
SCHOOL DISTRICT OF THE CHATHAMS

AP Physics 2
Grades 11 & 12

Full Year

Course Overview

AP Physics 2 is an algebra-based, introductory college-level physics course. Students cultivate their
understanding of physics through inquiry-based investigations as they explore these topics: fluids;
thermodynamics; electrical force, field, and potential; electric circuits; magnetism and electromagnetic
induction; geometric and physical optics; and quantum, atomic, and nuclear physics.

New Jersey Student Learning Standards
The New Jersey Student Learning Standards (NJSLS) can be located at www.nj.gov/education/cccs/2020/.

Physical Science
HS-PS1-5 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.
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-PS2-4 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-PS3-4 Plan and conduct an investigation to provide evidence that the transfer of thermal energy when
two components of different temperature are combined within a closed system results in a more uniform
energy distribution among the components in the system (second law of thermodynamics).
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.

Technology Standards
9.4.12.IML.7: Develop an argument to support a claim regarding a current workplace or
societal/ethical issue such as climate change (e.g., NJSLSA.W1, 7.1.AL.PRSNT.4).
9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw
conclusions about the data.
9.4.12.TL.3: Analyze the effectiveness of the process and quality of collaborative environments.
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9.3.ST-ET.1 Use STEM concepts and processes to solve problems involving design and/or production.
9.3.ST.2 Use technology to acquire, manipulate, analyze and report data.

Career Ready Practices
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them.
CRP2. Apply appropriate academic and technical skills.
CRP4. Communicate clearly and effectively and with reason.

Interdisciplinary Connections

http://www.nj.gov/education/cccs/2020/


English Language Arts:
Reading

● 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.

● 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)

● 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.

Writing
● WHST.11-12.7 Conduct short as well as more sustained research projects to answer a question

(including a self-generated question) or solve a problem; narrow or broaden the inquiry when
appropriate; synthesize multiple sources on the subject, demonstrating understanding of the
subject under investigation.

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

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

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

Mathematics:
● HSN.Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step

problems; choose and interpret units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

● HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.
● HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting

quantities.
● HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.
● 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.
● HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in

solving equations.
● HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context.
● 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.
● 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.
● HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box

plots).

Units of Study
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Unit 1: Fluids (~25 days)
● How are the visible properties of materials determined by parts that can’t be seen?
● Why do some objects float and others sink?
● How can a hydraulic system be modified to do more work?
● Is it possible for energy or mass to be created or destroyed in systems involving fluids?

Unit 2: Thermodynamics (~22 days)
● How is the temperature of a substance related to the energy and movement of its atoms and

molecules?
● How can we best measure what we cannot see?
● How does the direction in which a heat engine does work determine whether it is used as a

refrigerator or a heat pump?
● How and why should we conserve energy?
● When is it beneficial to remove energy from a system?
● How does probability help explain entropy?
● Can energy remain constant even in a closed system?

Unit 3: Electric Force, Field, and Potential (~30 days)
● How are topographical maps connected to the ideas of electric field and potential?
● If our five senses cannot detect an electric field, how can we know it’s there?
● Would you get lost in an electric field without a map? Why are some maps better than others?
● How do electrical charges behave in an electric field?
● Why do charges move?
● What parallels can be drawn between electric charge and energy?

Unit 4: Electric Circuits (~15 days)
● How can what’s inside affect what’s outside?
● How can we measure something that has no weight, mass, or temperature?
● How can you change the value of something just by changing its shape?
● How does the resistance and capacitance of resistors and capacitors change in response to changes

in the physical geometry of the circuit element?
● Why are holiday lights usually wired in series, while house lights are usually wired in parallel?
● How can the electric company justify its claims that it sells “electricity”?
● What happens to the charge in a cell phone battery when it “dies”?

Unit 5: Magnetism and Electromagnetic Induction (~20 days)
● How are magnetic fields both helpful and harmful?
● To what extent can you predict interactions in magnetic fields?
● How can current-carrying wires exert forces on magnets and other current-carrying wires?
● What common characteristics are shared by the magnetic force and other forces?
● How can magnetic forces accelerate objects or systems?
● Why does a relationship exist between electrical currents and magnetic fields?

