AP Physics- Mechanics/ Electricity and Magnetism 

2016-2017  Course Syllabus


Instructor: Ms. Marentette    

Assistance Hours:  Everyday before school, X-blocks, scheduled review sessions third trimester
Email: cm09bps@birmingham.k12.mi.us
Wiki :  http://tinyurl.com/marentette-wiki   
TEXTS:


Halliday, Resnick & Walker (2008).  Fundamentals of Physics.  New York: Wiley  Eighth Edition


Halliday, Resnick & Walker (2001).  Problem Supplement #1.  New York: Wiley.  Sixth Edition


Christman. (1997).  A Student’s Companion.  New York:  Wiley.

OBJECTIVES:


The AP Physics C is a national calculus-based course in physics.  Students must have either taken calculus or are currently enrolled in either calculus BC or AB.  This course is equivalent to introductory physics course at the university level, including the comparable laboratory experience.  This course utilizes guided inquiry and student-centered learning with class work, review work and experiments in order to develop critical thinking skills.  The specific objectives are attached. 

ATTENDANCE:



Regular daily attendance is critical in order to excel in physics.  Students are encouraged to be in attendance for every class.  Assignments and other information will be posted on the wiki in advance and updated as needed.
MATERIALS:


Students are expected to bring the following to class every day unless otherwise directed:  pencil, notebook (3-ring binder), calculator and other items as requested.

BEHAVIOR and ACADEMIC EXPECTATIONS:


In order to create an environment that is conducive to learning, everyone is expected to:

· Behave in accordance with the Student Code of Conduct

· Be in their assigned seats or lab area during class unless otherwise instructed.

· Be on time to class.

· Be organized.

· Follow all laboratory and safety rules

· Do homework, read related material in text book, work hard, review class notes, participate constructively in class, and excel.

You can expect the teacher to be caring, courteous, kind, productive, interesting (hopefully), respectful, and to promote a positive learning environment with high expectations.

ACADEMIC CONDUCT:



Students are expected to do their own work on all assignments.  Academic misconduct will be issued to any student exhibiting prohibited behavior as defined in the Academic Integrity Policy.  Reasonable collaboration on homework, group work, and laboratory assignments is expected and encouraged; however, actual individual written work is expected to be original.

MAKE-UP WORK:


Students have the opportunity to make-up work missed as outlined in the Groves Make-Up Policy.  It is the responsibility of the student to determine what was missed and complete those assignments within the reasonable time limit.  Labs must be made up within the next two X-Blocks.  Once the assignment is returned to the class, do not expect to turn in the late assignment for credit. The two review tests must be made up the next day returning to school.  Students should expect to take an exam even if they are absent the class before the exam.  Missed quizzes shall be made-up within two X-Blocks.   

REVIEW WORK:


In addition to homework problems from the text book, students will have “ap like” review work problems, online problems, reviews of equations, or review presentations. It is encouraged for students to work on the review work as the chapter progresses and not just before the due date.   Review work will be part of the laboratory grade and will help familiarize students with ap free response problems.  Groups will not be assigned by the teacher and each student hands in their own individual original work, but it is highly encouraged for students to work together outside of the school day.  
CLASSWORK 
Physics requires a different way of thinking about the world around you.  To assist students to practice this thought process, during class students will be performing calculations, answering questions, performing review questions or even completing short activities.  These are done in individual structured note packets.  The students are expected to complete it during class but can finish at home if necessary.  Every testing session the class work will be collected and graded for 2 points per day.

HOMEWORK:


Homework is essential for individual practice and the integration of physics into daily life.  This may be work from the book, and /or worksheets or projects.  In order to earn credit on homework, students are expected to write given information, draw appropriate diagrams or pictures, and make a thoughtful clear attempt at solving every problem. Solely writing the given information does not result in full credit.  Each homework problem will be collected for 2 points.  Late homework will be accepted the next day for half credit.  If a student is absent excused homework is due the day returned for full credit.  
NOTEBOOK:


The notebook shall consist of at least the following:



Classwork & Handouts 


Homework Assignments & Solutions



Exams & Solutions



Experiments

LABORTORY EXPERIENCE


It is strongly recommended that a portfolio of all the laboratory experiences be maintained.  The requirements for each lab report are on the next page.  

LATE ASSIGNMENTS


Five percent per day will be deducted from group assignments and lab reports, which are late.  Daily book homework is accepted the next day for half credit.  Take home assignments, that count as test grades, may be handed in early but will be reduced 5% per day after the due date.  A homework or group work assignment that is due on the day of an excused absence is expected to be submitted when the student returns.  Reasonable exceptions will be made on an individual basis.

ADDITIONAL CREDIT:


“Extra Credit” opportunities will be available occasionally on exams, experiments, or other assignments.

ADDITIONAL ASSISTANCE:


In addition to the scheduled help sessions (two a week third trimester including weekend, after school and late after school times scheduled to best meet students needs), extra help is available before school and Wednesday X-Block.  Students are expected to bring their notebooks, text, homework attempts and specific questions to the help session.

