Course & Domain: Physical Science

Grade: 9

Unit Title: Matter and Its Interactions
Approximate # of Lessons: 30
ASSOCIATED STANDARDS
Students who demonstrate understanding can:
-

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based
on the patterns of electrons in the outermost energy level of atoms.

-

HS-PS1-2

-

HS-PS1-3

-

HS-PS1-4

-

HS-PS1-5

-

HS-PS1-7

Construct and revise an explanation for the outcome of a simple chemical reaction
based on the outermost electron states of atoms, trends in the periodic table, and knowledge of
the patterns of chemical properties.
Plan and conduct an investigation to gather evidence to compare the structure of
substances at the bulk scale to infer the strength of electrical forces between particles.
Develop a model to illustrate that the release or absorption of energy from a chemical
reaction system depends upon the changes in total bond energy.
Apply scientific principles and evidence to provide an explanation about the effects of
changing the temperature or concentration of the reacting particles on the rate at which a
reaction occurs.
Use mathematical representations to support the claim that atoms, and therefore
mass, are conserved during a chemical reaction.

The Performance Expectations above were developed using the following elements from A
Framework for K-12 Science Education:
SCIENCE & ENGINEERING PRACITCES
-

Developing and Using Models Modeling in 9–12 builds on K–8 and progresses to using,
synthesizing, and developing models to predict and show relationships among variables
between systems and their components in the natural and designed world(s).  Use a model to
predict the relationships between systems or between components of a system.  Develop a
model based on evidence to illustrate the relationships between systems or between
components of a system.

-

Constructing Explanations and Designing Solutions Constructing explanations and designing
solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are
supported by multiple and independent student-generated sources of evidence consistent with
scientific ideas, principles, and theories.  Construct and revise an explanation based on valid
and reliable evidence obtained from a variety of sources (including students’ own investigations,
models, theories, simulations, and peer review) and the assumption that theories and laws that

describe the natural world operate today as they did in the past and will continue to do so in the
future.  Apply scientific principles and evidence to provide an explanation of phenomena and
solve design problems, taking into account possible unanticipated effects.
-

Planning and Carrying Out Investigations Planning and carrying out investigations in 9-12 builds
on K-8 experiences and progresses to include investigations that provide evidence for and test
conceptual, mathematical, physical, and empirical models.  Plan and conduct an investigation
individually and collaboratively to produce data to serve as the basis for evidence, and in the
design: decide on types, how much, and accuracy of data needed to produce reliable
measurements and consider limitations on the precision of the data (e.g., number of trials, cost,
risk, time), and refine the design accordingly.

-

Using Mathematics and Computational Thinking Mathematical and computational thinking at
the 9–12 level builds on K–8 and progresses to using algebraic thinking and analysis, a range of
linear and nonlinear functions including trigonometric functions, exponentials and logarithms,
and computational tools for statistical analysis to analyze, represent, and model data. Simple
computational simulations are created and used based on mathematical models of basic
assumptions.  Use mathematical representations of phenomena to support claims.

DISCIPLINARY CORE IDEAS
-

PS1.A: Structure and Properties of Matter  Each atom has a charged substructure consisting of
a nucleus, which is made of protons and neutrons, surrounded by electrons.  The periodic table
orders elements horizontally by the number of protons in the atom’s nucleus and places those
with similar chemical properties in columns. The repeating patterns of this table reflect patterns
of outer electron states.

-

PS1.A: Structure and Properties of Matter  The periodic table orders elements horizontally by
the number of protons in the atom’s nucleus and places those with similar chemical properties
in columns. The repeating patterns of this table reflect patterns of outer electron states. PS1.B:
Chemical Reactions  The fact that atoms are conserved, together with knowledge of the
chemical properties of the elements involved, can be used to describe and predict chemical
reactions.

-

PS1.A: Structure and Properties of Matter  The structure and interactions of matter at the bulk
scale are determined by electrical forces within and between atoms.

-

PS1.A: Structure and Properties of Matter  A stable molecule has less energy than the same
set of atoms separated; one must provide at least this energy in order to take the molecule
apart.

-

PS1.B: Chemical Reactions  Chemical processes, their rates, and whether or not energy is
stored or released can be understood in terms of the collisions of molecules and the

rearrangements of atoms into new molecules, with consequent changes in the sum of all bond
energies in the set of molecules that are matched by changes in kinetic energy.

