Syllabus for AP Calculus BC
Textbook
Finney, et al. Calculus: Graphical, Numerical, Algebraic, 3rd edition. Pearson, Prentice Hall, 2007.

Calculator
All students are required to have a TI-89 graphing calculator and bring the calculator to class everyday.  Students are not required to have previous knowledge on use of the calculator; it will be part of the instruction of the class.  Some tests and quizzes will require the use of a calculator, and some will not allow the use of a calculator.  Additionally, the calculator will be used to explore various calculus concepts during lectures, in class group projects, and on homework.  The calculator is an integral part of developing an intuitive understanding of the concepts of calculus.
Topic Outline for AP Calculus BC
Local Linearity  (5 days)
During the first few days of class, we develop the concepts of finding the “slope of a curve at a point.”  Students discover that most curves look linear after sufficiently zooming in on a particular point.  Using the familiar formula for the slope of a line between two points, they discover that the process for finding the “slope of a curve at a point” involves using the coordinates of the point in question and the coordinates of another point on the function “very close” to the first point.  The closer the better.  After this discussion, we motivate the idea of finding the slope of a curve by finding the velocity of an object from position functions and graphs and by finding the acceleration of an object from velocity functions and graphs.
This project generally dispenses with much of the need for algebra review at the beginning of a school year.  The students refresh their notion of functions and function notation and refresh their concepts of exponential, logarithmic, and trigonometric functions during the lessons.

Limits and Derivatives  (~ 12 days)
· Tangents and Velocity.  The need for the concept of a limit is established.  Limit notation is introduced.
· Calculating Limits Graphically and Numerically.  Using graphs, calculations on a calculator, and tables of numbers, we estimate the limit of various functions at various values of x.  One-sided limit notation is introduced.  Instantaneous velocity is estimated from tables of position and distinguished from average velocity.

· Calculation of Limits Analytically.  The conceptual idea of limit is more firmly established.  I emphasize the difference between what happens to a function close to x = a and the value of a function at x = a.  Limits are found analytically using algebraic techniques.  Limits of piece-wise functions and functions involving absolute values are also discussed.
· Continuity.  The definition of what it means for a function to be continuous at a point is developed intuitively and then given formal notation.  Vertical asymptotes are reviewed.

· Limits involving infinity.  Limits are taken as x approaches positive and negative infinity, and students see the connection between these limits and horizontal asymptotes.  Limits are taken near vertical asymptotes.

· Tangents Velocity and Other Rates of Change.  The motivation for slopes and limits is revisited.  Students develop a formula for find the slope of a tangent line that uses a limit and a formula for finding the rate of change of a quantity at a particular time that involves a limit.

· Defining the Derivative at a Point.  Students develop two limit definitions for the derivative of f(x) at 
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· Derivative as a Function.  Students discover derivative formulas using their limit definitions for a derivative.  They also sketch approximate graphs for derivatives from a graph of the original function.
Differentiation Rules  (~ 20 days)
· Derivative Rules for Basic Functions.  Students analytically prove the derivative rules for constant functions, polynomials, and square root functions, then extrapolate to all powers of x.  Using graphs of derivatives, the students discover derivative formulas for 
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.  Product and quotient rules are derived and used to find derivatives of the other trig functions.
· Rates of Change.  The derivative is applied to various problems, especially position, velocity and acceleration.

· The Chain Rule.  A couple of days of practice are devoted to this.

· Implicit Differentiation.  Implicitly defined curves are explored.  We find slopes of tangent lines and locations of horizontal and vertical tangency.

· Derivatives of Logarithmic Functions.  The concepts of a logarithm is reviewed, especially natural logarithms.  Students discover the rule for 
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, then we prove it using implicit differentiation.

Applications of Differentiation  (~ 20 days)
· Related Rates.
· Absolute Maximum and Minimum Values.  Students discover that on an interval, a function may have its absolute max/min value at an endpoint or at a critical number if the function is continuous on that interval.

· Function Analysis.  We use derivatives to analyze the behavior of a function: intervals of increase/decrease and concave up/down, local extrema, and points of inflection.  This is done both analytically and graphically.

· Families of Functions.  Using derivatives, we analyze families of polynomials and find transitional values of a parameter.  Example:  
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· Indeterminate Forms and L’Hopital’s Rule.  Students use the rule to explore the relative growth rates of various types of functions.

· Optimization Problems.

