10

AP® Physics C—Mechanics 
This one-year course is designed to be the equivalent of engineering calculus based physics at the college level and is for those students who have successfully completed a minimum of Algebra II and/or Trigonometry and who exhibit interest in science.  Concurrent enrollment in calculus is recommended, though some calculus will be taught in this class also.  Topics include: scientific method, lab procedure, mathematics review, mechanics, and energy.  Lab experiences are an integral part of teaching this course. This one-year course fulfills the Nevada high school graduation requirements for science and qualifies for college entrance as a laboratory science.  A score of 4 or 5 on the AP exam is usually accepted by universities for science credit.  Each student should check with his/her selected college for AP acceptance.  All students are required to take the AP exam to receive AP on their transcript.

Texts 

Raymond A. Serway and Robert J. Beichner’s Physics for Scientists and Engineers, 5th ed.. 
Summer Assignment 

To begin the school year on a solid mathematical footing, all students enrolled for the following year are recommended to purchase and work through either Calculus the easy way by Douglas Downing or Quick Calculus: A Self-Teaching Guide by Daniel Kleppner and Norman Ramsey. The book helps students initially learn or review the basic differentiation and integration needed for the course. 

Schedule 

Classes meet four days a week in 41-minute periods Monday, Tuesday, Friday, and 85 minutes on Thursday. After spending 3 weeks on elementary calculus, we will spend about 2 weeks per chapter, with time for sufficient review before the AP Physics Exam. 

Mechanics Outline 

Mechanics is covered with each subject covered in the same order as in Serway and other standard texts. Concepts and problem-solving techniques are introduced by guided inquiry only.  Students are expected to design and run experiments to determine the underlying physics.  These relationships will be expanded in they homework, interactive web pages, and post lab discussion. Calculus is used throughout and where appropriate. 
	Unit 
	Topics 
	Chapters in Serway 
	Number of Days 

	Unit 1 
	Calculus  [C8]
	none
	15

	Introduction to lab 

	Unit 2 
	Rectilinear Motion   C1  C8
	2 
	10

	Kinematics with time-varying acceleration 

	Kinematics with constant acceleration C1

	Unit 3 
	Planar motion C1
	           4 

	General motion where x and y vary with time 

	Kinematics of projectiles 

	Kinematics of circular motion [C1] 

	Unit 4 
	Introduction to Newton’s Laws [C2] 
	5 
	10 

	Newton’s three laws 

	Free-body diagrams 

	Introduction to weight, normal, and friction forces 

	Unit 5 
	Applications of Newton’s Laws [C2] 
	 6 
	10 

	Pulley system 

	Uniform circular motion 

	Nonuniform circular motion 

	Nonconstant friction force 

	
	
	
	

	Unit 6 
	Work, Energy, and Power[C3] C8
	7 
	10 


C1—Evidence of Curricular Requirement: Kinematics
C2—Evidence of Curricular Requirement: Newton’s laws of motion 
C2—Evidence of Curricular Requirement: Newton’s laws of motion 
C3—Evidence of Curricular Requirement: Work, energy, and power 
C8—Evidence of Curricular Requirement: Introductory differential and integral calculus is used throughout the course. 

Unit Topics Chapters in Serway Number of Days 

	Work by constant force 

	Work by position-varying 

force C8

	Work–energy theorem 

	Power C8

	Unit 7 
	Conservation of Energy 
	8 
	10 

	Energy conservation 

	Work by nonconservative forces 

	Potential energy functions 

	Potential energy vs. position graphs C8

	Unit 8 
	Impulse, Momentum, and Collisions [C4] 
	9 
	20 

	Impulse–momentum relationship 

	Conservation of linear momentum 

	Elastic and inelastic collisions 

	Position and velocity of center of mass 

	Unit 9 
	Rotational Kinematics [C1] 
	10 
	15 

	Kinematics with time-varying angular acceleration 

	Kinematics with constant angular acceleration 

	Introduction to torque and angular momentum 

	Unit 10 
	Rotational Dynamics [C5] 

