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Physics Lab

This course is designed to be an introduction to physics. The curriculum is constructed to
provide a survey of the various areas of physics. Basic algebra is required for the mathematics
used in this course. There will be some multi step problem solving. This course is intended for
students who will not be pursuing a science or engineering field in college.

This curriculum was written in accordance with the
NEW JERSEY STUDENT LEARNING STANDARDS
for SCIENCE

and the

NEW JERSEY STUDENT LEARNING STANDARDS
for Mathematics

The standards can be viewed at http://www.state.nj.us/education/cccs/



http://www.state.nj.us/education/cccs/

Physics Lab

Unit 1: Math Instructional Time: 2 Weeks

In this unit of study, students are expected to p/an and conduct investigations, analyze data and use math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of ideas related to using
mathematics to model physical phenomena. Students will learn how to use and manipulate vectors to represent
physical quantities that are direction dependent. Students will also learn the metric system of units that will be used
throughout the course, how to convert the scale of units, how to algebraically manipulate equations, and how to
represent magnitudes with scientific notation.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Plan and conduct an investigation to gather evidence to compare the structure of substances at the

HS-PS1-3 . . .
bulk scale to infer the strength of electrical forces between particles.

New Jersey Student Learning Standards for Mathematics

(+) Recognize vector quantities as having both magnitude and direction. Represent vector quantities
HSN-VM.A.1 by directed line segments, and use appropriate symbols for vectors and their magnitudes (e.g., v, |Vv|,

LIV V).

(+) Find the components of a vector by subtracting the coordinates of an initial point from the

HSN-VM.A.2 . . .
coordinates of a terminal point.

HSN-VM.A.3 (+) Solve problems involving velocity and other quantities that can be represented by vectors

HSN-VM.B.4 | (+) Add and subtract vectors.

Add vectors end-to-end, component-wise, and by the parallelogram rule. Understand that the

HSN-VM.B.4a magnitude of a sum of two vectors is typically not the sum of the magnitudes.
HSN-VM.B.4b Given two vectors in magnitude and direction form, determine the magnitude and direction of their
sum.
HSN-VM.B.5a Represent scalar multiplication graphically by scaling vectors and possibly reversing their direction;
perform scalar multiplication component-wise, e.g., as c(v?, v?) = (cv?, cv?).
Enduring Understandings Essential Questions
e Mathematics is a tool used to model objects, events, e How can multi-dimensional physical quantities be
and relationships in the natural and designed world. modeled mathematically?
e Mathematical models can be used to describe and e How are vector prefixes used to scale magnitude?
quantify physical relationships e What is the process to isolate a specific variable in an
e What we measure affects how we measure it. equation?
e A quantity can be represented numerically in various e How can very large and very small numbers be written
ways. Problem solving depends upon choosing wise in a more practical manner?
ways.
Concepts Formative Assessment
e Vectors have magnitude and direction Students who understand the concepts are able to:
e Metric prefixes alter the scale of a unit e Develop and use vector models to solve problems
e Physical relationships can be modeled and involving single and multi-dimensional quantities.
manipulated mathematically e Manipulate mathematical expressions to solve for a
e Scientific notation can be used to more practically specific variable.
represent very large and very small numbers. e Use prefixes to change the scale of units of measure

Suggested Learning Activities

Students will review basic mathematics skills with a focus on unit conversion and vectors. Vector will be practiced in the
lab by measuring multiple pathways between locations and comparing the resultant displacement. Vector addition will
also be investigated by balancing multiple forces on a force table.




1. System of Units
1.1. Metric
1.2. KMS
1.3. Dimensional Analysis
2. Scientific Notation
3. Vectors
3.1. Vector vs. Scaler
3.2. Adding vectors
3.2.1.Tip to tail
3.2.2.Parallelogram
3.2.3.Components
3.3. Problem solving with vectors

3.4. Lab: use vectors to find the resultant displacement of a trip between two points in the building
3.5. Lab: Use a force table to model the addition of vectors

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out

Investigations

e Planning and carrying out
investigations to answer questions
or test solutions to problems in 9-12
builds on K-8 experiences and
progresses to include investigations
that provide evidence for and test
conceptual, mathematical, physical
and empirical models.

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

Analyzing and Interpreting Data

e Analyzing data in 9-12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models
to generate and analyze data.

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. (HS-PS2-1)

Using Mathematics and
Computational Thinking

ETS1.C: Optimizing the Design

Solution
Criteria may need to be broken
down into simpler ones that can be
approached systematically, and
decisions about the priority of
certain criteria over others (trade-
offs) may be needed. (secondary to
HS-PS2-3)

Patterns

o Different patterns may be observed
at each of the scales at which a
system is studied and can provide
evidence for causality in
explanations of phenomena. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-PS2-
1),(HS-PS2-5)

e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models

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




o Mathematical and computational
thinking at the 9-12 level builds on
K—8 and progresses to using
algebraic thinking and analysis, a
range of linear and nonlinear
functions including trigonometric
functions, exponentials and
logarithms, and computational tools
for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are
created and used based on
mathematical models of basic
assumptions.

e Use mathematical representations
of phenomena to describe
explanations. (HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

Designing Solutions

e Constructing explanations and
designing solutions in 9-12 builds on
K-8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

o Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects. (HS-
PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability
of the claims, methods, and designs.

e Communicate scientific and
technical information (e.g. about the
process of development and the
design and performance of a
proposed process or system) in
multiple formats (including orally,
graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

Integrate and evaluate multiple sources of .
information presented in diverse formats and
media (e.g., quantitative data, video,

Reason abstractly and quantitatively. (HS-ETS1-1),(HS-ETS1-
3),(HS-ETS1-4) MP.2
Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-ETS1-

4



http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4

multimedia) in order to address a question or
solve a problem. (HS-PS2-1) RST.11-12.7
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. (HS-ETS1-3)
RST.11-12.9

Draw evidence from informational texts to
support analysis, reflection, and research. (HS-
PS1-3),(HS-ETS1-1),(HS-ETS1-3) WHST.9-12.9
Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive
elements) in presentations to enhance
understanding of findings, reasoning, and
evidence and to add interest. (HS-PS1-4) SL.11-
12,5

3),(HS-ETS1-4) MP.4

Use units as a way to understand problems and to guide the
solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays. (HS-PS1-2),(HS-PS1-3)
HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.
CRP4. - Communicate clearly and effectively and with reason.

CRP6. - Demonstrate creativity and innovation.

CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
CRP12. - Work productively in teams while using cultural global competence.



http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q

Physics Lab

Unit 2: First Law Instructional Time: 2 Weeks

How can one explain and predict the motion of an object when there is no net force acting on the object?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of ideas related to why
some objects keep moving with uniform motion or remain in a state of rest. The idea that inertia is a property of matter
and an object’s resistance to change of the current state of motion is proportional to the object’s amount of mass.
Students will understand that velocity is the rate of change of position.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Given a graph of position or velocity as a function of time, recognize in what time intervals the
PS2.A position, velocity and acceleration of an object are positive, negative, or zero and sketch a graph of
each quantity as a function of time.
PS2.A Represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude,
direction, and units during the analysis of a situation.
PS2.A Understand and apply the relationship between the net force exerted on an object, its inertial mass,
and its acceleration to a variety of situations.
HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes the mathematical
relationship among the net force on a macroscopic object, its mass, and its acceleration.
HS-PS2-2 Use mathematical representations to support the claim that the total momentum of a system of
objects is conserved when there is no net force on the system.
HS-PS2-3 Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes the force
on a macroscopic object during a collision.
HS-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. ()

New Jersey Student Learning Standards for Mathematics

HSN-VM.A.3 \ (+) Solve problems involving velocity and other quantities that can be represented by vectors.

Enduring Understandings Essential Questions

The same basic rules govern the motion of all bodies,
from planets and stars to birds and billiard balls.
Mathematics is a tool used to model objects, events,
and relationships in the natural and designed world.
Understanding the development of scientific ideas is
essential for building scientific knowledge.

Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying
explanations.

e Why does a bowling ball keep rolling after you have
stopped pushing it?

e Why is it harder to push a stalled automobile than it is

to push a lawnmower?

e How does a speedometer in an automobile determine

the speed?

Concepts

Formative Assessment

Inertia is a property of matter.

Inertia is resistance to a change in on object’s current
state of motion.

The quantity of matter is proportional to an objects
inertia.

Mass is a measure of inertia.

Velocity is the rate of change of position.

Students who understand the concepts are able to:

e Develop and use models based on evidence to
illustrate that inertia is directly proportional to
mass.

e Use mathematical expressions to quantify the
current position of an object during constant
velocity



http://www.nap.edu/openbook.php?record_id=13165&page=114
http://www.nap.edu/openbook.php?record_id=13165&page=114
http://www.nap.edu/openbook.php?record_id=13165&page=114
http://www.nextgenscience.org/sites/ngss/files/HS-PS2-1_Evidence%20Statements%20Jan%202015.pdf
http://www.nextgenscience.org/sites/ngss/files/HS-PS2-2_Evidence%20Statements%20Jan%202015.pdf
http://www.nextgenscience.org/sites/ngss/files/HS-PS2-3_Evidence%20Statements%20Jan%202015.pdf
http://www.nextgenscience.org/sites/ngss/files/HS-ETS1-2_Evidence%20Statements%20Jan%202015.pdf

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

One activity is measuring elapsed time over set distance intervals and using this data to create distance vs. time graph.
The slope graph is then analyzed to determine velocity. Another activity is to use the property of inertia to determine
the mass of an object, as is done in microgravity space experiments.

1. Newton’s First law.
1.1. Demonstration of the inertia ball and discussion of why the top or bottom string breaks.
1.2. Study of the concepts of Inertia:
1.2.1.Inertia is resistance to change in state of motion
1.2.2.Inertia is a property of matter
1.2.3.Mass is a measure of inertia

1.3. Demonstration similar to the magician trick of pulling the tablecloth out from under the dishes. (cup, coin,

playing card, etc.)

