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Learning Standards: Unit 1 - Kinematics

Position, Velocity, and Acceleration

e 3.A.1.1 Express the motion of an object using
narrative, mathematical, and graphical
representations. [SP 1.5, 2.1, 2.2]

e 3.A.1.2 Design an experimental investigation of
the motion of an object. [SP 4.2]

e 3.A.1.3 Analyze experimental data describing the
motion of an object and be able to express the
results of the analysis using narrative,
mathematical, and graphical representations. [SP
5.1]

e 4.A.1.1 Use representations of the center of
mass of an isolated two-object system to analyze
the motion of the system qualitatively and
semi-quantitatively. [SP 1.2, 1.4, 2.3, 6.4]

How Taught?
Teaching activities may include, but are not limited
to:

e  Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.

e  Teacher provides direct instruction, give

feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups

Students analyze video content related to

standards that provide a broader global

perspective of content.

e Design and conduct lab-based investigations that
connect content to real-life experiences.

e Inquiry Labs

e  Analysis of lab results, with focus on sources of
error and how experimental designs may be

improved.

e  Small groups - White board problem solving and
sharing

e Investigating alternative approaches to problem
solving.

e  Using technology and mathematics to improve
investigations and communications.
e  Utilize data to impact instruction

Materials:
e AP Edition Physics Textbook
e Online video Physics series
e Laboratory Experiments for Advanced
Placement Physics
AP Physics Classroom
Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions
Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

e Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

e Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports

e Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
Re-teaching activities may include, but are not
limited to:

e descriptive feedback on original task/assessment
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student examples of expectations

modeling

student self assessments

manipulatives

presenting the information again in a different
way

review sessions

graphic organizers

small-group instruction

practice activities

computer tutorials / programs

peer tutoring

breaking down concept into smaller components
cooperative learning

Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways

Learning Standards: Unit 2 - Dynamics

Systems
e 1.A.5.1 Model verbally or visually the properties
of a system based on its substructure and relate
this to changes in the system properties over
time as external variables are changed. [SP 1.1,
7.1]

The Gravitational Field
e 2.B.1.1Apply F mg = to calculate the
gravitational force on an object with mass min a
gravitational field of strength g in the context of
the effects of a net force on objects and systems.
[SP2.2,7.2]

Contact Forces

e 3.C.4.1 Make claims about various contact forces
between objects based on the microscopic cause
of these forces. [SP 6.1]

e 3.C.4.2 Explain contact forces (tension, friction,
normal, buoyant, spring) as arising from
interatomic electric forces and that they therefore
have certain directions. [SP 6.2]

Newton’s First law
e 1.C Objects and systems have properties of
inertial mass and gravitational mass that are
experimentally verified to be the same and that
satisfy conservation principles.
e 1.C.1.1 Design an experiment for collecting data
to determine the relationship between the net

How Taught?
Teaching activities may include, but are not limited
to:

e  Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.

e  Teacher provides direct instruction, give

feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups

Students analyze video content related to

standards that provide a broader global

perspective of content.

e  Design and conduct lab-based investigations that
connect content to real-life experiences.

e |nquiry Labs

e  Analysis of lab results, with focus on sources of
error and how experimental designs may be

improved.

e  Small groups - White board problem solving and
sharing

e |nvestigating alternative approaches to problem
solving.

e  Using technology and mathematics to improve
investigations and communications.
e  Utilize data to impact instruction




force exerted on an object, its inertial mass, and
its acceleration. [SP 4.2]

1.C.3.1 Design a plan for collecting data to
measure gravitational mass and inertial mass
and to distinguish between the two experiments.
[SP 4.2]

Newton’s Third law and free-body diagrams

3.AAll forces share certain common
characteristics when considered by observers in
inertial reference frames.

3.A.2.1 Represent forces in diagrams or
mathematically using appropriately labeled
vectors with magnitude, direction, and units
during the analysis of a situation. [SP 1.1]

3.A.3.1 Analyze a scenario and make claims
(develop arguments, justify assertions) about the
forces exerted on an object by other objects for
different types of forces or components of forces.
[SP 6.4, 7.2]

3.A.3.2 Challenge a claim that an object can
exert a force on itself. [SP 6.1]

3.A.3.3 Describe a force as an interaction
between two objects, and identify both objects for
any force. [SP 1.4]

3.A.4.1 Construct explanations of physical
situations involving the interaction of bodies using
Newton’s third law and the representation of
action/reaction pairs of forces. [SP 1.4, 6.2]
3.A.4.2 Use Newton'’s third law to make claims
and predictions about the action-reaction pairs of
forces when two objects interact. [SP 6.4, 7.2]
3.A.4.3 Analyze situations involving interactions
among several objects by using free-body
diagrams that include the application of Newton’s
third law to identify forces. [SP 1.4]

Newton’s Second Law

3.B Classically, the acceleration of an object
interacting with other objects can be predicted by
using a = YF/m

3.B.1.1 Predict the motion of an object subject to
forces exerted by several objects using an
application of Newton’s second law in a variety of
physical situations, with acceleration in one
dimension. [SP 6.4, 7.2]

3.B.1.2 Design a plan to collect and analyze data
for motion (static, constant, or accelerating) from
force measurement, and carry out an analysis to
determine the relationship between the net force
and the vector sum of the individual forces. [SP
4.2,51].

