AP Calculus AB Course Outline
Course overview:
· Given a number of days in the year for standardized testing and for activity absences, this schedule will allow enough time to cover the material and have time left to review for the AP exam.  
Chapter P: The Cartesian Plane and Functions 

1. Use interval notation to express the solution to linear, quadratic, rational, and absolute value inequalities.

2. Identify graphs of the following functions: constant, linear, quadratic, cubic, square root and cube root, absolute value, greatest integer, exponential, logarithmic and trigonometric.

3. Define, identify and apply concepts of functions with respect to domain, range, intercepts, symmetry, asymptotes, zeros, and odd and even functions.

4. Apply the algebra of functions by finding sum, difference, product and quotient, composition and inverse where they exist.

5. Describe transformations of graphs (both horizontal and vertical) from given equations and change equations to produce desired transformations.

6. Use the graphing calculator to produce the graph of a function within an arbitrary viewing window.

7. Use the graphing calculator to find the zeros of a function.

8. Review basic Trigonometric Identities including: Double Angle (Sine and Cosine), Pythagorean, Reciprocal, Basic Trig. Ratios.  
(Supplemented by Summer Packet Problem Sets from a previous Larry Peterson Summer AP Calculus Institute in Fairbanks, Alaska)
Chapter 1: Limits and Their Properties 

1. Use a graphing calculator to find the limit of a function from tables and the graph.

2. Use properties of limits to calculate the limit of a sum, difference, product and quotient of functions.

3. Determine when a limit does not exist.

4. Evaluate one-sided limits.

5. Use the definition of continuity to determine whether a function is continuous at a point or on an interval.

6. Verify the Intermediate Value Theorem for a specific function.

7. Find the points of discontinuity for a function.

8. Understand the concept of infinite limits and use the concept of infinite limit to find vertical asymptotes of functions (with and without a graphing calculator).
9. Students will experiment with their graphing calculators to evaluate a limit of a function numerically, determine the asymptotic behavior of a function, and explore the continuity of a function.  
10. Students will participate in an in-class exercise where they will use their graphing calculator’s table feature to determine the limit of a function such as 
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11. All students will have access to an AP Calculus AB approved graphing calculator for their personal use throughout the course of the year.  Students who do not own one may check one out at our school’s library.  
12. All students and teachers will have access to a college-level textbook throughout the year (provided by the school).

Chapter 2: Differentiation
1. Find the slope of a tangent line and write the equation of a tangent line using the limit process.

2. Define and compute the derivative of a function using the limit of the difference quotient.  Students will recognize the difference quotient 
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 as f’(x) or the slope of the tangent line of the function y = f(x).  Students will practice finding the difference quotient with various functions and determine the equation of the tangent line at a given x-value.
3. Demonstrate the concepts of average rate of change and instantaneous rate of change of a function.

4. Define the derivative of a function in a variety of ways including slope of the tangent line, rate of change of the function and instantaneous velocity.

5. Demonstrate an understanding of the relationship between differentiability and continuity of a function.  Students will be given an assignment that requires them to determine where a function fails to be differentiable at certain x-values.  They will then use the graphing calculator to explore why the function fails to have a derivative at such x-values.  (e.g. the function has a cusp or a “point.”)
6. Develop and use differentiation rules to compute derivatives of functions, including the trigonometric functions.

7. Use the Chain Rule to differentiate composite functions.

8. Find the derivative of implicitly defined functions.

9. Compute successive derivatives of functions.

10. Use the derivative to find the slope of the tangent to a curve (if it exists) and to write equations of tangent and normal lines to a curve at a given point.

11. Use the graphing calculator to compute the numerical derivative of a function.
12. Use the graphing calculator to investigate population growth models and find the derivative and tangent line at a given point.
13. Solve problems involving related rates of change.
Chapter 3: Applications of Differentiation. 

