AP Calculus AB
1. Course Overview
Mathematics, rightly viewed, possesses not only truth, but supreme beauty.

- Bertrand Russell - British Philosopher/Mathematician

Welcome to AP Calculus AB. I hope this class will be interesting and enjoyable as I will do my best to make it so. This year-long course includes the study of:

I. Functions, Limits and their Graphs

II. The Derivative 

III. Integrals

This class will have some lectures, use of graphing calculators and computers, as well as some hands-on activities. Each unit’s assignments include daily homework (due on the first day of the following week), a Portfolio assignment that captures the big ideas of the particular unit, and assessments which generally include a weekly quiz, (some done individually, some done with a partner, and some done in a group of 4), an exam every two units, and a Final that comprises all of the topics of the course up to that day.
The AP exam for this class takes place in early May of each year. The specific date, time and place will be given to you at a later date. This course roughly equivalent to a first semester college Calculus class (exact curriculum depends on specific college) and is structured to both prepare you for passing the AP exam as well as be successful in your future mathematics courses.
2. Course Plan

Below is the sequence of our AP Calculus AB course
	C2. The course teaches all topics associated with Functions, graphs, and Limits; Derivatives; and Integrals as delineated in the Calculus AB Topic Outline in the AP Calculus Course Description.


	Unit 1 – Prerequisites to Calculus (13 days)

	Section #
	Topics

	Handout
	Algebra Atrocities – Identifying Common Algebraic Errors

	#2.1
	Functions – An Overview

	#2.3
	Functions – A Graphical View

	Handout
	Rational Functions

	#A.17
	Trigonometry – Right triangle and a look at the trigonometric functions

	#A.19
	Using Trigonometric Identities (to make your Calculus experience happier)

	#2.2
	Operations on Functions


Commentary: Although students progress through the same mathematics courses at our high school, there are students who get to AP Calculus with some of the basic Advanced Algebra and Trigonometry skills lacking. We believe in a non-restrictive environment for access to AP Calculus which makes for this mix of students. A little review brings everybody up to speed. The Handouts include:
· Algebraic Atrocities: Students find common algebraic errors (if any) in a list of 20 algebraic operations

· Rational Functions: Students use graphing calculators to explore properties of rational functions

	Unit 2 – Limits and Continuity (13 days)

	Section #
	Topics

	#2.0
	Geometer’s Sketchpad Lab – Limits with Tables

	#2.4
	Limits – An Intuitive Introduction

	#2.5
	Limits – Computational Techniques

	#2.7
	Continuity

	#2.8
	Limits and Continuity of Trigonometric Functions


Commentary: The 13 days in this unit include an exam for Units 0 and 2.
	Unit 3 – The Derivative (17 days)

	Section #
	Topics

	#3.1
	Geometer’s Sketchpad Lab – Instantaneous Rate

	#3.2
	The Derivative

	#3.3
	Techniques of Differentiation

	#3.4
	Derivatives of Trigonometric Functions

	#3.5
	The Chain Rule

	#3.6
	Implicit Differentiation


	Unit 4 – Applications of the Derivative (20 days)

	Section #
	Topics

	#4.1
	Related Rates

	#4.2
	Intervals of Increase and Decrease; Concavity

	#4.3
	Relative Extrema: First and Second Derivative Tests

	#4.4
	Graphing Functions Using First and Second Derivatives, Intercepts

	#4.6
	Maximum and Minimum Values of a Function (includes absolute min/max)

	#4.7
	Applied Maximum and Minimum Problems (Cost, Volume, etc)

	#4.8
	More Applications of Maximum and Minimum Problems

	#4.10
	Rolle’s Theorem and The Mean-Value Theorem

	#4.11
	Rectilinear Motion: The Relation Between Displacement, Velocity, Acceleration


Commentary: The 20 days in this unit include an exam for Units 3 and 4.