Translational and Rotational Equilibrium [C5]
	11 
	15 

	Moment of inertia 

	Newton’s laws for rotation 

	Conservation of energy with rotation 


C4—Evidence of Curricular Requirement: Systems of particles, linear momentum 

C1—Evidence of Curricular Requirement: Kinematics

C5—Evidence of Curricular Requirement: Circular motion and rotation 
Unit Topics Chapters in Serway Number of Days 

	Conservation of angular momentum 

	
	
	
	

	Unit 11 
	Simple Harmonic Motion (SHM) [C6]
	13 
	10 

	Kinetics of SHM

	Dynamics of SHM

	

	Unit 12 
	Gravitation [C6] 
	14 
	10 

	Kepler’s laws

	Newton’s law of gravitation
Energy and angular momentum


C5—Evidence of Curricular Requirement: Circular motion and rotation 
C6—Evidence of Curricular Requirement: Oscillations and gravitation 

C8—Evidence of Curricular Requirement: Introductory differential and integral calculus is used throughout the course.

Teaching Strategies 

Guided inquiry and the modeling cycle
The modeling cycle has two stages, involving the two general classes of modeling activities: model development and model deployment. Roughly speaking, model development encompasses the exploration and invention stages of the learning cycle, while model deployment corresponds to the discovery stage. It will be noted that the "modeling terminology" is more descriptive of what the students actually do in the cycle. 
The two stage modeling cycle has a generic and flexible format which can be adapted to any physics topic. In its high school physics implementation, the cycle is two or three weeks long, with at least a week devoted to each stage, and there are six cycles in a semester, each devoted to a major topic. Each topic is centered on the development and deployment of a well-defined mathematical model, including investigations of empirical implications and general physical principles involved. 

Throughout the modeling cycle the teacher has a definite agenda and specific objectives for every class activity, including concepts and terminology to be introduced, conclusions to be reached, issues to be raised and misconceptions to be addressed. Though the teacher sets the goals of instruction and controls the agenda, this is done unobtrusively. The teacher assumes the roles of activity facilitator, Socratic inquisitor, and arbiter (more the role of a physics coach than a traditional teacher). To the students, the skilled teacher is transparent, appearing primarily as a facilitator of student goals and agendas. 
To make the present discussion of details in the modeling cycle more concrete, we choose a specific topic which appears in university physics courses.  [C7] 
C7—Evidence of Curricular Requirement: The course utilizes guided inquiry and student-centered learning to foster the development of critical thinking skills. 
Problem Assignments 

At the beginning of each unit, I give students a list of a day-to-day schedule with assignments, the experiments scheduled, and when quizzes and tests on the material can be expected. Providing this informs the students about the work required to master the objectives of the unit. 

The assigned problems are from the textbook. Problems are chosen to give students experience with a wide range of applications of the subject covered in the unit. When the textbook does not have a problem covering a particular application, I use one from another text or write one. These make up the supplementary problem list. When working problems or in question–answer sessions, I always stress starting from a general principle from our lab and moving toward a specific application. Students will present selected homework problems to the other students
Lab Experiments 

Stage I begins with the presentation of, for example, the air track on an incline for the class to consider. Eventually they will realize that a scientific understanding of the system requires 

1. the specification of a model to represent it conceptually, and 

2. an evaluation of the fidelity of the representation 

But they are not told this until they have the experience necessary to understand it by reflecting on what they have done already. Modeling begins with description. Throughout the descriptive phase the teacher functions as a moderator, non-judgmentally recording all suggestions, asking occasionally for further clarification as to meaning while insisting that all terms used in a technical sense be given valid operational definitions. Technical terms, such as "frame of reference, one-dimensional motion, and system" are introduced by the instructor only in situations where they serve to clarify the discussion. Ample opportunity to introduce important technical terms occurs as the course proceeds. Beginning students may state, for example, that an object is accelerating but when asked what they mean by acceleration, they often reply "speeding up". The teacher continues to ask probing questions until the students articulate a satisfactory quantitative characterization of the concept. The teacher strives to remain unobtrusively in control of the agenda throughout the discussion, never acting as an authority or a source of knowledge. 