3.B.1.3 Re-express a free-body diagram into a
mathematical representation, and solve the
mathematical representation for the acceleration




of the object. [SP 1.5, 2.2]

3.B.2.1 Create and use free-body diagrams to
analyze physical situations to solve problems
with motion qualitatively and quantitatively. [SP
1.1,1.4,2.2]

Applications of Newton’s Second Law

e 4. A The acceleration of the center of mass of

a system is related to the net force exerted
on the system, where a = YF/m

4.A.1.1 Use representations of the center of
mass of an isolated two-object system to analyze
the motion of the system qualitatively and
semi-quantitatively. [SP 1.2, 1.4, 2.3, 6.4]
4.A.2.2 Evaluate, using given data, whether all
the forces on a system or all the parts of a
system have been identified. [SP 5.3]

4.A.2.2 Evaluate, using given data, whether all
the forces on a system or all the parts of a
system have been identified. [SP 5.3]

4.A.3.1 Apply Newton’s second law to systems to
calculate the change in the center-of-mass
velocity when an external force is exerted on the
system. [SP 2.2]

4.A.3.2 Use visual or mathematical
representations of the forces between objects in
a system to predict whether or not there will be a
change in the center-of-mass velocity of that
system. [SP 1.4]

Materials:

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

How Assessed?

Assessments may include, but are not limited to:

e Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

e Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports

e Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?




Re-teaching activities may include, but are not
limited to:

e descriptive feedback on original task/assessment
student examples of expectations
modeling
student self assessments
manipulatives
presenting the information again in a different
way
review sessions
graphic organizers
small-group instruction
practice activities
computer tutorials / programs
peer tutoring
breaking down concept into smaller components
cooperative learning
Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways

Learning Standards: Unit 3 - Circular
Motion and Gravitation

Vector Fields

e 2. AAfield associates a value of some physical
quantity with every point in space. Field models
are useful for describing interactions that occur at
a distance (long-range forces), as well as a
variety of other physical phenomena

Fundamental Forces

e 3.G Certain types of forces are considered
fundamental.

e 3.G.1.1 Articulate situations when the
gravitational force is the dominant force and
when the electromagnetic, weak, and strong
forces can be ignored. [SP 7.1]

Gravitational and electrical Forces

e 3.C At the macroscopic level, forces can be
categorized as either long-range
(action-ata-distance) forces or contact forces

e 3.C.1.1 Use Newton’s law of gravitation to
calculate the gravitational force that two objects
exert on each other and use that force in contexts

How Taught?
Teaching activities may include, but are not limited
to:

e  Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.

e  Teacher provides direct instruction, give

feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups

Students analyze video content related to

standards that provide a broader global

perspective of content.

e  Design and conduct lab-based investigations that
connect content to real-life experiences.

e  Inquiry Labs

e Analysis of lab results, with focus on sources of
error and how experimental designs may be

improved.

e  Small groups - White board problem solving and
sharing

e Investigating alternative approaches to problem
solving.

e  Using technology and mathematics to improve
investigations and communications.
e  Utilize data to impact instruction




other than orbital motion. [SP 2.2].

e 3.C.1.2 Use Newton’s law of gravitation to
calculate the gravitational force between two
objects and use that force in contexts involving
orbital motion (for circular orbital motion only in
Physics 1). [SP 2.2]

Gravitational Field/Acceleration Due to Gravity
on Different Planets

e 2.B Agravitational field is caused by an object
with mass.

e 2B.1.1Apply F=mg to calculate the
gravitational force on an object with mass min a
gravitational field of strength g in the context of
the effects of a net force on objects and systems.
[SP2.2,7.2]

e 2.B.2.1Apply g= Gm/r? to calculate the
gravitational field due to an object with mass m,
where the field is a vector directed toward the
center of the object of mass m. [SP 2.2]

e 2.B.2.2 Approximate a numerical value of the
gravitational field (g) near the surface of an object
from its radius and mass relative to those of
Earth or other reference objects. [SP 2.2]

