AP® Physics C – Mechanics

Text:  University Physics, 10th edition, by Sears, Zemansky’s, Young, & Freedman, 2000, Addison Wesley Longman Inc.

Course Description
This AP® Physics course is equivalent to a first year college physics class.  In addition, this course will prepare students for the AP® Physics C Mechanics exam given during the second week of May.  All students who enroll in this course are required to take the exam in May.  Students, who pass the exam, may receive college credit.  This course requires an understanding of some basic calculus, i.e. differentiation and integration, as well as a prior course, Level 9 Physics (a twenty week course).  The calculus course should be taken concurrently.
Course Design
There are two major components for this course:

· Understanding the topics covered via critical thinking skills.  I introduce each topic to the students and provide them with enough background information.  They must then take this information and apply it to given problems or discussion questions.  The problems will consist of textbook problems and old AP® Physics exam questions (used as a review before the exam).  It is best that the students work with a partner during the problem solving sessions.  You may be required to present your solution to the class for discussion.  This should allow students to see different ways to attack the problems.  

· Application of physics knowledge by laboratory investigation (described later on)
Schedule
This class meets six days out of an eight day rotating cycle, for 2 fifty seven minute periods.  This amount of time is great for the problem solving sessions.  Laboratory work will be done at least once during the six day rotation and will last approximately 1 ½ - 2 periods.

	Chapter
	Topics
	Number of Days

	1
	Units, Physical Quantities, & Vectors
	5

	
	Nature of Physics
	

	
	Product of Vectors
	

	
	Unit vectors
	

	
	Laboratory Introduction
	

	2
	Motion Along a Straight Line
	5

	
	Average/Instantaneous Velocity
	

	
	Average/Instantaneous Acceleration
	

	
	Motion with Constant Acceleration
	

	
	Velocity & Position by Integration
	

	3
	Motion in two or three Dimensions
	7

	
	Position/Velocity/Acceleration Vectors
	

	
	Projectile Motion
	

	
	Motion in a Circle
	

	4
	Newton’s Laws of Motion
	5

	
	Newton’s three Laws
	

	
	Mass & Weight
	

	
	Free-body diagrams
	

	5
	Applications of Newton’s Laws
	8

	
	Particles in equilibrium
	

	
	Dynamics of particles
	

	
	Frictional forces
	

	
	Dynamics of Circular Motion (Uniform/Nonuniform Circular Motion
	

	6
	Work & Kinetic Energy
	4

	
	Work by constant force
	

	
	Work by varying force
	

	
	Work-energy theorem
	

	
	Power
	

	7

	Potential Energy & Energy Conservation
	8

	
	Gravitational/Elastic Potential Energy
	

	
	Conservative/Nonconservative forces
	

	
	Forces and Potential Energy
	

	
	Energy diagrams
	

	8
	Momentum, Impulse, & Collisions
	7

	
	Impulse-Momentum theorem
	

	
	Conservation of momentum
	

	
	Inelastic/Elastic collisions
	

	
	Center of Mass
	

	9
	Rotation of Rigid Bodies
	4

	
	Angular Velocity & Acceleration
	

	
	Rotation with constant angular acceleration
	

	
	Energy in rotational motion
	

	
	Moment of inertia calculations
	

	
	Relating Linear & Angular Kinematics
	

	10
	Dynamics of Rotational Motion
	7

	
	Torque
	

	
	Torque & angular acceleration for a rigid body
	

	
	Work/power in rotational motion
	

	
	Angular momentum
	

	
	Conservation of angular momentum
	

	12 
	Gravitation
	6

	
	Newton’s Law of Gravitation
	

	
	Weight
	

	
	Gravitational Potential Energy
	

	
	Motion of Satellites/Planets
	

	13
	Periodic Motion
	6

	
	Causes of Oscillations
	

	
	Simple Harmonic Motion
	

	
	Energy In SHM
	

	
	Applications of SHM
	

	
	Simple & Physical Pendulum
	


Evaluation
Test:  60%

Quiz:  15%

Laboratory:  15%

Homework:  10%

Teaching Strategies
Lecture


The first 15 – 20 minutes of each class is set aside for questions to the previous night’s homework problems or to clear up any misunderstandings from the previous class.  The remainder of the time usually involves the explanation of concepts through discussion, demonstration, and derivations.  Students then get into their groups to discuss and solve the problems that are presented to them.  Discussion and questions are always encouraged between the students and me.  The goal here is again to clear up any misunderstandings and to allow students to work together and listen to each others ideas or suggestions.
Tests


Tests consist of 8 multipart, multi-topic questions.  At least one of these questions is an old AP® Physics exam question.  Students are given the entire 114 minute period to complete the exam.  This time frame simulates the 15 minute time limit for the 3 questions on the AP® exam.

