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I. Course Description: 
 

AP® Physics C is a national calculus-based course in physics. It is examined in two separate exams.  The two exams correspond to the 

physics C course sequence. One exam covers mechanics and the other covers electricity and magnetism. This course will cover the 

electricity and magnetism portion of AP® Physics C. The syllabus for this course is designed by the College Board.  The mechanics 

course is equivalent to the pre- engineering introductory physics course for university students. The emphasis is on understanding the 

concepts and skills and using the concepts and formulae to solve problems. Laboratory work is an integral part of this course. It is 

especially appropriate for students planning to specialize or major in physical science or engineering.  The Physics C: Electricity and 

Magnetism course is a one-semester, calculus-based, college-level physics course. The course explores topics such as electrostatics; 

conductors; capacitors and dielectrics; electric circuits; magnetic fields; and electromagnetism. Introductory differential and integral 

calculus are used throughout the course.  At PCTI, it will be a yearlong course and candidates are required to be proficient in calculus. 

Students will not be allowed to take this course unless they have satisfactorily completed an acceptable calculus course. At the end of 

the course, students are expected to take the College Board’s exam in May of the school year. 

II. Units: 

Content Area: AP Physics C: Electricity and Magnetism Grade(s) 11, 12 

Unit Plan Title: Unit 1 (Electrostatics) & Unit 2 (Conductors, Capacitors and Dielectrics) 

NJSLS Standards Addressed 

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the 

net force on a macroscopic object, its mass, and its acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a system of objects is conserved when 

there is no net force on the system. 

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

changing magnetic field can produce an electric current. 

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

of designed materials.  

HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the change in 

energy of the other component(s) and energy flows in and out of the system are known. 

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the motions of particles (objects) and energy associated with the relative position of particles (objects).  

HS-PS3-5.  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. 
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Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Planning and Carrying Out 

Investigations 

Planning and carrying out investigations 

to answer questions or test solutions to 

problems in 9–12 builds on K–8 

experiences and progresses to include 

investigations that provide evidence for 

and test conceptual, mathematical, 

physical and empirical models. 

▪ Plan and conduct an investigation 

individually and collaboratively to 

produce data to serve as the basis for 

evidence, and in the design: decide on 

types, how much, and accuracy of data 

needed to produce reliable 

measurements and consider limitations 

on the precision of the data (e.g., 

number of trials, cost, risk, time), and 

refine the design accordingly. (HS-

PS2-5) 
Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 

and progresses to introducing more 

detailed statistical analysis, the 

comparison of data sets for consistency, 

and the use of models to generate and 

analyze data. 

▪ Analyze data using tools, 

technologies, and/or models (e.g., 

computational, mathematical) in 

order to make valid and reliable 

scientific claims or determine an 

optimal design solution. (HS-PS2-1) 

Using Mathematics and Computational 

PS1.A: Structure and Properties of 

Matter 

▪ The structure and interactions of 

matter at the bulk scale are 

determined by electrical forces 

within and between atoms. 

(secondary to HS-PS2-6) 

PS2.A: Forces and Motion 

▪ Newton’s second law accurately 

predicts changes in the motion of 

macroscopic objects. (HS-PS2-1) 

▪ Momentum is defined for a 

particular frame of reference; it is the 

mass times the velocity of the object. 

(HS-PS2-2) 

▪ If a system interacts with objects 

outside itself, the total momentum 

of the system can change; however, 

any such change is balanced by 

changes in the momentum of 

objects outside the system. (HS-

PS2-2),(HS-PS2-3) 

PS2.B: Types of Interactions 

▪ Newton’s law of universal gravitation 

and Coulomb’s law provide the 

mathematical models to describe and 

predict the effects of gravitational and 

electrostatic forces between distant 

objects. (HS-PS2-4) 

▪ Forces at a distance are explained 

by fields (gravitational, electric, and 

magnetic) permeating space that can 

Patterns 

▪ Different patterns may be observed at 

each of the scales at which a system is 

studied and can provide evidence for 

causality in explanations of 

phenomena. (HS-PS2-4) 

Cause and Effect 

▪ Empirical evidence is required to 

differentiate between cause and 

correlation and make claims about 

specific causes and effects. (HS-PS2- 

1),(HS-PS2-5) 

▪ Systems can be designed to cause a 

desired effect. (HS-PS2-3) 

Systems and System Models 

▪ When investigating or describing a 

system, the boundaries and initial 

conditions of the system need to be 

defined. (HS-PS2-2) 

Structure and Function 

Investigating or designing new systems or 

structures requires a detailed examination of 

the properties of different materials, the 

structures of different components, and 

connections of components to reveal its 

function and/or solve a problem. (HS-PS2-

6) 
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Thinking Mathematical and 

computational thinking at the 9–12 level 

builds on K–8 and progresses to using 

algebraic thinking and analysis, a range 

of linear and nonlinear functions 

including trigonometric functions, 

exponentials and logarithms, and 

computational tools for statistical analysis 

to analyze, represent, and model data. 

Simple computational simulations are 

created and used based on mathematical 

models of basic assumptions. 

▪ Use mathematical representations of 

phenomena to describe explanations. 

(HS-PS2-2),(HS-PS2-4) 

Constructing Explanations and 

Designing Solutions Constructing 

explanations and designing solutions in 

9–12 builds on K–8 experiences and 

progresses to explanations and designs 

that are supported by multiple and 

independent student- generated sources 

of evidence consistent with scientific 

ideas, principles, and theories. 

▪ Apply scientific ideas to solve a 

design problem, taking into account 

possible unanticipated effects. (HS-

PS2-3) 

Obtaining, Evaluating, and 

Communicating Information 

Obtaining, evaluating, and 

communicating information in 9–12 

builds on K–8 and progresses to 

evaluating the validity and reliability of 

the claims, methods, and designs. 

transfer energy through space. 

Magnets or electric currents cause 

magnetic fields; electric charges or 

changing magnetic fields cause 

electric fields. (HS-PS2-4),(HS-

PS2-5) 

▪ Attraction and repulsion between 

electric charges at the atomic scale 

explain the structure, properties, and 

transformations of matter, as well as 

the contact forces between material 

objects. (HS-PS2-6),(secondary to 

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

PS3.A: Definitions of Energy 

▪ “Electrical energy” may mean energy 

stored in a battery or energy 

transmitted by electric currents. 

(secondary to HS-PS2-5) 

ETS1.A: Defining and Delimiting 

Engineering Problems 

▪ Criteria and constraints also include 

satisfying any requirements set by 

society, such as taking issues of risk 

mitigation into account, and they 

should be quantified to the extent 

possible and stated in such a way that 

one can tell if a given design meets 

them. (secondary to HS-PS2-3) 

ETS1.C: Optimizing the Design Solution 

Criteria may need to be broken down into simpler 

ones that can be approached systematically, and 

decisions about the priority of certain criteria over 
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▪ Communicate scientific and technical 

information (e.g. about the process of 

development and the design and 

performance of a proposed process or 

system) in multiple formats 

(including orally, graphically, textually, and 

mathematically). 

(HS-PS2-6) 

---------------------------------------------------- 

Connections to Nature of Science 

Science Models, Laws, Mechanisms, and 

Theories Explain Natural Phenomena 

Theories and laws provide explanations in 

science. (HS-PS2- 1),(HS-PS2-4) 

Laws are statements or descriptions of the 

relationships among observable phenomena. (HS-

PS2-1),(HS-PS2-4) 

others (trade-offs) may be needed. (secondary to HS-

PS2-3) 

NJSLS Standard(s) Addressed 

Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4), (HS-PS2-5); HS.PS3.C (HS-PS2-1); HS.PS4.B (HS-PS2-5). 

 HS. ESS1.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-4). 

HS. ESS1.B (HS-PS2-4); HS. ESS1.C (HS-PS2-1), (HS-PS2-2), (HS-PS2-4); HS. ESS2.A (HS-PS2-5); HS. ESS2.C (HS-PS2-1), (HS-

PS2-4); HS. ESS3.A (HS-PS2-4), (HS-PS2-5) 

Articulation to DCIs across grade-bands: MS.PS1.A (HS-PS2-6); MS.PS2.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-3); MS.PS2.B (HS-

PS2-4), (HS-PS2-5), (HS-PS2-6); MS.PS3.C (HS-PS2- 1), (HS-PS2-2), (HS-PS2-3); MS. ESS1.B (HS-PS2-4), (HS-PS2-5) 

Essential Questions (3-5) 

Why does your hair stand up after brushing it with a plastic comb? 