At the conclusion of the descriptive stage, the students are directed, collectively, to identify quantitatively measurable parameters that might be expected to exhibit some cause-effect relationship. A variable under direct control by the experimenters is identified as the independent variable, while the effect is identified as the dependent variable. This is a critical step in the modeling process. It is at this point that the students learn to differentiate aspects of the phenomenon to which they must attend from those which are distracters. While this issue of identifying and controlling variables is critical to modeling, it is scarcely addressed in traditional instruction, where a lab manual typically provides students with the lab purpose, procedure, evaluation of data and even questions suggesting appropriate conclusions. This critical issue is also missed in conventional homework and test problems, which typically provide only that information necessary to accommodate the author's choice of solutions. 

Having completed the descriptive phase of modeling by settling on a suitable set of descriptive variables, the instructor guides the class into the formulation phase by raising the central problem: to develop a functional relationship between the specified variables. A brief class discussion of the essential elements of the experimental design (which parameters will be held constant and which will be varied) is pursued at this time. The class then divides into teams of two or three to devise and perform experiments of their own. 

Before starting data acquisition, each team must develop a detailed experimental design. Except where the design might pose risk of injury to persons or equipment, the teams are permitted to pursue their own experimental procedures without intrusion by the instructor. For a post-lab presentation to the class, the instructor selects a group which is likely to raise significant issues for class discussion often a group that has taken an inappropriate approach. At that time, the group members are expected to present a detailed explanation and defense of their experimental design and conclusions. 

Each lab team performs its own data analysis cooperatively, using computers and striving to construct graphical and mathematical representations of the functional relationships previously posited. The principal goal of the laboratory activities is to lead students to develop a conceptual correspondence between targeted aspects of the real world phenomenon and corresponding symbolic representations. 

Every lab activity is concluded by each lab team preparing, on a whiteboard, a detailed post-lab analysis of the activity and reasoning that led to the proposed model(s). The teacher then selects one or more of the lab groups to make presentations before the class, explaining and defending their experimental design, analysis of data and proposed model. 

Laboratory reports for each activity are written up in a laboratory notebook according to a given format. It is stressed that the purpose of the laboratory report is to articulate a coherent argument in support of their model construction. While each student must prepare and submit a lab notebook, most of the work is done in class in their cooperative study groups. Grading is done by the teacher following the guidelines. This concludes Stage I. 

The end product of Stage I is a mathematical model together with evidence for a claim that accurately represents the behavior (or structure) of some physical system, in this case uniform acceleration. Students have verified that the kinematics equations accurately describes the acceleration, velocity, and position when real data is used  when taking integrals and derivatives as a function of time varied independently. They are encouraged to consider the possibility that these equations represents a general law of nature, but they should be led to realize that there is no such thing as an experimental proof of a general law. At best, experiment can validate specific models which conform to the law, as in the present case. 

 [C9] 