Unit 6: Geometric and Physical Optics (~15 days)
● Can we really make something invisible?
● How do household items make use of various wave properties?
● How can an object not be where it appears to be?
● How can electromagnetic waves be modeled?

Unit 7: Quantum, Atomic, and Nuclear Physics (~20 days)
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● How can nucleon numbers be conserved when there are so many ways for an atom to split and
decay?

● How does the photoelectric effect support the idea of wave/particle duality?
● How does probability govern the behavior of systems?
● How can we best measure/describe/ represent what we cannot directly see?

Learning Objectives/Discipline Standards of Practice

Learning Objectives:
Unit 1: Fluids

● Construct representations of how the properties of a system are determined by the interactions of
its constituent substructures.

● Predict the densities, differences in densities, or changes in densities under different conditions
for natural phenomena and design an investigation to verify the prediction.

● Select from experimental data the information necessary to determine the density of an object
and/or compare densities of several objects.

● Represent forces in diagrams or mathematically using appropriately labeled vectors with
magnitude, direction, and units during the analysis of a situation.

● Construct an explanation for why an object cannot exert a force on itself.
● Describe a force as an interaction between two objects and identify both objects for any force.
● Make claims about the force on an object due to the presence of other objects with the same

properties: mass, electric charge.
● Construct explanations of physical situations involving the interaction of bodies using Newton’s

third law and the representation of action-reaction pairs of forces.
● Make claims and predictions about the action-reaction pairs of forces when two objects interact

using Newton’s third law.
● Analyze situations involving interactions among several objects by using free-body diagrams that

include the application of Newton’s third law to identify forces.
● Re-express a free-body diagram representation into a mathematical representation and solve the

mathematical representation for the acceleration of the object.
● 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.
● Create and use free-body diagrams to analyze physical situations to solve problems with motion

qualitatively and quantitatively.
● Make claims about various contact forces between objects based on the microscopic cause of those

forces.
● Explain contact forces (tension, friction, normal, buoyant, spring) as arising from interatomic

electric forces and that they therefore have certain directions.
● Make calculations related to a moving fluid using Bernoulli’s equation.
● Make calculations related to a moving fluid using Bernoulli’s equation and/or the relationship

between force and pressure.
● Make calculations related to a moving fluid using Bernoulli’s equation and the continuity equation.
● Construct an explanation of Bernoulli’s equation in terms of the conservation of energy.
● Make calculations of quantities related to flow of a fluid, using mass conservation principles (the

continuity equation).
Unit 2: Thermodynamics

● Construct representations of how the properties of a system are determined by the interactions of
its constituent substructures.
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● Make claims about how the pressure of an ideal gas is connected to the force exerted by molecules
on the walls of the container and how changes in pressure affect the thermal equilibrium of the
system.

● Treating a gas molecule as an object (i.e., ignoring its internal structure), analyze qualitatively the
collisions with a container wall and determine the cause of pressure, and at thermal equilibrium,
quantitatively calculate the pressure, force, or area for a thermodynamic problem given two of the
variables.

● Qualitatively connect the average of all kinetic energies of molecules in a system to the
temperature of the system.

● Connect the statistical distribution of microscopic kinetic energies of molecules to the macroscopic
temperature of the system and relate this to thermodynamic processes.

● Extrapolate from pressure and temperature or volume and temperature data to make the
prediction that there is a temperature at which the pressure or volume extrapolates to zero.

● Design a plan for collecting data to determine the relationships between pressure, volume, and
temperature, and/or the amount of an ideal gas; and to refine a scientific question proposing an
incorrect relationship between the variables.

● Analyze graphical representations of macroscopic variables for an ideal gas to determine the
relationships between these variables and to ultimately determine the ideal gas law PV = nRT

● Extrapolate from pressure and temperature or volume and temperature data to make the
prediction that there is a temperature at which the pressure or volume extrapolates to zero.

● Design a plan for collecting data to determine the relationships between pressure, volume, and
temperature, and/or the amount of an ideal gas; and to refine a scientific question proposing an
incorrect relationship between the variables.