Inertial vs. Gravitational Mass

e 1.C Objects and systems have properties of
inertial mass and gravitational mass that are
experimentally verified to be the same and that
satisfy conservation principles.

e 1.C.3.1 Design a plan for collecting data to
measure gravitational mass and to measure
inertial mass and to distinguish between the two
experiments. [SP 4.2]

Centripetal Acceleration and Centripetal Force

e 4.AThe acceleration of the center of mass of a
system is related to the net force exerted on the
system, where a = YF/m

e 4.A.2.2 Evaluate, using given data, whether all
the forces on a system or whether all the parts of
a system have been identified. [SP 5.3]

Free-Body Diagrams for Objects in Uniform
Circular Motion

e 3.B Classically, the acceleration of an object
interacting with other objects can be predicted by
using a = YF/m

e 3.B.1.2 Design a plan to collect and analyze data
for motion (static, constant, or accelerating) from
force measurements, and carry out an analysis to
determine the relationship between the net force




and the vector sum of the individual forces. [SP
4.2,51]

3.B.1.3 Re-express a free-body diagram
representation into a mathematical
representation, and solve the mathematical
representation for the acceleration of the object.
[SP1.5, 2.2]

3.B.2.1 Create and use free-body diagrams to
analyze physical situations to solve problems
with motion qualitatively and quantitatively. [SP
1.1,1.4,2.2]

Applications of Circular Motion and
Gravitation

3.AAll forces share certain common
characteristics when considered by observers in
inertial reference frames

3.A.1.1 Express the motion of an object using
narrative, mathematical, and graphical
representations. [SP 1.5, 2.1, 2.2]

3.A.1.2 Design an experimental investigation of
the motion of an object. [SP 4.2]

3.A.1.3 Analyze experimental data describing the
motion of an object and express the results of the
analysis using narrative, mathematical, and
graphical representations. [SP 5.1]

3.A.1.1 Express the motion of an object using
narrative, mathematical, and graphical
representations. [SP 1.5, 2.1, 2.2]

3.A.1.2 Design an experimental investigation of
the motion of an object. [SP 4.2]

3.A.1.3 Analyze experimental data describing the
motion of an object and express the results of the
analysis using narrative, mathematical, and
graphical representations. [SP 5.1]

3.A.2.1 Represent forces in diagrams or
mathematically, using appropriately labeled
vectors with magnitude, direction, and units
during the analysis of a situation. [SP 1.1]

3.A.3.1 Analyze a scenario and make claims
(develop arguments, justify assertions) about the
forces exerted on an object by other objects for
different types of forces or components of forces.
[SP 6.4, 7.2]

3.A.3.3 Describe a force as an interaction
between two objects and identify both objects for
any force. [SP 1.4]

3.A.4.1 Construct explanations of physical
situations involving the interaction of bodies using
Newton’s third law and the representation of
action/reaction pairs of forces. [SP 1.4, 6.2]
3.A.4.2 Use Newton'’s third law to make claims
and predictions about the action-reaction pairs of
forces when two objects interact. [SP 6.4, 7.2]
3.A.4.3 Analyze situations involving interactions




among several objects by using free-body

diagrams that include the application of Newton’s

third law to identify forces. [SP 1.4]

Materials:
e AP Edition Physics Textbook
e Online video Physics series
e Laboratory Experiments for Advanced
Placement Physics
AP Physics Classroom
Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions
Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

e Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

e Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports

e Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?

Re-teaching activities may include, but are not
limited to:

descriptive feedback on original task/assessment
student examples of expectations

modeling

student self assessments

manipulatives

presenting the information again in a different
way

review sessions

graphic organizers

small-group instruction

practice activities

computer tutorials / programs

peer tutoring

breaking down concept into smaller components
cooperative learning

Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways

Learning Standards: Unit 4 - Energy

Open and Closed Systems: Energy
e 5.A Certain quantities are conserved, in the

How Taught?
Teaching activities may include, but are not limited
to:




sense that the changes of those quantities in a
given system are always equal to the transfer of
that quantity to or from the system by all possible
interactions with other systems.

5.A.2.1 Define open and closed systems for
everyday situations and apply conservation
concepts for energy, charge, and linear
momentum to those situations. [SP 6.4, 7.2]

Work and Mechanical Energy

3.E Aforce exerted on an object can change the
kinetic energy of the object.