Mechanics Labs 

Each lab will require one day for pre lab discussion, a block day to perform the lab, and one day for post lab discussion.  This totals 177 minutes of hands on student centered lab experience.  With 14 labs this is 2478 minutes of labs out of a total of 7848 minutes possible for 31.6 % of class time on hands on labs.
1. Motion with Uniform Acceleration. Air tracks and motion sensors are used to gather data to produce a x vs. t, v versus t, and a vs. t graphs. Students use calculus taking derivatives of position and velocity graphs, and integrals of acceleration and velocity graphs and comparing them to the data.  This covers slope-differential and area-integral concepts. [C8] Acceleration of gravity (g) is found experimentally. 
2.  2-D Acceleration This experiment uses acceleration sensors attached to  the rotational apparatus and plot v as independent and acceleration as dependent. 
3.  Newton’s Second Law. This experiment uses an air cart with independents angle and mass and dependent acceleration.
4. Coffee Filter Lab This experiment uses motion sensors to find the function of air resistance with data to produce a x vs. t, v versus t, and a vs. t graphs. This covers slope-differential and area-integral concepts.  Independents are mass and time.  Dependents are terminal velocity and position, velocity, and acceleration.
5. Power of Friction. Energy exchanges in a spring-mass system as friction block slides to a stop.   Independent time, dependent energy lost.  A relationship is determined between the area of an F versus x graph integral, kinetic energy and energy lost. [C8] 
6. Transfer of Energy. Energy exchanges in a spring-mass system with a hanging mass on an air track.   Independent is energy in, the dependent is energy out.  [C8] 
7. Motion of Center of Mass (COM). Velocity changes on an air track as two spring loaded moving carts push apart when string is burnt.   Independent is initial velocity, the dependent is final velocity.  
8. Velocity of Rocket Exhaust (COM). Velocity changes on an air track cart with a rocket attached.   Independent is final momentum, the dependent is mass of fuel.  
9. Torque and Rotational Mass. Hanging a mass from a Pasco turn table, students drop different masses to find the torque and angular acceleration which gives the rotational mass of the turn table. Independent torque, dependent rotational acceleration.   Students then move symmetrically placed masses on the turn table to find the formula for rotational mass of point masses and hoops. Independent mass radius, dependent rotational mass
10. Parallel axis theorem. Hanging a wheel mass from a Pasco turn table, students drop different masses to find the torque and angular acceleration which gives the rotational mass of the turn table. Independent torque, dependent rotational acceleration.   Students then move a heavy round disk placed on one arm of the turn table to find the formula for rotational mass of cylinders. Independent cylinder radius, dependent rotational mass
11. Rotational Energy and Momentum. Using a Pasco turn table with a clay catcher, a large pendulum and a flame, rotational momentum and energy conversions are investigated by burning the pendulum string as it passes the vertical.  Independent is the initial linear energy and momentum of the mass, dependent is the final rotational energy of the turn table and rotational velocity of the turn table. 

13. The Physical Pendulum. This activity uses the Kater’s pendulum to find the equation of a pendulum.  Independent position of the disk dependent is the period
14. Gravitational Force Field Simulation. The force and potential equation of a magnetic field is determined using an air track glider with magnets attached and stationary magnets beside the track to simulate an object passing near the Earth.  Independent is position and dependent is the force and potential energy.
C9—Evidence of Curricular Requirement: The course includes a laboratory component comparable to a semester long, college-level physics laboratory. Students spend a minimum of 20 percent of instructional time engaged in laboratory work. A hands-on laboratory component is required. Each student should complete a lab notebook or portfolio of lab reports. Note: Online course providers utilizing virtual labs (simulations rather than hands-on) should submit their laboratory materials for the audit. If these lab materials are determined to develop the skills and learning objectives of hands-on labs, then courses that use these labs may receive authorization to use the “AP” designation. Online science courses authorized to use the “AP” designation will be posted on the AP Central® Web site.
Stage II - Model Deployment

Stage II is devoted to deployment of the model developed in Stage I to a variety of new physical situations in a variety of different ways. This helps free the students' understanding of the model from the specific context in which it was developed. The model may be deployed to describe, to explain, to predict or to design a new experiment. Though some of the activities in Stage II involve the laboratory, most are more like traditional problem solving, except the work is done cooperatively in small groups. Most of the work is done in class. 

Each study group develops solutions for each problem in the study set. Each group is then assigned one of the problems in the set to prepare, on the white boards, for class presentation. One member of the group is then selected to make the presentation. During the presentation, if questions are asked by fellow students that the selected presenter can not answer, other members of the group may offer assistance. The recitation scores of the groups are enhanced if the members ask valid, well thought out questions during the presentations (shared responsibility).  Members of the audience earn points for asking relevant Socratic questions of the presenters.

On each pass through the modeling cycle the students' understanding of models and modeling is progressively deepened; students become more independent in formulating and executing tasks and more articulate in presenting and defending their points of view. The ultimate objective is, of course, to have them become autonomous scientific thinkers, fluent in the vicissitudes of mathematical modeling. 

Evaluation 

Quizzes are given every chapter. The quizzes are from the homework. Each consists of 2 conceptual questions and 3 calculation problems.  Every unit will have a test with half AP multiple choice and half AP work out problems.  The AP equation sheet is allowed on the unit tests.   While going through the course material, the stress is on developing concepts and problem-solving strategies, not on memorization. 