· Anti-derivatives.  Students find an original function from the derivative and solve initial value problems.  Integration notation is not used.
Integration (~ 30 days)
· Estimating Areas.  Distance as the area under the velocity curve is used as a motivating example.  Students learn to estimated the area under a curve using left, right, and mid-point Riemann sums.
· Integration Notation.  Using a summation and a limit, students find the exact area under a curve, learn the notation for an integral, then find areas under basic functions (defined graphically using only line segments) to get an intuitive feel for what an integral is and why area under the x-axis or integrating from right to left should be negative.  They also approximate integrals using Riemann sums.
· Area Functions.  From a graph of f(x), students find values of 
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.  By analyzing where A is increasing/decreasing, the location of the local extrema of A, and graphing A, students quickly realize that 
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· The Fundamental Theorem of Calculus.  A somewhat intuitive proof of the fundamental theorem is used.  Students use 
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 to evaluate integrals analytically.
· Integration Using Substitution.

· Integration by Parts.

· Additionally Techniques of Integration.  Partial fractions, using long division, and using TI-89’s CAS to find patterns for certain types of integrals.
· Approximate Integration.  Approximating areas using rectangles is reviewed, and students approximate using trapezoids and Simpson’s rule.
Semester Exam
Applications of Integration (~ 12 days)
· Areas Between Curves.  Vertical and horizontal rectangles are used.
· Volumes.  Volumes of known cross sections are defined and found, then volumes of rotation are found using the disc/washer method.

· Arc Length.  The length of an arc of a function is easily derived from the Pythagorean theorem and differentials.

· Average Value of a Function.  The average value of a function is defined using an integral.  Average velocity is used as a motivating example.

· Note.  I emphasize setting up the integral for most of the “applications of integration” problems.  The students are allowed to use their calculator to solve most of the integrals.  By doing this, I am allowed to ask much more conceptually demanding problems and to make sure that they know how to use their calculators.

Parametric, Vector, and Polar Calculus (~ 12 days)
· Parametric Graphing.

· Calculus of Parametric Curves.  Students find the slope, tangent line, and arc-length of parametric curves.

· Calculus with Vectors.  Students are reminded of what a vector is.  Given a time dependent position, velocity, or accelerations vector, students learn to find the others using differentiation or integration and use the pythagorean theorem to find the magnitude of the vector.
· Polar Graphing.

· Polar Calculus.  Students distinguish between 
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, find areas enclosed by polar graphs, and find areas between two polar graphs.
Differential Equations (~ 15 days)
· What is a Differential Equation and What Does Its Solution Look Like?  Students look at a few differential equations and their solutions, or try verify given solutions to given differential equations.
· Separable Differential Equations.

· Slope Fields.  Students sketch slope fields by hand, generate them with their calculators, and use them to sketch solutions to some separable and non-separable differential equations.

· Exponential Growth and Decay.

· Logistic Growth.  Students explore the slope field for logistic growth and contrast its solution curve with that of exponential growth.  The solution is derived using partial fractions and used, and the effect of modifications to the DE are explored.

Taylor Polynomials, Series, and Taylor Series (~ 25 days)
· Taylor Polynomial Introduction.  Students model common (non-polynomial) functions with polynomials of increasing order.
· Sequences.

· Series.  Test for divergence.  Geometric Series.
· Integral and Comparison Tests.  Harmonic series investigated.

· Other Convergence Tests.  Alternating series and series test investigated; remainder theorem studied.  Ratio and root tests used on other series.

· Power Series.  Derive new power series from known power series.  Find radius and interval of convergence.
· Taylor and Maclaurin Series.  Polynomial concept from earlier extended to series.  Find series for familiar functions and their intervals of convergence.

· Taylor Polynomials.  Error formula used.
Review
I normally have between 1 and 2 weeks after the topics that I outlined above to review for the AP test.  In addition to reviewing topics that students haven’t used in a while and are likely to have forgotten (implicit differentiation, related rates, limit definition of a derivative, etc.), I also use this time to
· present problems that connect the two semesters, especially analyzing integral/area functions.

· apply the chain rule to integral functions.

· discuss the important theorems of calculus, like the Intermediate Value Theorem and the Mean Value Theorem.  I also discuss how the MVT is used in a more rigorous proof of the FTC.

· present multiple choice problems from released exams for homework and classroom discussion.

· explore approximation techniques for differentiation and integration using tables of data.  This is done throughout the school year, but a special emphasis will be placed on this just prior to the AP test.
Assessment
Students have homework most nights, mostly from the textbook but sometimes from a worksheet.  Homework is checked at the beginning of every class period for completion only.  During the fall semester, I usually give about 12 quizzes and 5 tests, and the students have a comprehensive semester exam.  During the spring semester, I usually give about 12 quizzes and 5 tests, and the students have a comprehensive semester exam.

Seating  and Group Work
Students sit in groups of three at all times except during most quizzes and all tests.  Many days, students have part or all of the allotted time to work on a set of practice problems with their group.  Sometimes I let them complete a quiz as a group.  In these situations, the students learn to communicate with each other and to justify their work to someone else.
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