Quizzes:


Students are given 30 minutes to answer 10 multiple choice questions.  These questions are taken from AP® examinations.  This will provide students with an idea of the type of questions they could expect during the AP® exam.

Homework:


Homework problems are given at the beginning of each chapter.  Students are required to stay current (with the problems) as the topics are covered during the unit.  Homework is collected at the end of each unit or topic.  
Laboratory:


Students work in groups of 2 – 3 to perform student conducted laboratory assignments at least once during the six day rotating schedule.  Laboratory information is given to the students one day in advance.  The reason is so students will be able to come to class with their lab notebooks prepared (up to the data/calculation tables), as well as to let them digest the material before hand.  All students are required to keep a laboratory notebook.  Students are required to conduct the experiment, make observations, and collect the data.  Then, they must analyze the collected data and draw conclusions based upon collected data.  A mix of traditional and technology based hands-on labs are used throughout the course. 

Mechanics Labs
1. Derivatives and Circles.  To use derivatives to investigate the various characteristics of circles.  http://bowelsphysics.com/apclabs.html
2. Integration and water flow.  Experimentally determine a volume of water that is flowing using calculus (integration).  http://bowelsphysics.com/apclabs.html
3. Acceleration Down an Incline.  To study how the acceleration of an object down an incline depends on the angle of the incline and obtain the acceleration due to gravity.  Obtained from Pasco Dynamics Cart System.

4. Projectile Motion I.  To predict and verify the range of a ball launched at an angle.  Obtained from Pasco Mini Launcher System.

5. Projectile Motion II.  How range of a ball depends on the angle at which if was launched.  Obtained from Pasco Mini Launcher System.

6. Atwood’s Machine.  To determine the relationship between two factors which influence the acceleration of an Atwood’s Machine.  Appel, Kenneth, et al.  Physics with Computers.  Vernier Software & Technology.
7. Static and Kinetic Friction.  To study static and kinetic friction on a block.  A determination of both static and kinetic coefficients of friction will be done.   Appel, Kenneth, et al.  Physics with Computers.  Vernier Software & Technology.

8. Air Resistance.  Measure the terminal velocity as a function of mass and to determine the drag force.  Appel, Kenneth, et al.  Physics with Computers.  Vernier Software & Technology.

9. Conical Pendulum.  To determine the acceleration due to gravity, g, centripetal force, centripetal acceleration, and the tension in the supporting string.  http://www.frontiernet.net/~jlkeefer/conical3.doc
10. Work and Energy.  To investigate the relationship between work and energy (work-energy theorem) by determining the area under the curve.  Appel, Kenneth, et al.  Physics with Computers.  Vernier Software & Technology.

11.   Conservation of Energy I.  The kinematics of motion and the total mechanical energy of a system are studied and the changes that occur in kinetic energy and gravitational potential energy are examined. http://www.frontiernet.net/~jlkeefer/bowling.doc
12.   Conservation of Energy II.  To examine the elastic potential energy, gravitational potential energy, and the conservation of energy of spring-cart system.  Obtained from Pasco Dynamics Track System.
13. Elastic Collisions.  Momentum and Energy relations in two dimensions.  To study the momentum and energy relationships involved in a two  dimensional system.  Laboratory Experiments in College Physics. 6th edition. Bernard, Cicero H. Epp, Chirold D.
14. Inelastic Impact and Velocity of a Projectile.  To study momentum and energy relations in an inelastic impact and to investigate some properties of projectile motion.  .  Laboratory Experiments in College Physics. 6th edition. Bernard, Cicero H. Epp, Chirold D.

15. Rotational Motion Lab.  To investigate angular kinematics, energy, and moments of inertia.  http://bowelsphysics.com/apclabs.html
16. Oscillations on an Incline.  Measure the period of oscillation of a spring-mass system and compare it to the theoretical value.  Obtained from Pasco Dynamics Track System.

17. Physical Pendulum.  To determine the minimum period of a physical pendulum as point of rotation changes and to calculate at what distance this point of rotation must be away from the center of mass.  http://bowelsphysics.com/apclabs.html
18. Gravitation-Kepler’s Laws.  Plot a planetary orbit and apply Kepler’s Laws.  http://bowelsphysics.com/apclabs.html
AP Exam Review

A review begins approximately 1 ½ weeks prior to the scheduled examination.  Students are given a booklet consisting of the multiple-choice sections from previously released AP Physics C exams.  Students are to work in groups (no more than 2 students per group) on assigned topics.  Answers are given and answers to questions are given and discussed as a class.  Every meeting day, a block of thirty minutes is set aside for students to work on 2 free response questions.  The students work alone on these questions.  When they have finished, answers are given and questions are discussed.  A few days before the exam, students are given practice exams.  These exams are graded and counted as homework.   