-

PS1.B: Chemical Reactions  The fact that atoms are conserved, together with knowledge of the
chemical properties of the elements involved, can be used to describe and predict chemical
reactions.-

CROSS CUTTING CONCEPTS
-

Patterns  Different patterns may be observed at each of the scales at which a system is studied
and can provide evidence for causality in explanations of phenomena.

-

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

-

Energy and Matter  The total amount of energy and matter in closed systems is conserved.
Connections to Nature of Science- Scientific Knowledge Assumes an Order and Consistency in
Natural Systems  Science assumes the universe is a vast single system in which basic laws are
consistent.

CONNECTIONS TO CCSS:
Common Core State Standards Connections:
ELA/Literacy RST.9-10.7
Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and
translate information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account. (HS-PS1-3),(HS-PS1-5)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or
technical processes. (HS-PS1-2),(HS-PS1-5)
WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)
WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or
solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating
understanding of the subject under investigation. (HS-PS1-3),(HS-PS1-6)
WHST.11Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess
12.8
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into
the text selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a
standard format for citation. (HS-PS1-3)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)
SL.11-12.5
Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to
enhance understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)
Mathematics MP.2
Reason abstractly and quantitatively. (HS-PS1-5),(HS-PS1-7)
MP.4
Model with mathematics. (HS-PS1-4),(HS-PS1-8)
HSN-Q.A.1
Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2),(HS-PS13),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7),(HS-PS1-8)
HSN-Q.A.2
Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4),(HS-PS1-7),(HS-PS1-8)
HSN-Q.A.3
Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2),(HS-PS13),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7),(HS-PS1-8)

*************************************************************************************

LESSON 1 (TITLE): Proton, Neutron, Electron and Atomic Structure

# of Periods Required: 5
The student will…
 Recognize similarities and differences in the subatomic particles of different atoms.
 Explain the following terms: proton, neutron, electron, subatomic particle, neutral atom, ion,
cation, anion, atomic number, atomic mass, mass number.
 Use atom symbols and the periodic table to determine the number of protons, electrons and
neutrons in an atom.
 Differentiate between neutral atoms, cations, anions, atomic number, atomic mass and mass
number.
 Discuss how atom symbols and the periodic table can be used to determine the number of
protons, electrons and neutrons in an atom.
 Use atom symbols and the periodic table to create diagrams showing the location and correct
number of protons, electrons, and neutrons in different atoms.
 Investigate the relationship between numbers of particles, element, atomic mass and atomic
number, net charge, and number of valence electrons.

ACTIVITY:
1. Proton, Neutron and Electron Guided Inquiry with Manipulatives – using handouts, card set,
atom data sheet, task cards, and study sheet to complete activities at stations.
2. Phet Simulation – Build an Atom simulation – use simulation to complete inquiry activity on
lab sheet.

MATERIALS:
handouts, card set, atom data sheet, task cards, study sheet, phet simulation (online), lab sheet.

ASSESSMENT:
Completion of handout, lab sheets and task cards. Completion of unit test.

LESSON 2 (TITLE): Chemical Reactions and Equations
# of Periods Required: 5
The student will…
 Define the following terms: chemical bond, subscript, reactant, product, balanced reaction,
unbalanced reaction, Law of Conservation of mass, coefficient.
 Explain how subscripts and coefficients are used in chemical formulas and reactions.
 Use subscripts and coefficients to determine the number of each atom present in a
compound.
 Distinguish between balanced and unbalanced chemical equations.
 Use mathematics and visual representations to balance chemical equations.

ACTIVITY:
1. Balancing Chemical Equations Guided Inquiry with Manipulatives – Use handouts, triangle
puzzle, task cards and study sheet to complete the activities at the stations.
2. Balancing Chemical Equations Differentiated Lab Stations – Use stations: Explore It, Illustrate
It, Read it, Watch it, Organize it, Write it, Research it, and Assess it and complete activities in
groups and put answers on individual answer sheet.
3. Phet Simulation “Balancing Chemical Equations” – Use simulation to complete inquiry activity
on lab sheet.

MATERIALS:
handouts, triangle puzzle, task cards, study sheet, station cards and directions, answer sheet, phet
simulation (online) and lab sheet.