The multiple-choice questions come from AP Released Exams as do the free-response questions.  All are constructed to test current material and material previously covered. For example, an energy free-response question might require a free-body diagram and have a part involving a trajectory. 

After the tests are graded they are returned to the student to “repair” where they may earn ½ of their points back by explaining why the new answer is correct according to physics principles. This requires them to go through the solution carefully, recognizing their own mistakes and learning from their mistakes. 
Full length AP Physics C: Mechanics Released Exams will be given to get ready for the exam. 

C8—Evidence of Curricular Requirement: Introductory differential and integral calculus is used throughout the course. 

Homework 

Homework is assigned through a day-by-day assignment on the front white board, which students are expected to copy down at the beginning of each unit. 10 points are possible for both the conceptual questions and the calculation problems.  Students are to have them done on the due date so that if they had difficulties they know where their problem is and can ask relevant questions to help themselves or the presenting group to understand the physics. 

Grading 

AP Physics Laboratory Write-up Checklist 2007-8

	Format

(2 points)
	1.
Group names, title.

2.
Each section clearly labeled, neat & organized
	__1___

__1___



	Purpose

(1 point)
	1.
Independent and dependent variables are clearly defined written in complete sentences
	__1___

	Apparatus

& Procedure

(3 points)
	1.
Diagram drawn with all components labeled

2.
Clear and brief sequence of steps, change what?

3.
Control of unwanted variables
	__1___

__1___

__1___

	Data

(7 points)
	1. Copy of rough data included

2.  Table of sample calculations and derived values

3. Applicable parameters measured and recorded

4. Measurements organized into a neat table and all columns are visible

5. Values are clearly labeled with units

6. Enough trials for a good graph.

7. Range of data
	__1___

__1___

__1___

__1___

__1___

__1___

__1___

	Evaluation of Data

(12 points)
	1.
Graphs


a. Variables on appropriate axes (use of units)


b. Quality of results

2.
Interpretation of graphs


a., Mathematical model derivation of equation


b., Units on slope and b-value

3.  Calculus used where appropriate


	__1___

__4___

__4___

__1___

__2___

	Personal Conclusion

(15 points)
	1. Model of behavior

2. Mathematical relation (English sentences) of variables

3.
Discussion (concepts, significance of the lab)
 

4.
Meaning of slope 

5.
Significance of Y-intercept

6.
General equation is included

7.
Reasonable explanation for divergent results
	__2___

__2___

__4___

__2___

__2___

__2___

__1___

	Prelab
	
Turned in
	__5___


Maximum Score = 40 points
+ 5 points


Quarter grades will be determined as the percentage of the total points the student receives in each category.  Late work will not be accepted unless the student has an excused absence and has made arrangements with the teacher.  Twice a quarter the students will receive a computer printout of their grade that they are to have signed by their parent/guardian and returned to the teacher to receive a grade. .  If a student is called on to participate and is not prepared, each time 10 points will be deducted from their 80 points starting grade for white boarding. Students can earn back their lost points or earn extra credit by asking Socratic questions during white boarding sessions earning a maximum of 3 points per day to a maximum of 120 points.  If no participation points have been deducted by the end of the quarter, the student will receive 10 extra credit points added to their participation grade.  Grades are weighted as follows:

Chapter tests 
30%
Homework quizzes    20% 
White boarding   10%        Labs 15%

Web pages 
10% 
Grade sheets 
          5%
Homework          10%

Semester grade - 40% for each quarter grade and 20% for semester exam.
Letter grades for quarter and semester are based on the total points earned:


A = 90 to 100%     B = 80 to 89%     C = 70 to 79%     D = 60 to 69%     F = 59 % or lower

AP Exam Review 

Formal review begins before the beginning of the AP Exam administration. During the early part of the review, several AP level problems are assigned as homework. Each class period is used to answer questions on the previous day's assignment. At the start of the first week of review, the mechanics multiple-choice questions from an AP Released Physics C Exam are given for credit. The best score from the full exam practice tests will be your test grade for 100 points.
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