3.E.1.1 Make predictions about the changes in
kinetic energy of an object based on
considerations of the direction of the net force on
the object as the object moves. [SP 6.4, 7.2]
3.E.1.2 Use net force and velocity vectors to
determine qualitatively whether the kinetic energy
of an object would increase, decrease, or remain
unchanged. [SP 1.4]

3.E.1.3 Use force and velocity vectors to
determine qualitatively or quantitatively the net
force exerted on an object and qualitatively
whether the kinetic energy of that object would
increase, decrease, or remain unchanged. [SP
1.4, 2.2]

3.E.1.4 Apply mathematical routines to determine
the change in kinetic energy of an object given
the forces on the object and the displacement of
the object. [SP 2.2]

4.C.1.1 Calculate the total energy of a system
and justify the mathematical routines used in the
calculation of component types of energy within
the system whose sum is the total energy. [SP
14,21, 2.2]

4.C.1.2 Predict changes in the total energy of a
system due to changes in position and speed of
objects or frictional interactions within the system.
[SP 6.4]

4.C.2.1 Make predictions about the changes in
the mechanical energy of a system when a
component of an external force acts parallel or
antiparallel to the direction of the displacement of
the center of mass. [SP 6.4]

4.C.2.2 Apply the concepts of conservation of
energy and the work-energy theorem to
determine qualitatively and/or quantitatively that
work done on a two-object system in linear
motion will change the kinetic energy of the
center of mass of the system, the potential
energy of the systems, and/or the internal energy
of the system. [SP 1.4, 2.2, 7.2]

Conservation of Energy, the Work-Energy
Principle, and Power

5.B.1.1 Create a representation or model

Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.
Teacher provides direct instruction, give
feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups

Students analyze video content related to
standards that provide a broader global
perspective of content.

Design and conduct lab-based investigations that
connect content to real-life experiences.

Inquiry Labs

Analysis of lab results, with focus on sources of
error and how experimental designs may be
improved.

Small groups - White board problem solving and
sharing

Investigating alternative approaches to problem
solving.

Using technology and mathematics to improve
investigations and communications.

Utilize data to impact instruction




showing that a single object can only have kinetic
energy and use information about that object to
calculate its kinetic energy. [SP 1.4, 2.2]

5.B.1.2 Translate between a representation of a
single object, which can only have kinetic energy,
and a system that includes the object, which may
have both kinetic and potential energies. [SP 1.5]
5.B.2.1 Calculate the expected behavior of a
system using the object model (i.e., by ignoring
changes in internal structure) to analyze a
situation. Then, when the model fails, the student
can justify the use of conservation of energy
principles to calculate the change in internal
energy due to changes in internal structure
because the object is actually a system. [SP 1.4,
21]

5.B.3.1 Describe and make qualitative and/or
quantitative predictions about everyday examples
of systems with internal potential energy. [SP 2.2,
6.4,7.2]

5.B.3.2 Make quantitative calculations of the
internal potential energy of a system from a
description or diagram of that system. [SP 1.4,
2.2]

5.B.3.3 Apply mathematical reasoning to create a
description of the internal potential energy of a
system from a description or diagram of the
objects and interactions in that system. [SP 1.4,
2.2]

5.B.4.1 Describe and make predictions about the
internal energy of systems. [SP 6.4, 7.2]

5.B.4.2 Calculate changes in kinetic energy and
potential energy of a system using information
from representations of that system. [SP 1.4, 2.1,
2.2]

5.B.5.1 Design an experiment and analyze data
to determine how a force exerted on an object or
system does work on the object or system as it
moves through a distance. [SP 4.2, 5.1]

5.B.5.2 Design an experiment and analyze
graphical data in which interpretations of the area
under a force-distance curve are needed to
determine the work done on or by the object or
system. [SP 4.2, 5.1]

5.B.5.3 Predict and calculate from graphical data
the energy transfer to or work done on an object
or system from information about a force exerted
on the object or system through a distance. [SP
1.4,2.2,6.4]

5.B.5.4 Make claims about the interaction
between a system and its environment in which
the environment exerts a force on the system,
thus doing work on the system and changing the
energy of the system (kinetic energy plus
potential energy). [SP 6.4, 7.2]

5.B.5.5 Predict and calculate the energy transfer
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to (i.e., the work done on) an object or system
from information about a force exerted on the
object or system through a distance. [SP 2.2, 6.4]

Materials:

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports
Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
Re-teaching activities may include, but are not
limited to:

descriptive feedback on original task/assessment
student examples of expectations

modeling

student self assessments

manipulatives

presenting the information again in a different
way

review sessions

graphic organizers

small-group instruction

practice activities

computer tutorials / programs

peer tutoring

breaking down concept into smaller components
cooperative learning

Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways
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Learning Standards: Unit 5 - Momentum