1.4. Demonstration of inertia: shaking a large mass object vs shaking a small mass object
1.5. Problem solving using the equation ZF=0
1.6. Lab: Inertia scale (calibrate an inertia scale using known masses then use the inertia scale to determine an

unknown mass)
2. Velocity

2.1. Intro: Discussion of what a speedometer is and what it tells us

2.2. Study of concepts of velocity

2.2.1.Rate of change of position

2.2.2.Units of velocity
2.2.3.Relative velocity

2.3. Problem solving using v= Ax/At

2.4. Lab: motion in one dimension (record the time at known distance intervals. Graph the motion. Determine

velocity)

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out

Investigations

e Planning and carrying out
investigations to answer questions or
test solutions to problems in 9-12
builds on K-8 experiences and
progresses to include investigations
that provide evidence for and test
conceptual, mathematical, physical
and empirical models.

e Plan and conduct an investigation
individually and collaboratively to
produce data to serve as the basis for
evidence, and in the design: decide
on types, how much, and accuracy of
data needed to produce reliable
measurements and consider
limitations on the precision of the
data (e.g., number of trials, cost, risk,
time), and refine the design

PS2.A: Forces and Motion

e Newton’s second law accurately
predicts changes in the motion of
macroscopic objects. (HS-PS2-1)

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. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims
about specific causes and effects.
(HS-PS2-1),(HS-PS2-5)

e Systems can be designed to cause
a desired effect. (HS-PS2-3)

Systems and System Models

e When investigating or describing
a system, the boundaries and
initial conditions of the system




accordingly. (HS-PS2-5)

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

o Analyze data using tools,
technologies, and/or models (e.g.,
computational, mathematical) in
order to make valid and reliable
scientific claims or determine an
optimal design solution. (HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on
K—8 and progresses to using algebraic
thinking and analysis, a range of
linear and nonlinear functions
including trigonometric functions,
exponentials and logarithms, and
computational tools for statistical
analysis to analyze, represent, and
model data. Simple computational
simulations are created and used
based on mathematical models of
basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

Designing Solutions

e Constructing explanations and
designing solutions in 9-12 builds on
K-8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to

need to be defined. (HS-PS2-2)




evaluating the validity and reliability
of the claims, methods, and designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process
or system) in multiple formats
(including orally, graphically,
textually, and mathematically). (HS-

PS2-6)
Cross-Curricular Connections
English/Language Arts Standards Mathematics Standards
e Integrate and evaluate multiple sources of information | ® Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
presented in diverse formats and media (e.g., ETS1-3),(HS-ETS1-4) MP.2
guantitative data, video, multimedia) in order to e Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
address a question or solve a problem. (HS-PS2-1) ETS1-3),(HS-ETS1-4) MP.4
RST.11-12.7 e Use units as a way to understand problems and to
e Synthesize information from a range of sources (e.g., guide the solution of multi-step problems; choose and
texts, experiments, simulations) into a coherent interpret units consistently in formulas; choose and
understanding of a process, phenomenon, or concept, interpret the scale and the origin in graphs and data
resolving conflicting information when possible. (HS- displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

ETS1-3) RST.11-12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-
4) SL.11-12.5

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.



http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q

Physics Lab

Unit 3: Second Law-Acceleration Instructional Time: 2.5 Weeks

How can one explain and predict the effects of a force acting on an object?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems students in order to develop an understanding of ideas related
to the effects of the application of force to a moving and non-moving object. Students will build an understanding of
forces and Newton’s second law.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Given a graph of position or velocity as a function of time, recognize in what time intervals the
PS2.A position, velocity and acceleration of an object are positive, negative, or zero and sketch a graph of
each quantity as a function of time.

Represent forces in diagrams or mathematically using appropriately labeled vectors with magnitude,

PS2.A direction, and units during the analysis of a situation.
PS2.A Understand and apply the relationship between the net force exerted on an object, its inertial mass,
and its acceleration to a variety of situations.
HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes the mathematical
relationship among the net force on a macroscopic object, its mass, and its acceleration.
HS-PS2-2 Use mathematical representations to support the claim that the total momentum of a system of
objects is conserved when there is no net force on the system.
HS-PS2-3 Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes the force
on a macroscopic object during a collision.
HS-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-ESS1-4 Use mathematical or computational representations to predict the motion of orbiting objects in the

solar system

New Jersey Student Learning Standards for Mathematics

HSN-VM.A.3 | (+) Solve problems involving velocity and other quantities that can be represented by vectors.

Calculate and interpret the average rate of change of a function (presented symbolically or as a table)

HSF-IF.B.6 e 1 .
over a specified interval. Estimate the rate of change from a graph.

HSG-GMD.B | Visualize the relation between two-dimensional and three-dimensional objects

Enduring Understandings Essential Questions (3 or 4)

e The same basic rules govern the motion of all bodies, e What causes an object change its state of uniform
from planets and stars to birds and billiard balls. motion?

e Mathematics is a tool used to model objects, events, e At what rate does an objects velocity change while
and relationships in the natural and designed world. falling?

¢ Understanding the development of scientific ideas is e What effect does inertia have on an objects
essential for building scientific knowledge. acceleration?

e Scientific inquiry involves asking scientifically-oriented | ¢ How do you graph accelerated motion?
questions, collecting evidence, forming explanations, e How do you calculate an objects position during
connecting explanations to scientific knowledge and constant acceleration?
theory, and communicating and justifying
explanations.

Concepts Formative Assessment

e Acceleration is the rate of change of velocity of an Students who understand the concepts are able to:
object. e Develop and use models based on evidence to

e Force causes acceleration. illustrate that acceleration is directly proportional to

10



http://www.nap.edu/openbook.php?record_id=13165&page=114
http://www.nap.edu/openbook.php?record_id=13165&page=114
http://www.nap.edu/openbook.php?record_id=13165&page=114
http://www.nextgenscience.org/sites/ngss/files/HS-PS2-1_Evidence%20Statements%20Jan%202015.pdf
http://www.nextgenscience.org/sites/ngss/files/HS-PS2-2_Evidence%20Statements%20Jan%202015.pdf
http://www.nextgenscience.org/sites/ngss/files/HS-PS2-3_Evidence%20Statements%20Jan%202015.pdf
http://www.nextgenscience.org/sites/ngss/files/HS-ETS1-2_Evidence%20Statements%20Jan%202015.pdf

¢ The free fall acceleration of gravity is the best the force applied and inversely proportional to the

example of uniform acceleration. mass of the object.

¢ The acceleration of an object is directly proportional e Use mathematical expressions to quantify the current
to the force applied to the object and inversely velocity and position of an object during constant
proportional to the mass of the object. acceleration .

e Criteria may need to be broken down into simpler e Use mathematical expressions and the concept of
ones that can be approached systematically, and conservation of energy to predict and describe system
decisions about the priority of certain criteria over behavior.
others (trade-offs) may be needed. e Use basic algebraic expressions or computations to

create a computational model to calculate the change
in the energy of one component in a system (limited to
two or three components) when the change in energy
of the other component(s) and energy flows in and out
of the system are known.

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

Students will determine a person’s reaction time by measuring how far a meter stick falls before the person catches it.
Students will use physics to determine if it is possible to survive an elevator crash by jumping just before impact.

1. Acceleration:
1.1 Discussion of the difference between a drag race and a Formula 1/Indy / NASCAR race.
1.2 Study of concepts of acceleration
1.2.1 Rate of change of velocity
1.2.2 Units of acceleration
1.3 Problem solving using

v = Ax/At
a=Av/At
x= % at’

1.4 Study of free fall acceleration
1.4.1 Discussion of the Galileo Leaning Tower of Pisa scenario: Dropping a bowling ball and a baseball from a
tall building; which falls faster?
1.4.2 Dropped objects
1.4.3 Objects thrown into the air
1.4.4 MythBusters video of penny dropped from Empire State Building
1.4.5 Investigate the question: If you are in a falling elevator and jump at the correct time can you survive the
impact?
1.4.5.1 MythBusters video: Elevator of Death
2. Lab: Reaction Time (use the acceleration of gravity to determine a person’s reaction time by dropping a meter
stick and measuring the distance the stick falls prior to the person catching it)
2. Newton’s Second Law
2.1 Discuss the last line of Newton’s First Law: What happens if the object is acted upon by an outside force?
2.2 Study concepts of second Law
2.2.1 Force is proportional to acceleration
2.2.2 Mass is inversely proportional to acceleration
2.2.3 Weight is the force of gravity acting on a mass
2.3 Problem solving:
23.1F=ma

Performance Expectations

Science and Engineering Practices | DCI Crosscutting Concepts
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Planning and Carrying Out Investigations

PS2.A: Forces and Motion

e Planning and carrying out investigations
to answer questions or test solutions to
problems in 9—12 builds on K-8
experiences and progresses to include
investigations that provide evidence for
and test conceptual, mathematical,
physical and empirical models.

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

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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.
(HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on K-8
and progresses to using algebraic
thinking and analysis, a range of linear
and nonlinear functions including
trigonometric functions, exponentials
and logarithms, and computational
tools for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are created
and used based on mathematical
models of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and Designing

Solutions

e Constructing explanations and
designing solutions in 9-12 builds on K-

e Newton’s second law accurately
predicts changes in the motion of
macroscopic objects. (HS-PS2-1)

PS2.B: Types of Interactions

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

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. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims
about specific causes and effects.
(HS-PS2-1),(HS-PS2-5)

e Systems can be designed to cause
a desired effect. (HS-PS2-3)

Systems and System Models

e When investigating or describing
a system, the boundaries and
initial conditions of the system
need to be defined. (HS-PS2-2)
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8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability of
the claims, methods, and designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards Mathematics Standards
e Integrate and evaluate multiple sources of e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
information presented in diverse formats and media ETS1-3),(HS-ETS1-4) MP.2
(e.g., quantitative data, video, multimedia) in orderto | ¢ Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
address a question or solve a problem. (HS-PS2-1) ETS1-3),(HS-ETS1-4) MP.4
RST.11-12.7 e Use units as a way to understand problems and to guide
e Synthesize information from a range of sources (e.g., the solution of multi-step problems; choose and
texts, experiments, simulations) into a coherent interpret units consistently in formulas; choose and
understanding of a process, phenomenon, or interpret the scale and the origin in graphs and data
concept, resolving conflicting information when displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

possible. (HS-ETS1-3) RST.11-12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-
ETS1-1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-
4) SL.11-12.5

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRPS8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 4: Free Body Diagrams Instructional Time: 2 weeks

How can one explain and predict the effects of a force acting on an object?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems students in order to develop an understanding of ideas related
to the effects of the application of forces to a moving and non-moving object. Students will build an understanding of
forces and Newton’s third law. Students will develop an understanding of the interaction between objects that occurs
when a force is applied.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

PS2.B Make predictions about the sign and relative quantity of net charge of objects or systems after various
charging processes.
Construct an explanation of a model of electric charge, and make a qualitative prediction about the
PS2.B distribution of positive and negative electric charges within neutral systems as they undergo various
processes.
HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes the mathematical
relationship among the net force on a macroscopic object, its mass, and its acceleration.
HS-PS2-2 Use mathematical representations to support the claim that the total momentum of a system of
objects is conserved when there is no net force on the system
HS-PS2-4 Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and
predict the gravitational and electrostatic forces between objects.
HS-PS3-5 Develop and use a model of two objects interacting through electric or magnetic fields to illustrate
the forces between objects and the changes in energy of the objects due to the interaction
New Jersey Student Learning Standards for Mathematics
Apply concepts of density based on area and volume in modeling situations (e.g., persons per square
HSG-MG.A.2 . .
mile, BTUs per cubic foot).
HSA-SSE.A.1a | Interpret parts of an expression, such as terms, factors, and coefficients.
Solve linear equations and inequalities in one variable, including equations
HSA-REI.B.3 . .
with coefficients represented by letters.
Enduring Understandings Essential Questions (3 or 4)
¢ The same basic rules govern the motion of all bodies, e When | apply a force to the wall by hitting it, why does
from planets and stars to birds and billiard balls. it hurt my hand?