How does a charged rubber rod bend a stream of water? 

How is the kinematics of charged particles used in old televisions? 

Why is it sometimes necessary to shield against electric fields? 

Why is the electric field everywhere perpendicular to surfaces of constant electric potential? 

Why are capacitors used as circuit elements shaped like cylinders? 
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Anchor Text 

Fundamentals of Physics, AP Edition:  Publisher: Wiley; 11th Edition, Electronic Book, (September 2018) by David Halliday, Robert 

Resnick and Jearl Walker: ISBN: 978-1-119-047278-0. 

Informational Texts (3-5) 

Test Preparation Book: Cracking the AP Physics C Exam, 2018 Edition: Proven Techniques to Help You Score a 5 (College Test 

Preparation). Publisher: Random House Children Books.ISBN-13: 978-1524710132. 

Physics for Scientists & Engineers with Modern Physics (4th Edition) by Douglas C. Giancoli (Author); Publication Date: September 

4, 2008, ISBN-10: 0131495089 | ISBN-13:978-0131495081 | Edition: 4 (Publisher, Pearson). 

 

Short Texts (1-3) 

 

Suggested Formative and Summative Assessments 

Summative Assignments: Instructor guided laboratory assignments and formal reports, Student guided laboratory assignments and 

formal reports, and tests on canvas, AP Physics C: Mechanics exams on paper, Unit Tests and Projects. 

Formative Assignments: Homework, Quizzes, Laboratory based past exam questions, General AP Physics C: Electricity and Magnetism 

free response questions assignments. 

Resources (websites, Blackboard, documents, etc.) 

Canvas Instructure Learning Management System, The College Board Website, pHET Simulations Website, Khan’s Academy, YouTube, 

CK12 website for texts, simulations and videos. 

Labs (Formative Assessments) 

• Electrostatics — Ordering the given materials in the order of their electronegativity. 

• Mapping Electric Fields: Plotting equipotential and field lines; 3-D landscape 

• Capacitors and Dielectrics 

Suggested Time Frame: 14 weeks 
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Content Area: AP Physics C: Electricity and Magnetism Grade(s) 11, 12 

Unit Plan Title: Unit 3 (Electric Circuits) 

NJSLS Standards Addressed 

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

changing magnetic field can produce an electric current.  

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

of designed materials.  

HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the change in 

energy of the other component(s) and energy flows in and out of the system are known. 

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the motions of particles (objects) and energy associated with the relative position of particles (objects). HS-PS3-5. 

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.  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Planning and Carrying Out 

Investigations 

Planning and carrying out investigations 

to answer questions or test solutions to 

problems in 9–12 builds on K–8 

experiences and progresses to include 

investigations that provide evidence for 

and test conceptual, mathematical, 

physical and empirical models. 

▪ Plan and conduct an investigation 

individually and collaboratively to 

produce data to serve as the basis for 

evidence, and in the design: decide on 

types, how much, and accuracy of data 

needed to produce reliable 

measurements and consider limitations 

PS1.A: Structure and Properties of 

Matter 

▪ The structure and interactions of 

matter at the bulk scale are 

determined by electrical forces 

within and between atoms. 

(secondary to HS-PS2-6) 

PS2.A: Forces and Motion 

▪ Newton’s second law accurately 

predicts changes in the motion of 

macroscopic objects. (HS-PS2-1) 

▪ Momentum is defined for a 

particular frame of reference; it is the 

mass times the velocity of the object. 

(HS-PS2-2) 

Patterns 

▪ Different patterns may be observed at 

each of the scales at which a system is 

studied and can provide evidence for 

causality in explanations of 

phenomena. (HS-PS2-4) 

Cause and Effect 

▪ Empirical evidence is required to 

differentiate between cause and 

correlation and make claims about 

specific causes and effects. (HS-PS2- 

1),(HS-PS2-5) 

▪ Systems can be designed to cause a 

desired effect. (HS-PS2-3) 

Systems and System Models 
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on the precision of the data (e.g., 

number of trials, cost, risk, time), and 

refine the design accordingly. (HS-

PS2-5) 
Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 

and progresses to introducing more 

detailed statistical analysis, the 

comparison of data sets for consistency, 

and the use of models to generate and 

analyze data. 

▪ Analyze data using tools, 

technologies, and/or models (e.g., 

computational, mathematical) in 

order to make valid and reliable 

scientific claims or determine an 

optimal design solution. (HS-PS2-1) 

Using Mathematics and Computational 

Thinking Mathematical and 

computational thinking at the 9–12 level 

builds on K–8 and progresses to using 

algebraic thinking and analysis, a range 

of linear and nonlinear functions 

including trigonometric functions, 

exponentials and logarithms, and 

computational tools for statistical analysis 

to analyze, represent, and model data. 

Simple computational simulations are 

created and used based on mathematical 

models of basic assumptions. 

▪ Use mathematical representations of 

phenomena to describe explanations. 

(HS-PS2-2),(HS-PS2-4) 

Constructing Explanations and 

Designing Solutions Constructing 

explanations and designing solutions in 

▪ If a system interacts with objects 

outside itself, the total momentum 

of the system can change; however, 

any such change is balanced by 

changes in the momentum of 

objects outside the system. (HS-

PS2-2),(HS-PS2-3) 

PS2.B: Types of Interactions 

▪ Newton’s law of universal gravitation 

and Coulomb’s law provide the 

mathematical models to describe and 

predict the effects of gravitational and 

electrostatic forces between distant 

objects. (HS-PS2-4) 

▪ Forces at a distance are explained 

by fields (gravitational, electric, and 

magnetic) permeating space that can 

transfer energy through space. 

Magnets or electric currents cause 

magnetic fields; electric charges or 

changing magnetic fields cause 

electric fields. (HS-PS2-4),(HS-

PS2-5) 

▪ Attraction and repulsion between 

electric charges at the atomic scale 

explain the structure, properties, and 

transformations of matter, as well as 

the contact forces between material 

objects. (HS-PS2-6),(secondary to 

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

PS3.A: Definitions of Energy 

▪ “Electrical energy” may mean energy 

▪ When investigating or describing a 

system, the boundaries and initial 

conditions of the system need to be 

defined. (HS-PS2-2) 

Structure and Function 
Investigating or designing new systems or structures requires a detailed 

examination of the properties of different materials, the structures of 

different components, and connections of components to reveal its 

function and/or solve a problem. (HS-PS2-6) 
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9–12 builds on K–8 experiences and 

progresses to explanations and designs 

that are supported by multiple and 

independent student- generated sources 

of evidence consistent with scientific 

ideas, principles, and theories. 

▪ Apply scientific ideas to solve a 

design problem, taking into account 

possible unanticipated effects. (HS-

PS2-3) 

Obtaining, Evaluating, and 

Communicating Information 

Obtaining, evaluating, and 

communicating information in 9–12 

builds on K–8 and progresses to 

evaluating the validity and reliability of 

the claims, methods, and designs. 

▪ Communicate scientific and technical 

information (e.g. about the process of 

development and the design and 

performance of a proposed process or 

system) in multiple formats 

(including orally, graphically, textually, and 

mathematically). 

(HS-PS2-6) 
 

----------------------------------------------------- 
Connections to Nature of Science 

 

Science Models, Laws, Mechanisms, and 

Theories Explain Natural Phenomena 

 Theories and laws provide explanations in 

science. (HS-PS2- 1),(HS-PS2-4) 

stored in a battery or energy 

transmitted by electric currents. 

(secondary to HS-PS2-5) 

ETS1.A: Defining and Delimiting 

Engineering Problems 

▪ Criteria and constraints also include 

satisfying any requirements set by 

society, such as taking issues of risk 

mitigation into account, and they 

should be quantified to the extent 

possible and stated in such a way that 

one can tell if a given design meets 

them. (secondary to HS-PS2-3) 

ETS1.C: Optimizing the Design Solution 

Criteria may need to be broken down into simpler 

ones that can be approached systematically, and 

decisions about the priority of certain criteria over 

others (trade-offs) may be needed. (secondary to HS-

PS2-3) 
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Laws are statements or descriptions of the 

relationships among observable phenomena. (HS-

PS2-1),(HS-PS2-4) 

NJSLS Standard(s) Addressed 

Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4), (HS-PS2-5); HS.PS3.C (HS-PS2-1); HS.PS4.B (HS-PS2-5); HS. 

ESS1.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-4). 