Momentum and Impulse

e 3.D.1.1 Justify the selection of data needed to
determine the relationship between the direction
of the force acting on an object and the change in
momentum caused by that force. [SP 4.1]

e 3.D.2.1 Justify the selection of routines for the
calculation of the relationships between changes
in momentum of an object, average force,
impulse, and time of interaction. [SP 2.1]

e 3.D.2.2 Predict the change in momentum of an
object from the average force exerted on the
object and the interval of time during which the
force is exerted. [SP 6.4]

e 3.D.2.3 Analyze data to characterize the change
in momentum of an object from the average force
exerted on the object and the interval of time
during which the force is exerted. [SP 5.1]

e 3.D.2.4 Design a plan for collecting data to
investigate the relationship between changes in
momentum and the average force exerted on an
object over time. [SP 4.2]

Representations of Changes in Momentum

e 4.B.1.1 Calculate the change in linear momentum
of a two-object system with constant mass in
linear motion from a representation of the system
(data, graphs, etc.). [SP 1.4, 2.2]

e 4.B.1.2 Analyze data to find the change in linear
momentum for a constant-mass system using the
product of the mass and the change in velocity of
the center of mass. [SP 5.1]

e 4.B.2.1 Apply mathematical routines to calculate
the change in momentum of a system by
analyzing the average force exerted over a
certain time on the system. [SP 2.2]

e 4.B.2.2 Perform an analysis on data presented
as a force-time graph and predict the change in
momentum of a system. [SP 5.1]

Open and Closed Systems: Momentum
e 5.A.2.1 Define open and closed systems for
everyday situations and apply conservation

concepts for energy, charge, and linear
momentum to those situations. [SP 6.4, 7.2]

Conservation of Linear Momentum

e 5.D.1.1 Make qualitative predictions about natural
phenomena based on conservation of linear

How Taught?
Teaching activities may include, but are not limited
to:

e  Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.

e  Teacher provides direct instruction, give

feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups

Students analyze video content related to

standards that provide a broader global

perspective of content.

e Design and conduct lab-based investigations that
connect content to real-life experiences.

e Inquiry Labs

e  Analysis of lab results, with focus on sources of
error and how experimental designs may be

improved.

e  Small groups - White board problem solving and
sharing

e |nvestigating alternative approaches to problem
solving.

e  Using technology and mathematics to improve
investigations and communications.
e  Utilize data to impact instruction
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momentum and restoration of kinetic energy in
elastic collisions. [SP 6.4, 7.2]

5.D.1.2 Apply the principles of conservation of
momentum and restoration of kinetic energy to
reconcile a situation that appears to be isolated
and elastic, but in which data indicate that linear
momentum and kinetic energy are not the same
after the interaction, by refining a scientific
question to identify interactions that have not
been considered. Students will be expected to
solve qualitatively and/or quantitatively for
one-dimensional situations and qualitatively in
two-dimensional situations. [SP 2.2, 3.2, 5.1, 5.3]
5.D.1.3 Apply mathematical routines
appropriately to problems involving elastic
collisions in one dimension and justify the
selection of those mathematical routines based
on conservation of momentum and restoration of
kinetic energy. [SP 2.1, 2.2]

5.D.1.4 Design an experimental test of an
application of the principle of the conservation of
linear momentum, predict an outcome of the
experiment using the principle, analyze data
generated by that experiment whose
uncertainties are expressed numerically, and
evaluate the match between the prediction and
the outcome. [SP 4.2, 5.1, 5.3, 6.4]

5.D.1.5 Classify a given collision situation as
elastic or inelastic, justify the selection of
conservation of linear momentum and restoration
of kinetic energy as the appropriate principles for
analyzing an elastic collision, solve for missing
variables, and calculate their values. [SP 2.1, 2.2]
5.D.2.1 Qualitatively predict, in terms of linear
momentum and kinetic energy, how the outcome
of a collision between two objects changes
depending on whether the collision is elastic or
inelastic. [SP 6.4, 7.2]

5.D.2.2 Plan data-collection strategies to test the
law of conservation of momentum in a two-object
collision that is elastic or inelastic and analyze
the resulting data graphically. [SP 4.1, 4.2, 5.1]
5.D.2.3 Apply the conservation of linear
momentum to a closed system of objects
involved in an inelastic collision to predict the
change in kinetic energy. [SP 6.4, 7.2]

5.D.2.4 Analyze data that verify conservation of
momentum in collisions with and without an
external frictional force. [SP 4.1, 4.2, 4.4, 5.1, 5.3]
5.D.2.5 Classify a given collision situation as
elastic or inelastic, justify the selection of
conservation of linear momentum as the
appropriate solution method for an inelastic
collision, recognize that there is a common final
velocity for the colliding objects in the totally
inelastic case, solve for missing variables, and
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calculate their values. [SP 2.1, 2.2]