EVALUATION: 


Grades will be based on your performance on exams (about 50 minutes and about 100 points) periodic quizzes (15 minutes or less and about 10-40 points), review work (100-150 points), homework and experiments.  The final exam will be worth 20% of your final course grade. Review Exams are solely multiple choice questions, while other exams may be both multiple choice and free response questions.   
GRADES:

 
Grading Scale:



80% of the trimester grade:

A= 100-93.00%



Tests and Quizzes………

60%


A-=92.99-90.00%



Daily homework and notebook……
20%


B+=89.99-87.00%



Review work/ Problem Assignments

B=86.99-83.00%



and Experiments……………. 
20% 


B-=82.99-80.00%






C+=79.99-77.00%


C = 76.99-73.00%


C-=72.99 – 70.00%


D+=69.99-67.00%



Final will be 20% of the trimester grade

D =66.99-63.00%


D-=62.00-60.00%


E=below 60.00%

Written solutions will be provided for all book, review work, and test problems.  For each chapter assignment, several of the assigned problems will be done as example problems in class.  

Lab Reports:

Incomplete sentences anywhere in a lab report will not earn any credit. 
May include

1. Cover page : 8 points

a. Title, name(s), teacher’s name, date, hour, picture, names of team members, rubric

b. Abstract- 3 sentences long

i. What was the main theory to be shown/demonstrated?

ii. How was it shown (one sentence)?

iii. What were the main conclusions?

2. Introduction : 10 points (2 points each)

a. What are the important theories and concepts needed to complete the experiment?

b. What equations are associated with these concepts?  Why are they important?  How do they work with the theory?  How are they used?  Where does the theory come from?

c. What equipment is important to perform the experiment and why is it important?  (Draw a picture)
d. Given the equations and concepts, what predictions can be made?

e. Based on the predictions, what are the expected results?

3. Procedure: 

a. List of steps that can be easily followed to duplicate experimental results

b. List quantities that are held constant

c. List quantities that are varied

4. Results and Interpretation:  15 points (3 points each)

a. What are the final results?  Use data tables, and graphs to show what you found.  Make sure that data tables and graphs are clearly titled and labeled with units.  

b. Sample Calculations as necessary

c. What do your results mean?  What do the final values tell you?  What do the graphs show?  What is the significance of each as it relates to the theory.

d. What are at least three sources of error?  Human and random error is not sufficient!  Even though we use technology for our experiments, there will still be error.  Why?  Think about how the technology collects the data.

e. Is there a way that the errors you mention might be corrected or avoided?

5. Conclusion:  9 points (3 points each)

a. Did the results confirm or refute the concepts in the introduction?  How?  If a calculated value can be compared to an accepted value, make the comparison and include a percent difference.

b. What conclusions can be drawn from the results?  

c. List at least one physical phenomenon that was not addressed in the laboratory work that significantly negatively impacted your results.  Then describe what you could have done in order to reduce that significant impact.  This cannot be ignored even if you have 0.01% error, there is still something causing that error.  (Not your lab partner!)

6. The entire group may hand in one copy for some experiments; however, each member of the group should have a copy of the report for their notebook.

1st Trimester

	Week 
Dates
	Chapters
	Topics
	Exams/  Review Works 

	Week One

September 6-9
Senior parent night
	Chapter One

Chapter Three (Start Chapter Two)
	Measurement

Vectors-

+,-,scalar, dot, cross products
	

	Week Two

September 12-16

	Chapter Two
	Motion along a straight line-

Constant acceleration 

Taking simple derivatives and integrals

Free fall
	Quiz-Chapter three

	Week Three

September 19-23

	Chapter Four
	Motion in Two and Three Dimensions

Average vs. instantaneous (derivatives and graphs)

Projectile motion

Uniform circular motion

Relative Motion 
	Exam #1

	Week Four

September 26-30
Late Start Tuesday

	Chapter Five
	Force and Motion-

1st Law/ 2nd Law/ 3rd Law
	Review Work #1 Due

	Week Five
October 3-7
Spirit week
	Chapter Six
	Force and Motion II-

Friction 

uniform circular motion
	 Exam #2 

	Week Six

October 10-14

	(finish Chapter Six)

Chapter Seven
	Kinetic Energy and Work

Work done by constant and variable forces

Power 

(derivatives and integrals)
	Exam #3 
(Take Home)

	Week Seven

October 17-21  

	Chapter Eight 
	Potential Energy and Conservation of Energy

Gravitational and elastic potential energies

Conservation of Mechanical Energy

Potential Energy Curves

Work done by nonconservative forces
	Review Exam 



	Week Eight

October 24-28
	Finish Chapter Eight
Start Chapter Nine 
	Center of Mass and Linear Momentum

Systems of Particles/ Collisions

Center of mass of system of particles and solid bodies

Linear momentum

Impulse
	Review Work #2 Due

	Week Nine

October 31

November 1-4
½ day of school


	Continue Chapter Nine
	Center of Mass and Linear Momentum

Systems of Particles/ Collisions

Elastic vs. Inelastic
Rocket with varying mass


	Exam #4 (take home)