 

HS. ESS1.B (HS-PS2-4); HS. ESS1.C (HS-PS2-1), (HS-PS2-2), (HS-PS2-4); HS. ESS2.A (HS-PS2-5); HS. ESS2.C (HS-PS2-1), (HS-

PS2-4); HS. ESS3.A (HS-PS2-4), (HS-PS2-5) 

Articulation to DCIs across grade-bands: MS.PS1.A (HS-PS2-6); MS.PS2.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-3); MS.PS2.B (HS-

PS2-4), (HS-PS2-5), (HS-PS2-6); MS.PS3.C (HS-PS2- 1), (HS-PS2-2), (HS-PS2-3); MS. ESS1.B (HS-PS2-4), (HS-PS2-5) 

Essential Questions (3-5) 

How does the wiring design for a house allow for electricity to still be on in some rooms when others have none due to a circuit breaker 

being flipped? 

Why do warming light bulbs take several minutes to shine bright? 

Why doesn’t the electric company charge for electrons used? 

How does touching a conductor to a capacitor before removing it from a circuit protect you? 

Anchor Text 

Fundamentals of Physics, AP Edition, Publisher: Wiley; 11th Edition, Electronic Book, (September 2018) by David Halliday, Robert 

Resnick and Jearl Walker: ISBN: 978-1-119-047278-0 

Informational Texts (3-5) 

Test Preparation Book: Cracking the AP Physics C Exam, 2018 Edition: Proven Techniques to Help You Score a 5 (College Test 

Preparation). Publisher: Random House Children Books.ISBN-13: 978-1524710132. 

Physics for Scientists & Engineers with Modern Physics (4th Edition) by Douglas C. Giancoli (Author); Publication Date: September 

4, 2008. ISBN-10: 0131495089 | ISBN-13:978-0131495081 | Edition: 4 (Publisher, Pearson) 
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Short Texts (1-3) 

 

Suggested Formative & Summative Assessments 

Summative Assignments: Instructor guided laboratory assignments and formal reports, Student guided laboratory assignments and 

formal reports, and tests on canvas, AP Physics C: Mechanics exams on paper, Unit Tests and Projects. 

Formative Assignments: Homework, Quizzes, Laboratory based past exam questions, General AP Physics C: Electricity and Magnetism 

free response questions assignments. 

Resources (websites, Blackboard, documents, etc.) 

Canvas Instructure Learning Management System, The College Board Website, pHET Simulations Website, Khan’s Academy, YouTube, 

CK12 website for texts, Simulations and videos. 

Labs (Summative Assessments) 

• Electrostatics — Ordering the given materials in the order of their electronegativity. 

• Mapping Electric Fields: Plotting equipotential and field lines; 3-D landscape 

• Ohm’s Law and Internal Resistance of a Battery 

• Capacitors and Dielectrics 

Suggested Time Frame: 6 weeks 

 

 

 

 

 

 

Content Area: AP Physics C: Electricity and Magnetism Grade(s) 11, 12 

Unit Plan Title: Unit 4 (Magnetic Fields) 



12 
 

NJSLS 

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the 

net force on a macroscopic object, its mass, and its acceleration.  

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

changing magnetic field can produce an electric current.  

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

of designed materials.  

HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the change in 

energy of the other component(s) and energy flows in and out of the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the motions of particles (objects) and energy associated with the relative position of particles (objects).  

HS-PS3-5. 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.  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Planning and Carrying Out 

Investigations 

Planning and carrying out investigations 

to answer questions or test solutions to 

problems in 9–12 builds on K–8 

experiences and progresses to include 

investigations that provide evidence for 

and test conceptual, mathematical, 

physical and empirical models. 

▪ Plan and conduct an investigation 

individually and collaboratively to 

produce data to serve as the basis for 

evidence, and in the design: decide on 

types, how much, and accuracy of data 

needed to produce reliable 

measurements and consider limitations 

on the precision of the data (e.g., 

number of trials, cost, risk, time), and 

refine the design accordingly. (HS-

PS1.A: Structure and Properties of 

Matter 

▪ The structure and interactions of 

matter at the bulk scale are 

determined by electrical forces 

within and between atoms. 

(secondary to HS-PS2-6) 

PS2.A: Forces and Motion 

▪ Newton’s second law accurately 

predicts changes in the motion of 

macroscopic objects. (HS-PS2-1) 

▪ Momentum is defined for a 

particular frame of reference; it is the 

mass times the velocity of the object. 

(HS-PS2-2) 

▪ If a system interacts with objects 

outside itself, the total momentum 

of the system can change; however, 

any such change is balanced by 

Patterns 

▪ Different patterns may be observed at 

each of the scales at which a system is 

studied and can provide evidence for 

causality in explanations of 

phenomena. (HS-PS2-4) 

Cause and Effect 

▪ Empirical evidence is required to 

differentiate between cause and 

correlation and make claims about 

specific causes and effects. (HS-PS2- 

1),(HS-PS2-5) 

▪ Systems can be designed to cause a 

desired effect. (HS-PS2-3) 

Systems and System Models 

▪ When investigating or describing a 

system, the boundaries and initial 

conditions of the system need to be 



13 
 

PS2-5) 

Analyzing and Interpreting Data 

Analyzing data in 9–12 builds on K–8 

and progresses to introducing more 

detailed statistical analysis, the 

comparison of data sets for consistency, 

and the use of models to generate and 

analyze data. 

▪ Analyze data using tools, 

technologies, and/or models (e.g., 

computational, mathematical) in 

order to make valid and reliable 

scientific claims or determine an 

optimal design solution. (HS-PS2-1) 

Using Mathematics and Computational 

Thinking Mathematical and 

computational thinking at the 9–12 level 

builds on K–8 and progresses to using 

algebraic thinking and analysis, a range 

of linear and nonlinear functions 

including trigonometric functions, 

exponentials and logarithms, and 

computational tools for statistical analysis 

to analyze, represent, and model data. 

Simple computational simulations are 

created and used based on mathematical 

models of basic assumptions. 

▪ Use mathematical representations of 

phenomena to describe explanations. 

(HS-PS2-2),(HS-PS2-4) 

Constructing Explanations and 

Designing Solutions Constructing 

explanations and designing solutions in 

9–12 builds on K–8 experiences and 

progresses to explanations and designs 

changes in the momentum of 

objects outside the system. (HS-

PS2-2),(HS-PS2-3) 

PS2.B: Types of Interactions 

▪ Newton’s law of universal gravitation 

and Coulomb’s law provide the 

mathematical models to describe and 

predict the effects of gravitational and 

electrostatic forces between distant 

objects. (HS-PS2-4) 

▪ Forces at a distance are explained 

by fields (gravitational, electric, and 

magnetic) permeating space that can 

transfer energy through space. 

Magnets or electric currents cause 

magnetic fields; electric charges or 

changing magnetic fields cause 

electric fields. (HS-PS2-4),(HS-

PS2-5) 

▪ Attraction and repulsion between 

electric charges at the atomic scale 

explain the structure, properties, and 

transformations of matter, as well as 

the contact forces between material 

objects. (HS-PS2-6),(secondary to 

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

PS3.A: Definitions of Energy 

▪ “Electrical energy” may mean energy 

stored in a battery or energy 

transmitted by electric currents. 

(secondary to HS-PS2-5) 

ETS1.A: Defining and Delimiting 

defined. (HS-PS2-2) 

Structure and Function 

Investigating or designing new systems or structures 

requires a detailed examination of the properties of 

different materials, the structures of different 

components, and connections of components to 

reveal its function and/or solve a problem. (HS-PS2-

6) 
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that are supported by multiple and 

independent student- generated sources 

of evidence consistent with scientific 

ideas, principles, and theories. 

▪ Apply scientific ideas to solve a 

design problem, taking into account 

possible unanticipated effects. (HS-

PS2-3) 

Obtaining, Evaluating, and 

Communicating Information 

Obtaining, evaluating, and 

communicating information in 9–12 

builds on K–8 and progresses to 

evaluating the validity and reliability of 

the claims, methods, and designs. 

▪ Communicate scientific and technical 

information (e.g. about the process of 

development and the design and 

performance of a proposed process or 

system) in multiple formats 

(including orally, graphically, textually, and 

mathematically). 