1. Apply the Extreme Value Theorem to find the maximum and minimum values of a function on a closed interval.

2. State and apply Rolle’s Theorem and the Mean Value Theorem.  Students be given an assignment to discuss in groups and will decide whether each theorem may be applied based on the function’s continuity on [a,b] and differentiability on (a, b), and specifically for:  A.  Rolle’s Theorem – If f(a) = f(b), then there exists a c in (a, b) such that f ‘(c) = 0.  B.  Mean Value Theorem – there exists a c-value in (a, b) such that 
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If the particular theorem applies, students will determine the value(s) of c and present their findings orally and in written form to the class.
3. Use the First Derivative Test to find the intervals on which a function is increasing and decreasing and to determine relative extrema of a function.

4. Use the Second Derivative Test to determine intervals of concavity of a function and to locate inflection points.  
5. Use the Second Derivative Test to analyze relative extrema of a function.  Students will be given an assignment that requires them to apply the Second Derivative Test.  Some problems will require the students to apply the First Derivative Test in the case(s) that the Second Derivative Test fails.  Students will demonstrate their conceptual understanding through justifications in written form as to which test applies and why the test applies.  
6. Use information about intervals of increase and decrease, relative extrema, intervals of concavity, and inflection points to sketch the graph of a function.

7. Use the graphs of a given function f and its first and second derivatives to explore corresponding characteristics of 
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8. Students will work in groups and will be given the graph of f’ and will be asked to draw graphs of f and f”.  Students will compare graphs and decide which is correct.  Moreover, students will be asked to find the x-value(s) for which f has relative extrema, points of inflection, and where f is increasing or decreasing based on the graph of f’.  Students will justify verbally (in written form as well as oral form) the reasons for why the function has relative extrema and points of inflection at certain x-values.  Students will present their findings orally to the class.
9. Calculate limits at infinity and use the concept of limits at infinity to determine horizontal asymptotes of functions.

10. Use derivatives to find both absolute and relative extrema and to solve optimization problems. 

11. Interpret the derivative in problems involving speed, velocity and acceleration with problems that both require and do not require a graphing calculator.
12. Use differentials to obtain linear approximations.
13. Use a graphing calculator and use the zooming feature to predict the linearization of a function, and to predict solutions to problems using slope fields.

14. Students will be assigned homework that involves solving Optimization Problems such as determining the dimensions of a rectangular prism that will maximize its Volume given a constant Surface Area.  Students will justify their reasoning in written form as to why an absolute maximum must exist at the value they find.  
Chapter 4: Integration 
1. Compute simple anti-derivatives directly using basic integration rules.
2. Use the anti-derivative to solve problems involving motion along a straight line when given initial conditions.
3. Understand the concept of area under a curve using a Riemann sum over equal subdivisions.

4. Compute Riemann sums using left endpoints, right endpoints, and midpoints as f(x) evaluation points.

5. Use the limit of a Riemann sum to calculate a definite integral.
6. Students will be given tables of real world data (such as velocities) vs. time and set up Riemann sums and definite integrals to determine the approximate displacement and total distance traveled.  
7. Use the First Fundamental Theorem of Calculus to evaluate definite integrals.
8. Calculate antiderivatives using substitution of variables and change of limits.

9. Use the graphing calculator to compute definite integrals numerically.  Use the Mean Value Theorem for integrals to find the average value of a function on an interval.

10. Use the Second Fundamental Theorem of Calculus to find derivatives in two ways.  

A. If f is continuous on [a, b], then 
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 is an antiderivative of f.  That is, 
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B.  If  f is continuous on [a, b], then 
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 where F(x) is any antiderivative of f.
11. Use the Trapezoidal Rule to approximate area under a curve.
12. Students will be given an activity in which they are presented with a function such as 
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 and they will be asked to write an expression representing the area under the curve on a specified interval as the limit of both a left and right endpoint Riemann sum.
Chapter 5: Logarithmic, Exponential and Other Transcendental Functions. 

1. Review properties of the natural log function and the exponential function.

2. Define the natural log function as the area under the curve
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3. Differentiate exponential and logarithmic functions.

4. Find the derivative of the inverse of a function.

5. Use logarithmic differentiation to find derivative of complicated functions.

6.   Differentiate and integrate general exponential and logarithmic functions.

7.   Find general and particular solutions to differential equations using separation of variables; in particular for y' = ky and for exponential growth and decay.

8. Construct a slope field to show the geometric interpretation of a differential equation and use a slope field to show the solution curves for a differential equation. 