	Week Ten

November 7-11
	Finish Chapter Nine

Start Chapter Ten 
	Rotation

Comparing angular to linear

Linear,angular,centripetal acceleration comparison

Rotational Inertia

Kinetic Energy

Parallel Axis Theorem


	Exam #5

	Week Eleven

November 14-18
	Finish Chapter Ten
	Rotation

Torque/work/power
	Finals Start

Review Work #3 Due



	 Week Twelve

November 21-25
Finals!
	Chapter Twelve


	Equilibrium= Review Work #1 for 2nd trimester

Static Equilibrium with Torques and Forces

	


2nd Trimester

	Week Thirteen

November 29-30

December 1-2
No School Monday
	Chapter Eleven
	Rolling, Torque, and Angular momentum

Rolling as rotation +translation

Rolling on inclined planes

Conservation of angular momentum
	Equilibrium Review work

	Week Fourteen
December 5-9
Delayed Start Tuesday

	Finish Chapter Eleven

Chapter Thirteen 
	Gravitation

Newton's Law of gravitation

Inside and outside solid bodies

Potential Energy

Escape speed

Kepler's Laws

Energy of elliptical orbits 


	Exam #1

	Week fifteen

December 12-16

	Chapter Fifteen  
	Oscillations

Simple Harmonic Motion

Forces and energy

Pendulums, simple and physical

Resonance
	Calculus Review Multiple Choice Exam #2

	Week Sixteen

December 19-23
Break
	Chapter Fifteen
	Oscillations

Simple Harmonic Motion

Forces and energy

Pendulums, simple and physical

Resonance
	Exam #3

Take Home Oscillations 




2nd  Trimester   - Start Electricity and Magnetism

	Week

Dates
	Chapters
	Topics
	Exams/ Review Works

	Week seventeen 

January 1-6
	Finish Chapter 15

Chapter 21


	Electric Charge

Coulomb's Law

Quantized charge

How objects obtain charges

Conductors vs Insulators
	Exam #3

Take Home Oscillations Due

	Week eighteen

January 9-13

	Chapter 22
	 Electric Fields

Magnitude and drawing

Point charges, Partial Ring

Full Ring, Disks

Dipole


	Exam #4

	Week 19

January 16-20
No school Monday 


	Chapter 23
	Gauss' Law

Electric Flux, Gauss Law with symmetry:  point charges, lines of charges, planes of charges, inside a uniform/nonuniform charge distribution
	Review Exam


	Week 20

January 23-27
	Finish Chapter 23

Start Chapter 24
	Electric Potential

Energy

equipotential surfaces

point charge

group of charges 
	Review Work #2 

	Week 21

January 30-31

 February 1-3

	Finish Chapter 24
	Electric Potential

rings of charges

finding electric field from electric potential conductors
	Quiz- Derivations

	Week 22 

Late Start Tuesday

February 6-10
	Chapter 25
	Capacitance

Capacitance for parallel plate/cylindrical/spherical

Putting capacitors in series and parallel

Energy stored

Energy density

Dielectrics
	Exam #5

	Week 23

February 13-17+ Break

	Chapter 26
	 Current and Resistance

Hindenburg explosion, Current, Density, drift speed, resistance, resistivity, temperature dependence, Ohm's Law, Power, semiconductors, and superconductors
	Review Work #3 + Project Deadline

	Week 24

February 27-28
March 1-3

	Chapter 27
	Circuits

Emf, ideal vs real batteries, resistors in series and parallel, Junction rule, loop rule, RC Circuits
	Exam #6 

	Week 25
March 6-10
(one ½ days)


	Finals 
	
	


3rd  Trimester

	Week 26

March 13-17

½ day Monday
	 Chapter 28
	Magnetic Fields

Comparing electric and magnetic fields/forces

Right Hand Rule

Hall Effect showing electrons are charge carriers

Circular and spiral motions

Force on current carrying wire

Torque on a loop
	Review Work #4 due

	Week 27

March 20-24 


	Chapter 29
	Magnetic fields due to currents

Biot-Savart Law for rings and circles of wires

Ampere's Law for long straight wires, inside a wire, coaxial cables, solenoids

Find magnetic force between wires
	

	Week 28

March 27-31 


	Continue Chapter 29
	Magnetic fields due to currents

Biot-Savart Law for rings and circles of wires

Ampere's Law for long straight wires, inside a wire, coaxial cables, solenoids

Find magnetic force between wires
	Exam #1

	Week 29

April 10-14
No School Tuesday

Late Start Wednesday


	Chapter 30
	Induction and Inductance
Faraday's Experiment, Magnetic flux, Lenz's Law, inductors with inductance,

Self-induced emf, RL circuits with time constant

Energy stored in magnetic field, energy density

Mutual Inductance
	Review Work #1

	Week 30
April 17-21

	Finish Chapter 30 + 

Chapter 32
	Magnetism of Matter:  Maxwell's Equations

Gauss' Law for electric and Magnetic, Earth's magnetic field, magnetic materials : diamagnetism, paramagnetism, ferromagnetism, Faraday's law with maxwell's law of induction, ampere-maxwell Law, displacement current
	Exam #2 (Take Home)

	Week 31
April 24-28

	Chapter 31
	Electromagnetic Oscillations and Alternating Currents

Comparing LC circuit to simple harmonic motion

Alternating current, RLC circuits, Power in alternating current circuits, transformers
	Exam #3


	May 1st  - May8th 
	Review for AP Exams+ Catch up
	
	Review Work #2



Exams Mechanics C / Electricity and Magnetism Monday May 8th. 