(HS-PS2-6) 
 

----------------------------------------------------- 
Connections to Nature of Science 

 

Science Models, Laws, Mechanisms, and 

Theories Explain Natural Phenomena 

 Theories and laws provide explanations in 

science. (HS-PS2- 1),(HS-PS2-4) 

Laws are statements or descriptions of the 

relationships among observable phenomena. (HS-

PS2-1),(HS-PS2-4) 

Engineering Problems 

▪ Criteria and constraints also include 

satisfying any requirements set by 

society, such as taking issues of risk 

mitigation into account, and they 

should be quantified to the extent 

possible and stated in such a way that 

one can tell if a given design meets 

them. (secondary to HS-PS2-3) 

ETS1.C: Optimizing the Design Solution 

Criteria may need to be broken down into simpler 

ones that can be approached systematically, and 

decisions about the priority of certain criteria over 

others (trade-offs) may be needed. (secondary to HS-

PS2-3) 

NJSLS Standard(s) Addressed 
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Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4), (HS-PS2-5); HS.PS3.C (HS-PS2-1); HS.PS4.B (HS-PS2-5).  

HS. ESS1.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-4); 

HS. ESS1.B (HS-PS2-4); HS.ESS1.C (HS-PS2-1), (HS-PS2-2), (HS-PS2-4); HS.ESS2.A (HS-PS2-5); HS.ESS2.C (HS-PS2-1), (HS-

PS2-4); HS.ESS3.A (HS-PS2-4), (HS-PS2-5) 

Articulation to DCIs across grade-bands: MS.PS1.A (HS-PS2-6); MS.PS2.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-3); MS.PS2.B (HS-

PS2-4), (HS-PS2-5), (HS-PS2-6); MS.PS3.C (HS-PS2- 1), (HS-PS2-2), (HS-PS2-3); MS. ESS1.B (HS-PS2-4), (HS-PS2-5) 

Essential Questions 3-5) 

Why are large-scale, charged-particle accelerators in the shape of a circle?  

How does a guitar pick up work?  

Why does a current deflect the needle of a compass? 

Why does the deflection of a pair of parallel conducting wires depend on the directions of current in the wires? 

Anchor Text 

Fundamentals of Physics AP Edition: Publisher: Wiley; 11th Edition, Electronic Book, (September 2018) by David Halliday, Robert 

Resnick and Jearl Walker: ISBN: 978-1-119-047278-0. 

Informational Texts (3-5) 

1. Test Preparation Book: Cracking the AP Physics C Exam, 2018 Edition: Proven Techniques to Help You Score a 5 (College Test 

Preparation). Publisher: Random House Children Books.ISBN-13: 978-1524710132. 

2. Physics for Scientists & Engineers with Modern Physics (4th Edition) by Douglas C. Giancoli (Author); Publication Date: 

September 4, 2008, ISBN-10: 0131495089 | ISBN-13:978-0131495081 | Edition: 4 (Publisher, Pearson) 

3. Fundamentals of Physics AP Edition: Publisher: Wiley; 11th Edition, Electronic Book, (September 2018) by David Halliday, Robert 

Resnick and Jearl Walker: ISBN: 978-1-119-047278-0. 

Short Texts (1-3) 

 

Suggested Formative & Summative Assessments 
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AP Physics C: Mechanics exams on paper, Instructor guided laboratory assignments and formal reports, Homework, Student guided 

laboratory assignments and formal reports, Unit tests, Quizzes and tests on canvas, Laboratory based past exam questions, Projects, 

General AP Physics C: Mechanics free response questions assignments 

Resources (websites, Blackboard, documents, etc.) 

Canvas Instructure Learning Management System, The College Board Website, pHET Simulations Website, Khan’s Academy, YouTube, 

CK12 website for texts, Simulations and videos. 

Labs (Summative Assessments) 

• Ampere’s Law — Straight wire and circular-current loop 

• Magnetic Field Due to a Slinky — Use Hall probe 

• Determination of BH for the Earth’s Magnetic Field 

Suggested Time Frame: 8 weeks 

 

 

 

 

Content Area: AP Physics C: Electricity and Magnetism Grade(s) 11, 12 

Unit Plan Title: Unit 5 (Electromagnetism) 

NJSLS 

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the 

net force on a macroscopic object, its mass, and its acceleration. 

HS-PS2-2. Use mathematical representations to support the claim that the total momentum of a system of objects is conserved when 

there is no net force on the system.  

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

changing magnetic field can produce an electric current. 

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

of designed materials.  
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HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the change in 

energy of the other component(s) and energy flows in and out of the system are known.  

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the motions of particles (objects) and energy associated with the relative position of particles (objects. 

HS-PS3-5.   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.  

HS-PS4-1.   Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, 

                  and speed of waves traveling in various media.  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Planning and Carrying Out 

Investigations 

Planning and carrying out investigations 

to answer questions or test solutions to 

problems in 9–12 builds on K–8 

experiences and progresses to include 

investigations that provide evidence for 

and test conceptual, mathematical, 

physical and empirical models. 

▪ Plan and conduct an investigation 

individually and collaboratively to 

produce data to serve as the basis for 

evidence, and in the design: decide on 

types, how much, and accuracy of data 

needed to produce reliable 

measurements and consider limitations 

on the precision of the data (e.g., 

number of trials, cost, risk, time), and 

refine the design accordingly. (HS-

PS2-5) 

Analyzing and Interpreting Data 

Analyzing data in 9–12 builds on K–8 

and progresses to introducing more 

PS1.A: Structure and Properties of 

Matter 

▪ The structure and interactions of 

matter at the bulk scale are 

determined by electrical forces 

within and between atoms. 

(secondary to HS-PS2-6) 

PS2.A: Forces and Motion 

▪ Newton’s second law accurately 

predicts changes in the motion of 

macroscopic objects. (HS-PS2-1) 

▪ Momentum is defined for a 

particular frame of reference; it is the 

mass times the velocity of the object. 

(HS-PS2-2) 

▪ If a system interacts with objects 

outside itself, the total momentum 

of the system can change; however, 

any such change is balanced by 

changes in the momentum of 

objects outside the system. (HS-

PS2-2),(HS-PS2-3) 

PS2.B: Types of Interactions 

Patterns 

▪ Different patterns may be observed at 

each of the scales at which a system is 

studied and can provide evidence for 

causality in explanations of 

phenomena. (HS-PS2-4) 

Cause and Effect 

▪ Empirical evidence is required to 

differentiate between cause and 

correlation and make claims about 

specific causes and effects. (HS-PS2- 

1),(HS-PS2-5) 

▪ Systems can be designed to cause a 

desired effect. (HS-PS2-3) 

Systems and System Models 

▪ When investigating or describing a 

system, the boundaries and initial 

conditions of the system need to be 

defined. (HS-PS2-2) 

Structure and Function 

Investigating or designing new systems or structures 

requires a detailed examination of the properties of 

different materials, the structures of different 



18 
 

detailed statistical analysis, the 

comparison of data sets for consistency, 

and the use of models to generate and 

analyze data. 

▪ Analyze data using tools, 

technologies, and/or models (e.g., 

computational, mathematical) in 

order to make valid and reliable 

scientific claims or determine an 

optimal design solution. (HS-PS2-1) 

Using Mathematics and Computational 

Thinking Mathematical and 

computational thinking at the 9–12 level 

builds on K–8 and progresses to using 

algebraic thinking and analysis, a range 

of linear and nonlinear functions 

including trigonometric functions, 

exponentials and logarithms, and 

computational tools for statistical analysis 

to analyze, represent, and model data. 

Simple computational simulations are 

created and used based on mathematical 

models of basic assumptions. 

▪ Use mathematical representations of 

phenomena to describe explanations. 

(HS-PS2-2),(HS-PS2-4) 

Constructing Explanations and 

Designing Solutions Constructing 

explanations and designing solutions in 

9–12 builds on K–8 experiences and 

progresses to explanations and designs 

that are supported by multiple and 

independent student- generated sources 

of evidence consistent with scientific 

ideas, principles, and theories. 

▪ Newton’s law of universal gravitation 

and Coulomb’s law provide the 

mathematical models to describe and 

predict the effects of gravitational and 

electrostatic forces between distant 

objects. (HS-PS2-4) 

▪ Forces at a distance are explained 

by fields (gravitational, electric, and 

magnetic) permeating space that can 

transfer energy through space. 

Magnets or electric currents cause 

magnetic fields; electric charges or 

changing magnetic fields cause 

electric fields. (HS-PS2-4),(HS-

PS2-5) 

▪ Attraction and repulsion between 

electric charges at the atomic scale 

explain the structure, properties, and 

transformations of matter, as well as 

the contact forces between material 

objects. (HS-PS2-6),(secondary to 

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

PS3.A: Definitions of Energy 

▪ “Electrical energy” may mean energy 

stored in a battery or energy 

transmitted by electric currents. 