● Analyze graphical representations of macroscopic variables for an ideal gas to determine the
relationships between these variables and to ultimately determine the ideal gas law PV = nRT

● Construct explanations of physical situations involving the interaction of bodies using Newton’s
third law and the representation of action-reaction pairs of forces.

● Make claims and predictions about the action-reaction pairs of forces when two objects interact
using Newton’s third law.

● Analyze situations involving interactions among several objects by using free-body diagrams that
include the application of Newton’s third law to identify forces

● Re-express a free-body diagram representation into a mathematical representation and solve the
mathematical representation for the acceleration of the object.

● 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.

● Create and use free-body diagrams to analyze physical situations to solve problems with motion
qualitatively and quantitatively

● Make claims about various contact forces between objects based on the microscopic cause of those
forces.

● Explain contact forces (tension, friction, normal, buoyant, spring) as arising from interatomic
electric forces and that they therefore have certain directions

● Make predictions about the direction of energy transfer due to temperature differences based on
interactions at the microscopic level.

● 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, 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.

● Describe and make predictions about the internal energy of systems.
● Calculate changes in kinetic energy and potential energy of a system using information from

representations of that system.
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● 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).

● Predict and calculate the energy transfer 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.

● Design an experiment and analyze graphical data in which interpretations of the area under a
pressure-volume curve are needed to determine the work done on or by the object or system.

● Describe the models that represent processes by which energy can be transferred between a
system and its environment because of differences in temperature: conduction, convection, and
radiation.

● Predict qualitative changes in the internal energy of a thermodynamic system involving transfer of
energy due to heat or work done, and justify those predictions in terms of conservation of energy
principles.

● Create a plot of pressure versus volume for a thermodynamic process from given data.
● Make calculations of internal energy changes, heat, or work, based on conservation of energy

principles (i.e., the first law of thermodynamics), using a plot of pressure versus volume for a
thermodynamic process.

● Make predictions of the dynamical properties of a system undergoing a collision by application of
the principle of linear momentum conservation and the principle of the conservation of energy in
situations in which an elastic collision may also be assumed.

● 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.

● 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 calculate their values.

● Apply the conservation of linear momentum to a closed system of objects involved in an inelastic
collision to predict the change in kinetic energy

● Design an experiment, and analyze data from it to examine thermal conductivity.
● Construct an explanation, based on atomic-scale interactions and probability, of how a system

approaches thermal equilibrium when energy is transferred to it or from it in a thermal process.
● Connect qualitatively the second law of thermodynamics in terms of the state function called

entropy and how it (entropy) behaves in reversible and irreversible processes.
Unit 3: Electric Force, Field, and Potential

● Construct representations of how the properties of a system are determined by the interactions of
its constituent substructures.

● Make claims about natural phenomena based on conservation of electric charge.
● Make predictions, using the conservation of electric charge, about the sign and relative quantity of

net charge of objects or systems after various charging processes, including conservation of charge
in simple circuits.

● Construct an explanation of the two charge model of electric charge based on evidence produced
through scientific practices.

● Make a qualitative prediction about the distribution of positive and negative electric charges
within neutral systems as they undergo various processes.

● Challenge claims that polarization of electric charge or separation of charge must result in a net
charge on the object.

● Construct an explanation that challenges the claim that an electric charge smaller than the
elementary charge has been isolated.
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● Predict electric charges on objects within a system by application of the principle of charge
conservation within a system.

● Design a plan to collect data on the electrical charging of objects and electric charge induction on
neutral objects and qualitatively analyze that data.

● Justify the selection of data relevant to an investigation of the electrical charging of objects and
electric charge induction on neutral objects.

● Make predictions about the redistribution of charge during charging by friction, conduction, and
induction. Make predictions about the redistribution of charge caused by the electric field due to
other systems, resulting in charged or polarized objects.

● Construct a representation of the distribution of fixed and mobile charge in insulators and
conductors.

● Construct a representation of the distribution of fixed and mobile charge in insulators and
conductors that predicts charge distribution in processes involving induction or conduction.

● Plan and/or analyze the results of experiments in which electric-charge rearrangement occurs by
electrostatic induction, or be able to refine a scientific question relating to such an experiment by
identifying anomalies in a data set or procedure.