After the AP Exam students complete any laboratory work skipped earlier due to time constraints, then they continue to learn physics by studying topics in fluids/ thermodynamics/ or relativity.  Students may also apply mechanics by traveling to an amusement park and completing a packet of problems.  

AP – Mechanics Objectives

Fall 2016
Chapter 2- Motion along a straight line (Kinematics)
· Given a graph of one of the kinematic quantities, position, velocity, or acceleration, as a function of time, recognize in what time intervals the other two are positive, negative, or zero, and identify or sketch a graph of each as a function of time.  

· Know what it means to accelerate 

· Given an expression for one of the kinematic quantities, position, velocity, or acceleration, as a function of time, determine the other two as a function of time, and find when these quantities are zero or achieve their maximum and minimum values

· Use the constant acceleration equations to solve problems 

· Be able to write expressions for velocity and position as a function of time (specifically for constant acceleration), and identify or sketch graphs of these expressions

· Be able to write an appropriate differential equation dv/dt=f(v)g(t) and solve for v(t), incorporating correctly a given initial value of v

· Relate velocity, displacement, and time for motion with constant velocity

· Know freefall:  What is the acceleration at any point?  Where is the velocity zero? Be able to find the distance object travels 

· Know what terminal velocity is and why objects reach it 
Chapter 3- Vectors (Math)
Know how to

· Add vectors using the component method 
· Write a quantity in vector notation (resolve the vector)
· Find the magnitude of a vector written in vector notation 

· Find the angle relative to +x for a vector written in vector notation 

· Add vectors 

· Subtract vectors 

· Multiply a vector by a scalar 

· Multiply two vectors for a vector product (cross) 
· Multiply two vectors for a scalar product (dot) 

· Find the angle between two vectors by using the dot product rule 

Chapter 4- Motion in two and three dimensions (More Kinematics)
· Understand the general motion of a particle in two dimensions so that, given functions x(t), and y(t) which describe this motion, determine the components, magnitude, and direction of the particle’s velocity and acceleration as functions of time (take the derivative using power rule in terms of t) 
· Calculate the component of a vector along a specified axis, or resolve a vector into components along two specified mutually perpendicular axis

· Add vectors in order to find the net displacement of a particle that undergoes successive straight line displacements. 

· Subtract displacement vectors in order to find the location of one particle relative to another, or calculate the average velocity of a particle

· Add, subtract and resolve velocity vectors to determine the change in velocity of a particle or the velocity of one particle relative to another

· Apply constant acceleration and constant velocity to the motion of a projectile with an arbitrary initial velocity.

· Apply the implications of the range equation to multiple choice questions

· Find average and instantaneous values for velocity and acceleration in two dimensions

· Sketch or identify graphs of horizontal and vertical components of velocity and position as functions of time for projectile motion

· Be able to find period, centripetal acceleration, tangential velocity, and angular velocity for uniform centripetal acceleration. 
· Add or subtract velocity vectors in order to calculate the velocity change or average acceleration of a particle, or the velocity of one particle relative to another.  This includes boat and airplane problems.  (constant velocity or accelerated frame of reference)
Chapter 5- Force and Motion I
· Apply Newton’s First law to situations in which the object remains at rest, or moves with constant velocity
· Draw a well-labeled, freebody diagram showing all real forces that act on the object

· Apply Newton’s Second law (ALWAYS APPEARS ON THE AP Free Response) to write the vector equations with components along appropriate axes
· Tell the difference between weight, mass and normal force 
· Calculate for an object the velocity change for a constant force and a time-varying force

· Determine the average force given a velocity vector change

· Apply Newton’s Third law to be able to identify force pairs with magnitude and direction.
· Use Newton’s Third Law for objects sliding across each other.

· Draw a free body diagram 
·  Solving elevator problems for normal 
· Solve problems with objects either connected by string or touching
· Tension is constant in a light string with a MASSLESS pulley
1. Solve problems with objects hanging (tension, acceleration) 
2. Solve problems with objects on inclined planes (tension, acceleration) 
Chapter Six- Force and Motion II

Friction, Drag, Circular Motion
· Tell the difference between the two types of friction and know which one is present.  

· find maximum static friction [know what increases it] 

· Realize Normal force is a balancing force

· find the amount of static friction present 
· Find out if an object is stationary or in motion
· Use Newton’s 3rd law with objects in contact and friction (touching blocks or stacked blocks)
· Solve problems for when the object starts to slip
·  Solve problems with friction on the horizontal 
· Solve problems with hanging objects and friction 
· Solve inclined plane problems with friction 
· Solve problems with stacked objects 
· Explain why an object travels with a terminal velocity
· Find the terminal velocity of an object moving against a drag force
· Draw and explain graphs of acceleration, velocity and displacement of a particle moving against a drag force that is released from rest or projected vertically
· Use Newton’s Second Law to write a differential equation for the velocity of an object as a function of time.  Solve the differential equation using separation of variables for velocity as a function of time.
· Derive an expression for the acceleration as a function of time for an object falling under the influence of drag force
· Explain why objects travel in circles, know the direction of centripetal acceleration for both horizontal and vertical circles
· Solve problems with centripetal force as the net force (horizontal circle, banked curves, vertical circle)
· Find centripetal acceleration using speed or rate of revolution with radius
· Sketch or identify graphs of velocity and acceleration components at any instant
Chapter 7 Kinetic Energy and Work
· What is kinetic energy? What is it proportional to?  
· Know how to find positive, negative or zero work done by a constant force. 
· Be able to find the net work done on an object.
· Know when and how to use the work-kinetic energy theorem 
· Use the work-kinetic energy theorem to find change of kinetic energy and speed or force that is required in order to bring an object to rest in a specified distance

