materials
found in your home.

Project: Design a device to
rescue an animal or person that
has fallen into a well or sewer.
Project: Design a Trebuchet that
meets specific constraints and
requirements.

Project: Design a mousetrap car
that can stop within a bullseye
while meeting specific
constraints and requirements.
Project: Design an Elevator to
store snowmobiles in a loft
during the summer

Project: Design and build a
water-powered bottle rocket
that can carry a load and stay
aloft as long as possible.

Scientist Spotlight:

Dr. Stephen Hawking — Theoretical
physicist with motor neuron disease

who focused on the origins and
structure of the universe.

Assessment of lab skills
(Experimental Design, Data
Analysis, and Arguing a
Scientific Claim) by answering
questions on a written test
These questions would be
based upon the project, and
the teacher may choose to
allow students to use their
project documentation during
the test.

Assessment of Engineering
Design Process skill by building
the one of the suggested
projects (or one with similar
scope), including supporting
documentation.

Assessment of test skills
(Problem Solving, Creating and
Interpreting Graphs, and
Creating Scientific
Explanations) by taking the
Unit Test These questions
would be based upon the
project and teachers may
choose to allow students to
use their project
documentation during the test.

Resources/Materials - Crafts materials supplied in the classroom or gleaned from home
- Software: Pasco Capstone, Excel, Word



https://www.hawking.org.uk/biography
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1123440/
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ELA Companion Standards

RST.11-12.2. Determine the central ideas, themes, or conclusions of a text; summarize complex concepts, processes, or
information presented in a text by paraphrasing them in simpler but still accurate terms.

RST.11-12.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results based on explanations in the text.

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.6. Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an
experiment in a text, identifying important issues that remain unresolved.

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.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

RST.11-12.9. Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept, resolving conflicting information when possible.

WHST.11-12.1. Write arguments focused on discipline-specific content.

WHST.11-12.2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/
experiments, or technical processes.

WHST.11-12.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience.

WHST.11-12.5. 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.

WHST.11-12.6. Use technology, including the Internet, to produce, share, and update writing products in response to
ongoing feedback, including new arguments or information

WHST.11-12.7. 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.

WHST.11-12.8. Gather relevant information from multiple authoritative print and digital sources, using advanced
searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and
audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and
overreliance on any one source and following a standard format for citation.

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

WHST.11-12.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a
single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Interdisciplinary Connections

ELA/Literacy

SL.11-12.1. Initiate and participate effectively in a range of collaborative discussions (one-on- one, in groups, and teacher-
led) with peers on grades 11-12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and
persuasively.
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SL.11-12.3. Evaluate a speaker’s point of view, reasoning, and use of evidence and rhetoric, assessing the stance,
premises, links among ideas, word choice, points of emphasis, and tone used.

SL.11-12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content,
organization, development, and style are appropriate to task, purpose, and audience.

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.

SL.11-12.6. Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated
or appropriate

Mathematics

IMP.2 Reason abstractly and quantitatively

MP.4 Model with mathematics

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 display.
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.

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

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving problems
HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand simple cases and using
technology for more complicated cases

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

Career Readiness, Life Literacies, and
Key Skills

9.4.12.Cl.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas

9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design
solutions

9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data
9.4.12.TL.3 Analyze the effectiveness of the process and quality of collaborative environments

Career Readiness, Life Literacies, and Key Skills Practices
e Act as a responsible and contributing community member and employee
Consider the environmental, social, and economic impacts of decisions.
Demonstrate creativity and innovation.
Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership, and effective management.
Use technology to enhance productivity, increase collaboration, and communicate effectively.
e Work productively in teams while using cultural/global competence.

Computer Science and Design Thinking

8.1.12.ED.1 Use research to design and create a product or system that addresses a problem and make modifications

based on input from potential consumers (peers)
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8.2.12.ED.5 Evaluate the effectiveness of a product or system based on factors that are related to its requirements,
specifications, and constraints (e.g., safety, reliability, economic considerations, quality control, environmental concerns,
manufacturability, maintenance and repair, ergonomics)

8.2.12.C.3. Analyze a product or system for factors such as safety, reliability, economic considerations, quality control,
environmental concerns, manufacturability, maintenance and repair, and human factors engineering (ergonomics).
8.2.12.C.4 Explain and identify interdependent systems and their functions.

8.2.12.D.1. Design and create a prototype to solve a real world problem using a design process, identify constraints
addressed during the creation of the prototype, identify trade-offs made, and present the solution for peer review.

Modifications

Multi-Lingual Learners Special Education At-Risk Gifted and Talented
® When possible, modify e Use scaffolds, such as e Use a graphic organizer to e Take on an additional or more
assignments so the ELL student prompting, to assist with the categorize concepts. complex design challenge.
writes less, has simpler design process. ® Provide an outline for research ® Interview someone in the field
questions to answer, fewer e Provide extended time for and design tasks. of technology education about
spelling words, etc. written responses and reports. e Provide extended time for how they use the design
® Provide models of completed e Use a graphic organizer to written responses and reports. process in their profession.
homework assignments, categorize concepts. e Incorporate student choice e Offer choices, once finished
projects, etc. ® Get a written list of instructions ® Provide peer mentoring to with a basic task, with personal
® Assign a native language ® Receive large project as smaller improve techniques interest being the key.
partner. tasks with individual deadlines e Use effort and achievement
® Use sentence/paragraph frames e Work or take a testin a rubrics
to assist with writing peer different setting, such as a quiet e Assure students they can be
review. room with few distractions successful
® Provide extended time for e Sit where they learn best (for e Allow students many
written responses and reports. example, near the teacher) opportunities for practice and
e Use an alarm to help with time learning
management e Use scaffolding for complex tasks
e Work with a partner e Evaluate students on the basis of
mastery and not one another.

Additional Resources to promote DEI:

Structure Matters: Twenty-One Teaching Strategies to Promote Student Engagement and Cultivate Classroom Equity

Race Matters
Inclusive Teaching



https://www.lifescied.org/doi/10.1187/cbe.13-06-0115
https://www.cell.com/cell/pdf/S0092-8674(20)30337-8.pdf
https://www.lifescied.org/doi/10.1187/cbe.19-01-0021