5.D.3.1 Predict the velocity of the center of mass
of a system when there is no interaction outside
of the system but there is an interaction within the
system (i.e., the student simply recognizes that
interactions within a system do not affect the
center-of-mass motion of the system and is able
to determine that there is no external force). [SP
6.4]

Materials:

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports
Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
Re-teaching activities may include, but are not
limited to:

descriptive feedback on original task/assessment
student examples of expectations

modeling

student self assessments

manipulatives

presenting the information again in a different
way

review sessions

graphic organizers

small-group instruction

practice activities

computer tutorials / programs

peer tutoring

breaking down concept into smaller components
cooperative learning

Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways
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Learning Standards: Unit 6 - Simple
Harmonic Motion

Period of Simple Harmonic Oscillators

3.B.3.1 Predict which properties determine the
motion of a simple harmonic oscillator and what
the dependence of the motion is on those
properties. [SP 6.4, 7.2]

3.B.3.2 Design a plan and collect data in order to
ascertain the characteristics of the motion of a
system undergoing oscillatory motion caused by
a restoring force. [SP 4.2]

3.B.3.3 Analyze data to identify qualitative and
quantitative relationships between given values
and variables (i.e., force, displacement,
acceleration, velocity, period of motion,
frequency, spring constant, string length, mass)
associated with objects in oscillatory motion and
use those data to determine the value of an
unknown. [SP 2.2, 5.1]

Construct a qualitative and/ or quantitative
explanation of oscillatory behavior given
evidence of a restoring force. [SP 2.2, 6.2]

Energy of a Simple Harmonic Oscillator

5.B.2.1 Calculate the expected behavior of a
system using the object model (i.e., by ignoring
changes in internal structure) to analyze a
situation. Then, when the model fails, the student
can justify the use of conservation of energy
principles to calculate the change in internal
energy due to changes in internal structure
because the object is actually a system. [SP 1.4,
2.1]

5.B.3.1 Describe and make qualitative and/or
quantitative predictions about everyday examples
of systems with internal potential energy. [SP 2.2,
6.4,7.2]

5.B.3.2 Make quantitative calculations of the
internal potential energy of a system from a
description or diagram of that system. [SP 1.4,
2.2]

5.B.3.3 Apply mathematical reasoning to create a
description of the internal potential energy of a
system from a description or diagram of the
objects and interactions in that system. [SP 1.4,
2.2]

5.B.4.1 Describe and make predictions about the
internal energy of systems. [SP 6.4, 7.2] 5.B.4.2
Calculate changes in kinetic energy and potential
energy of a system using information from
representations of that system. [SP 1.4, 2.1, 2.2]

How Taught?
Teaching activities may include, but are not limited

to:
[ ]

Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.
Teacher provides direct instruction, give
feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups

Students analyze video content related to
standards that provide a broader global
perspective of content.

Design and conduct lab-based investigations that
connect content to real-life experiences.

Inquiry Labs

Analysis of lab results, with focus on sources of
error and how experimental designs may be
improved.

Small groups - White board problem solving and
sharing

Investigating alternative approaches to problem
solving.

Using technology and mathematics to improve
investigations and communications.

Utilize data to impact instruction
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Materials:

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports
Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
Re-teaching activities may include, but are not
limited to:

descriptive feedback on original task/assessment
student examples of expectations

modeling

student self assessments

manipulatives

presenting the information again in a different
way

review sessions

graphic organizers

small-group instruction

practice activities

computer tutorials / programs

peer tutoring

breaking down concept into smaller components
cooperative learning

Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways

Learning Standards: Unit 7 -Torque and

Rotational Motion

Rotational Kinematics

3.A.1.1 Express the motion of an object using

narrative, mathematical, and graphical
representations. [SP 1.5, 2.1, 2.2]

3.A.1.1 Express the motion of an object using

narrative, mathematical, and graphical
representations. [SP 1.5, 2.1, 2.2]

How Taught?
Teaching activities may include, but are not limited

to:
[ ]

Students closely read select passages from
documents to analyze text structure.
development, and consequent meanings.
Teacher provides direct instruction, give
feedback, and model critical thinking

Small group and class discussions.