* Mathematics is a tool used to model objects, events, and | o \Why do people slip more easily on ice than on a dry
relationships in the natural and designed world.

¢ Understanding the development of scientific ideas is
essential for building scientific knowledge.

¢ Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

surface?

e If a book is sitting on a table, what cancels out the
effect of gravity so that the book is not pulled
downward?

e If a horse pulls a cart, and the cart pulls back with an
equal force, why is the horse able to pull the cart?

Concepts Formative Assessment
e Every action has an equal and opposite reaction. Students who understand the concepts are able to:
e A forceis an interaction between two objects. e Develop and use models based on evidence to
e The forces of an action reaction pair are acting on illustrate that forces acting on an object
different objects and therefore for do not cancel out. * Use mathematical expressions to quantify the
motion of an object based upon the forces acting on

e Only external forces can cause motion.

the object.
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e Friction depends on the properties of each surface and e Use mathematical models to determine the force of
the contact force. friction acting on an object and the effect the friction
has on the objects motion.

e Use mathematical expressions and the concept of
conservation of energy to predict and describe
system behavior.

e Use basic algebraic expressions or computations to
create a computational model to calculate the
change in the energy of one component in a system
(limited to two or three components) when the
change in energy of the other component(s) and
energy flows in and out of the system are known.

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

One activity is having a tug-o-war between students of various massed while seated in rolling chairs. Compare the
difference between when only one student pulls vs both students pulling. Another activity is determining the friction
coefficient of a piece of car tire by measuring the force required to drag it across a road surface. This can then be used
for skid mark analysis in automobile accident investigation.

1.  Newton’s 3™ Law
1.1. Discussion: Using 3™ law as a defense when accused of hitting someone. “The person’s face hit my hand.”
1.1.1.Study of concepts of Newton’s 3" Law
1.1.1.1. Action-Reaction pairs

1.1.1.2. Internal vs. external forces
1.1.1.2.1. Discussion of the horse and cart scenario
1.1.1.3. Modeling forces: Free-body diagrams
1.1.1.4. Problem solving using free body diagrams and Newton’s Laws of motion
1.1.2.Friction
1.1.2.1. Study concepts of friction
1.1.2.1.1. Static vs. kinetic
1.1.2.2. Lab: determine coefficient of fraction of an object sliding across a surface
1.1.2.3. Investigation: Given a piece of a car tire and the length of the skid marks, design an

experiment to determine the initial speed of an automobile.

Performance Expectations

Science and Engineering Practices DCI Crosscutting Concepts
Planning and Carrying Out PS2.A: Forces and Motion Patterns
Investigations e Newton’s second law accurately | e Different patterns may be observed
e Planning and carrying out predicts changes in the motion at each of the scales at which a
investigations to answer questions of macroscopic objects. (HS-PS2-1) system is studied and can provide
or test solutions to problems in 9-12 evidence for causality in
builds on k-8 experiences and P$2.B: Types of Interactions explanations of phenomena. (HS-
progresses to include investigations | ® Forces at a distance are PS2-4)
that provide evidence for and test explained by fields
conceptual, mathematical, physical (gravitational, electric, and Cause and Effect
and empirical models‘. o magnetic) permeating space . Ernpirical' evidence is required to
° .Plar\ .and conduct an mvest.lgatlon that can transfer energy through differentiate between cause and
individually and collaboratively to . correlation and make claims about
. space. Magnets or electric .
produce data to serve as the basis oo specific causes and effects. (HS-PS2-
for evidence, and in the design: currents cause magnetic fields;
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decide on types, how much, and
accuracy of data needed to produce
reliable measurements and consider
limitations on the precision of the
data (e.g., number of trials, cost,
risk, time), and refine the design
accordingly. (HS-PS2-5)

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models
to generate and analyze data.

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. (HS-PS2-1)

Using Mathematics and

Computational Thinking

e Mathematical and computational
thinking at the 9-12 level builds on
K-8 and progresses to using
algebraic thinking and analysis, a
range of linear and nonlinear
functions including trigonometric
functions, exponentials and
logarithms, and computational tools
for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are
created and used based on
mathematical models of basic
assumptions.

e Use mathematical representations
of phenomena to describe
explanations. (HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

Designing Solutions

e Constructing explanations and
designing solutions in 9-12 builds on
K—8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

e Apply scientific ideas to solve a
design problem, taking into account

electric charges or changing
magnetic fields cause electric
fields. (HS-PS2-4),(HS-PS2-5)

1),(HS-PS2-5)
e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models

e When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined. (HS-PS2-2)
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possible unanticipated effects. (HS-
PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability
of the claims, methods, and designs.

e Communicate scientific and
technical information (e.g. about the
process of development and the
design and performance of a
proposed process or system) in
multiple formats (including orally,
graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

e Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
guantitative data, video, multimedia) in order to address
a question or solve a problem. (HS-PS2-1) RST.11-12.7

e 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. (HS-
ETS1-3) RST.11-12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

o Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 5: Motion in Two Dimensions Instructional Time: 2.5 Weeks

How can one explain and predict the properties of motion in the horizontal and vertical axis of a thrown object?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems students in order to develop an understanding of ideas related
to the motion of a projectile.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes the mathematical
relationship among the net force on a macroscopic object, its mass, and its acceleration.
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-PS2-4 Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and
predict the gravitational and electrostatic forces between objects.
Create a computational model to calculate the change in the energy of one component in a system
HS-PS3-1 when the change in energy of the other component(s) and energy flows in and out of the system are
known.
Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a
HS-PS3-2 combination of energy associated with the motions of particles (objects) and energy associated with
the relative positions of particles (objects)
New Jersey Student Learning Standards for Mathematics
HSA-CED.A.2 Create equations in two or more variables to represent relationships between
guantities; graph equations on coordinate axes with labels and scales.
Solve linear equations and inequalities in one variable, including equations
HSA-REI.B.3 . .
with coefficients represented by letters.
HSA-RELC.6 Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of
linear equations in two variables.
HSE-LE.A.1c Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval
relative to another.
HSE-IF.B.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table)
over a specified interval. Estimate the rate of change from a graph.
HSS-ID.B Summarize, represent, and interpret data on two categorical and quantitative variables
HSN-VM.A.3 | (+) Solve problems involving velocity and other quantities that can be represented by vectors.
HSG-GMD.B | Visualize the relation between two-dimensional and three-dimensional objects

Enduring Understandings Essential Questions (3 or 4)
¢ The same basic rules govern the motion of all bodies, e Why do you angle a ball upward when trying to throw it
from planets and stars to birds and billiard balls. a long distance?
e Mathematics is a tool used to model objects, events, e Which will reach the ground first: A ball dropped
and relationships in the natural and designed world. straight down? Or a ball projected to the side?

¢ Understanding the development of scientific ideas is
essential for building scientific knowledge.

¢ Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment

e All objects fall at the same vertical acceleration Students who understand the concepts are able to:
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regardless of motion in the x direction.

e The only relationship between the horizontal and

vertical motion is time.

e Develop and use models based on evidence to
illustrate the relationship between properties of the
motion one the X and Y axis.

e Use mathematical expressions to calculate the
maximum height, time of flight, and horizontal range
of a projectile.

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts

through laboratory investigations.

One activity is applying the concepts of projectile motion to calculate the velocity of a Nerf dart given the launch angle
and the range. Another activity is to roll a ball off the side of a table and use physics to calculate the proper location to

place a target so that the ball lands on the target.

1. Concepts of Projectile motion
1.1. Demo: Monkey in the tree

1.2. Motion in the vertical direction is accelerated by gravity
1.3. Motion in the horizontal direction has zero acceleration

1.4. The X and y axis are related only by time

1.5. Demo: ball shot sideways vs ball dropped straight down

2. Horizontal projection problem solving

2.1. Lab: roll a ball down a ramp and off of a table. Use measured speed and height to table to predict where the

ball lands.
3. Full projectile motion problem solving

3.1. Lab: Have a catch with a ball. Calculate velocities and max height using measured distance of horizontal travel

and time of flight.
4. Range Calculation problem solving

4.1. Lab: Calculate the velocity of a Nerf dart using the angle it is shot at and the distance travelled.

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out Investigations

PS2.A: Forces and Motion

e Planning and carrying out investigations
to answer questions or test solutions to
problems in 9—12 builds on K-8
experiences and progresses to include
investigations that provide evidence for
and test conceptual, mathematical,
physical and empirical models.

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

Analyzing and Interpreting Data

Newton’s second law
accurately predicts changes
in the motion of macroscopic
objects. (HS-PS2-1)

PS2.B: Types of Interactions

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

Patterns

o Different patterns may be observed
at each of the scales at which a
system is studied and can provide
evidence for causality in
explanations of phenomena. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-PS2-
1),(HS-PS2-5)

e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models
o When investigating or describing a
system, the boundaries and initial
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e Analyzing data in 9—12 builds on K-8 and
progresses to introducing more detailed
statistical analysis, the comparison of
data sets for consistency, and the use of
models to generate and analyze data.

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.
(HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on K-8
and progresses to using algebraic
thinking and analysis, a range of linear
and nonlinear functions including
trigonometric functions, exponentials
and logarithms, and computational tools
for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are created
and used based on mathematical models
of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and Designing

Solutions

e Constructing explanations and designing
solutions in 9-12 builds on K-8
experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability of
the claims, methods, and designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or

conditions of the system need to be
defined. (HS-PS2-2)
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system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

English/Language Arts Standards

Mathematics Standards

Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
guantitative data, video, multimedia) in order to address
a question or solve a problem. (HS-PS2-1) RST.11-12.7
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. (HS-
ETS1-3) RST.11-12.9

Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-

ETS1-3),(HS-ETS1-4) MP.2

Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.
CRP4. - Communicate clearly and effectively and with reason.

CRP6. - Demonstrate creativity and innovation.

CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 6: Energy

Instructional Time: 5 Weeks

How is energy transferred and conserved?

In this unit of study, students develop and use models, plan and carry out investigations, use computational thinking and
design solutions as they make sense of the disciplinary core idea. The disciplinary core idea of Energy is broken down
into subcore ideas: definitions of energy, conservation of energy and energy transfer, and the relationship between
energy and forces. Energy is understood as a quantitative property of a system that depends on the motion and
interactions of matter, and the total change of energy in any system is equal to the total energy transferred into and out

of the system.