● Represent forces in diagrams or mathematically using appropriately labeled vectors with
magnitude, direction, and units during the analysis of a situation.

● Construct an explanation for why an object cannot exert a force on itself.
● Describe a force as an interaction between two objects and identify both objects for any force.
● Make claims about the force on an object due to the presence of other objects with the same

properties: mass, electric charge.
● Construct explanations of physical situations involving the interaction of bodies using Newton’s

third law and the representation of action-reaction pairs of forces.
● Make claims and predictions about the action-reaction pairs of forces when two objects interact

using Newton’s third law.
● Analyze situations involving interactions among several objects by using free-body diagrams that

include the application of Newton’s third law to identify forces.
● Re-express a free-body diagram representation into a mathematical representation and solve the

mathematical representation for the acceleration of the object.
● 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.
● Create and use free-body diagrams to analyze physical situations to solve problems with motion

qualitatively and quantitatively.
● Make predictions about the interaction between two electric point charges, using Coulomb’s law

qualitatively and quantitatively.
● Connect the concepts of gravitational force and electric force to compare similarities and

differences between the forces.
● Describe the electric force that results from the interaction of several separated point charges

(generally two to four point charges, though more are permitted in situations of high symmetry)
using appropriate mathematics.

● Connect the strength of the gravitational force between two objects to the spatial scale of the
situation and the masses of the objects involved and compare that strength with other types of
forces.

● Connect the strength of electromagnetic forces with the spatial scale of the situation, the
magnitude of the electric charges, and the motion of the electrically charged objects involved.

● Predict the direction and the magnitude of the force exerted on an object with an electric charge q
placed in an electric field E using the mathematical model of the relation between an electric force
and an electric field: F qE =   a vector relation.
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● Calculate any one of the variables—electric force, electric charge, and electric field—at a point
given the values and sign or direction of the other two quantities.

● Qualitatively and semi quantitatively apply the vector relationship between the electric field and
the net electric charge creating that field.

● Explain the inverse square dependence of the electric field surrounding a spherically symmetric,
electrically charged object.

● Distinguish the characteristics that differ between monopole fields (gravitational field of spherical
mass and electrical field due to single-point charge) and dipole fields (electric dipole field and
magnetic field) and make claims about the spatial behavior of the fields using qualitative or
semiquantitative arguments based on vector addition of fields due to each point source, including
identifying the locations and signs of sources from a vector diagram of the field.

● Apply mathematical routines to determine the magnitude and direction of the electric field at
specified points in the vicinity of a small set (two to four) of point charges and express the results
in terms of magnitude and direction of the field in a visual representation by drawing field vectors
of appropriate length and direction at the specified points.

● Create representations of the magnitude and direction of the electric field at various distances
(small compared with plate size) from two electrically charged plates of equal magnitude and
opposite signs, and be able to recognize that the assumption of uniform field is not appropriate
near edges of plates.

● Calculate the magnitude and determine the direction of the electric field between two electrically
charged parallel plates, given the charge of each plate, or the electric potential difference and plate
separation.

● Represent the motion of an electrically charged particle in the uniform field between two
oppositely charged plates, and express the connection of this motion to projectile motion of an
object with mass in Earth’s gravitational field.

● Construct or interpret visual representations of the isolines of equal gravitational potential energy
per unit mass and refer to each line as a gravitational equipotential.

● Determine the structure of isolines of electric potential by constructing them in a given electric
field.

● Predict the structure of isolines of electric potential by constructing them in a given electric field,
and make connections between these isolines and those found in a gravitational field.

● Construct isolines of electric potential in an electric field, and determine the effect of that field on
electrically charged objects, qualitatively using the concept of isolines.

● Determine the structure of isolines of electric potential by constructing them in a given electric
field.

● Predict the structure of isolines of electric potential by constructing them in a given electric field,
and make connections between these isolines and those found in a gravitational field.

● Construct isolines of electric potential in an electric field, and determine the effect of that field on
electrically charged objects, qualitatively using the concept of isolines.

● Apply mathematical routines to calculate the average value of the magnitude of the electric field in
a region from a description of the electric potential in that region using the displacement along the
line on which the difference in potential is evaluated.