Pogil Activities

Cooperative learning groups
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Torque and Angular Acceleration

3.F.1.1 Use representations of the relationship
between force and torque. [SP 1.4] 3.F.1.2
Compare the torques on an object caused by
various forces. [SP 1.4]

3.F.1.3 Estimate the torque on an object caused
by various forces in comparison with other
situations. [SP 2.3]

3.F.1.4 Design an experiment and analyze data
testing a question about torques in a balanced
rigid system. [SP 4.1, 4.2, 5.1]

3.F.1.5 Calculate torques on a two-dimensional
system in static equilibrium by examining a
representation or model (such as a diagram or
physical construction). [SP 1.4, 2.2]

3.F.2.1 Make predictions about the change in the
angular velocity about an axis for an object when
forces exerted on the object cause a torque about
that axis. [SP 6.4]

3.F.2.2 Plan data-collection and analysis
strategies designed to test the relationship
between a torque exerted on an object and the
change in angular velocity of that object about an
axis. [SP 4.1, 4.2, 5.1]

3.F.3.1 Predict the behavior of rotational collision
situations by the same processes that are used to
analyze linear collision situations using an
analogy between impulse and change of linear
momentum and angular impulse and change of
angular momentum. [SP 6.4, 7.2]

3.F.3.2 In an unfamiliar context or using
representations beyond equations, justify the
selection of a mathematical routine to solve for the
change in angular momentum of an object caused
by torques exerted on the object. [SP 2.1]

3.F.3.3 Plan data-collection and analysis
strategies designed to test the relationship
between torques exerted on an object and the
change in angular momentum of that object. [SP
41,4.2,5.1,5.3]

Angular Momentum and Torque

4.D.1.1 Describe a representation and use it to
analyze a situation in which several forces exerted
on a rotating system of rigidly connected objects
change the angular velocity and angular
momentum of the system. [SP 1.2, 1.4]

4.D.1.2 Plan data-collection strategies designed
to establish that torque, angular velocity, angular
acceleration, and angular momentum can be
predicted accurately when the variables are
treated as being clockwise or counterclockwise
with respect to a well-defined axis of rotation, and
refine the research question based on the

Students analyze video content related to
standards that provide a broader global
perspective of content.

Design and conduct lab-based investigations
that connect content to real-life experiences.
Inquiry Labs

Analysis of lab results, with focus on sources of
error and how experimental designs may be
improved.

Small groups - White board problem solving and
sharing

Investigating alternative approaches to problem
solving.

Using technology and mathematics to improve
investigations and communications.

Utilize data to impact instruction
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examination of data. [SP 3.2,4.1,4.2, 5.1, 5.3]
4.D.2.1 Describe a model of a rotational system
and use that model to analyze a situation in which
angular momentum changes due to interaction
with other objects or systems. [SP 1.2, 1.4]
4.D.2.2 Plan a data-collection and analysis
strategy to determine the change in angular
momentum of a system and relate it to
interactions with other objects and systems. [SP
4.2]

4.D.3.1 Use appropriate mathematical routines to
calculate values for initial or final angular
momentum, or change in angular momentum of a
system, or average torque or time during which
the torque is exerted in analyzing a situation
involving torque and angular momentum. [SP 2.2]
4.D.3.2 Plan a data-collection strategy designed
to test the relationship between the change in
angular momentum of a system and the product
of the average torque applied to the system and
the time interval during which the torque is
exerted. [SP 4.1, 4.2]

Conservation of Angular Momentum

5.E.1.1 Make qualitative predictions about the
angular momentum of a system for a situation in
which there is no net external torque. [SP 6.4, 7.2]
5.E.1.2 Make calculations of quantities related to
the angular momentum of a system when the net
external torque on the system is zero. [SP 2.1,
2.2]

5.E.2.1 Describe or calculate the angular
momentum and rotational inertia of a system in
terms of the locations and velocities of objects
that make up the system. Use qualitative
reasoning with compound objects and perform
calculations with a fixed set of extended objects
and point masses. [SP 2.2]

Materials:

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

e Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

e Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports
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Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
Re-teaching activities may include, but are not

limited to:
e descriptive feedback on original
task/assessment
e student examples of expectations
e modeling
e student self assessments
e manipulatives
e presenting the information again in a different
way
® review sessions
e graphic organizers
e small-group instruction
e practice activities
e computer tutorials / programs
e peer tutoring
e breaking down concept into smaller components
e cooperative learning
e Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways
Learning Standards: Unit 8 - Acids and Bases How Taught?
e Calculate the values of pH and pOH, based on Teaching activities may include, but are not limited
Kw and the concentration of all species present to:
in a neutral solution of water.
e Calculate pH and pOH based on concentrations ¢ ?giii:;g?ie;ﬁ ;E/azde ?g)l(?csttfua;ﬁfges from
of all species in a solution of a strong acid or a development, and consequent mear.1ings.
strong_ base. . . e  Teacher provides direct instruction, give
e Explain the: relationship among PH, pQH, and feedback, and model critical thinking
concentra_tlons of aII_speC|es in a solution of a e  Small grc;up and class discussions.
mono_protlc weal_< aC|d_ or weak base. e  Pogil Activities
* Explain thg relatlonshlp among the . e  Cooperative learning groups
concentrations of major species in a mixture of e  Students analyze video content related to

weak and strong acids and bases.