(secondary to HS-PS2-5) 

ETS1.A: Defining and Delimiting 

Engineering Problems 

▪ Criteria and constraints also include 

satisfying any requirements set by 

society, such as taking issues of risk 

components, and connections of components to 

reveal its function and/or solve a problem. (HS-PS2-

6) 
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▪ Apply scientific ideas to solve a 

design problem, taking into account 

possible unanticipated effects. (HS-

PS2-3) 

Obtaining, Evaluating, and 

Communicating Information 

Obtaining, evaluating, and 

communicating information in 9–12 

builds on K–8 and progresses to 

evaluating the validity and reliability of 

the claims, methods, and designs. 

▪ Communicate scientific and technical 

information (e.g. about the process of 

development and the design and 

performance of a proposed process or 

system) in multiple formats 

(including orally, graphically, textually, and 

mathematically). 

(HS-PS2-6) 
 

----------------------------------------------------- 
Connections to Nature of Science 

 

Science Models, Laws, Mechanisms, and 

Theories Explain Natural Phenomena 

 Theories and laws provide explanations in 

science. (HS-PS2- 1),(HS-PS2-4) 

Laws are statements or descriptions of the 

relationships among observable phenomena. (HS-

PS2-1),(HS-PS2-4) 

mitigation into account, and they 

should be quantified to the extent 

possible and stated in such a way that 

one can tell if a given design meets 

them. (secondary to HS-PS2-3) 

ETS1.C: Optimizing the Design Solution 

Criteria may need to be broken down into simpler 

ones that can be approached systematically, and 

decisions about the priority of certain criteria over 

others (trade-offs) may be needed. (secondary to 

HS-PS2-3) 

NJSLS Standard(s) Addressed 

Connections to other DCIs in this grade-band: HS.PS3.A (HS-PS2-4), (HS-PS2-5); HS.PS3.C (HS-PS2-1); HS.PS4.B (HS-PS2-5); HS. 

ESS1.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-4). 

HS. ESS1.B (HS-PS2-4); HS. ESS1.C (HS-PS2-1), (HS-PS2-2), (HS-PS2-4); HS. ESS2.A (HS-PS2-5); HS. ESS2.C (HS-PS2-1), (HS-

PS2-4); HS.ESS3.A (HS-PS2-4), (HS-PS2-5) 
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Articulation to DCIs across grade-bands: MS.PS1.A (HS-PS2-6); MS.PS2.A (HS-PS2-1), (HS-PS2-2), (HS-PS2-3); MS.PS2.B (HS-

PS2-4), (HS-PS2-5), (HS-PS2-6); MS.PS3.C (HS-PS2- 1), (HS-PS2-2), (HS-PS2-3); MS. ESS1.B (HS-PS2-4), (HS-PS2-5) 

Essential Questions (3-5) 

How does an electric motor work? 

How does pushing the button at the door produce a sound inside the house? 

How does an antenna work? 

How does the digital recording in your MP3 player generate sound waves in your headphones? 

How does Wi-Fi work? 

Anchor Text 

Fundamentals of Physics AP Edition: Publisher: Wiley; 11th Edition, Electronic Book, (September 2018) by David Halliday, Robert 

Resnick and Jearl Walker: ISBN: 978-1-119-047278-0. 

Informational Texts (3-5) 

1. Test Preparation Book: Cracking the AP Physics C Exam, 2018 Edition: Proven Techniques to Help You Score a 5 (College Test 

Preparation). Publisher: Random House Children Books.ISBN-13: 978-1524710132. 

2. Physics for Scientists & Engineers with Modern Physics (4th Edition) by Douglas C. Giancoli (Author); Publication Date: 

September 4, 2008, ISBN-10: 0131495089 | ISBN-13:978-0131495081 | Edition: 4 (Publisher, Pearson) 

3. Fundamentals of Physics AP Edition: Publisher: Wiley; 11th Edition, Electronic Book, (September 2018) by David Halliday, Robert 

Resnick and Jearl Walker: ISBN: 978-1-119-047278-0. 

Short Texts (1-3) 

 

Suggested Formative & Summative Assessments 

AP Physics C: Mechanics exams on paper, Instructor guided laboratory assignments and formal reports, Homework, Student guided 

laboratory assignments and formal reports, Unit tests, Quizzes and tests on canvas, Laboratory based past exam questions, Projects, 

General AP Physics C: Mechanics free response questions assignments 

Resources (websites, Blackboard, documents, etc.) 
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Canvas Instructure Learning Management System, The College Board Website, pHET Simulations Website, Khan’s Academy, YouTube, 

CK12 website for texts, Simulations, and videos. 

Labs (Summative Assessment) 

LR series and parallel circuits 

Suggested Time Frame: 6 weeks 

 

 

 

III. Electricity and Magnetism Labs  
 

There are to be double period labs during the course. The lab report will be graded on the student’s participation in the actual 

experiment and the written report.  
 

Students must save all the graded lab reports. They will be required to present the lab reports as proof of having done these 

labs when they seek credit for this course in college.  

 

Each lab will require:  

The formation of a hypothesis or hypotheses based on in-class discussion of the presented problem or focus of each experiment.  

Design of an experiment or multiple experiments also based on in-class discussion, to test the hypothesis or hypotheses.  

Collection of data and observations 

Calculations using the collected data 

Conclusions about how well the hypothesis or hypotheses held up based on the experiment.  

Class discussion of variance and error analysis and a written report.  

 

 

IV. Instructional Strategies Based on Instructional Goals:  
Graphs and other visuals  

Engaging in discussions  
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Reading silently and aloud  

Listening and speaking activities  

Watching and responding to media  

Brainstorming  

Listening  

Mapping  

Revising and editing  

Participating in small and large groups  

Researching to make connections to texts and classroom discussions  

Collaborative projects  

Answering questions (oral and written)  

Summarizing  

Practicing past AP Physics C questions  

Analyzing texts, discussions, etc.  

Peer teaching  

Note taking and note making.  

Writing  

 
 

V. Scope and Sequence  
Key: I – Introduced, D-developed in Depth, R-Reinforced  
 

Skill to be learned 11 12 

A. Electrostatics      

    1. Charge and Coulombs law     

        a)  Students should understand the concept of electric charge, so they can:    

               i.  Describe the types of charge and the attraction and repulsion of charges  I, D, R I, D, R 

              ii.  Describe polarization and induced charges. I, D, R I, D, R 

        b)   Students should understand Coulomb’s law and the principle of superposition, so they can:   
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               i.  Calculate the magnitude and direction of the force on a positive or negative charge due to other 

                   specified point charges,  

I, D, R I, D, R 

             ii.  Analyze the motion of a particle of specified charge and mass under the influence of an electrostatic 

                 force. 

I, D, R D, R 

    2. Electric field and electric potential (Including point charges)   

       a)  Students should understand the concept of electric field, so they can:   

i. Define it in terms of the force on a test charge. I, D, R D, R 

ii. Describe and calculate the electric field of a single point charge.  I, D, R D, R 

iii. Calculate the magnitude and direction of the electric field produced by two or more-point charges.  I, D, R I, D, R 

iv. Calculate the magnitude and direction of the force on a positive or negative charge placed in a 

specified field. 

I, D, R D, R 

v. Interpret an electric field diagram. I, D, R D, R 

vi. Analyze the motion of a particle of specified charge and mass in a uniform electric field I, D, R D, R 

      b)  Students should understand the concept of electric potential, so they can:   

i. Determine the electric potential in the vicinity of one or more-point charges. I, D, R I, D, R 

ii. Calculate the electrical work done on a charge or use conservation of energy to determine the speed of 

a charge that moves through a specified potential difference 

I, D, R I, D, R 

iii. Determine the direction and approximate magnitude of the electric field at various positions given a 

sketch of equipotentials. 

I, D, R I, D, R 

iv. Calculate the potential difference between two points in a uniform electric field, and state which point 

is at the higher potential. 

I, D, R I, D, R 

v. Calculate how much work is required to move a test charge from one location to another in the field of 

fixed-point charges. 

I, D, R I, D, R 

vi. Use integration to determine electric potential difference between two points on a line, given electric 

field strength as a function of position along that line. 

I, D, R I, D, R 

vii. State the general relationship between field and potential and define and apply the concept of a 

conservative electric field. 

I, D, R I, D, R 

3. Gauss’s law   

    a)  Students should understand the relationship between electric field and electric flux, so they can:    

i. Calculate the flux of an electric field through an arbitrary surface or of a field uniform in magnitude 

over a Gaussian surface and perpendicular to it. 