● Apply the concept of the isoline representation of electric potential for a given electric charge
distribution to predict the average value of the electric field in the region.

● 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, 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.

● Describe and make predictions about the internal energy of systems.
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● Calculate changes in kinetic energy and potential energy of a system using information from
representations of that system.

● 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).

● Predict and calculate the energy transfer 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

Unit 4: Electric Circuits
● Make claims about natural phenomena based on conservation of electric charge.
● Make predictions, using the conservation of electric charge, about the sign and relative quantity of

net charge of objects or systems after various charging processes, including conservation of charge
in simple circuits.

● Construct an explanation of the two charge model of electric charge based on evidence produced
through scientific practices.

● Make a qualitative prediction about the distribution of positive and negative electric charges
within neutral systems as they undergo various processes.

● Challenge claims that polarization of electric charge or separation of charge must result in a net
charge on the object.

● Select and justify the data needed to determine resistivity for a given material.
● Make predictions about the properties of resistors and/or capacitors when placed in a simple

circuit based on the geometry of the circuit element and supported by scientific theories and
mathematical relationships.

● Design a plan for the collection of data to determine the effect of changing the geometry and/or
materials on the resistance or capacitance of a circuit element, and relate results to the basic
properties of resistors and capacitors.

● Analyze data to determine the effect of changing the geometry and/or materials on the resistance
or capacitance of a circuit element, and relate results to the basic properties of resistors and
capacitors.

● Make and justify a quantitative prediction of the effect of a change in values or arrangements of
one or two circuit elements on the currents and potential differences in a circuit containing a small
number of sources of emf, resistors, capacitors, and switches in series and/or parallel.

● Make and justify a qualitative prediction of the effect of a change in values or arrangements of one
or two circuit elements on currents and potential differences in a circuit containing a small
number of sources of emf, resistors, capacitors, and switches in series and/or parallel.

● Plan data collection strategies and perform data analysis to examine the values of currents and
potential differences in an electric circuit that is modified by changing or rearranging circuit
elements, including sources of emf, resistors, and capacitors.

● Analyze experimental data including an analysis of experimental uncertainty that will demonstrate
the validity of Kirchhoff’s loop rule: Δ = V 0 .

● Describe and make predictions regarding electrical potential difference, charge, and current in
steady state circuits composed of various combinations of resistors and capacitors using
conservation of energy principles (Kirchhoff’s loop rule).

● Mathematically express the changes in electric potential energy of a loop in a multiloop electrical
circuit, and justify this expression using the principle of the conservation of energy.

● Refine and analyze a scientific question for an experiment using Kirchhoff’s loop rule for circuits
that includes determination of internal resistance of the battery and analysis of a non-ohmic
resistor.

● Translate between graphical and symbolic representations of experimental data describing
relationships among power, current, and potential difference across a resistor.
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● Predict or describe current values in series and parallel arrangements of resistors and other
branching circuits using Kirchhoff’s junction rule, and explain the relationship of the rule to the
law of charge conservation. [SP 6.4, 7.2] 5.C.3.5 Determine missing values and direction of electric
current in branches of a circuit with resistors and NO capacitors from values and directions of
current in other branches of the circuit through appropriate selection of nodes and application of
the junction rule.

● Determine missing values and direction of electric current in branches of a circuit with both
resistors and capacitors from values and directions of current in other branches of the circuit
through appropriate selection of nodes and application of the junction rule.

● Determine missing values, direction of electric current, charge of capacitors at steady state, and
potential differences within a circuit with resistors and capacitors from values and directions of
current in other branches of the circuit.

Unit 5: Magnetism and Electromagnetic Induction
● Construct representations of how the properties of a system are determined by the interactions of

its constituent substructures.
● Distinguish the characteristics that differ between monopole fields (gravitational field of spherical

mass and electrical field due to single-point charge) and dipole fields (electric dipole field and
magnetic field) and make claims about the spatial behavior of the fields using qualitative or
semiquantitative arguments based on vector addition of fields due to each point source, including
identifying the locations and signs of sources from a vector diagram of the field.

● Apply mathematical routines to express the force exerted on a moving charged object by a
magnetic field.