	Unit 5 – Integration (24 days)

	Section #
	Topics

	#5.1
	Sketchpad Lab – Introduction to Integrals

	#5.2
	Antiderivatives: The Indefinite Integral

	#5.3
	Integration by Substitution

	#5.4
	Sigma Notation – The Underpinnings of the Definite Integral

	#5.5
	Areas as Limits, Rectangular Approximations of Area

	#5.6
	The Definite Integral (using area formulas)

	#5.7
	The First Fundamental Theorem of Calculus

	#5.8
	Evaluation Definite Integrals by Substitution

	#5.9
	The Mean-Value Theorem for Integrals;

The Second Fundamental Theorem of Calculus


Commentary: The 24 days in this unit include 5 days for an initial AP Exam prep/Final exam study sessions.
	Unit 6 – Applications of the Definite Integral (16 days)

	Section #
	Topics

	#6.1
	Area Between Two Curves

	#6.2
	Volume by Slicing; Disks and Washers

	#6.4
	Length of a Plane Curve

	#6.5
	Area of a Surface of Revolution

	#6.6
	Application if Integration to Rectilinear Motion

	#6.7
	Work


Commentary: The 16 days in this unit include 1 day for reviewing the Fall semester Final Exam.

	Unit 7 – Logarithm and Exponential Functions (14 days)

	Section #
	Topics

	#7.1
	Inverse Functions

	#7.2
	Logarithms and Irrational Exponents

	#7.3
	Calculus Involving the Natural Logarithm

	#7.4
	Calculus Involving Irrational Exponents and Exponential Functions


Commentary: The 14 days in this unit include 2 days for the exam for Units 6 and 7.

	Unit 8 – Differential Equations, Slope Fields, Inverse Trigonometric Functions (15 days)

	Section #
	Topics

	#7.7
	Solving First Order Differential Equations

	Handouts
	Applications of First Order Differential Equations

	Handouts
	Slope Fields

	Handouts
	Another Look at the Definite Integral – Trapezoidal Approximations

	#8.2
	Inverse Trigonometric Functions


Commentary: Our textbook is weak in the areas of applying differential equations to real-world applications, has no mention of Slope Fields, nor has good applications involving Trapezoidal approximations of the definite integral. I supplement here with material I found at various AP Calculus workshops that I have attended.

The Handouts include:

· Applications of Differential Equations: Applied exponential growth models.

· Slope Fields: Graph differential equations on a dot-paper form. Interpret the graph of a slope field.
· Trapezoidal Approximations: Compare and contrast right, left, midpoint Riemann Sum vs. Trapezoidal Approximations

	Post AP Exam –  Various Topics not included in the AP Calculus AB outline but are Important Nonetheless

(number of days varies depending on the school calendar)

	Section #
	Topics

	#9.2
	Integration By Parts

	#9.6
	Integrating Rational Functions: Partial Fractions

	#10.1
	Improper Integrals

	#10.2
	L’Hopital’s Rule

	#10.3
	Other Indeterminate Forms

	Project
	AP Calculus Annual Project


Commentary: The AP Calculus Annual Project is a way for the class to give back to the community. The class designs and implements a “Math Steeplechase” competition for the current 8th grade class (incoming freshmen for next year) to try to elicit excitement for mathematics.
3. Work with functions in a variety of ways

	C3. The course provides students with the opportunity to work with functions represented in a variety of ways:

1) Graphically

2) Numerically

3) Analytically

4) Verbally

In addition the course emphasizes the connections among these representations.


Students in AP Calculus must be able to work with the 4 “views” of a function. The following matrix describes to what extend that this requirement is threaded into the entire course, from unit 1 through unit 8. Of course, some units lend themselves to be richer in some aspects than others.