· Be able to find the work done by a gravitational force   

· Be able to find the work done by a spring force or any variable force.  Know that the area under the force displacement curve is work
· Be able to use an antiderivative to find work done by a force on a body that undergoes a displacement in one dimension
· Be able to use a dot product to find work.
· Use the work-energy theorem to calculate the work performed by the net force, or by each of the forces that make up the net force, on an object that undergoes a specified change in speed or kinetic energy 

· State and apply the relation between the work performed on an object by nonconservative forces and the change in an object’s mechanical energy

· Describe and identify situations in which mechanical energy is converted to other forms of energy (friction/drag)

· Calculate power to maintain the motion of an object with constant acceleration.
· Calculate the work performed by a force that supplies constant power or the average power supplied by a  force that performs a given amount of work

Chapter 8- Potential Energy and Conservation of Energy

· Know how gravitational potential energy relates to work and change in kinetic energy 
· Know how potential energy is related to the gravitational force or a variable force
· Explain why potential energy can be associated only with conservative forces 
· Understand force displacement and work displacement graphs

· Be able to take a derivative of a potential energy function, and antiderivative of a force vs position function. 

· Know when and how to use conservation of mechanical energy.  Define “conservative force” and describe examples of conservative forces and non-conservative forces
· Be able to read a potential energy curve (stable/unstable equilibrium, slope, kinetic energy, velocity).  
· Use Elastic potential energy appropriately when solving using conservation of mechanical energy
· Be able to recognize and solve problems that call for application both of conservation of energy and Newton’s Laws (this includes conservative and nonconservative forces).  

· Apply conservation of energy in which an object’s mechanical energy is changed by friction or by a specified externally applied force.  

· Apply conservation of energy to systems of objects (Atwood’s machine),  springs, and non constant one dimensional force.  

· Know when to use Hooke’s law to find the spring constant of a spring versus when to use conservation of energy to find the amplitude or lowest point of compression.

Chapter 9- Center of Mass and Linear Momentum
· Know applications of center of mass 

· Find center of mass of a system or symmetrical solid
· Find the center of mass of a system consisting of two symmetrical objects.  

· Use anti-derivative to find the center of mass of a thin rod of non uniform density

· Know what center of gravity is and be able to use this concept to express the gravitational potential energy of a rigid body in terms of the position of its center of mass 
· Use an antiderivative to find the center of mass of a thin rod of uniform density or nonuniform density

· Find velocity of the center of mass for a group of objects and how it is related to the linear momentum. 
· Use Newton’s 2nd Law for a system of particles 
· Know what momentum is versus impulse  
· Use Momentum time graphs/force time graphs to find appropriate quantities.  
· Use conservation of momentum to solve problems with relative velocities
· Use conservation of momentum for varying mass (Rocket equations!) remember that linear momentum conservation is a consequence of Newton’s Third Law for an isolated system
· Relate impulse to the change in linear momentum and the average force acting on a body. 
· Understand the applications of impulse and momentum 
· Know the difference between momentum and kinetic energy 
· Analyze a force time graph

· Use an anti-derivative to find the change in momentum of an object given a function of net force as a function of time acting on the object.

· Identify situations that momentum is conserved, and apply conservation to find the final velocity after a collision in one or two dimension 
· Be able to find the Kinetic energy lost or gained during a collision.  
· Be able to compare and contrast elastic and inelastic collisions. 

· Analyze situations in which two bodies are pushed apart by a spring or other object, and calculate how much energy is released.  

Chapter 10- Rotation

· Be able to identify and find the analogous rotational quantities to position, displacement, average velocity, instantaneous velocity, average acceleration, instantaneous acceleration 
· Describe the direction of the particle’s velocity and acceleration at any instant

· Be able to use the constant acceleration equations for rotational motion
· Know the relationship between the translational (linear) quantities listed above to the analogous rotational quantities.
· Use the right hand rule for the direction of the angular velocity

· Know when a particle has linear acceleration and angular acceleration versus centripetal acceleration 
· Apply Newton’s 2nd law to objects moving in horizontal circles and vertical circles

· Know conversions (rev/min)
· Find rotational kinetic energy for a point and a solid object 
· Know how to find moment of inertia of a particle or system
· MEMORIZE the six moments of inertia about their center of mass:  hoop, disk, rod, solid sphere, shell, slab 
· Determine by looking which of a set of symmetrical objects of equal mass has the greatest rotational inertia

· Determine by what factor an object’s rotational inertia changes if all its dimensions are increased by the same factor

· Know and be able to use the parallel axis theorem to move the axis of symmetry
· Determine rotational inertia for a system of masses, a thin rod of uniform density, a thin cylindrical shell

· Know how to find torque of a particle/system/object (cross product!) 
· Know how to find work and power for rotating object 
· Apply torque to find angular acceleration or tension 
· Apply conservation of energy to fixed-axis rotation.