I, D I, D, R 

ii. Calculate the flux of the electric field through a rectangle when the field is perpendicular to the 

rectangle and a function of one coordinate only. 

I, D, R I, D, R 

iii. State and apply the relationship between flux and lines of force.   
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     b)  Students should understand Gauss’s law, so they can: I, D, R I, D, R 

i. State the law in integral form and apply it qualitatively to relate flux and electric charge for a specified 

surface. 

  

ii. Apply the law, along with symmetry arguments, to determine the electric field for a planar, spherical 

or cylindrically symmetric charge distribution. 

I, D, R I, D, R 

iii. Apply the law to determine the charge density or total charge on a surface in terms of the electric field 

near the surface. 

I, D, R I, D, R 

4. Fields and potentials of other charge distributions   

    a) Students should be able to use the principle of superposition to calculate by integration:   

i. The electric field of a straight, uniformly charged wire. I, D, R I, D, R 

ii. The electric field and potential on the axis of a thin ring of charge, or at the center of a circular arc of 

charge. 

I, D, R I, D, R 

iii. The electric potential on the axis of a uniformly charged disk.  I, D, R I, D, R 

   b)  Students should know the fields of highly symmetric charge distributions, so they can:   

i. Identify situations in which the direction of the electric field produced by a charge distribution can be 

deduced from symmetry considerations.  

I, D, R I, D, R 

ii. Describe qualitatively the patterns and variation with distance of the electric field of: 

1.  Oppositely charged parallel plates.     

2. A long, uniformly charged wire, or thin cylindrical or spherical shell. 

I, D, R I, D, R 

iii. Use superposition to determine the fields of parallel charged planes, coaxial cylinders or concentric 

spheres.  

I, D, R I, D, R 

iv. Derive expressions for electric potential as a function of position in the above cases. I, D, R  I, D, R 

B. Conductors, Capacitors, Dielectrics   

     1. Electrostatics with conductors   

     a)  Students should understand the nature of electric fields in and around conductors, so they can:   

i. Explain the mechanics responsible for the absence of electric field inside a conductor and know that 

all excess charge must reside on the surface of the conductor.   

I, D, R I, D, R 

ii. Explain why a conductor must be an equipotential and apply this principle in analyzing what happens 

when conductors are connected by wires. 

I, D, R I, D, R 

iii. Show that all excess charge on a conductor must reside on its surface and that the field outside the 

conductor must be perpendicular to the surface. 

  

      b)  Students should be able to describe and sketch a graph of the electric field and potential inside and 

           outside a charged conducting sphere. 

I, D, R I, D, R 

      c)  Students should understand induced charge and electrostatic shielding, so they can:   

i. Describe the process of charging by induction.   I, D, R I, D, R 
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ii. Explain why a neutral conductor is attracted to a charged object.  I, D, R I, D, R 

iii. Explain why there can be no electric field in a charge-free region completely surrounded by a single 

conductor and recognize consequences of this result.  

I, D, R I, D, R 

iv. Explain why the electric field outside a closed conducting surface cannot depend on the precise 

location of charge in the space enclosed by the conductor and identify consequences of this result.  

I, D, R I, D, R 

2. Capacitors   

    a)  Students should understand the definition and function of capacitance, so they can:   

i. Relate stored charge and voltage for a capacitor.  I, D, R I, D, R 

ii. Relate voltage, charge and stored energy for a capacitor. I, D, R I, D, R 

iii. Recognize situations in which energy stored in a capacitor is converted to other forms. I, D, R I, D, R 

     b)  Students should understand the physics of the parallel-plate capacitor, so they can:           

i. Describe the electric field inside the capacitor and relate the strength of this field to the potential 

difference between the plates and the plate separation. 

I, D, R I, D, R 

ii. Relate the electric field to the density of the charge on the plates. I, D, R I, D, R 

iii. Derive an expression for the capacitance of a parallel-plate capacitor. I, D, R I, D, R 

iv. Determine how changes in dimension will affect the value of the capacitance. I, D, R I, D, R 

v. Derive and apply expressions for the energy stored in a parallel-plate capacitor and for the energy 

density in the field between the plates.  

I, D, R I, D, R 

vi. Analyze situations in which capacitor plates are moved apart or moved closer together, or in which a 

conducting slab is inserted between capacitor plates, either with a battery connected between the plates 

or with the charge on the plates held fixed. 

I, D, R I, D, R 

 c)   Students should understand cylindrical and spherical capacitors, so they can: I, D, R I, D, R 

         i.       Describe the electric field inside each.    

        ii.       Derive an expression for the capacitance of each. I, D, R I, D, R 

3. Dielectrics   

      Students should understand the behavior of dielectrics, so they can:   

     a)  Describe how the insertion of a dielectric between the plates of a charged parallel-plate capacitor affects 

          its capacitance and the field strength and voltage between the plates. 

I, D, R I, D, R 

     b)  Analyze situations in which a dielectric slab is inserted between the plates of a capacitor I, D, R I, D, R 

C. Electric Circuits   

 1. Current, resistance and power   

      a)  Students should understand the definition of electric current, so they can relate the magnitude and 

           direction of the current to the rate of flow of positive and negative charge. 

I, D, R I, D, R 

     b)  Students should understand conductivity, resistivity and resistance, so they can: I, D, R I, D, R 
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i. Relate current and voltage for a resistor. I, D, R I, D, R 

ii. Write the relationship between electric field strength and current density in a conductor, and describe, 

in terms of the drift velocity of electrons, why such a relationship is plausible. 

I, D, R I, D, R 

iii. Describe how the resistance of a resistor depends upon its length and cross-sectional area and apply this 

result in comparing current flow in resistors of different material or different geometry. 

I, D, R I, D, R 

iv. Derive an expression for the resistance of a resistor of uniform cross- section in terms of its 

dimensions and the resistivity of the material from which it is constructed. 

I, D, R I, D, R 

v. Derive expressions that relate the current, voltage and resistance to the rate at which heat is produced 

when current passes through a resistor. 

I, D, R I, D, R 

vi. Apply the relationships for the rate of heat production in a resistor. I, D, R I, D, R 

2.  Steady-state direct current circuits with batteries and resistors only   

    a)  Students should understand the behavior of series and parallel combinations of resistors, so they can:   

i. Identify on a circuit diagram whether resistors are in series or in parallel. I, D, R I, D, R 

ii. Determine the ratio of the voltages across resistors connected in series or the ratio of the currents 

through resistors connected in parallel. 

I, D, R I, D, R 

iii. Calculate the equivalent resistance of a network of resistors that can be broken down into series and 

parallel combinations. 

I, D, R I, D, R 

iv. Calculate the voltage, current and power dissipation for any resistor in such a network of resistors 

connected to a single power supply. 

I, D, R I, D, R 

v. Design a simple series-parallel circuit that produces a given current through and potential difference 

across one specified component and draw a diagram for the circuit using conventional symbols. 

I, D, R I, D, R 

    b)  Students should understand the properties of ideal and real batteries, so they can:   

i. Calculate the terminal voltage of a battery of specified emf and internal resistance from which a 

known current is flowing. 

I, D, R I, D, R 

ii. Calculate the rate at which a battery is supplying energy to a circuit or is being charged up by a circuit. I, D, R I, D, R 

    c)   Students should be able to apply Ohm’s law and Kirchhoff’s rules to direct- current circuits, in order to:   

i. Determine a single unknown current, voltage or resistance. I, D, R I, D, R 

ii. Set up and solve simultaneous equations to determine two unknown currents. I, D, R I, D, R 

   d)  Students should understand the properties of voltmeters and ammeters, so they can:   

i. State whether the resistance of each is high or low. I, D, R I, D, R 

ii. Identify or show correct methods of connecting meters into circuits in order to measure voltage or 

current. 

I, D, R I, D, R 

iii. Assess qualitatively the effect of finite meter resistance on a circuit into which these meters are 

connected  

I, D, R I, D, R 
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3. Capacitors in circuits   

     a)  Students should understand the t = 0 and steady-state behavior of capacitors connected in series or in 

          parallel, so they can: 

  

i. Calculate the equivalent capacitance of a series or parallel combination. I, D, R I, D, R 

ii. Describe how stored charge is divided between capacitors connected in parallel. I, D, R I, D, R 

iii. Determine the ratio of voltages for capacitors connected in series. I, D, R I, D, R 

iv. Calculate the voltage or stored charge, under steady-state conditions, for a capacitor connected to a 

circuit consisting of a battery and resistors. 

I, D, R I, D, R 

     b) Students should understand the discharging or charging of a capacitor through a resistor, so they can:   

i. Calculate and interpret the time constant of the circuit. I, D, R I, D, R 

ii. Sketch or identify graphs of stored charge or voltage for the capacitor, or of current or voltage for the 

resistor, and indicate on the graph the significance of the time constant. 

I, D, R I, D, R 

iii. Write expressions to describe the time dependence of the stored charge or voltage for the capacitor, or 

of the current or voltage for the resistor. 

I, D, R I, D, R 

iv. Analyze the behavior of circuits containing several capacitors and resistors, including analyzing or 

sketching graphs that correctly indicate how voltages and currents vary with time. 

I, D, R I, D, R 

D. Magnetic Fields   

 1. Forces on moving charges in magnetic fields   

     Students should understand the force experienced by a charged particle in a magnetic field, so they can:   

a) Calculate the magnitude and direction of the force in terms of q, v, and B, and explain why the 

magnetic force can perform no work. 

I, D, R I, D, R 

b) Deduce the direction of a magnetic field from information about the forces experienced by charged 

particles moving through that field. 

I, D, R I, D, R 

c) Describe the paths of charged particles moving in uniform magnetic fields. I, D, R I, D, R 

d) Derive and apply the formula for the radius of the circular path of a charge that moves perpendicular to 

uniform magnetic field. 

I, D, R I, D, R 

e) Describe under what conditions particles will move with constant velocity through crossed electric and 

magnetic fields. 

I, D, R I, D, R 

2.  Forces on current-carrying wires in magnetic fields   

     Students should understand the force exerted on a current-carrying wire in a magnetic field, so they can:   

a) Calculate the magnitude and direction of the force on a straight segment of current-carrying wire in a 

uniform magnetic field. 

I, D, R I, D, R 

b) Indicate the direction of magnetic forces on a current-carrying loop of wire in a magnetic field and I, D, R I, D, R 
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determine how the loop will tend to rotate as a consequence of these forces. 

c) Calculate the magnitude and direction of the torque experienced by a rectangular loop of wire carrying 

a current in a magnetic field. 

I, D, R I, D, R                 

3. Fields of long current-carrying wires   

    Students should understand the magnetic field produced by a long straight current-carrying wire, so they can:   

a) Calculate the magnitude and direction of the field at a point in the vicinity of such a wire. I, D, R I, D, R 

b) Use superposition to determine the magnetic field produced by two long wires. I, D, R I, D, R 

c) Calculate the force of attraction or repulsion between two long current- carrying wires. I, D, R I, D, R 

 4.  Biot-Savart law and Ampere’s law   

     a)  Students should understand the Biot-Savart law, so they can:   

i. Deduce the magnitude and direction of the contribution to the magnetic field made by a short straight 

segment of current-carrying wire. 

I, D, R I, D, R 

ii. Derive and apply the expression for the magnitude of B on the axis of a circular loop of current. I, D, R I, D, R 

     b)  Students should understand the statement and application of Ampere’s law in integral form, so they can:   

i. State the law precisely. I, D, R I, D, R 

ii. Use Ampere’s law, plus symmetry arguments and the right-hand rule, to relate magnetic field strength 

to current for planar or cylindrical symmetries. 

I, D, R I, D, R 

     c)  Students should be able to apply the superposition principle, so they can determine the magnetic field 

           produced by combinations of the configurations listed above  

I, D, R I, D, R 

E.    Electromagnetism   

 1. Electromagnetic induction (including Faraday’s law and Lenz’s law)   

      a) Students should understand the concept of magnetic flux, so they can:   

i. Calculate the flux of a uniform magnetic field through a loop of arbitrary orientation. I, D, R I, D, R 

ii. Use integration to calculate the flux of a non-uniform magnetic field, whose magnitude is a function of 

one coordinate, through a rectangular loop perpendicular to the field. 

I, D, R I, D, R 

      b) Students should understand Faraday’s law and Lenz’s law, so they can:   

i. Recognize situations in which changing flux through a loop will cause an induced emf or current in 

the loop. 

I, D, R I, D, R 

ii. Calculate the magnitude and direction of the induced emf and current in a loop of wire or a conducting 

bar under the following conditions: 

I, D, R I, D, R 

1. The magnitude of a related quantity such as magnetic field or area of the loop is changing at a 

constant rate. 

I, D, R I, D, R 

2. The magnitude of a related quantity such as magnetic field or area of the loop is a specified non- I, D, R I, D, R 
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linear function of time. 

     c) Students should be able to analyze the forces that act on induced currents so they can determine the 

          mechanical consequences of those forces.  

I, D, R I, D, R 

 2.  Inductance (including LR and LC circuits)   

      a)  Students should understand the concept of inductance, so they can: I, D, R I, D, R 

i. Calculate the magnitude and sense of the emf in an inductor through which a specified changing 

current is flowing. 

I, D, R I, D, R 

ii. Derive and apply the expression for the self-inductance of a long solenoid. I, D, R I, D, R 

      b) Students should understand the transient and steady state behavior of DC circuits containing resistors and 

          inductors, so they can: 

I, D, R I, D, R 

i. Apply Kirchhoff’s rules to a simple LR series circuit to obtain a differential equation for the current as 
a function of time. 

I, D, R I, D, R 

ii. Solve the differential equation obtained in (i) for the current as a function of time through the battery, 

using separation of variables. 

I, D, R I, D, R 

iii. Calculate the initial transient currents and final steady state currents through any part of a simple series 

and parallel circuit containing an inductor and one or more resistors. 

I, D, R I, D, R 

iv. Sketch graphs of the current through or voltage across the resistors or inductor in a simple series and 

parallel circuit. 

I, D, R I, D, R 

v. Calculate the rate of change of current in the inductor as a function of time. I, D, R I, D, R 

vi. Calculate the energy stored in an inductor that has a steady current flowing through it. I, D, R I, D, R 

   

LABORATORY AND EXPERIMENTAL SITUATIONS   

These objectives overlay the content objectives, and are assessed in the context of those objectives   

 1.  Design experiments   

     Students should understand the process of designing experiments, so they can:   

        i.  Describe the purpose of an experiment or a problem to be investigated. I, D, R D, R 

       ii.  Identify equipment needed and describe how it is to be used. I, D, R D, R 

a) Draw a diagram or provide a description of an experimental setup. I, D, R D, R 

b) Describe procedures to be used, including controls and measurements to be taken. I, D, R D, R 

 2.  Observe and measure real phenomena   

      Students should be able to make relevant observations, and be able to take measurements with a variety of  

      instruments cannot be assessed via paper-and- pencil examinations)  

D, R D, R 
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 3.  Analyze data   

     Students should understand how to analyze data, so they can:   

      a)   Display data in graphical or tabular form. D, R D, R 

      b)   Fit lines and curves to data points in graphs. D, R D, R 

      c)   Perform calculations with data. D, R D, R 

      d)   Make extrapolations and interpolations from data. D, R D, R 

  4.  Analyze errors   

       Students should understand measurement and experimental error, so they can:   

       a)  Identify sources of error and how they propagate. D, R D, R 

       b)  Estimate magnitude and direction of errors. D, R D, R 

       c)  Determine significant digits. D, R D, R 

       d)  Identify ways to reduce error. D, R D, R 

  5.  Communicate results   

       Students should understand how to summarize and communicate results, so they can:   

       a)  Draw inferences and conclusions from experimental data. D, R D, R 

       b)  Suggest ways to improve experiment. D, R D, R 

       c)  Propose questions for further study. D, R D, R 

 

VIII    Student Handout 

Course Description: AP Physics C: Electricity and Magnetism 

 
AP® Physics C is a national calculus-based course in physics. It is examined in two separate exams.  The two exams correspond to the 

physics C course sequence. One exam covers mechanics and the other covers electricity and magnetism. This course will cover the 

electricity and magnetism portion of AP® Physics C. The syllabus for this course is designed by the College Board.  The mechanics 

course is equivalent to the pre- engineering introductory physics course for university students. The emphasis is on understanding the 

concepts and skills and using the concepts and formulae to solve problems. Laboratory work is an integral part of this course. It is 

especially appropriate for students planning to specialize or major in physical science or engineering.  The Physics C: Electricity and 
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Magnetism course is a one-semester, calculus-based, college-level physics course. The course explores topics such as electrostatics; 

conductors; capacitors and dielectrics; electric circuits; magnetic fields; and electromagnetism. Introductory differential and integral 

calculus are used throughout the course.  At PCTI, this course will be a yearlong course and candidates are required to be proficient in 

calculus. Students will not be allowed to take this course unless they have satisfactorily completed an acceptable calculus course. At 

the end of the course, students are expected to take the College Board’s exam in May of the school year. 

Proficiencies 

1. Logically gather order and interpret data through an appropriate use of measurements and tools. 

2. Evaluate the importance of curiosity, honesty, openness, and skepticism in science. Students will use standard safety practices 

for all classroom laboratory and field investigations. Students will identify and investigate problems scientifically. 

3. Use tools and instruments for observing, measuring, and manipulating scientific equipment and materials. 

4. Demonstrate the computation and estimation skills necessary for analyzing data and developing reasonable scientific 

explanations. 

5. Communicate scientific investigations and information clearly. 

6. Analyze how scientific knowledge is developed. 

7. Understand important features of the process of scientific inquiry. 

8. Demonstrate proficiency in the use of basic differential and integral calculus including the solution of basic differential 

equations using the separation of variables. 

9. Demonstrate an understanding of the nature, types and interactions of charges and describe their behaviors on or inside 

conductors and insulators. 

10. Demonstrate an understanding of the nature of Electric fields and forces and be able to calculate the electric field and/or force 

due to an array of point charges in various geometries. 

11. Understand the concept of the electric flux and utilize the integral form of Gauss’s law to determine the electric field due 

charged objects in which conditions of symmetry can be ascertained. 

12. Define electric potential and electric potential energy calculate the electric potential due to an array of electric point charges 

and other charged objects. 

13. Construct direct current circuits involving voltage sources and components such as switches, resistors, capacitors, voltmeters 

and ammeters. 

14. Demonstrate an ability to analyze direct current circuits using Ohms law and identify parallel and series arrangements of 

resistors and capacitors and use Kirchhoff’s law for the analysis of more complex circuits. 
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15. Analyze resistor-capacitor parallel and series direct current circuits, plot the current and voltage versus time graphs and 

determine their time constants. 

16. Understand the behavior of permanent magnets be able to plot the magnetic field of a permanent bar magnet and understand 

the differences between diamagnetism, paramagnetism and ferromagnetism while explaining magnetic domains in 

ferromagnets at the microscopic level. 

17. Understand the relationship between a current carrying conductor and/or a moving charge and calculate the magnetic field 

strength and direction using derived equations and techniques such as the cross product or by the appropriate right-hand rule. 

18. Calculate the force on a current carrying wire using the integral form of the equation for the definition of the magnetic field. 

19. Calculate the force on a charge moving through a uniform magnetic field and describe its motion using the cross product or the 

appropriate right-hand rule. 

20. Calculate the force between two long straight current carrying wires and determine whether the force is attractive or repulsive. 

21. Determine the magnitude of the contribution to the magnetic field due to a short length segment of a current carrying wire 

using the differential form of the Boit-Savart law. 

22. Understand the integral form of the Ampere’s law as a means of determining the magnetic fields of current carrying 

conductors using the closed Amperian loop especially in situations where symmetry arguments can be used. 

23. Calculate the magnitude of and describe the direction of a magnetic field in a point in space due to various combinations of 

conductors, wires, cylindrical conductors or loops. 

24. Understand the definition of the of the magnetic flux in integral form and be able to calculate it for a loop of regular shape and 

arbitrary orientation to the magnetic field for a rectangular loop perpendicular subjected to a one-dimensional varying 

magnetic field and for a current carrying, rectangular shaped area that is in the plane of the wire and oriented perpendicularly 

to the field. 

25. Understand the concept of a changing magnetic flux providing an emf in a conductor of varying shapes as defined by 

Faraday’s law and then use Lenz’s law that allows the direction of the induced current to be determined. 

26. Use calculus expressions for velocity, induced force and power in the exponential form for conductive bars and loops moving 

in systems where the flux changes in several ways. 

27. Derive the expression for the inductance of a long solenoid, calculate its magnitude and sense of the emf in an inductor with a 

changing current and the rate of change of current in the said inductor with a transient current. 

28. Understand the concepts of self and mutual inductance and that an inductor stores energy in its magnetic field.  

29. Analyze inductor-resistor (LR) series circuits and derive differential equations for the current as a function of time in these 

simple LR circuits and solve these differential equations. 
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30. Describe the potential differences with respect to time across inductor or resistors in LR series and parallel circuits 

arrangements and apply Kirchhoff’s rules in their analysis. 

31. Understand that electric and magnetic fields that change over time can mutually induce other electric and magnetic fields. 

32. Examine contributions of important scientists to the development of physics principles. 

 

 

 

VII.  APPENDIX  
 

NJSLS Literacy, Mathematics and Other  

ELA/Literacy 

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. (HS-PS4-2), (HS-PS4-3), (HS-PS4-4) 

RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the 

author makes and to any gaps or inconsistencies in the account. (HS-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, 

video, multimedia) in order to address a question or solve a problem. (HS-PS2-1) 

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible 

and corroborating or challenging conclusions with other sources of information. (HS-PS4-2), (HS-PS4-3), (HS-PS4-4) 

 

Writing 

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 

technical processes. (HS-PS2-6) 

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or 

solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating 

understanding of the subject under investigation. (HS-PS2-3), (HS- PS2-5) 

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. (HS-PS2-5) 

http://corestandards.org/ELA-Literacy/WHST/9-10/8/
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WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS2-(HS-PS2-5), 

 

Mathematics – ELA/Mathematics 

MP.2 Reason abstractly and quantitatively. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4) 

MP.4 Model with mathematics. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4) 

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units 

consistently in formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS2-1), (HS-PS2-2), (HS-PS2-

4), (HS-PS2-5), (HS-PS2-6) 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-

5), (HS- PS2-6) 

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS2-1), (HS-PS2-

2), (HS- PS2-4), (HS-PS2-5),(HS-PS2-6) 

HSA-SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1), (HS-PS2-4) 

HSA-SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by 

the expression. (HS-PS2-1), (HS-PS2- 4) 

HSA-CED.A.1 Create equations and inequalities in one variable and use them to solve problems. (HS-PS2-1), (HS-PS2-2) 

HSA-CED.A.2 Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate 

axes with labels and scales. (HS-PS2- 1), (HS-PS2-2) 

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. (HS-PS2-1), 

(HS-PS2- 2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in simple cases and using 

technology for more complicated cases. 

(HS-PS2-1) 

HSS-ID.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). (HS-PS2-1) 

 

      Connections to Other DCIs 

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the mathematical relationship among the 

net force on a macroscopic object, its mass and its acceleration. 

HS-PS2-2: Use mathematical representations to support the claim that the total momentum of a system of objects is conserved when 

there is no net force on the system  

HS-PS2-3: Apply science and engineering ideas to design, evaluate, and refine a device that minimizes the force on a macroscopic 

object during a collision. 

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. 

http://corestandards.org/ELA-Literacy/WHST/9-10/9/
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HS-PS2-5:   Plan and conduct an investigation to provide evidence that and electric current can produce a magnetic field and that a 

changing magnetic field can produce and electric current. 

HS-PS2-6: Molecular-Level Structure of Designed Materials.  Communicate scientific and technical information about why the 

molecular-level structure is important in the functioning of designed materials. 

HS. ESS1.A:  The Universe and its stars. The study of stars’ light spectra and brightness is used to identify compositional elements of 

stars, their movements, and their distances from Earth. 

HS. ESS1.B:  Kepler's laws describe common features of the motions of orbiting objects, including their elliptical paths around the 

sun. 

HS. ESS1.C:  The History of Planet Earth. The way people reconstruct and date events in Earth's planetary history. 

HS. ESS2.A:  Earth Materials and Systems.  The way Earth's major systems interact. 

HS. ESS2.C: The Roles of Water in Earth's Surface Processes.  

HS. ESS3.A: Natural Resources.  The way humans depend on Earth's resources 

 

Articulation to Disciplinary Core Ideas (DCI)s across grade-bands 

MS.PS1.A:  Motion and Stability - Structure and Properties of Matter 

MS.PS2.A:  Motion and Stability – Forces and Interactions 

MS.PS2.B:  Motion and Stability - Types of Interactions 

MS.PS3.C:  Motion and Stability - Stability and Instability in Physical Systems 

MS. ESS1.B: The earth and the solar system 
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