	Unit
	Evidence

	#1
	1) Students analyze the effects of translations on a wide variety of functions by graphing the parent function then the translated function.
2) Students are introduced to the table function on their graphing calculator in a lab that explores local linearity, the underpinnings of the derivative. Students find the slope of a function as delta-x gets small.
3) Students are expected to be able to graph a translated function given the graph of the parent function.
4) Students verbally explain the findings of the local linearity lab to the class.
Portfolio – Students start their AP Calculus Portfolio with an analysis of the parent functions for much of what they will use for the rest of the year (linear, quadratic, cubic, trigonometric, exponential, logarithmic, etc). For each function, there is a graph, table of values, analysis of domain/range and symmetry (if any)



	#2
	1) Students examine graphs to determine the limit of a function.
2) Students examine tables of functions, either with their graphing calculator or by hand to find the limit as the function approaches a value. Examples include 
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3) Students find the limit of a function by direct substitution.
4) Students describe the type of continuity and explain their reasoning in the Portfolio assignment.
Portfolio – Students continue their AP Calculus Portfolio with a “Big Picture” question regarding the Limits and Continuity of a function given only the graphical representation. Students must write their results and explain why the function has a certain type of discontinuity. Other problems in the portfolio explore some of the course focus areas: Limits of Functions, Asymptotic Behavior, and Continuity as a property of functions.



	Unit
	Evidence

	#3
	1) Students explore graphs of functions and discover that the derivative is the slope of a function at a point. Initially we explore this with the slope between two distinct points on a graph and progressing to the difference quotient.
2) Students explore the above mentioned idea using a table of values.
3) Students work with various functions and learn different techniques of differentiation so that we do not have to use the difference quotient to compute the derivative at a point.
4) Students are introduced to the relationship between displacement, velocity and acceleration with application problems.
Portfolio – Students continue their AP Calculus Portfolio with a “Big Picture” question that includes a story problem that involves chain rule differentiation and the relationship between position and velocity. Other problems in the portfolio explore some of the course focus areas: Concept of a Derivative, Derivative at a Point, and Computation of Derivatives.


	#4
	1) Students analyze functions graphically and describe the first derivative and second derivative. Students must describe using terms like increasing, decreasing, concavity.
2) Students analyze optimization questions, both story problems and pure functions, by creating tables and finding the maximum/minimum of a function on an open interval and on a closed interval including the endpoints.
3) Students analyze functions for intervals of increasing, decreasing, concavity by using the first and second derivative.
4) Students solve story problems involving Related Rates, Optimization, and the relationship between displacement/velocity/acceleration.
Portfolio – Students continue their AP Calculus Portfolio with “Big Picture” questions including a story problem that involves Related Rates, a story problem on maximizing a function, and a conceptual graph problem that requires the student to explain which is the original function, which is the first derivative, and which is the second derivative. The question continues with the student sketching a graph of the 3rd and 4th derivative.  Other problems in the portfolio explore some of the course focus areas: Second Derivatives and Applications of Derivatives.




	Unit
	Evidence

	#5
	1) Students analyze graphs for area under the curve, using the midpoint, left, and right-handed sums. Students are also expected to find the area using formulas from geometry.
2) Students are given a table of values are expected to find the area under the curve as well as identify the number of possible extrema as well as where they may be located.
3) Students are given functions to analyze by the anitderivative and the definite integral. The technique of integration by substitution is taught and the connection between it and the chain rule is discussed.
4) Students solve a rich collection of story problems that involve area under the curve.
Portfolio – Students begin to answer questions in the portfolio that model AP Exam level complexities, including story problems and non-story problems that include several aspects of AP Calculus. This unit includes an application regarding displacement given a velocity function and a question that involves a table and graph and expects the student to use the Riemann sum to solve. The First and Second Fundamental Theorems of Calculus are a point of focus.


	#6
	1) Students find the area between curves by finding the intersection points, by either direct analysis of graphs or using graphing calculators to find intersection points.
2) Students numerically find the area between curves by area formulas and the definite integral.
3) Students continue to integrate functions using their techniques of integration and find the length of a curve by integration.
4) Students are now capable of solving problems that involve total distance traveled, or similar types of non-traditional rate problems. In addition, students solve problems of volume, surface area, length of curve, and Calculus problems involving work.
Portfolio – Students continue to answer questions in the portfolio that model AP Exam level complexities, including story problems and non-story problems that include several aspects of AP Calculus. This unit includes an area/volume problem and a non-traditional rate type of problem. The First and Second Fundamental Theorems of Calculus are a point of focus.