Explain results from the titration of a mono- or
polyprotic acid or base solution, in relation to the
properties of the solution and its components.
Explain the relationship between the strength of
an acid or base and the structure of the molecule
or ion.

Explain the relationship between the predominant
form of a weak acid or base in solution at a given
pH and the pKa of the conjugate acid or the pKb
of the conjugate base.

standards that provide a broader global
perspective of content.

Design and conduct lab-based investigations that
connect content to real-life experiences.

Inquiry Labs

Analysis of lab results, with focus on sources of
error and how experimental designs may be
improved.

Small groups - White board problem solving and
sharing
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Explain the relationship between the ability of a
buffer to stabilize pH and the reactions that occur
when an acid or a base is added to a buffered
solution.

Identify the pH of a buffer solution based on the
identity and concentrations of the conjugate
acid-base pair used to create the buffer.
Explain the relationship between the buffer
capacity of a solution and the relative
concentrations of the conjugate acid and
conjugate base components of the solution.

Investigating alternative approaches to problem
solving.

Using technology and mathematics to improve
investigations and communications.

Utilize data to impact instruction

Materials:

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

How Assessed?
Assessments may include, but are not limited to:

Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports
Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
Re-teaching activities may include, but are not
limited to:

descriptive feedback on original task/assessment
student examples of expectations

modeling

student self assessments

manipulatives

presenting the information again in a different
way

review sessions

graphic organizers

small-group instruction

practice activities

computer tutorials / programs

peer tutoring

breaking down concept into smaller components
cooperative learning

Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways
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Learning Standards: Unit 9 - Applications of
Thermodynamics

How Taught?
Teaching activities may include, but are not limited

e Identify the sign and relative magnitude of the | ¢,.
er\tro_pylchange associated with chemical or e  Students closely read select passages from
physica’ processes. . documents to analyze text structure.
e Calculate the entropy change for a chemical development, and consequent meanings
or phy_5|cal process b_ase_d on the _absolute e  Teacher provides direct instruction, give
entropies of the species involved in the feedback, and model critical thinking
process. . . e  Small group and class discussions.
e Explain whether a physical or chemical e  Pogil Activities
process is thermodynamically favored based e  Cooperative learning groups
o En aln'evz'alutatlon Offﬁ.G ti h e  Students analyze video content related to
Xpiain, In terms of kinetics, why a . standards that provide a broader global
thermodynamically favored reaction might perspective of content
EOt Iogcur:tt:l measurable rate. e  Design and conduct lab-based investigations that
¢ =Xplain whether a process Is connect content to real-life experiences.
thermodynamically favored using the e Inquiry Labs
relathnshlps between_ K,AGo,and T. e  Analysis of lab results, with focus on sources of
e Explain the relationship between external error and how experimental designs may be
sources of energy or coupled reactions and improved
their ability to drive thermodynamically e  Small groups - White board problem solving and
unfavorable processes sharing
* Explain the relationship betwee_n the physical e Investigating alternative approaches to problem
components of an electrochemical cell and solving
the overall operational principles of the cell. e Using téchnology and mathematics to improve
e Explain whether an electrochemical cell is investigations and communications
thermodynamically favored, based on its - . : . |
standard cell potential and the constituent e Utilize data to impact instruction
half-reactions within the cell.
e Explain the relationship between deviations
from standard cell conditions and changes in
the cell potential.
e Calculate the amount of charge flow based on
changes in the amounts of reactants and
products in an electrochemical cell.
[ ]
Materials: How Assessed?

AP Edition Physics Textbook
Online video Physics series
Laboratory Experiments for Advanced
Placement Physics

AP Physics Classroom

Lab equipment and chemicals
Vernier probes and Labquests
AP Physics Solutions

Online resources
Gradecam/Google Forms
Calculators

Assessments may include, but are not limited to:

Pre-Assessments (pre-tests, observation,
questioning, diagnostics)

Formative Assessments (mini analysis
assignments, group work, discussions,
homework/classwork, ap chem solutions
worksheets, ap classroom videos and guided
notes for videos, observations,quizzes,
conferences, rubrics, study guides, progress
checks from (AP Classroom), lab reports
Summative Assessments (free response
questions, using rubrics, multiple choice
questions)

How Re-Taught?
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Re-teaching activities may include, but are not
limited to:

e descriptive feedback on original task/assessment
student examples of expectations
modeling
student self assessments
manipulatives
presenting the information again in a different
way
review sessions
graphic organizers
small-group instruction
practice activities
computer tutorials / programs
peer tutoring
breaking down concept into smaller components
cooperative learning
Universal Design for Learning principles offering
students opportunities to experience and engage
material in new and different ways
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