· Analyze problems involving strings and massive pulleys

Chapter 11- Rolling, Torque and Angular Momentum 
· Know how to find angular momentum for particles and solid objects-cross product- mvr-I 
· Know how to find torque from angular momentum 
· Know how to find torque by a force (including gravity)  about any origin.
· Be able to apply conservation of angular momentum 
· Given a series of objects know by inspection which has the greatest rotational inertia

· Be able to solve problems in which the moment of inertia of a body is changed as it rotates about a fixed axis 

· Analyze a collision between a moving particle and a rigid body that can rotate about a fixed axis or about its center of mass 
· Understand rolling as a rotation 
· Be able to find the kinetic energy of a rolling object 
· Be able to find the final velocity and acceleration of an object rolling down an inclined plane 
· Determine the velocity and acceleration of an arbitrary point on an object that is rolling without slipping

· Be able to analyze what would win when rolling down an inclined plane 
· Apply the equations of translational and rotational motion simultaneously in analyzing rolling with slipping
Chapter 12 -Equilibrium Revisited

This chapter will be completed outside of class by students using notes /book/groups and be review work or take home assignment that counts as a test grade.  
· Be able to apply Newton 2nd law and torque to equilibrium problems.  
Chapter 13- Gravitation

· Know Kepler’s Laws, be able to use them to describe in qualitative terms the motion of a body in an elliptical orbit 

· Prove that Kepler’s Third Law must hold for a circular orbit.

· Derive Kepler’s Third Law for the case of circular orbits

· Know Newton’s Law of Universal Gravitation 

· Be able to determine the force that one mass exerts on another
· Determine the strength of the gravitational field at a point outside a mass

· Determine the force inside and outside a uniform sphere 
· Recognize that the motion does not depend on the body’s mass; describe qualitatively how the velocity, period of revolution, and centripetal acceleration depend upon the radius of the orbit; and derive expressions for the velocity and period of revolution in such an orbit
· Find the acceleration due to gravity and compare to centripetal acceleration 
· Derive and apply the relations among kinetic energy, potential energy and total energy for an elliptical and circular orbit
· Apply conservation of angular momentum to determine the velocity and radial distance at any point in the orbit (one or two particle systems)
·  Use energy to determine the escape velocity
· Apply energy conservation in analyzing the motion of an object that is projected straight up from a planet’s surface or that is projected directly toward the planet from far above the surface 

Chapter 15- Oscillations

· Be able to identify simple harmonic motion.  Recognize the differential equation a =-ω2x=d2x/dt2 and determine the frequency and period
· Know what happens if a spring is cut in half, put in parallel, series, different lengths
· Know how to find acceleration at any position of SHM
· Know the energy conversions for SHM,
· State and apply the relation between frequency and period

· Be able to identify potential and kinetic energy graphs versus position or time

· Calculate the kinetic and potential energies of an oscillating system as functions of time

· Sketch the graphs of kinetic and potential energies of an oscillating system as functions of time

· Prove that the sum of kinetic and potential energy is constant

· Know how to find potential energy from a variable force

· Given an equation of position determine the frequency, period, amplitude, speed at a point, time to reach a point, maximum acceleration, zero or maximums
· Graph displacement as a function of time then determine from the graph the amplitude, period and frequency of motion

· Given a spring with mass determine:  the period of motion, maximum acceleration, the maximum velocity, energy stored, the mass, the amplitude, 
· Derive the period equation for a mass on a spring

· Analyze problems in which a mass hangs from a spring or oscillates horizontally

· Determine the period of oscillation for series or parallel combinations of identical springs, or springs of differing lengths

· State how the total energy of an oscillating system depends on the amplitude of the motion, sketch or identify a graph of kinetic or potential energy as a function of time, and identify points in the motion where this energy is all potential or all kientic

· Write equations for position, velocity, acceleration as a function of time 
· Find amplitude that a block can have so that it doesn’t slip
· Know what motion results if an object follows SHM in both x and y directions

· Simple Pendulum – be able to derive the period equation using an approximation
· Find the period for a physical pendulums 
· Find the period for angular simple harmonic motion
· Be able to recognize a situation with resonance.
Objectives for AP Electricity and Magnetism
Electrostatics- 

Chapter 21 Electric Charge

Charge and Coulomb’s Law

· understand the concept of electric charge, and be able to:

· Describe the types of charge and the attraction and repulsion of charges. 

· Describe polarization and induced charges. 

· Understand Coulomb’s Law and the principle of superposition, be able to

· Calculate the magnitude and direction of the force on a positive or negative charge due to other specified point charges.

· Analyze the motion of a particle of specified charge and mass under the

influence of an electrostatic force.
· Understand induced charge and electrostatic shielding, be able to

· Describe the process of charging by induction. 

·  Explain why a neutral conductor is attracted to a charged object.

· 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.