● Create a verbal or visual representation of a magnetic field around a straight wire or a pair of
parallel wires.

● Describe the orientation of a magnetic dipole placed in a magnetic field in general and the
particular cases of a compass in the magnetic field of Earth and iron filings surrounding a bar
magnet.

● Qualitatively analyze the magnetic behavior of a bar magnet composed of ferromagnetic material.
● Use right-hand rules to analyze a situation involving a current-carrying conductor and a moving

electrically charged object to determine the direction of the magnetic force exerted on the charged
object due to the magnetic field created by the current carrying conductor.

● Plan a data collection strategy appropriate to an investigation of the direction of the force on a
moving electrically charged object caused by a current in a wire in the context of a specific set of
equipment and instruments, and analyze the resulting data to arrive at a conclusion.

● Represent forces in diagrams or mathematically using appropriately labeled vectors with
magnitude, direction, and units during the analysis of a situation.

● Construct an explanation for why an object cannot exert a force on itself.
● Describe a force as an interaction between two objects and identify both objects for any force.
● Make claims about the force on an object due to the presence of other objects with the same

properties: mass, electric charge.
● Construct explanations of physical situations involving the interaction of bodies using Newton’s

third law and the representation of action reaction pairs of forces.
● Make claims and predictions about the action-reaction pairs of forces when two objects interact

using Newton’s third law.
● Analyze situations involving interactions among several objects by using free-body diagrams that

include the application of Newton’s third law to identify forces.
● Re-express a free-body diagram representation into a mathematical representation and solve the

mathematical representation for the acceleration of the object.
● 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.
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● Create and use free-body diagrams to analyze physical situations to solve problems with motion
qualitatively and quantitatively.

● Connect the strength of electromagnetic forces with the spatial scale of the situation, the
magnitude of the electric charges, and the motion of the electrically charged objects involved.

● Use representations and models to qualitatively describe the magnetic properties of some
materials that can be affected by magnetic properties of other objects in the system.

● Construct an explanation of the function of a simple electromagnetic device in which an induced
emf is produced by a changing magnetic flux through an area defined by a current loop (i.e., a
simple microphone or generator) or of the effect on behavior of a device in which an induced emf
is produced by a constant magnetic field through a changing area.

Unit 6: Geometric and Physical Optics
● Describe representations of transverse and longitudinal waves.
● Analyze data (or a visual representation) to identify patterns that indicate that a particular

mechanical wave is polarized, and construct an explanation of the fact that the wave must have a
vibration perpendicular to the direction of energy propagation.

● Make qualitative comparisons of the wavelengths of types of electromagnetic radiation.
● Describe representations and models of electromagnetic waves that explain the transmission of

energy when no medium is present.
● Construct an equation relating the wavelength and amplitude of a wave from a graphical

representation of the electric or magnetic field value as a function of position at a given time
instant and vice versa, or construct an equation relating the frequency or period and amplitude of
a wave from a graphical representation of the electric or magnetic field value at a given position as
a function of time and vice versa.

● Make claims using connections across concepts about the behavior of light as the wave travels
from one medium into another, as some is transmitted, some is reflected, and some is absorbed.

● Make predictions about the locations of object and image relative to the location of a reflecting
surface. The prediction should be based on the model of specular reflection with all angles
measured relative to the normal to the surface.

● Describe models of light traveling across a boundary from one transparent material to another
when the speed of propagation changes, causing a change in the path of the light ray at the
boundary of the two media.

● Plan data collection strategies as well as perform data analysis and evaluation of the evidence for
finding the relationship between the angle of incidence and the angle of refraction for light
crossing boundaries from one transparent material to another (Snell’s law).

● Make claims and predictions about path changes for light traveling across a boundary from one
transparent material to another at non-normal angles resulting from changes in the speed of
propagation.

● Plan data collection strategies and perform data analysis and evaluation of evidence about the
formation of images due to reflection of light from curved spherical mirrors.

● Use quantitative and qualitative representations and models to analyze situations and solve
problems about image formation occurring due to the reflection of light from surfaces.

● Use quantitative and qualitative representations and models to analyze situations and solve
problems about image formation occurring due to the refraction of light through thin lenses.