9.  Find derivatives of inverse trigonometric functions.

10. Evaluate integrals yielding inverse trig functions.

Note: This is a very large chapter (The 8th edition divided chapter 5 into two separate chapters.)  I will assess sections on inverse and trig function separately from sections 1 - 8 of the chapter 5 outline. 

Chapter 6: Applications of Integration 

1. Use definite integrals to find the area under a curve with and without a graphing calculator.
2. Use definite integrals to find the area between two curves with and without a graphing calculator. Students will be assigned problems that use the graphing calculator to find the accumulated area between two curves.  Students will use the intersection feature to find points of intersection of the two curves then use these as the limits of integration that will then be calculated numerically using the calculator’s integration feature.  
3. Find the volume of a solid with known cross sections, including solids of revolutions with and without a graphing calculator.
4. Find the volume of a solid of revolution using both the disk method and the shell method with and without a graphing calculator.
5. Students will be assigned a project in which they must design, construct, and explain orally in a video a 3-d model of a volume of a solid with known cross sections.  Students will be required to make spreadsheets to approximate several other volumes of known cross sections and compare their approximations with the theoretical values of the definite integrals.  All theoretical definite integrals and their values, as well as the spreadsheets, must be attached to the 3-d model.  Students must explain orally in the video how they set up their definite integrals and compare/contrast the similarities of the experimental and theoretical values.  
Chapter 7: Integration Techniques and L’Hopital’s Rule (Optional before the AP Test should concentrate on 7.1 and 7.2)

1. Use more than one basic integration rule to evaluate integrals.

2. Use trigonometric identities to change an integral into a form that can be evaluated directly.

3. Evaluate an integral using simple integration by parts.

4. Use L’Hopital’s Rule to evaluate limits of indeterminate form.

Major Text:

Larson, Hostetler, and Edwards.


Calculus of a single variable,.  9th  ed  Boston: Houghton Mifflin, 2010
Supplementary Materials:


Howell and Montgomery,



Be prepared for the AP calculus exam, Andover: Skylight Publishing, 2005

College Board 2005 - 2006 Professional Development Workshop Materials: 



Special Focus: The Fundamental Theorem of Calculus


College Board 2011-2012 Professional Development Workshop Materials:

                        (Workshop Handbook 2010-2011)
Calculus Projects: 


Volume of a Solid with a Known Cross Sections


Play-dough revolutions around the y axis using the shell method and the disk method.  



(Calculator and without calculator)  Adapted from “Hands - On Calculus” 


NCTM presentation by Smothers.
Note: 

I cover all the material listed in the AB Calculus topical outline.  Effort is made to teach all topics analytically, graphically, and numerically. (Graphing example: Students need to be able to find inflection points and relative maximums and minimums by interpreting the graph of f ‘ on their graphing calculator or examining a graph of  f ‘ on a non-calculator question.).  Students will also display solutions through oral/verbal presentations.  In each of the aforementioned projects, students will be required to explain the procedures used, as well as the mathematical outcomes produced, in well-written sentences.  Students will be assigned prior AP Calculus AB Free-Response questions and instructor generated problems as part of their homework requirements for the course.  Student responses to such questions are required to be detailed, well-written explanations that are justified and accurate.
Exams are given in two parts.  Part 1 is multiple choice and Part 2 is free response.  Assessment stresses that free response questions are appropriately justified.  The four calculator functions are emphasized, modeled, practiced, and assessed: calculating the value of a definite integral; calculate the derivative of a function at a given value; find the zeros of a function; produce a graph of a function within an arbitrary viewing window.  

This is my 25th year teaching mathematics and my 8th year teaching AP Calculus AB. I have discussed pacing, assessment, materials, and teaching strategies with other AP Calculus teachers.  My course syllabus, homework assignments, and assessments are closely aligned with the course taught by the head of the mathematics department of a large Anchorage high school.  I also supplement with materials that are strongly recommended from previous AP workshops and institutes that I have attended.  My outline is closely aligned with the Anchorage school district’s AP Calculus outline.  The Anchorage school district’s outline is closely aligned with the outline of  Patricia Walker, North Springs High School, Atlanta, Georgia, as published in the AP Calculus Teacher’s Guide.
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