· 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.
 Electric field and electric potential (including point charges)- 

Chapter 22  Electric fields

· Understand the concept of electric field, be able to:

· Define it in terms of the force on a test charge. 

· Describe and calculate the electric field of a single point charge.

·  Calculate the magnitude and direction of the electric field produced by two or more point charges. 

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

·  Interpret an electric field diagram. 

· Analyze the motion of a particle of specified charge and mass in a uniform electric field.

· Use the principle of superposition to calculate by integration:
· The electric field on the axis of a thin ring of charge, or at the center of a circular arc of charge.
· Know the fields of highly symmetric charge distributions, be able to:
· Identify situations in which the direction of the electric field produced by a charge distribution can be deduced from symmetry considerations. 

Chapter 23  Gauss’ Law

· Understand the relationship between electric field and electric flux, be able to

·  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. 

· 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. 

· State and apply the relationship between flux and lines of force. 

· Understand Gauss’s Law, be able to:

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

·  Apply the law, along with symmetry arguments, to determine the electric field for a planar, spherical, or cylindrically symmetric charge distribution. 

· Apply the law to determine the charge density or total charge on a surface in terms of the electric field near the surface.
· Find the electric field of a straight, uniformly charged wire 
· Describe qualitatively the patterns and variation with distance of the electric field of: 
· Oppositely-charged parallel plates. 

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

· Use superposition to determine the fields of parallel charged planes, coaxial cylinders, or concentric spheres. 
· Understand the nature of electric fields in and around conductors, be able to:

· 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. 
· 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.
· Be able to describe and sketch a graph of the electric field and potential inside and outside a charged conducting sphere.  
· Understand induced charge and electrostatic shielding, be able to

· Describe the process of charging by induction

· Explain why a neutral conductor is attracted to a charged object

· 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.

· 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.
· 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.
· Be able to describe and sketch a graph of the electric field and potential inside and outside a charged conducting sphere.  
Chapter 24 Electric Potential

· Understand the concept of electric potential, be able to:

·  Determine the electric potential in the vicinity of one or more point charges. 

· 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.

· Determine the direction and approximate magnitude of the electric field at various positions given a sketch of equipotentials. 

·  Calculate the potential difference between two points in a uniform electric field, and state which point is at the higher potential.

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

· Calculate the electrostatic potential energy of a system of two or more point charges, and calculate how much work is required to establish the charge system.

· 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.
·  State the general relationship between field and potential, and define and apply the concept of a conservative electric field
· Use the principle of superposition to calculate by integration:

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

· The electric potential on the axis of a uniformly charged disk. 

· Know the fields of highly symmetric charge distributions, be able to:

· Identify situations in which the direction of the electric field produced by a charge distribution can be deduced from symmetry considerations. 

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

· Oppositely-charged parallel plates. 

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

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

· Derive expressions for electric potential as a function of position in the above cases. 
· Understand the nature of electric fields in and around conductors, be able to:

· Explain why a conductor must be an equipotential, and apply this principle in analyzing what happens when conductors are connected by wires. 
· Be able to describe and sketch a graph of the electric field and potential inside and outside a charged conducting sphere.  
Chapter 25- Capacitance 

Capacitors

· Understand the definition and function of capacitance, be able to:

· Relate stored charge and voltage for a capacitor. 

· Relate voltage, charge, and stored energy for a capacitor.

· Recognize situations in which energy stored in a capacitor is converted to other forms. 

· Understand the physics of the parallel-plate capacitor, be able to:

·  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. 

· Relate the electric field to the density of the charge on the plates. 

·  Derive an expression for the capacitance of a parallel-plate capacitor. 

·  Determine how changes in dimension will affect the value of the capacitance. 

· Derive and apply expressions for the energy stored in a parallel-plate capacitor and for the energy density in the field between the plates. 

·  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.

· Understand cylindrical and spherical capacitors, be able to:

· Describe the electric field inside each. 

· Derive an expression for the capacitance of each. 

· Understand the steady-state behavior of capacitors connected in series or in parallel, be able to:

· Calculate the equivalent capacitance of a series or parallel combination. 

·  Describe how stored charge is divided between capacitors connected in parallel. 

·  Determine the ratio of voltages for capacitors connected in series. 

· Calculate the voltage or stored charge, under steady-state conditions, for a capacitor connected to a circuit consisting of a battery and resistors.

Dielectrics

· Understand the behavior of dielectrics, be able to:

· 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

· Analyze situations in which a dielectric slab is inserted between the plates of a capacitor.
Chapter 26- Current and Resistance

Electric circuits

Current, resistance, power

· Understand the definition of electric current, so you are able to relate the magnitude and direction of the current to the rate of flow of positive and negative charge.

· Understand conductivity, resistivity, and resistance, be able to:

· Relate current and voltage for a resistor. 

· 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.

· 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.

· 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.

· Derive expressions that relate the current, voltage, and resistance to the rate at which heat is produced when current passes through a resistor. 
· Apply the relationships for the rate of heat production in a resistor.
Chapter 27
 Steady-state direct current circuits with batteries and resistors only

· Understand the behavior of series and parallel combinations of resistors, be able to:

·  Identify on a circuit diagram whether resistors are in series or in parallel. 

·  Determine the ratio of the voltages across resistors connected in series or the ratio of the currents through resistors connected in parallel. 