ASSESSMENT:
Completion of handout, lab sheets, answer sheets and task cards.

Course & Domain: Physical Science

Grade: 9

Unit Title: Waves and Their Applications
Approximate # of Lessons: 20
ASSOCIATED STANDARDS
Students who demonstrate understanding can:
-

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

-

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

-

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

The Performance Expectations above were developed using the following elements from A
Framework for K-12 Science Education:
SCIENCE & ENGINEERING PRACITCES
-

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

-

Engaging in Argument from Evidence Engaging in argument from evidence in 9– 12 builds on K–
8 experiences and progresses to using appropriate and sufficient evidence and scientific
reasoning to defend and critique claims and explanations about the natural and designed
world(s). Arguments may also come from current scientific or historical episodes in science. 
Evaluate the claims, evidence, and reasoning behind currently accepted explanations or
solutions to determine the merits of arguments. Connections to Nature of Science Science
Models, Laws, Mechanisms, and Theories Explain Natural Phenomena  A scientific theory is a
substantiated explanation of some aspect of the natural world, based on a body of facts that
have been repeatedly confirmed through observation and experiment. The science community
validates each theory before it is accepted. If new evidence is discovered that the theory does
not accommodate, the theory is generally modified in light of this new evidence.

-

Obtaining, Evaluating, and Communicating Information Obtaining, evaluating, and
communicating information in 9–12 builds on K–8 and progresses to evaluating the validity and
reliability of the claims, methods, and designs.  Evaluate the validity and reliability of multiple
claims that appear in scientific and technical texts or media reports, verifying the data when
possible.

DISCIPLINARY CORE IDEAS
-

PS4.A: Wave Properties  The wavelength and frequency of a wave are related to one another
by the speed of travel of the wave, which depends on the type of wave and the medium through
which it is passing.

-

PS4.A: Wave Properties  [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.) 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.

-

PS4.B: Electromagnetic Radiation  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.

CROSS CUTTING CONCEPTS
-

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

-

Systems and System Models  Models (e.g., physical, mathematical, and computer models) can
be used to simulate systems and interactions — including energy, matter and information flows
— within and between systems at different scales.

-

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

CONNECTIONS TO CCSS:
Common Core State Standards Connections:
ELA/Literacy RST.9-10.8
Assess the extent to which the reasoning and evidence in a text support the author’s claim or a recommendation for solving
a scientific or technical problem.(HS-PS4-2),(HS-PS4-3),(HS-PS4-4)

RST.11-12.1
RST.11-12.7
RST.11-12.8
WHST.9-12.2
WHST.1112.8

Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account. (HS-PS4-2),(HS-PS4-3),(HS-PS4-4)
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-PS4-1),(HS-PS4-4)
Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and
corroborating or challenging conclusions with other sources of information. (HS-PS4-2),(HS-PS4-3),(HS-PS4-4)
Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or
technical processes. (HS-PS4-5)
Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into
the text selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a
standard format for citation. (HS-PS4-4)

Mathematics MP.2
MP.4
HSA-SSE.A.1
HSA-SSE.B.3

Reason abstractly and quantitatively. (HS-PS4-1),(HS-PS4-3)
Model with mathematics. (HS-PS4-1)
Interpret expressions that represent a quantity in terms of its context. (HS-PS4-1),(HS-PS4-3)
Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the
expression. (HS-PS4-1),(HS-PS4-3)
HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. (HS-PS4-1),(HSPS4-3)

*************************************************************************************

LESSON 1 (TITLE): Wave Properties and Wave Interactions
# of Periods Required: 8
The student will…
 Recognize similarities and differences between different types of waves.
 Understand the following terms: medium, mechanical wave, electromagnetic wave,
transverse wave, longitudinal wave, crest, trough, wavelength, period and frequency.
 Use the relationship between tension, frequency, period and wavelength to determine the
wave speed and wave shape.
 Differentiate between reflection, refraction, diffraction, and wave interactions between
mechanical and electromagnetic waves.
 Discuss and evaluate how the structure of different musical instruments relates to the sound
produced.
 Use wave properties to create different musical instruments and relate the pitch and volume
to frequency, amplitude and wavelength.