The crosscutting concepts of cause and effect, systems and systems models, energy and matter, and the influence of
science, and engineering are further developed in the performance expectations. Students are expected to demonstrate
proficiency in developing and using models, planning and carry out investigations, using computational thinking and
designing solutions, and they are expected to use these practices to demonstrate understanding of core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Identify and quantify the various types of energies within a system of objects in a well-defined state,

PS3.A . . o . L
PS3.B such as elastic potential energy, gravitational potential energy, kinetic energy, and thermal energy and
represent how these energies may change over time.
PS3.A Calculate changes in kinetic energy and gravitational potential energy of a system using
representations of that system.
Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a
HS-PS3-2 combination of energy associated with the motions of particles (objects) and energy associated with
the relative position of particles (objects).
Create a computational model to calculate the change in the energy of one component in a system
HS-PS3-1 when the change in energy of the other component(s) and energy flows in and out of the system are

known.

New Jersey Student Learning Standards for Mathematics

HSA-SSE.A.1a

Interpret parts of an expression, such as terms, factors, and coefficients.

HSA-CED.A.2

Create equations in two or more variables to represent relationships between
guantities; graph equations on coordinate axes with labels and scales.

Solve linear equations and inequalities in one variable, including equations

HSA-REI.B.3 with coefficients represented by letters.
HSE-IE.B.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table)
over a specified interval. Estimate the rate of change from a graph.
HSS-ID.B. Summarize, represent, and interpret data on two categorical and quantitative variables
HSN-VM.A.3 | (+) Solve problems involving velocity and other quantities that can be represented by vectors.
Enduring Understandings Essential Questions
e The same basic rules govern the motion of all bodies, e How does energy enter or exit a system?
from planets and stars to birds and billiard balls. e How do you quantify how quickly work is done?
e Mathematics is a tool used to model objects, events, e  Why is the first hill of a roller coaster the highest?
and relationships in the natural and designed world. e How does the potential energy of an object lifted to a

e Understanding the development of scientific ideas is
essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
guestions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

high place compare to the work done to lift the
object?

Concepts Formative Assessment

e  Work is the manner that energy enters or exits a system
e Energy cannot be created or destroyed, but can change

form.

Students who understand the concepts are able to:
e Develop and use models based on evidence to
illustrate that energy cannot be created or
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e Motion and position of an object can be calculated by destroyed. It only changes form.
analyzing the energy of the system. e Use mathematical expressions to quantify how the
stored energy in a system depends on its
configuration (e.g., relative position, compressions of
a spring) and how kinetic energy depends on mass
and speed.

e Use mathematical expressions and the concept of
conservation of energy to predict and describe
system behavior.

e Use basic algebraic expressions or computations to
create a computational model to calculate the
change in the energy of one component in a system
(limited to two or three components) when the
change in energy of the other component(s) and
energy flows in and out of the system are known.

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

One activity is using a pendulum to show how the potential energy at the highest point is converted into all kinetic
energy at the lowest point and can be used as a wrecking ball. Another activity is having students run up a flight of
stairs to determine the power generated.

1. Work
1.1. Positive work is energy entering a system
1.2. Negative work is energy leaving a system
1.3. Use equation: W = Fd
2. Power
2.1. Power is the rate at which work is done
2.2. Use equation: P = W/t
2.3. Lab: calculate a person’s work and power by lifting a mass through a set distance
3. Energy
3.1. Gravitational potential
3.1.1.The object has the potential to fall and do work
3.1.2.Use equation: PE = mgh
3.2. Elastic potential
3.2.1.The spring will return to its free length when released, and do work
3.2.2.Use equation : PE = % kx’
3.3. Kinetic
3.3.1.0bjects in motion have energy
3.3.2.Use equation: KE =% mv’
3.4. Conservation of energy
3.4.1.Energy of an isolated system is constant
3.4.2.Use equation: ME; = ME,
3.4.3.Lab: Roll a ball down a ramp. Determine the velocity of the ball at the bottom of the ramp experimentally
and by conservation of energy
3.5. Work energy theorem
3.5.1.Work done on an object will change its motion, and its kinetic energy
3.5.2.Use equation: W = AKE

Performance Expectations

Science and Engineering Practices | DCI Crosscutting Concepts
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Planning and Carrying Out

Investigations

e Planning and carrying out
investigations to answer questions or
test solutions to problems in 9-12
builds on K-8 experiences and
progresses to include investigations
that provide evidence for and test
conceptual, mathematical, physical
and empirical models.

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

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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.
(HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on K-
8 and progresses to using algebraic
thinking and analysis, a range of linear
and nonlinear functions including
trigonometric functions, exponentials
and logarithms, and computational
tools for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are created
and used based on mathematical
models of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

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. (HS-PS3-2)

PS3.B: Conservation of Energy and

Energy Transfer
e Conservation of energy means

that the total change of energy

in any system is always equal to
the total energy transferred into
or out of the system. (HS-PS3-1)

Energy cannot be created or
destroyed, but it can be
transported from one place to
another and transferred
between systems. (HS-PS3-1)

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

« The availability of energy limits

what can occur in any system.
(HS-PS3-1)

Patterns

o Different patterns may be observed
at each of the scales at which a
system is studied and can provide
evidence for causality in
explanations of phenomena. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-PS2-
1),(HS-PS2-5)

e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models

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

e Constructing explanations and
designing solutions in 9-12 builds on
K—8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability of
the claims, methods, and designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards Mathematics Standards

e Integrate and evaluate multiple sources of information e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
presented in diverse formats and media (e.g., ETS1-3),(HS-ETS1-4) MP.2
quantitative data, video, multimedia) in order to address | ¢ Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
a question or solve a problem. (HS-PS2-1) RST.11-12.7 ETS1-3),(HS-ETS1-4) MP.4

e Synthesize information from a range of sources (e.g., e Use units as a way to understand problems and to
texts, experiments, simulations) into a coherent guide the solution of multi-step problems; choose and
understanding of a process, phenomenon, or concept, interpret units consistently in formulas; choose and
resolving conflicting information when possible. (HS- interpret the scale and the origin in graphs and data
ETS1-3) RST.11-12.9 displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRPS8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 7: Momentum Instructional Time: 2.5 Weeks

How can one explain and predict the motion of an object after a collision?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of the conservation of
momentum. The moving objects have momentum and that momentum can be transferred in a collision.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Calculate changes in kinetic energy and gravitational potential energy of a system using

PS3.A .
representations of that system.

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.

Use mathematical representations to support the claim that the total momentum of a system of

HS-PS2-2 . . .
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.

Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and

HS-PS2-4 predict the gravitational and electrostatic forces between objects.

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

known.

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

the relative positions of particles (objects)

New Jersey Student Learning Standards for Mathematics

Create equations in two or more variables to represent relationships between

HSA-CED.A.2 .. . . .
guantities; graph equations on coordinate axes with labels and scales.

Solve linear equations and inequalities in one variable, including equations

HSA-REI.B.3 with coefficients represented by letters.
HSA-RELC.6 Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of
linear equations in two variables.
HSS-ID.B. Summarize, represent, and interpret data on two categorical and quantitative variables
HSN-VM.A.3 | (+) Solve problems involving velocity and other quantities that can be represented by vectors.
Enduring Understandings Essential Questions
e The same basic rules govern the motion of all bodies, e How do airbags in automobiles help to reduce injuries?
from planets and stars to birds and billiard balls. e In billiards, why does the cue ball stop if it strikes a
e Mathematics is a tool used to model objects, events, stationary ball very hard?
and relationships in the natural and designed world. e How can the speed of a car before a collision be
e Understanding the development of scientific ideas is calculated?

essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment
e Momentum is inertia in motion Students who understand the concepts are able to:
e The momentum of an isolated system is conserved e Develop and use models based on evidence to
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Kinetic energy is conserved in a fully elastic collision

An applied force will change an objects momentum

A force acting on an object over a duration of time is an
impulse

Increasing the time duration of an impulse reduces the
force applied

illustrate that momentum is conserved in a collision.
e Use mathematical expressions to quantify the mass
and velocity of objects before and after a collision.

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

Students will try to break eggs by throwing them at a loose sheet. This is used to show how time of impact affects the
force applied. Students will experiment with the ballistic pendulum to determine the initial speed of the projectile
based upon how high the pendulum swings.

1.

Momentum
1.1. Concepts of momentum
1.1.1.Moving objects have momentum
1.2. Problem solving
1.2.1.Equation: P =mv
Impulse
2.1. Demo: throw eggs at a plastic sheet
2.2. Concepts of impulse
2.2.1.Force acting over a duration of time is an impulse
2.2.2.Impulse is a change in momentum
2.3. Problem solving
2.3.1.Equation: FT = AP
Conservation of Momentum
3.1. Demo: billiard shots
3.2. Concepts of conservation of energy
3.2.1.Momentum is conserved during a collision
3.2.2.Elastic vs. inelastic collisions
3.2.2.1.
3.3. Problem solving
3.3.1.Equation: P =P’
3.4. Lab: Ballistic pendulum

; MVy + mMyvy = myvy’ + myvy’

Kinetic energy is conserved during a fully elastic collision

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out Investigations

PS2.A: Forces and Motion

Patterns

e Planning and carrying out investigations | e
to answer questions or test solutions to
problems in 9—12 builds on K-8
experiences and progresses to include
investigations that provide evidence for | e
and test conceptual, mathematical,
physical and empirical models.
Plan and conduct an investigation
individually and collaboratively to
produce data to serve as the basis for °
evidence, and in the design: decide on

PS2-2)

Newton’s second law
accurately predicts changes in
the motion of macroscopic
objects. (HS-PS2-1)
Momentum is defined for a
particular frame of reference;
it is the mass times the
velocity of the object. (HS-

If a system interacts with
objects outside itself, the total

o Different patterns may be observed
at each of the scales at which a
system is studied and can provide
evidence for causality in
explanations of phenomena. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
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types, how much, and accuracy of data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g.,
number of trials, cost, risk, time), and
refine the design accordingly. (HS-PS2-5)

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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.
(HS-PS2-1)

Using Mathematics and Computational

Thinking

o Mathematical and computational
thinking at the 9-12 level builds on K-8
and progresses to using algebraic
thinking and analysis, a range of linear
and nonlinear functions including
trigonometric functions, exponentials
and logarithms, and computational
tools for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are created
and used based on mathematical
models of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and Designing

Solutions

e Constructing explanations and
designing solutions in 9-12 builds on K-
8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and
Communicating Information

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

specific causes and effects. (HS-
PS2-1),(HS-PS2-5)

e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models

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

communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability of
the claims, methods, and designs.
Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
guantitative data, video, multimedia) in order to address
a question or solve a problem. (HS-PS2-1) RST.11-12.7
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. (HS-
ETS1-3) RST.11-12.9

Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.
CRP4. - Communicate clearly and effectively and with reason.

CRP6. - Demonstrate creativity and innovation.