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

· Calculate the voltage, current, and power dissipation for any resistor in such a network of resistors connected to a single power supply. 

· 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.

· Understand the properties of ideal and real batteries, be able to:

· Calculate the terminal voltage of a battery of specified emf and internal resistance from which a known current is flowing. 

· Calculate the rate at which a battery is supplying energy to a circuit or is being charged up by a circuit. 

· Be able to apply Ohm’s law and Kirchhoff’s rules to direct-current circuits, in order to:

·  Determine a single unknown current, voltage, or resistance. 

· Set up and solve simultaneous equations to determine two unknown currents.

· Understand the properties of voltmeters and ammeters, be able to:

·  State whether the resistance of each is high or low.

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

·  Assess qualitatively the effect of finite meter resistance on a circuit into which these meters are connected.
Chapter 27 Circuits (RC Circuits)
·  Understand the discharging or charging of a capacitor through a resistor, be able to:

· Calculate and interpret the time constant of the circuit. 

· 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.

· 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.

· 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.
Chapter 28- Magnetic Fields

Forces on moving charges in magnetic fields

· Understand the force experienced by a charged particle in a magnetic field, be able to

·  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. 

· Deduce the direction of a magnetic field from information about the forces experienced by charged particles moving through that field. 

· Describe the paths of charged particles moving in uniform magnetic fields.

·  Derive and apply the formula for the radius of the circular path of a charge that moves perpendicular to a uniform magnetic field. 

· Describe under what conditions particles will move with constant velocity through crossed electric and magnetic fields. 

Forces on current-carrying wires in magnetic fields

· Understand the force exerted on a current-carrying wire in a magnetic field, be able to

·  Calculate the magnitude and direction of the force on a straight segment of current carrying wire in a uniform magnetic field. 

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

· Calculate the magnitude and direction of the torque experienced by a rectangular loop of wire carrying a current in a magnetic field.

Chapter 29- Magnetic Fields due to Currents

Fields of long current-carrying wires

· Understand the magnetic field produced by a long straight current- carrying wire, be able to:

· Calculate the magnitude and direction of the field at a point in the vicinity of such a wire. 

· Use superposition to determine the magnetic field produced by two long wires. 

· Calculate the force of attraction or repulsion between two long current-carrying wires. 
 Biot-Savart law and Ampere’s law

· Understand the Biot-Savart Law, be able to:

·  Deduce the magnitude and direction of the contribution to the magnetic field made by a short straight segment of current-carrying wire. 

· Derive and apply the expression for the magnitude of B on the axis of a circular loop of current.

·  Understand the statement and application of Ampere’s Law in integral form, be able to

· State the law precisely.

·  Use Ampere’s law, plus symmetry arguments and the right-hand rule, to relate magnetic field strength to current for planar or cylindrical symmetries. 

· Be able to apply the superposition principle so you can determine the magnetic field produced by combinations of the configurations listed above.
Chapter 30 Induction and Inductance
Electromagnetism

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

· Understand the concept of magnetic flux, be able to:

· Calculate the flux of a uniform magnetic field through a loop of arbitrary orientation.

· 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.

· Understand Faraday’s law and Lenz’s law, be able to:

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

· Calculate the magnitude and direction of the induced emf and current in a loop of wire or a conducting bar under the following conditions:

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

· The magnitude of a related quantity such as magnetic field or area of the loop is a specified non-linear function of time.

· Be able to analyze the forces that act on induced currents so you can determine the mechanical consequences of those forces.
Chapter 30 +Chapter 31 (sections 1,2,3,4,11)  

Inductance (including LR and LC circuits)

· Understand the concept of inductance, be able to:

· Calculate the magnitude and sense of the emf in an inductor through which a specified changing current is flowing. 

· Derive and apply the expression for the self-inductance of a long solenoid

· Understand the transient and steady state behavior of DC circuits containing resistors and inductors, be able to:

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

·  Solve the differential equation obtained in 

·  for the current as a function of time through the battery, using separation of variables. 

· 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.

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

· Calculate the rate of change of current in the inductor as a function of time.

· Calculate the energy stored in an inductor that has a steady current flowing through it.
Chapter 32  Maxwell’s equations

Be familiar with Maxwell’s equations so that you can associate each equation with its implications.- Usually a multiple choice question
Chapter 33 (Section 3 only) The traveling Electromagnetic Wave Qualitatively

· Use Maxwell’s equations to calculate the speed of light
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:

a) Describe the purpose of an experiment or a problem to be investigated. 

b) Identify equipment needed and describe how it is to be used. 

c) Draw a diagram or provide a description of an experimental setup. 

d) Describe procedures to be used, including controls and measurements to be taken.

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).

3. Analyze data

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

a) Display data in graphical or tabular form. 

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

c) Perform calculations with data. 

d) Make extrapolations and interpolations from data. 

4. Analyze errors

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

a) Identify sources of error and how they propagate. 

b) Estimate magnitude and direction of errors.

c) Determine significant digits. 

d) Identify ways to reduce error. 

5. Communicate results

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

a) Draw inferences and conclusions from experimental data. 

b) Suggest ways to improve experiment. 

c) Propose questions for further study.