● Plan data collection strategies, perform data analysis and evaluation of evidence, and refine
scientific questions about the formation of images due to refraction for thin lenses.

● Make claims and predictions about the net disturbance that occurs when two waves overlap.
Examples include standing waves.

● Construct representations to graphically analyze situations in which two waves overlap over time
using the principle of superposition.

Revision Date: May 2022



● Make claims about the diffraction pattern produced when a wave passes through a small opening,
and qualitatively apply the wave model to quantities that describe the generation of a diffraction
pattern when a wave passes through an opening whose dimensions are comparable to the
wavelength of the wave.

● Qualitatively apply the wave model to quantities that describe the generation of interference
patterns to make predictions about interference patterns that form when waves pass through a set
of openings whose spacing and widths are small compared with the wavelength of the waves.

● Predict and explain, using representations and models, the ability or inability of waves to transfer
energy around corners and behind obstacles in terms of the diffraction property of waves in
situations involving various kinds of wave phenomena, including sound and light.

Unit 7: Quantum, Atomic, and Nuclear Physics
● Construct representations of the differences between a fundamental particle and a system

composed of fundamental particles, and relate this to the properties and scales of the systems
being investigated.

● Construct representations of the energy-level structure of an electron in an atom, and relate this to
the properties and scales of the systems being investigated.

● Identify the strong force as the force that is responsible for holding the nucleus together.
● Analyze electric charge conservation for nuclear and elementary particle reactions, and make

predictions related to such reactions based on conservation of charge.
● Make predictions of the dynamical properties of a system undergoing a collision by application of

the principle of linear momentum conservation and the principle of the conservation of energy in
situations in which an elastic collision may also be assumed.

● 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.

● 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 calculate their values.

● Apply the conservation of linear momentum to a closed system of objects involved in an inelastic
collision to predict the change in kinetic energy.

● Make predictions about the velocity of the center of mass for interactions within a defined
one-dimensional system.

● Make predictions about the velocity of the center of mass for interactions within a defined
two-dimensional system.

● Apply conservation of nucleon number and conservation of electric charge to make predictions
about nuclear reactions and decays such as fission, fusion, alpha decay, beta decay, or gamma
decay.

● 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, 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.

● Describe and make predictions about the internal energy of systems.
● 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).

● Describe emission or absorption spectra associated with electronic or nuclear transitions as
transitions between allowed energy states of the atom in terms of the principle of energy
conservation, including characterization of the frequency of radiation emitted or absorbed.
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● Apply conservation of mass and conservation of energy concepts to a natural phenomenon, and
use the equation E= mc^2 to make a related calculation.

● Articulate the reasons that the theory of conservation of mass was replaced by the theory of
conservation of mass–energy.

● Apply mathematical routines to describe the relationship between mass and energy, and apply this
concept across domains of scale.

● Explain why classical mechanics cannot describe all properties of objects by articulating the
reasons that classical mechanics must be refined and an alternative explanation developed when
classical particles display wave properties.

● Articulate the reasons that classical mechanics must be replaced by special relativity to describe
the experimental results and theoretical predictions that show that the properties of space and
time are not absolute.

● Make claims and predictions about the net disturbance that occurs when two waves overlap.
Examples include standing waves.

● Construct representations to graphically analyze situations in which two waves overlap over time
using the principle of superposition.

● Make claims about the diffraction pattern produced when a wave passes through a small opening,
and qualitatively apply the wave model to quantities that describe the generation of a diffraction
pattern when a wave passes through an opening whose dimensions are comparable to the
wavelength of the wave.

● Qualitatively apply the wave model to quantities that describe the generation of interference
patterns to make predictions about interference patterns that form when waves pass through a set
of openings whose spacing and widths are small compared with the wavelength of the waves.

● Predict and explain, using representations and models, the ability or inability of waves to transfer
energy around corners and behind obstacles in terms of the diffraction property of waves in
situations involving various kinds of wave phenomena, including sound and light.

● Make predictions about using the scale of the problem to determine at what regimes a particle or
wave model is more appropriate.