	Unit
	Evidence

	#7
	1) Students continue the study of area between the curves and volume of revolution involving exponential and logarithmic functions.
2) Students are exposed to a derivation of the derivative of 
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3) Students solve logarithmic and exponential equations and discover the derivatives and integrals involving logarithmic and exponential functions.
4) Students solve story problems that involve exponential and logarithmic functions. Up until now, these problems have been off-limits due to the late exposure to the derivative and integral involving these functions.
Portfolio – Students continue to answer questions in the portfolio that model AP Exam level complexities, including story problems and non-story problems that include several aspects of AP Calculus. This unit includes an area/volume problem and a non-traditional rate type of problem. The First and Second Fundamental Theorems of Calculus are a point of focus.


	#8
	1) Students are introduced to the concept of a slope field. This is their first experience and is done first by hand, then done using the graphing calculator. Students are also introduced to the method of Trapezoidal Approximation of the area under a curve, given some graph.
2) Students are introduced to the method of Trapezoidal Approximation of the area under a curve, given a table of values.
3) Students solve separable differential equations.
4) Students solve various exponential growth story problems now that they are familiar with solving differential equations
Portfolio – Students continue to answer questions in the portfolio that model AP Exam level complexities, including story problems and non-story problems that include several aspects of AP Calculus. This unit includes a problem involving slope fields/differential equations and another non-traditional rate type of problem.



4. Communicate Mathematics
	C4. The course teaches students how to communicate mathematics and explain solutions to problems both verbally and in written sentences.


The structure of the AP Calculus AB course lends itself well to this topic. Each unit has multiple opportunities to communicate mathematics and explain solutions both verbally and in written form. I use the structure of the following to allow students ample opportunity for varied forms of communication:
1) The Portfolio – For each unit, there is a Portfolio assignment. The Portfolio tries to encompass the “Big Ideas” of the unit with 1 – 3 “Big Picture” questions that often include a story that encompasses the calculus that was taught in that unit. These questions begin the year with a single-aspect nature, but by the middle of the year, the questions encompass multiple aspects of calculus, just like the AP exam questions typically do. Each of these questions require the student to not only solve the problem, but explain the reasoning/justify their solution by written, numerical, and/or graphical explanation.
2) Group Quizzes – Each unit also has a group quiz. I call this a “review day with teeth”. In group quizzes, 3 – 4 students are teamed up to complete a quiz. Each student is required to complete the quiz and only one of the quizzes is graded, with that grade being awarded to all stakeholders in the group. You will never find another day in class where the discussions amongst the group members are rich and rewarding. “Calculus is being spoken!!” Due to the nature that it counts as a quiz score, students take this assignment very seriously and there is often heated discussion between members as to what approach to take to solve a particular problem.

3) Block Days – Our school has a modified block schedule which gives us 3 days of “regular” 50 minute long classes on Monday, Tuesday, and Friday and block days on Wednesday and Thursday, where classes are 100 minutes long. This schedule allows us to teach the curriculum but also have time to perform labs that may take longer than a typical day. In these labs, students have to write the solutions and work with partners or groups to solve problems. This may be as simple as the Local Linearity lab to a Geometer’s Sketchpad lab introducing a concept to an exploration that we have to perform outside, like the relationship between position-velocity-acceleration.

4) Direct Instruction – Direct instruction lends itself to this requirement to a lesser extent, but does provide a modeling day as to how to explain their mathematics, something that is not always done in their previous math classes.

5. Use Graphing Calculators
	C5. The course teaches students how to use graphing calculators to help solve problems, experiment, interpret results, and support conclusions.