CRPS8. - Utilize critical thinking to make sense of problems and persevere in solving them.
CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 8: Rotation

Instructional Time: 2.5 Weeks

How can one explain and predict the motion of a rotating object?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of ideas related to
circular motion and rotation.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

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

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-PS2-4 Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and
predict the gravitational and electrostatic forces between objects
Use a computer simulation to model the impact of proposed solutions to a complex real-world

HS-ETS1-4 problem with numerous criteria and constraints on interactions within and between systems relevant
to the problem.

New Jersey Student Learning Standards for Mathematics
Solve linear equations and inequalities in one variable, including equations
HSA-REIL.B.3 . .

with coefficients represented by letters.

HSE-IE.B.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table)
over a specified interval. Estimate the rate of change from a graph.

HSS-IC.B.4 Use data from a sample survey to estimate a population mean or proportion; develop a margin of
error through the use of simulation models for random sampling

HSS-ID.B Summarize, represent, and interpret data on two categorical and quantitative variables

HSN-VM.A.3 | (+) Solve problems involving velocity and other quantities that can be represented by vectors.
Enduring Understandings Essential Questions
e The same basic rules govern the motion of all bodies, e How does a bicycle stay upright?
from planets and stars to birds and billiard balls. e Why is it easier to turn a bolt when a longer wrench is
e Mathematics is a tool used to model objects, events, used?
and relationships in the natural and designed world. e Why does a figure skater spin faster when she brings

Understanding the development of scientific ideas is
essential for building scientific knowledge.

Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and

theory, and communicating and justifying explanations.

her arm inward?

Why is engine speed measured in RPM?

Concepts

Formative Assessment

Torque causes angular acceleration

Angular inertia is dependent upon the location of the
mass relative to the axis of rotation

Angular momentum is conserved; a change in angular
inertia will result in a change in angular velocity
Centripetal force is required for circular motion

Students who understand the concepts are able to:

e Develop and use models based on evidence to
illustrate that:
0 Angular momentum is conserved
0 Angular inertia is affected by the location of the
mass

0 Torque causes angular acceleration

0 A centripetal force is required for circular motion
e Use mathematical expressions to quantify the
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angular acceleration of a rotating object based upon
the angular inertia of the object and the torque
applied.

e Use mathematical expressions to quantify the
centripetal force required for an object in circular
motion

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

One activity is using a centripetal force apparatus to measure to compare the experimental and theoretical centripetal
force applied for a known mass being swung in a circular path. Another activity is racing a disc and a ring of identical
mass and diameter down a ramp. Students will be asked to predict the winner of the race and will learn that with
rotating objects the location of the mass affects the angular inertia.

1.

Angular motion
1.1. Intro: Discuss the difference between a speedometer and a tachometer in an automobile
1.2. Angular velocity
1.2.1.w = AB/At
1.3. Tangential velocity
1.3.1v=d/t
1.4. Converting between angular velocity and tangential velocity
l4lv=rw
1.5. Angular acceleration
1.5.1.a=Aw/At
1.6. Converting between angular and tangential acceleration
l6.la=ra
Circular Motion
2.1. Intro: spin a bucket of water in a vertical circle
2.2. Concepts of circular motion
2.2.1.Centripetal force
2211, F=mvi/r
2.2.2.Centrifugal force
2.3. Lab: centripetal force tool. Compare measured to calculated centripetal force.
Torque
3.1. Intro: attempt to rotate a sledge hammer from the end of the handle vs. near the head
3.2. Concepts of torque
3.2.1.t = (rF)sinB
3.3. Demo: show and explain the function of a torque wrench
Statics
4.1. Intro: discuss how newton’s laws apply to the design of a bridge
4.2. Concept of statics
42.12F=0
4.2.2.31=0
4.3. Lab: see-saw; place a mass on a balanced beam and experimentally and theoretically determine the location of
a second mass that will balance the beam.
Angular inertia
5.1. Demo: race a disc and hoop of equal mass and diameter down a ramp
5.2. Concepts of angular inertia
5.2.1.Equations for angular inertia for different types of objects
5.3. Demo: twist rotating bicycle wheel while seated in a swivel chair
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5.4. Demo: spin a toy top

5.5. Lab: wrap a string around the hub of a wheel. determine the time it takes or hung mass to unwind the string

and accelerate the wheel
6. Angular momentum

6.1. Demo: hold two masses in outstretched arms while seated in a swivel chair. Spin the chair and pull arms inward

6.2. Concepts of angular momentum
6.2.1.L=lw

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out Investigations

e Planning and carrying out investigations to
answer questions or test solutions to
problems in 9-12 builds on K—8 experiences
and progresses to include investigations
that provide evidence for and test
conceptual, mathematical, physical and
empirical models.

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

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8 and
progresses to introducing more detailed
statistical analysis, the comparison of data
sets for consistency, and the use of models
to generate and analyze data.

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. (HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational thinking
at the 9-12 level builds on K-8 and
progresses to using algebraic thinking and
analysis, a range of linear and nonlinear
functions including trigonometric functions,
exponentials and logarithms, and
computational tools for statistical analysis
to analyze, represent, and model data.
Simple computational simulations are
created and used based on mathematical
models of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations. (HS-

PS2.A: Forces and Motion

e Newton’s second law
accurately predicts changes in
the motion of macroscopic
objects. (HS-PS2-1)

e Momentum is defined for a
particular frame of reference;
it is the mass times the velocity
of the object. (HS-PS2-2)

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. (HS-PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims
about specific causes and
effects. (HS-PS2-1),(HS-PS2-5)

e Systems can be designed to
cause a desired effect. (HS-PS2-
3)

Systems and System Models

e When investigating or describing
a system, the boundaries and
initial conditions of the system
need to be defined. (HS-PS2-2)
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PS2-2),(HS-PS2-4)

Constructing Explanations and Designing

Solutions

e Constructing explanations and designing
solutions in 9—12 builds on K-8 experiences
and progresses to explanations and designs
that are supported by multiple and
independent student-generated sources of
evidence consistent with scientific ideas,
principles, and theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and Communicating

Information

e Obtaining, evaluating, and communicating
information in 9-12 builds on K-8 and
progresses to evaluating the validity and
reliability of the claims, methods, and
designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

¢ Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or
solve a problem. (HS-PS2-1) RST.11-12.7

e 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. (HS-ETS1-3) RST.11-

12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual, graphical,
audio, visual, and interactive elements) in presentations to

enhance understanding of findings, reasoning, and
evidence and to add interest. (HS-PS1-4) SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-
2),(HS-ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 9: Electrostatics Instructional Time: 2 Weeks

How can one explain and predict the force between to electric point charges?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems, in order to develop an understanding of ideas related to
electrostatics. Students will understand the concept of a force field. Students will explore the concepts of voltage,
current, and resistance in preparation for the study of electric circuits.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

HS-PS1-6 Refine the design of a chemical system by specifying a change in conditions that would produce
increased amounts of products at equilibrium
HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are
conserved during a chemical reaction
HS-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-PS2-5 Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic
field and that a changing magnetic field can produce an electric current.
HS-PS2-6 Communicate scientific and technical information about why the molecular-level structure is
important in the functioning of designed materials
HS-PS3-5 Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the
forces between objects and the changes in energy of the objects due to the interaction
New Jersey Student Learning Standards for Science
Solve linear equations and inequalities in one variable, including equations
HSA-REIL.B.3 . .
with coefficients represented by letters.
HSN-CN.C.7 Solve quadratic equations with real coefficients that have complex solutions.
HSE-LE.A.1c Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval
relative to another.
HSG-SRT.D.11 (+) Understand and apply the Law of Sines and the Law of Cosines to find unknown measurements in
right and non-right triangles (e.g., surveying problems, resultant forces).
HSS-ID.B Summarize, represent, and interpret data on two categorical and quantitative variables
Enduring Understandings Essential Questions (3 or 4)
e The same basic rules govern the motion of all bodies, e Why do you sometimes receive a shock when you
from planets and stars to birds and billiard balls. touch the doorknob on a dry day?
e Mathematics is a tool used to model objects, events, and | ¢ Why do some electrical wires get hot?
relationships in the natural and designed world. e Why are all the trees cut down near the high tension
e Understanding the development of scientific ideas is wires?

essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment
e Like charges repel; opposite charges attract Students who understand the concepts are able to:
e Aninsulator can develop a net charge e Develop and use models based on evidence to
e Charge is conserved illustrate that charge is conserved.
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An electric field is an area around a charge that is
affected by the charges electric force.

Any object with mass exerts gravity on every other
object with mass.

Voltage is a measure of potential energy of an electric
charge.

Current is the flow of charge

The geometric and atomic properties of a conductor will
determine its resistance.

e Use mathematical expressions to quantify the
electric force due to a point charge

e Use mathematical expressions to quantify the
gravitational force due to a mass

e Use mathematical expressions to quantify: voltage,
current, resistivity

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

One activity is having a student use the charge provided a Van de Graff machine to bend a stream of water to show
that the charge is transferred from the machine to the student. Another activity is place stack of mini pie tins of the
Van de Graff machine and turn on the power. The students will need to explain why the tins fly off of the machine.

1.

Basics of charge

1.1. Positive vs. negative

1.2. Opposites attract; likes repel

1.3. Conductors vs. insulators

1.4. Charge by contact

1.5. Charge by induction

1.6. Demo: Van de Graaff generator

Gravitational Force

2.1. Newton’s Universal Gravitation

Electric force

3.1. Coulombs law
3.1.1.superposition

3.2. Electric fields
3.2.1.superposition

Voltage

4.1. Demo: Van de Graaff generator or Tesla Coil

4.2. Due to point charge

4.3. Potential difference

Current

5.1. Demo: Tesla coil

Resistance

6.1. Resistivity

Performance Expectations

Science and Engineering Practices

DCI Crosscutting Concepts

Planning and Carrying Out PS2.B: Types of

Investigations

Interactions Patterns

Planning and carrying out explained by
investigations to answer questions or (gravitationa

e Forces at a distance are o Different patterns may be observed

fields at each of the scales at which a
|, electric, and system is studied and can provide

test solutions to problems in 9-12 magnetic) permeating space evidence for causality in

builds on K-8 experiences and that can tran

sfer energy explanations of phenomena. (HS-

progresses to include investigations through space. Magnets or PS2-4)

that provide evidence for and test electric currents cause
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conceptual, mathematical, physical
and empirical models.

e Plan and conduct an investigation
individually and collaboratively to
produce data to serve as the basis for
evidence, and in the design: decide on

types, how much, and accuracy of data

needed to produce reliable
measurements and consider

limitations on the precision of the data

(e.g., number of trials, cost, risk, time),
and refine the design accordingly. (HS-
PS2-5)

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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.
(HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on K-
8 and progresses to using algebraic
thinking and analysis, a range of linear
and nonlinear functions including
trigonometric functions, exponentials
and logarithms, and computational
tools for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are created
and used based on mathematical
models of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

Designing Solutions

e Constructing explanations and
designing solutions in 9-12 builds on
K-8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with

magnetic fields; electric charges
or changing magnetic fields
cause electric fields. (HS-PS2-
4),(HS-PS2-5)