● Articulate the evidence supporting the claim that a wave model of matter is appropriate to explain
the diffraction of matter interacting with a crystal, given conditions where a particle of matter has
momentum corresponding to a de Broglie wavelength smaller than the separation between
adjacent atoms in the crystal.

● Predict the dependence of major features of a diffraction pattern (e.g., spacing between
interference maxima) based on the particle speed and de Broglie wavelength of electrons in an
electron beam interacting with a crystal.

● Support the photon model of radiant energy with evidence provided by the photoelectric effect.
● Select a model of radiant energy that is appropriate to the spatial or temporal scale of an

interaction with matter.
● Use a graphical wave function representation of a particle to predict qualitatively the probability of

finding a particle in a specific spatial region.
● Use a standing wave model in which an electron orbit circumference is an integer multiple of the

de Broglie wavelength to give a qualitative explanation that accounts for the existence of specific
allowed energy states of an electron in an atom.

● Predict the number of radioactive nuclei remaining in a sample after a certain period of time, and
also predict the missing species (alpha, beta, gamma) in a radioactive decay.

● Construct or interpret representations of transitions between atomic energy states involving the
emission and absorption of photons.

Discipline Standards of Practice:
AP Physics 2 Practices:
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● Modeling
○ Use representations and models to communicate scientific phenomena and solve scientific

problems.
● Mathematical Routines

○ Use mathematics appropriately.
● Scientific Questioning

○ Engage in scientific questioning to extend thinking or guide investigations.
● Experimental Methods

○ Plan and implement data collection strategies in relation to a particular scientific question.
● Data Analysis

○ Perform data analysis and evaluation of evidence.
● Argumentation

○ Work with scientific explanations and theories.
● Making Connections

○ Connect and relate knowledge across various scales, concepts, and representations in and
across domains.

Science and Engineering Practices
● Plan and Carryout and Investigation

○ Identify or pose a testable question based on observations, data or a model
● Constructing Explanations and Designing Solutions
● Using Mathematics and Computational Thinking

○ Using data to evaluate a hypothesis
○ Perform mathematical equations in the curriculum

● Analyzing and Interpreting Data
● Developing and Using Models

○ Describe characteristics of a biological concept, process or model represented visually
● Engaging in Argument from Evidence

○ Making a scientific claim
○ Provide reasoning to justify a claim by connecting evidence to biological theories

● Asking Questions and Defining Problems
● Obtaining, Evaluating, and Communicating Information

Crosscutting Concepts
● Structure and Function
● Stability and Change
● Systems and System Models
● Energy and Matter
● Scale, Proportion, and Quantity
● Cause and effect

Instructional Resources and Materials
Whole class resources have been identified with an asterisk.

Resources
● Physics Cutnell & Johnson 7th edition volume II

Materials
● Various PASCO probeware
● Desktop computers with PASCO 850 Interface
● Various lab & demonstration equipment
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Benchmark Tasks
● Unit 1 Labs

○ Archimedes / Buoyancy
○ Bernoulli’s Principle
○ Siphons
○ Boyle’s law

● Unit 2 Labs
○ Work on Syringe = PV

● Unit 3 Labs:
○ Intro to Electrostatics
○ Field Mapping
○ Electric Field (Simulation)
○ Electric Potential (Simulation)

● Unit 4 Labs:
○ Ohm’s Law
○ Resistors in Series & Parallel
○ Combination Circuits
○ Capacitors
○ Capacitors in Series & Parallel
○ RC Circuits

● Unit 5 Labs:
○ Intro to Magnetism
○ B Field in Slinky

● Unit 6 Labs
○ Plane Mirrors
○ Concave & Convex Mirrors
○ Refraction
○ Convex & Concave Lenses
○ Double Slit Interference
○ Single Slit
○ Diffraction Grating

● Unit 7 Labs
○ Photoelectric Effect
○ Radioactive Decay (using pennies)

Assessment Strategies
Assessment is designed to measure a student’s mastery of a course standard and learning objective.
Assessment can be used for both instructional purposes (formative assessment) and for evaluative purposes
(summative assessment).

The following is a general list of the many forms assessment may take in learning.
● Tests
● Quizzes
● Laboratory Investigations
● Unit Assessments
● Projects

○ Physics Olympics
○ Conqueror of the Hill
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