ACTIVITY:
1. Inquiry lab “Making Waves” – Using slinkys to produce transverse and longitudinal waves.
Calculate frequency, wave length and wave speed. Determine relationship between amplitude
and wave speed.
2. Inquiry lab “Sounds from Strings” and “Sounds from Vibrating Air” – create and investigate
the relationship of sound-column and string-based instruments with frequency, wavelength
and amplitude.
3. Phet Simulation – Waves on a String simulation – use simulation to complete inquiry activity
on lab sheet.
4. Phet Simulation – Wave Interactions simulation – use simulation to complete inquiry activity
on lab sheet.

5. Instrument Project – create a musical instrument using materials found at home which can
play several different notes (pitches) and volume (amplitude). Create an instruction manual of
how to use instrument. Class presentations.

MATERIALS:
Active Physics Communications lab book and materials, phet simulation (online) and lab sheets.

ASSESSMENT:
Completion of lab sheets, instrument project and unit test.

LESSON 2 (TITLE): Electromagnetic Radiation
# of Periods Required: 5
The student will…
 Recognize similarities and differences between different types of electromagnetic energies.
 Explain the following terms: radio, infrared, visible light, ultraviolet, x-rays, and gamma
waves, photon, intensity, photoelectric effect, lenses, mirrors, refraction and reflection of
light.
 Investigate the uses of electromagnetic energy in industry and the medical field.
 Differentiate between light wave interactions with lenses, mirrors and prisms.
 Use the electromagnetic spectrum to predict the properties of individual types of
electromagnetic waves.

ACTIVITY:
1. Construct an Electromagnetic Spectrum chart based on energy, wavelength and frequency.
2. Create a pamphlet displaying the uses/effects of each type of electromagnetic energy.

3. Lab “Energy Absorption and Reflection” – use different color surfaces (white, black and green)
and record temperature changes when exposed to light.
4. Phet Simulation – Photoelectric Effect simulation – use simulation to complete inquiry activity
on lab sheet.
5. Phet Simulation – Waves Interference - Light simulation – use simulation to complete inquiry
activity on lab sheet.
6. Light and Optics lab – use lenses, mirrors and colored shadows to investigate the properties of
visible light.

MATERIALS:
Lab sheets and materials, phet simulation (online), project materials

ASSESSMENT:
Completion of lab sheets, project chart and pamphlet and unit test.

Course & Domain: Physical Science

Grade: 9

Unit Title: Energy
Approximate # of Lessons: 15
ASSOCIATED STANDARDS
Students who demonstrate understanding can:
-

-

HS-PS3-1. Create a computational model to calculate the change in the energy of one
component in a system when the change in energy of the other component(s) and energy flows
in and out of the system are known.
HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be
accounted for as a combination of energy associated with the motions of particles (objects) and
energy associated with the relative positions of particles (objects).

The Performance Expectations above were developed using the following elements from A
Framework for K-12 Science Education:
SCIENCE & ENGINEERING PRACITCES
-

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

-

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

DISCIPLINARY CORE IDEAS
-

PS3.A: Definitions of Energy  Energy is a quantitative property of a system that depends on the
motion and interactions of matter and radiation within that system. That there is a single
quantity called energy is due to the fact that a system’s total energy is conserved, even as,
within the system, energy is continually transferred from one object to another and between its
various possible forms. PS3.B: Conservation of Energy and Energy Transfer  Conservation of
energy means that the total change of energy in any system is always equal to the total energy
transferred into or out of the system.  Energy cannot be created or destroyed, but it can be
transported from one place to another and transferred between systems.  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.  The availability of energy limits what can occur in any system.
-

PS3.A: Definitions of Energy  Energy is a quantitative property of a system that depends on the
motion and interactions of matter and radiation within that system. That there is a single
quantity called energy is due to the fact that a system’s total energy is conserved, even as,
within the system, energy is continually transferred from one object to another and between its
various possible forms.  At the macroscopic scale, energy manifests itself in multiple ways, such
as in motion, sound, light, and thermal energy.  These relationships are better understood at
the microscopic scale, at which all of the different manifestations of energy can be modeled as a
combination of energy associated with the motion of particles and energy associated with the
configuration (relative position of the particles). In some cases the relative position energy can
be thought of as stored in fields (which mediate interactions between particles). This last
concept includes radiation, a phenomenon in which energy stored in fields moves across space.