Graphing calculators are introduced early in this course and used extensively, beginning with the first unit. I have to stress to the students that graphing calculators are only allowed on ½ of the exam, otherwise students will use them exclusively for all that they do…and until the AP exam and college professors decide that they should be allowed on all of the exam, students still need to be able to solve Calculus problems by hand. Each exam that is given has a Calculator portion and a no-Calculator part, mimicking the actual AP exam.
Whereas the first semester of the course has a stress of doing Calculus without the calculator, building on the skills required to perform well on the non-calculator portion of the exam, the second semester, leading up to the exam, has a stress of using the calculator to perform the four operation that are allowed on the exam.

	Unit
	Evidence

	#1
	In this introductory unit, we distribute the graphing calculators (TI89) to all students who do not personally own one. We use the block days in the first few weeks to familiarize ourselves with the capabilities and functions available to us in a non-Calculus environment. The first exploration includes graphing the function 
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 and determining the slope at various values of x, beginning the journey towards the Derivative!!

	#2
	As we start exploring limits, we continue the use of the graphing calculator to explore the limit of a function as it approaches a value, using both the graphical view and the table view. We continue then with these capabilities when looking at continuity, noting the deceptive nature of the graph, making functions look continuous when they may have a point of discontinuity. The table function reveals the “hole” in the graph nicely.

	#3
	One of the functions that a student needs to be able to do is to find the derivative of a function for a particular value of x. In this unit, The Derivative, we learn how to find this value as we discover that the derivative is simply the slope of the tangent at that point. Although it is not part of the AP Calculus “permitted operations”, I also give my students the capability of implicit differentiation by downloading the latest operating system and Calculus Tools to each student’s calculator.

	#4
	In this unit, Application of the Derivative, we use the calculator to examine the relation between the graph of a function and its first and second derivative. We do analysis of functions using the Calculus that we are learning, then verify using our graphing tools on the TI89.

	#5
	Beginning this unit, I stress that some problems are impossible for them to solve without the use of their graphing calculator. We learn about how to find the definite integral of a function using the calculator and applications in the Portfolio are given where a graphing calculator has to be used.

	#6
	This unit includes the idea of area and volume parts of calculus. Without the use of the calculator to find intersection points of graphs and to examine the area in question, the students would feel lost.

	#7
	We continue to extensively use our graphing calculator to find the derivative at a point and the definite integral for problems that may otherwise be very difficult, or impossible with their knowledge, to do without the use of the graphing calculator.

	#8
	This unit introduces slope fields and we use the TI89 to explore these graphs.


6. Grading Policy
Our math department has the belief that as a student progresses along the course offerings of the school, the emphasis on grading should become more and more weighted towards knowledge. The AP Calculus grading policy is as follows:

	
	1) 90% - Show what you know!

Includes:
50% - Unit exams

15% - Projects and your Portfolio
25% - Quizzes (some in groups, some individual)

	
	2) 10% - Show that you are responsible!

Includes:
10% - Homework

	Grading scale
	98 - 100+
	A
	77 - 80
	C+
	
	

	
	92 - 98
	A
	70 - 77
	C
	
	

	
	90 – 92
	A-
	67 - 70
	C-
	
	

	
	88 – 90
	B+
	60 - 67
	D
	
	

	
	82 – 88
	B
	     <60
	F
	
	

	
	80 - 82
	B-
	    
	
	
	


7. Materials required for this course: 

-  Textbook (provided) Anton, Howard, Calculus with Analytic Geometry, fourth edition. Wiley and Sons, 1992.
-  Graphing calculator (TI83 or TI89) (A TI89 will be supplied for your use if you do not have one of your own)
8. Web-based stuff: 

	Web Site
	From my home page, click on Me the Teacher and the other links should be self-explanatory. Here you should be able to find:

· your unit assignments, 
· a link to the lessons (PowerPoint), 
· And your grades using your student ID.
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