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. (HS-
PS2-6),(secondary to HS-PS1-
1),(secondary to HS-PS1-3)

PS3.C: Relationship Between

Energy and Forces

When two objects interacting
through a field change relative
position, the energy stored in
the field is changed. (HS-PS3-5)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-PS2-
1),(HS-PS2-5)

e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models

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

o Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability of
the claims, methods, and designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

e Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address
a question or solve a problem. (HS-PS2-1) RST.11-12.7

e 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. (HS-
ETS1-3) RST.11-12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 10: Circuits Instructional Time: 2.5 Weeks

What is the relationship between voltage and current?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of DC circuits. Students
will explore the relationship between voltage, current, and resistance. Students will learn to analyze complex circuits
using Kirchhoff’s circuit rules and Ohm’s law.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

HS-PS2-4 Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and
predict the gravitational and electrostatic forces between objects
HS-PS2-5 Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic
field and that a changing magnetic field can produce an electric current.
HS-PS2-6 Communicate scientific and technical information about why the molecular-level structure is
important in the functioning of designed materials
HS-PS3-3 Design, build, and refine a device that works within given constraints to convert one form of energy
into another form of energy.
HS-PS3-5 Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the
forces between objects and the changes in energy of the objects due to the interaction
New Jersey Student Learning Standards for Mathematics
Solve linear equations and inequalities in one variable, including equations
HSA-REIL.B.3 . .
with coefficients represented by letters.
HSN-CN.C.7 Solve quadratic equations with real coefficients that have complex solutions.
HSE-LE.A.1c Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval
relative to another.
HSG-SRT.D.11 (+) Understand and apply the Law of Sines and the Law of Cosines to find unknown measurements in
right and non-right triangles (e.g., surveying problems, resultant forces).
HSS-ID.B Summarize, represent, and interpret data on two categorical and quantitative variables
Enduring Understandings Essential Questions (3 or 4)
e The same basic rules govern the motion of all bodies, e Why does a device not work if the batteries are
from planets and stars to birds and billiard balls. installed reverse?
e Mathematics is a tool used to model objects, events, and | ¢ Why is it required to use a power adaptor to charge a
relationships in the natural and designed world. cellular phone rather than just plug right into the wall
e Understanding the development of scientific ideas is outlet?
essential for building scientific knowledge. e What causes a fuse to blow?

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment
e Current flows through a closed circuit Students who understand the concepts are able to:
e Voltage makes the charge want to flow e Develop and use models based on evidence to
e Resistance is like friction for current illustrate how current flows through a circuit.
e Multiple resistors can be replaced with one equivalent e Use mathematical expressions to quantify the
resistor current in various locations within a complex circuit.
e Current only changes at junctions e Explain the difference between AC and DC power

e Explain the purpose of a fuse in a circuit
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e The sum of voltage for a loop is zero

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

One activity is comparing the flow of water through a hose with the flow of electrons through a circuit. Students need
to identify what circuit element does a similar function to the pump, the water, and a kink in the hose. Students will
also be taught how to use a multi-meter for use in circuit analysis. Students will then use the multi-meter to
experiment with series and parallel resistors.

1. Circuit Basics
1.1. Open vs. closed circuit
1.2. Water analogy
1.2.1.Voltage is a pump
1.2.2.Current is the flowing water
1.2.3.Resistance is a kink in the hose
1.3. Electrical symbols
1.4. Series and parallel
1.4.1.Equivalent resistance
1.4.2.Lab: build circuits and measure resistance
2. Ohms Law
2.1. Lab: build a circuit, compare measured and theoretical current (ohms law)
Kirchhoff’s Laws
4. Power
4.1. AC/DC
4.2. Lab: use watt meter to compare theoretical and measure power usage of household appliances
5. Electric safety devices

w

5.1. Fuse
5.2. Circuit breaker
5.3. GFCl
Performance Expectations
Science and Engineering Practices DCI Crosscutting Concepts
Planning and Carrying Out Investigations | PS2.B: Types of Interactions Patterns
e Planning and carrying out investigations | ¢ Forces at a distance are o Different patterns may be
to answer questions or test solutions to explained by fields observed at each of the scales at
problems in 9—12 builds on K-8 (gravitational, electric, and which a system is studied and can
experiences and progresses to include magnetic) permeating space provide evidence for causality in
investigations that provide evidence for that can transfer energy through explanations of phenomena. (HS-
and test conceptual, mathematical, space. Magnets or electric PS2-4)
physical and empirical models. currents cause magnetic fields;
e Plan and conduct an investigation electric charges or changing Cause and Effect
individually and collaboratively to magnetic fields cause electric e Empirical evidence is required to
produce data to serve as the basis for fields. (HS-PS2-4),(HS-PS2-5) differentiate between cause and
evidence, and in the design: decide on e Attraction and repulsion correlation and make claims about
types, how much, and accuracy of data between electric charges at the specific causes and effects. (HS-
needed to produce reliable atomic scale explain the PS2-1),(HS-PS2-5)
measureme.n.ts and consider limitations structure, properties, and e Systems can be designed to cause
on the precision of the data (e.g., transformations of matter, as .
. . . a desired effect. (HS-PS2-3)
number of trials, cost, risk, time), and well as the contact forces
refine the design accordingly. (HS-PS2-5) between material objects. (HS- Systems and System Models
PS2-6),(secondary to HS-PS1- e When investigating or describing a
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Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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.
(HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on K-8
and progresses to using algebraic
thinking and analysis, a range of linear
and nonlinear functions including
trigonometric functions, exponentials
and logarithms, and computational
tools for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are created
and used based on mathematical
models of basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and Designing

Solutions

e Constructing explanations and
designing solutions in 9-12 builds on K-
8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability of
the claims, methods, and designs.

o Communicate scientific and technical
information (e.g. about the process of

1),(secondary to HS-PS1-3)

system, the boundaries and initial
conditions of the system need to
be defined. (HS-PS2-2)
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development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
guantitative data, video, multimedia) in order to
address a question or solve a problem. (HS-PS2-1)
RST.11-12.7

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. (HS-
ETS1-3) RST.11-12.9

Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.
CRP4. - Communicate clearly and effectively and with reason.

CRP6. - Demonstrate creativity and innovation.

CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 11: Magnetism Instructional Time: 2 Weeks

How can one explain how magnetism and electricity are related?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of ideas related to
magnetism. Students will learn that electrical current creates a magnetic field and that magnetic fields exert force on
charged particles.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and

HS-PS2-4 predict the gravitational and electrostatic forces between objects

HS-PS2-5 Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic
field and that a changing magnetic field can produce an electric current.

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

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

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

New Jersey Student Learning Standards for Mathematics
HSA-RELB.3 Solve linear equations and inequalities in one variable, including equations

with coefficients represented by letters.

HSN-CN.C.7 Solve quadratic equations with real coefficients that have complex solutions.

Use units as a way to understand problems and to guide the solution of multi-step problems; choose
HSN-Q.A.1 and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs
and data displays.

Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval

HSF-LE.A.1 .
S ¢ relative to another.

(+) Understand and apply the Law of Sines and the Law of Cosines to find unknown measurements in

HSG-SRT.D.11 . . . .
565 right and non-right triangles (e.g., surveying problems, resultant forces).

HSS-ID.B Summarize, represent, and interpret data on two categorical and quantitative variables
Enduring Understandings Essential Questions
e The same basic rules govern the motion of all bodies, e How does a generator produce electricity?
from planets and stars to birds and billiard balls. e Why does a compass point toward the north?
e Mathematics is a tool used to model objects, events, e How does a magnetic field affect a charged particle?

and relationships in the natural and designed world.

e Understanding the development of scientific ideas is
essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment
e Magnets have a north and south pole Students who understand the concepts are able to:
e Like poles repel, opposite poles attract e Develop and use models based on evidence to
e A changing magnetic field can induce a current illustrate an understanding of magnetic fields

e Use mathematical expressions to quantify the
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e A moving charge creates a magnetic field

conductor.

current produced by a changing magnetic field
e Use mathematical expressions to quantify the
magnetic field produced by a the current through a

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts

through laboratory investigations.

One activity tracing the magnetic field lines around a bar magnet using a compass. Students will also measure the
current induced in a coil of wire when placed in a changing magnetic field as per Faraday’s Law.

1. Basic Magnetism
1.1. Demo: Magnets
1.2. Concept of poles
1.3. Magnetic fields
1.3.1.Field lines
1.3.2.Demo: compass

1.3.3.Lab: mapping magnetic field lines

2. Faradays Law
2.1. Demo: generator

2.2. Calculate current induced by a changing magnetic field

2.3. Lab: Faradays Law

3. Magnetic field created by current through a conductor
3.1. Demo: compass & high current conducting wire
3.2. Calculate magnetic field created by current through a conductor

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out Investigations

¢ Planning and carrying out investigations to
answer questions or test solutions to
problems in 9—12 builds on K-8 experiences
and progresses to include investigations that
provide evidence for and test conceptual,
mathematical, physical and empirical
models. (HS-PS2-5)

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

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8 and
progresses to introducing more detailed
statistical analysis, the comparison of data
sets for consistency, and the use of models
to generate and analyze data.

PS2.B: Types of Interactions

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

PS3.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. (HS-PS3-5)

Patterns

o Different patterns may be
observed at each of the scales at
which a system is studied and can
provide evidence for causality in
explanations of phenomena. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims
about specific causes and effects.
(HS-PS2-1),(HS-PS2-5)

e Systems can be designed to cause
a desired effect. (HS-PS2-3)

Systems and System Models

e When investigating or describing
a system, the boundaries and
initial conditions of the system
need to be defined. (HS-PS2-2)
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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. (HS-PS2-1)

Using Mathematics and Computational

Thinking

o Mathematical and computational thinking at
the 9-12 level builds on K-8 and progresses
to using algebraic thinking and analysis, a
range of linear and nonlinear functions
including trigonometric functions,
exponentials and logarithms, and
computational tools for statistical analysis to
analyze, represent, and model data. Simple
computational simulations are created and
used based on mathematical models of basic
assumptions.

e Use mathematical representations of
phenomena to describe explanations. (HS-
PS2-2),(HS-PS2-4)

Constructing Explanations and Designing

Solutions

e Constructing explanations and designing
solutions in 9—12 builds on K-8 experiences
and progresses to explanations and designs
that are supported by multiple and
independent student-generated sources of
evidence consistent with scientific ideas,
principles, and theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and Communicating

Information

e Obtaining, evaluating, and communicating
information in 9-12 builds on K-8 and
progresses to evaluating the validity and
reliability of the claims, methods, and
designs.

e Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including orally,
graphically, textually, and mathematically).

(HS-PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

e Integrate and evaluate multiple sources of information

presented in diverse formats and media (e.g.,

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2
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guantitative data, video, multimedia) in order to address
a question or solve a problem. (HS-PS2-1) RST.11-12.7
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. (HS-
ETS1-3) RST.11-12.9

Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.

CRP4. - Communicate clearly and effectively and with reason.

CRP6. - Demonstrate creativity and innovation.

CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 12: Waves-Sound Instructional Time: 3 Weeks

How are waves used to transfer energy and send and store information?

In this unit of study, students apply their understanding of how wave properties can be used to transfer information
across long distances, store information, and investigate nature on many scales. The crosscutting concept of cause and
effect is highlighted as an organizing concept for these disciplinary core ideas. Students are expected to demonstrate
proficiency in using mathematical thinking, and to use this practice to demonstrate understanding of the core idea

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Use mathematical representations to support a claim regarding relationships among the frequency,

HS-PS4-1 L . .
S-PS wavelength, and speed of waves traveling in various media.

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

Evaluate the validity and reliability of claims in published materials of the effects that

HS-PS4-4 RN
S-PS different frequencies of electromagnetic radiation have when absorbed by matte

New Jersey Student Learning Standards for Mathematics

Create equations in two or more variables to represent relationships between

HSA-CED.A.2 .. . . .
SA-C guantities; graph equations on coordinate axes with labels and scales.

Solve linear equations and inequalities in one variable, including equations

HSA-REL.B. . ..
S 3 with coefficients represented by letters.

Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of

HSA-REL.C.6 i L .
linear equations in two variables.

Summarize categorical data for two categories in two-way frequency tables. Interpret
HSS-ID.B.5 relative frequencies in the context of the data (including joint, marginal and conditional
relative frequencies). Recognize possible associations and trends in the data.

Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency,

HSF-TF.B.5 and midline.
HSE-IE.B.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table)
over a specified interval. Estimate the rate of change from a graph.
HSE-IF.C.7e Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric
functions, showing period, midline, and amplitude.
Enduring Understandings Essential Questions
e The same basic rules govern the motion of all bodies, e Why is there no sound in outer space?
from planets and stars to birds and billiard balls. e Why do sounds get less loud the further you are from
e Mathematics is a tool used to model objects, events, the source?
and relationships in the natural and designed world. e Why does a raft bob up and down on a wave in a pool?
e Understanding the development of scientific ideas is e Why are the strings on a guitar of different thickness?

essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment
e The speed of wave is dependent upon the frequency Students who understand the concepts are able to:
and wavelength. e Use mathematical representations to support a
e Waves transmit energy, not matter. claim regarding relationships among the frequency,
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e The motion of a vibrating wave medium is modeled by a wavelength, and speed of waves traveling in
mass-spring system. various media.

e Sound is a mechanical wave that is within the intensity e Use algebraic relationships to quantitatively
and frequency range of the human ear. describe relationships among the frequency,

e Frequency determines the pitch of a sound; amplitude wavelength, and speed of waves traveling in
determines the loudness. various media.

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

Students will experiment with the mass-spring model of Simple Harmonic Motion by using Hooke’s Law to determine
the spring constant and determining the period based on the spring constant and the mass. Students will also
experiment to determine whether mass, length, or amplitude affect the period of a pendulum. Students will make the
air column in a test tube resonate at a specific frequency by adding water to the tube to provide the proper length of
the air column.

1. Wave basics
1.1. Demo: Mass spring model
1.2. Concepts of the Mass-spring model
1.2.1.Hooke’s Law
1.2.1.1. Lab: measure the spring constant of spring using Hooke’s law; calculate period of oscillation
1.2.2.Frequency/period
1.2.3.Wavelength
1.2.4.Amplitude
1.3. Energy in a wave
1.4. Wave motion
1.4.1.Demo: slinky; show transvers and longitudinal waves
2. Interference
3. Standing wave
3.1. Demo: Tacoma Narrows bridge
4. Pendulum
4.1. Lab: determine what affects the period of a pendulum: mass, length of string, amplitude
5. Sound basics
5.1. Volume
5.2. Frequency
5.3. Human hearing
5.3.1.Demo: mosquito ringtone; produce high pitch frequencies to test range of hearing.
6. Beats
6.1. Demo: use audacity to produce beats on the computer
7. Instruments
7.1. Demo: examine the strings on a guitar; the effects the string tension has on sound
7.2. Wind
7.3. String
7.3.1.Lab: calculate frequency of the wave produced in a test tube based on the air column
8. Intensity
9. Doppler Effect

Performance Expectations

Science and Engineering Practices DCI Crosscutting Concepts
Planning and Carrying Out PS4.A: Wave Properties Patterns
Investigations e The wavelength and frequency of | e Different patterns may be
e Planning and carrying out a wave are related to one another observed at each of the scales at
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investigations to answer questions or
test solutions to problems in 9-12
builds on K-8 experiences and
progresses to include investigations
that provide evidence for and test
conceptual, mathematical, physical
and empirical models.

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

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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. (HS-PS2-1)

Using Mathematics and Computational

Thinking

e Mathematical and computational
thinking at the 9-12 level builds on
K—8 and progresses to using algebraic
thinking and analysis, a range of
linear and nonlinear functions
including trigonometric functions,
exponentials and logarithms, and
computational tools for statistical
analysis to analyze, represent, and
model data. Simple computational
simulations are created and used
based on mathematical models of
basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and
Designing Solutions
e Constructing explanations and

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

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. (HS-PS4-2),(HS-PS4-5)

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

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. (HS-PS3-2)
(HS-PS3-3)

PS3.B: Conservation of Energy and

Energy Transfer

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

e The availability of energy limits
what can occur in any system. (HS-
PS3-1)

which a system is studied and can
provide evidence for causality in
explanations of phenomena. (HS-
PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims
about specific causes and effects.
(HS-PS2-1),(HS-PS2-5)

e Systems can be designed to cause
a desired effect. (HS-PS2-3)

Systems and System Models

e When investigating or describing
a system, the boundaries and
initial conditions of the system
need to be defined. (HS-PS2-2)
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designing solutions in 9-12 builds on
K-8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Obtaining, Evaluating, and
Communicating Information
e Obtaining, evaluating, and

communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability
of the claims, methods, and designs.
Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process
or system) in multiple formats
(including orally, graphically,
textually, and mathematically). (HS-
PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or
solve a problem. (HS-PS2-1) RST.11-12.7

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. (HS-ETS1-
3) RST.11-12.9

Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-
2),(HS-ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to
guide the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.

CRP4. - Communicate clearly and effectively and with reason.

CRP6. - Demonstrate creativity and innovation.

CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 13: Light-Optics Instructional Time: 2.5 Weeks

How can one explain how light can be adjusted using lenses and mirrors?

In this unit of study, students are expected to plan and conduct investigations, analyze data and using math to support
claims, and apply scientific ideas to solve design problems in order to develop an understanding of light and geometric
optics. Models of electromagnetic radiation as both a wave of changing electrical and magnetic fields or as particles are
developed and used.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

Use mathematical representations to support a claim regarding relationships among the frequency,

HS-PS4-1 L . .
wavelength, and speed of waves traveling in various media.

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

Communicate technical information about how some technological devices use the principles of wave

HS-PS4-5 . . . . . . .
behavior and wave interactions with matter to transmit and capture information and energy.

New Jersey Student Learning Standards for Mathematics

Create equations in two or more variables to represent relationships between

HSA-CED.A.2 .. . . .
guantities; graph equations on coordinate axes with labels and scales.

Solve linear equations and inequalities in one variable, including equations

HSA-REI.B.3 . ..
with coefficients represented by letters.

Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of

HSA-REL.C.6 i L .
linear equations in two variables.

Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval

HSF-LE.A.1 .
S ¢ relative to another.

Enduring Understandings Essential Questions
e The same basic rules govern the motion of all bodies, e Why does everything look reversed in a mirror?
from planets and stars to birds and billiard balls. e How do eyeglasses correct vision?

e Mathematics is a tool used to model objects, events, and | ¢ Why does light stay in an optical fiber?
relationships in the natural and designed world.

e Understanding the development of scientific ideas is
essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment
e Light is both a wave and a particle Students who understand the concepts are able to:
e Visible light is a small part of the electromagnetic e Develop and use models based on evidence to
spectrum illustrate that light can be both a wave and/or a
e Electromagnetic waves do not require a medium particle.
e Light is refracted when it crosses the boundary into a e Use mathematical expressions to quantify the
new medium location and magnification of an image resulting

from reflected or refracted light rays

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
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used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

Students will use the concepts of Young’s Double Slit experiment, updated with a diffraction grating and a laser beam,
to determine the frequency of the laser light based upon the interference pattern projected onto a screen. Students
will determine the index of refraction of an unknown material based upon the displacement of the laser beam upon
passing through the block. Students will experiment with double convex lens to calculate the image distance based
upon a known object distance.

1. Electromagnetic spectrum
1.1. Demo: striker bell in an evacuated bell jar
2. Wave-Particle duality
2.1. Demo: Young's Double Slit
2.2. Diffraction
2.3. Photoelectric effect
2.4. Principle of complementarity
2.5. Lab: determine the wavelength of a laser light using a diffraction grating
3. Refraction
3.1. Demo: spoon in a glass of water appears bent
3.2. Speed of light
3.3. Index of refraction
3.4. Lab: determine the index of refraction of a material
4. Reflection
4.1. Ray drawings
4.1.1.Plain mirrors
4.1.2.Concave mirrors
4.1.3.Convex mirrors
5. Lens
5.1. Ray drawings
5.1.1.Convex mirrors
5.2. Lab: use convex mirrors to determine the image distance
6. Internal reflection
6.1. Demo: looking up from under the water in a pool
6.2. Demo: laser light passing inside coiled acrylic rod
6.3. Activity: shine laser light through fiber optic cables
7. Vision
7.1. Color
7.2. Color blindness
7.3. Optical illusions

Performance Expectations

Science and Engineering Practices DCI Crosscutting Concepts
Planning and Carrying Out PS4.A: Wave Properties Patterns
Investigations e The wavelength and frequency | e Different patterns may be observed
e Planning and carrying out of a wave are related to one at each of the scales at which a
investigations to answer questions another by the speed of travel system is studied and can provide
or test solutions to problems in 9-12 of the wave, which depends on evidence for causality in explanations
builds on K-8 experiences and the type of wave and the of phenomena. (HS-PS2-4)
progresses to include investigations medium through which it is
that provide evidence for and test passing. (HS-PS4-1) Cause and Effect
conceptual, mathematical, physical e Information can be digitized e Empirical evidence is required to
and empirical models. (e.g., a picture stored as the differentiate between cause and
e Plan and conduct an investigation values of an array of pixels); in correlation and make claims about
individually and collaboratively to this form, it can be stored
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produce data to serve as the basis
for evidence, and in the design:
decide on types, how much, and
accuracy of data needed to produce
reliable measurements and consider
limitations on the precision of the
data (e.g., number of trials, cost,
risk, time), and refine the design
accordingly. (HS-PS2-5)

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models
to generate and analyze data.

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. (HS-PS2-1)

Using Mathematics and

Computational Thinking

e Mathematical and computational
thinking at the 9-12 level builds on
K-8 and progresses to using
algebraic thinking and analysis, a
range of linear and nonlinear
functions including trigonometric
functions, exponentials and
logarithms, and computational tools
for statistical analysis to analyze,
represent, and model data. Simple
computational simulations are
created and used based on
mathematical models of basic
assumptions.

e Use mathematical representations
of phenomena to describe
explanations. (HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

Designing Solutions

e Constructing explanations and
designing solutions in 9-12 builds on
K—8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

reliably in computer memory
and sent over long distances as
a series of wave pulses. (HS-
PS4-2),(HS-PS4-5)

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

PS4.B: Electromagnetic Radiation

Electromagnetic radiation (e.g.,
radio, microwaves, light) can be
modeled as a wave of changing
electric and magnetic fields or
as particles called photons. The
wave model is useful for
explaining many features of
electromagnetic radiation, and
the particle model explains
other features. (HS-PS4-3)
When light or longer
wavelength electromagnetic
radiation is absorbed in matter,
it is generally converted into
thermal energy (heat). Shorter
wavelength electromagnetic
radiation (ultraviolet, X-rays,
gamma rays) can ionize atoms
and cause damage to living
cells. (HS-PS4-4)

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

PS4.C: Information Technologies

and Instrumentation

Multiple technologies based on
the understanding of waves
and their interactions with
matter are part of everyday
experiences in the modern
world (e.g., medical imaging,

specific causes and effects. (HS-PS2-
1),(HS-PS2-5)

e Systems can be designed to cause a
desired effect. (HS-PS2-3)

Systems and System Models

e When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined. (HS-PS2-2)
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e Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects. (HS-
PS2-3)

Obtaining, Evaluating, and

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability
of the claims, methods, and designs.

e Communicate scientific and
technical information (e.g. about the
process of development and the
design and performance of a
proposed process or system) in
multiple formats (including orally,
graphically, textually, and
mathematically). (HS-PS2-6)

communications, scanners) and
in scientific research. They are
essential tools for producing,
transmitting, and capturing
signals and for storing and
interpreting the information
contained in them. (HS-PS4-5)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

e Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
guantitative data, video, multimedia) in order to
address a question or solve a problem. (HS-PS2-1)
RST.11-12.7

e 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. (HS-
ETS1-3) RST.11-12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

CRP2. - Apply appropriate academic and technical skills.

CRP6. - Demonstrate creativity and innovation.

CRP4. - Communicate clearly and effectively and with reason.

CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.

e CRP12. - Work productively in teams while using cultural global competence.
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Physics Lab

Unit 14: Modern Physics Instructional Time: 2 Weeks

What caused the explosion at Chernobyl?

In this unit of study, students will explore special relativity, nuclear physics, and quantum mechanics. Students will learn
the effects on space and time of near speed of light travel. Students will learn about the nuclear processes of fission and
fusion, with special attention given to the conversion of mass into energy. The quantization of energy will also be
discussed.

The crosscutting concepts of patterns, cause and effect, and systems and systems models are called out as organizing
concepts for these disciplinary core ideas. Students are expected to demonstrate proficiency in planning and conducting
investigations, analyzing data and using math to support claims, and applying scientific ideas to solve design problems
and to use these practices to demonstrate understanding of the core ideas.

Student Learning Objectives

New Jersey Student Learning Standards for Science/NGSS

HS-PS1-8 Develop models to illustrate the changes in the composition of the nucleus of the atom and the
energy released during the processes of fission, fusion, and radioactive decay
HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes the mathematical
relationship among the net force on a macroscopic object, its mass, and its acceleration
HS-PSA-4 Evaluate the validity and reliability of claims in published materials of the effects that different
frequencies of electromagnetic radiation have when absorbed by matter
HS-ESS1-2 Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra,
motion of distant galaxies, and composition of matter in the universe
HS-ESS1-4 Use mathematical or computational representations to predict the motion of orbiting objects in the
solar system.
HS-ETS1-1 Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for
solutions that account for societal needs and wants.
New Jersey Student Learning Standards for Mathematics
Solve linear equations and inequalities in one variable, including equations
HSA-REIL.B.3 . .
with coefficients represented by letters.
HSA-RELC.6 Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of
linear equations in two variables.
HSE-BE.B.5 Use the inverse relationship between exponents and logarithms to solve problems involving
exponents and logarithms.
HSE-LE.A.1c Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval
relative to another.
HSE-IF.B.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table)
over a specified interval. Estimate the rate of change from a graph.
HSN-VM.A.3 | (+) Solve problems involving velocity and other quantities that can be represented by vectors.
HSG-GMD.B | Visualize the relation between two-dimensional and three-dimensional objects

Enduring Understandings Essential Questions (3 or 4)
e The same basic rules govern the motion of all bodies, e How does uranium turn into radon gas?
from planets and stars to birds and billiard balls. e How is a nuclear submarine able to cruise for over a
e Mathematics is a tool used to model objects, events, year without refueling?
and relationships in the natural and designed world. e How is the GPS system able to accurately define
e Understanding the development of scientific ideas is position using non-geocentric satellites?

essential for building scientific knowledge.

e Scientific inquiry involves asking scientifically-oriented
questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and
theory, and communicating and justifying explanations.

Concepts Formative Assessment

o The speed of light is the speed limit of the universe Students who understand the concepts are able to:
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At speeds near the speed of light classical relativity
does not work.

Things will not appear simultaneous to observers in
different inertial reference frames.

In order for c to remain constant, time and space
distort.

Unstable nucleus will decay into a more stable form
Half-life is the time for half the existing sample to decay

e Develop and use models based on evidence to
illustrate that classical relativity does not work
properly at speeds near the speed of light.

e Use mathematical expressions to quantify the
relativistic effects of near speed of light motion on
length and time.

¢ Develop and use models based on evidence to explain
that processes of decay, fission, and fusion. To explain

Mass is converted to energy in fission and fusion

that the sum of energy and mass remains the same in
these processes

Suggested Learning Activities

Students will be asked to analyze real life situations with regard to the laws of physics. Students will use cause and
effect relationships, graphs, proportions, and mathematical models as part of this analysis. Physics concepts will be
used to interpret a scenario and to setup the mathematical model. Algebra will be used to manipulate the
mathematical model and the given data to solve for a final solution. Students will reinforce the physics concepts
through laboratory investigations.

Students will compare the application of special relativity to classical relativity, and ponder questions like “if you are
driving a car at the speed of light, and you turn on the headlights, what happens?”. Students will examine nuclear
decay and experiment with the decay processes using computer simulations. Students will also use computer
simulations to experiment with nuclear fission.

1.

Relativity
1.1. Einstein
1.2. Simultaneity
1.3. Time dilation
1.4. Length contraction
1.5. Mass energy equivalency
Nuclear
2.1. Structure of the nucleus
2.2. Decay
2.2.1.Alpha
2.2.2.Beta
2.2.3.Gamma
2.3. Fission
2.4. Fusion
Quantum
3.1. Plank’s constant

Performance Expectations

Science and Engineering Practices

DCI

Crosscutting Concepts

Planning and Carrying Out

Investigations

Planning and carrying out
investigations to answer questions or
test solutions to problems in 9-12
builds on K-8 experiences and
progresses to include investigations
that provide evidence for and test
conceptual, mathematical, physical
and empirical models.

Plan and conduct an investigation
individually and collaboratively to
produce data to serve as the basis for
evidence, and in the design: decide

PS1.C: Nuclear Processes

e Nuclear processes, including
fusion, fission, and radioactive
decays of unstable nuclei,
involve release or absorption
of energy. The total number of
neutrons plus protons does
not change in any nuclear
process. (HS-PS1-8)

PS4.B: Electromagnetic Radiation

e Electromagnetic radiation
(e.g., radio, microwaves, light)
can be modeled as a wave of

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. (HS-PS2-4)

Cause and Effect

e Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-PS2-
1),(HS-PS2-5)

e Systems can be designed to cause a
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on types, how much, and accuracy of
data needed to produce reliable
measurements and consider
limitations on the precision of the
data (e.g., number of trials, cost, risk,
time), and refine the design
accordingly. (HS-PS2-5)

Analyzing and Interpreting Data

e Analyzing data in 9—12 builds on K-8
and progresses to introducing more
detailed statistical analysis, the
comparison of data sets for
consistency, and the use of models to
generate and analyze data.

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. (HS-PS2-1)

Using Mathematics and Computational

Thinking

o Mathematical and computational
thinking at the 9-12 level builds on
K-8 and progresses to using algebraic
thinking and analysis, a range of
linear and nonlinear functions
including trigonometric functions,
exponentials and logarithms, and
computational tools for statistical
analysis to analyze, represent, and
model data. Simple computational
simulations are created and used
based on mathematical models of
basic assumptions.

e Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Constructing Explanations and

Designing Solutions

e Constructing explanations and
designing solutions in 9-12 builds on
K-8 experiences and progresses to
explanations and designs that are
supported by multiple and
independent student-generated
sources of evidence consistent with
scientific ideas, principles, and
theories.

e Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

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

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

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

desired effect. (HS-PS2-3)

Systems and System Models

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

Communicating Information

e Obtaining, evaluating, and
communicating information in 9-12
builds on K-8 and progresses to
evaluating the validity and reliability
of the claims, methods, and designs.

o Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process
or system) in multiple formats
(including orally, graphically,
textually, and mathematically). (HS-
PS2-6)

Cross-Curricular Connections

English/Language Arts Standards

Mathematics Standards

e Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
guantitative data, video, multimedia) in order to
address a question or solve a problem. (HS-PS2-1)
RST.11-12.7

e 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. (HS-
ETS1-3) RST.11-12.9

e Draw evidence from informational texts to support
analysis, reflection, and research. (HS-PS1-3),(HS-ETS1-
1),(HS-ETS1-3) WHST.9-12.9

e Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest. (HS-PS1-4)
SL.11-12.5

e Reason abstractly and quantitatively. (HS-ETS1-1),(HS-
ETS1-3),(HS-ETS1-4) MP.2

e Model with mathematics. (HS-ETS1-1),(HS-ETS1-2),(HS-
ETS1-3),(HS-ETS1-4) MP.4

e Use units as a way to understand problems and to guide
the solution of multi-step problems; choose and
interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays. (HS-PS1-2),(HS-PS1-3) HSN-Q.A.1

21* Century Career Ready Practices

e CRP2. - Apply appropriate academic and technical skills.

e CRP4. - Communicate clearly and effectively and with reason.

e CRP6. - Demonstrate creativity and innovation.

e CRP8. - Utilize critical thinking to make sense of problems and persevere in solving them.
e CRP12. - Work productively in teams while using cultural global competence.
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