CROSS CUTTING CONCEPTS
-

Systems and System Models  Models can be used to predict the behavior of a system, but
these predictions have limited precision and reliability due to the assumptions and
approximations inherent in models. Connections to Nature of Science Scientific Knowledge
Assumes an Order and Consistency in Natural Systems  Science assumes the universe is a vast
single system in which basic laws are consistent.

-

Energy and Matter  Energy cannot be created or destroyed; it only moves between one place
and another place, between objects and/or fields, or between systems.

CONNECTIONS TO CCSS:
Common Core State Standards Connections:
ELA/Literacy RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account. (HS-PS3-4)
WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or
solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating
understanding of the subject under investigation. (HS-PS3-3),(HS-PS3-4),(HS-PS3-5)
WHST.11Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess
12.8
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into
the text selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a
standard format for citation. (HS-PS3-4),(HS-PS3-5)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS3-4),(HS-PS3-5)
SL.11-12.5
Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to
enhance understanding of findings, reasoning, and evidence and to add interest. (HS-PS3-1),(HS-PS3-2),(HS-PS3-5)
Mathematics MP.2
Reason abstractly and quantitatively. (HS-PS3-1),(HS-PS3-2),(HS-PS3-3),(HS-PS3-4),(HS-PS3-5)
MP.4
Model with mathematics. (HS-PS3-1),(HS-PS3-2),(HS-PS3-3),(HS-PS3-4),(HS-PS3-5)
HSN.Q.A.1
Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS3-1),(HS-PS3-3)
HSN.Q.A.2
Define appropriate quantities for the purpose of descriptive modeling. (HS-PS3-1),(HS-PS3-3)
HSN.Q.A.3
Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS3-1),(HS-PS3-3)

************************************************************************************

LESSON 1 (TITLE): Energy
# of Periods Required: 5
The student will…
 Recognize similarities and differences between different types of energies.
 Explain the following terms: energy, work, potential, kinetic, mechanical and non-mechanical
energies, chemical, nuclear, thermal and light energy.
ACTIVITY:
1. Math skills – calculate the gravitational potential energy and kinetic energy of different
objects.
2. Energy project - create a comparison/contrast chart of different types of energies with
examples.

MATERIALS:
Math skills handouts, project materials for chart.

ASSESSMENT:
Completion of math skills and energy project, unit test.

LESSON 2 (TITLE): Conservation and Transformation of Energy
# of Periods Required: 6
The student will…
 Recognize the similarities and differences between mechanical and non-mechanical types of
energies.
 Explain the following terms: transfer vs transform, mechanical vs non-mechanical, law of
conservation of energy, friction, pendulum.
 Use a pendulum to calculate the potential and kinetic energy of the plumb bob during a full
oscillation.
 Differentiate between the total energy before and after a transformation.
 Discuss how the location and position of an object can determine the total energy of the
system.

ACTIVITY:
1. Phet Simulation – Pendulum simulation – use simulation to complete inquiry activity on lab
sheet.
2. Phet Simulation – Skate Board Park simulation – use simulation to complete inquiry activity
on lab sheet.
3. Lab “Energy Changes” – use ramps, salad bowls, foam ramps and various rolling objects to
predict and calculate the potential and kinetic energy of objects before and after motion and
how energy is conserved.

MATERIALS:
Phet simulation (online) and lab sheets, Energy lab sheets and materials.

ASSESSMENT:
Completion of labs, and unit test.

Course & Domain: Physical Science

Grade: 9

Unit Title: Motion and Stability: Forces and Interactions
Approximate # of Lessons: 30
ASSOCIATED STANDARDS
Students who demonstrate understanding can:
-

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.

-

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

The Performance Expectations above were developed using the following elements from A
Framework for K-12 Science Education:
SCIENCE & ENGINEERING PRACITCES
-

Analyzing and Interpreting Data Analyzing data in 9–12 builds on K–8 and progresses to
introducing more detailed statistical analysis, the comparison of data sets for consistency, and
the use of models to generate and analyze data.  Analyze data using tools, technologies, and/or
models (e.g., computational, mathematical) in order to make valid and reliable scientific claims
or determine an optimal design solution. Connections to Nature of Science Science Models,
Laws, Mechanisms, and Theories Explain Natural Phenomena  Theories and laws provide
explanations in science.  Laws are statements or descriptions of the relationships among
observable phenomena.

-

Using Mathematics and Computational Thinking Mathematical and computational thinking at
the 9–12 level builds on K–8 and progresses to using algebraic thinking and analysis; a range of
linear and nonlinear functions including trigonometric functions, exponentials and logarithms;
and computational tools for statistical analysis to analyze, represent, and model data. Simple
computational simulations are created and used based on mathematical models of basic
assumptions.  Use mathematical representations of phenomena to describe explanations.

-

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

-

Obtaining, Evaluating, and Communicating Information Obtaining, evaluating, and
communicating information in 9–12 builds on K–8 and progresses to evaluating the validity and
reliability of the claims, methods, and designs.  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 oral, graphical, textual and
mathematical).-

DISCIPLINARY CORE IDEAS
-

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

-

PS2.A: Forces and Motion  Momentum is defined for a particular frame of reference; it is the
mass times the velocity of the object.  If a system interacts with objects outside itself, the total
momentum of the system can change; however, any such change is balanced by changes in the
momentum of objects outside the system.

-

PS2.A: Forces and Motion  If a system interacts with objects outside itself, the total
momentum of the system can change; however, any such change is balanced by changes in the
momentum of objects outside the system.

-

PS2.B: Types of Interactions  Attraction and repulsion between electric charges at the atomic
scale explain the structure, properties, and transformations of matter, as well as the contact
forces between material objects.-

CROSS CUTTING CONCEPTS
-

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

-

Systems and System Models  When investigating or describing a system, the boundaries and
initial conditions of the system need to be defined.

-

Cause and Effect  Systems can be designed to cause a desired effect.

-

Structure and Function  Investigating or designing new systems or structures requires a
detailed examination of the properties of different materials, the structures of different
components, and connections of components to reveal its function and/or solve a problem.

CONNECTIONS TO CCSS:
Common Core State Standards Connections:
ELA/Literacy RST.11-12.1
Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account. (HS-PS2-1),(HS-PS2-6)
RST.11-12.7
Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video,
multimedia) in order to address a question or solve a problem. (HS-PS2-1)
WHST.11Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or
12.2
technical processes. (HS-PS2-6)
WHST.11Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or
12.7
solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating
understanding of the subject under investigation. (HS-PS2-3),(HS-PS2-5)
WHST.11Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess
12.8
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into
the text selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a
standard format for citation. (HS-PS2-5)
WHST.11Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS2-1),(HS-PS2-5)
12.9
Mathematics MP.2
Reason abstractly and quantitatively. (HS-PS2-1),(HS-PS2-2),(HS-PS2-4)
MP.4
Model with mathematics. (HS-PS2-1),(HS-PS2-2),(HS-PS2-4)
HSN.Q.A.1
Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS2-1),(HS-PS22),(HS-PS2-4),(HS-PS2-5),(HS-PS2-6)
HSN.Q.A.2
Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),(HS-PS2-2),(HS-PS2-4),(HS-PS2-5),(HSPS2-6)
HSN.Q.A.3
Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS2-1),(HS-PS22),(HS-PS2-4),(HS-PS2-5),(HS-PS2-6)
HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),(HS-PS2-4)
HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the
expression. (HS-PS2-1),(HS-PS2-4)
HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems. (HS-PS2-1),(HS-PS2-2)
HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes
with labels and scales. (HS-PS2-1),(HS-PS2-2)
HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. (HS-PS2-1),(HSPS2-2)
HSF-IF.C.7
Graph functions expressed symbolically and show key features of the graph, by in hand in simple cases and using
technology for more complicated cases.(HS-PS2-1)

***********************************************************************************

LESSON 1 (TITLE): Motion and Acceleration
# of Periods Required: 10
The student will…

ACTIVITY:

MATERIALS:

ASSESSMENT:

LESSON 2 (TITLE): Forces and Friction
# of Periods Required: 10
The student will…

ACTIVITY:

MATERIALS:

ASSESSMENT:

LESSON 3 (TITLE): Newton’s Laws and Momentum
# of Periods Required: 10
The student will…

ACTIVITY:

MATERIALS:

ASSESSMENT:

