AP Calculus

(1.5 credits)

Approved May 2011

Preparation for Calculus
	Essential Understandings: 

1. Calculus builds on the foundation of Algebra, Analytic Geometry, and Trigonometry

	Content Standards:

1. Understand and use algebraic skills and concepts.

2. Understand and use patterns relationships and functions.

3. Use a variety of strategies in the problem solving process.


	Essential Question: How do you identify the characteristics of equations and sketch their graphs? How do you fit mathematical models to real life data?

	

	Learning Goals: Students will:

	Sketch the graph of an equation.

	Find the intercepts of a graph.

	Find the intersection points of two graphs.

	Interpret mathematical models for real life data.

	Interpret slope as a ratio of a rate in a real life problem.

	Sketch the graph of a function by identifying domain, range, intercepts and transformations.

	Fit linear, quadratic, and other function models to real life data.

	Determine if a function has an inverse.

	Determine the inverse of a function and interpret its meaning. 

	Develop and use the properties of exponential functions.

	Develop and use the properties of logarithmic functions. 


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· 4 ways to describe a function matching game

· Whole group and small group cooperative learning

	Suggested Assessments
	· Quizzes

· Unit test

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· (no new vocabulary for this unit)

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values


Limits and Their Properties
	Essential Understandings: 

1. Limits allow us to make computations and solve problems that cannot be solved with Algebra.

	Content Standards:

1. Understand and use algebraic skills and concepts.

2. Demonstrate number sense.

3. Use a variety of strategies in the problem solving process.


	Essential Question: How does calculus compare to pre-calculus? What is a limit?

	

	Learning Goals: Students will:

	Estimate a limit using both a graphical and numerical approach.

	Learn different ways that a limit can fail to exist.

	Evaluate a limit using the properties of limits.

	Evaluate a limit using the dividing out and rationalizing techniques.

	Determine continuity at a point and on an open interval.

	Determine one-sided limits and continuity on a closed interval.

	Understand and use the Intermediate Value Theorem.

	Determine infinite limits from the left and right.

	Find and sketch the vertical asymptotes of a graph of a function. 

	Understand the concept of continuity in terms of limits


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning

	Suggested Assessments
	· Quizzes

· Unit test

· Writing Assignment on Limits

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html 

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Limit, right hand limit, left hand limit, infinite limits, continuity, Intermediate Value Theorem, 

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values


Derivatives
	Essential Understandings: 

1. Rates of change play a role whenever we study the relationship between two changing quantities.

	Content Standards:

1. Understand and use algebraic skills and concepts.

2. Use a variety of strategies in the problem solving process.

3. Understand and use spatial relationships and use basic concepts of geometry.


	Essential Question: How do we determine the derivative of a function? What is the relationship between differentiability and continuity?

	

	Learning Goals: Students will:

	Define the derivative of a function as the limit of the difference quotient.

	Understand the relationship between differentiability and continuity.

	Interpret the concept of the derivative geometrically. 

	Use instantaneous rate of change as the limit of average rate of change.

	Use approximate rate of change from graphs and tables of values.

	Use the derivative at a point to determine the tangent line to a curve. 

	Understand the derivative as a slope of a curve at a point, including points at which there are vertical tangents and points at which there are no tangents. 

	Find the derivative of basic functions including polynomial, exponential, logarithmic, trigonometric and inverse trigonometric functions.

	Use the product and quotient rules to find derivatives. 

	Use the chain rule to find the derivatives of composite functions.

	Find the derivative of an inverse function.

	Find the derivative of a function using implicit differentiation.

	Find a related rate.

	Use related rates to solve real life problems.

	Approximate the zero of a function using Newton’s Method.


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning

· Trig function derivative graphic organizer

	Suggested Assessments
	· Quizzes

· Unit test

· Optical Illusion project

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Secant line, tangent line, derivative, differentiability, product rule, quotient rule, chain rule, implicit differentiation, related rate, 

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values


Applications of Derivatives
	Essential Understandings: 

1. The derivative of a function can be used as a problem solving tool. 

	Content Standards:

1. Understand and use algebraic skills and concepts.

2. Understand and use patterns relationships and functions.

3. Use a variety of strategies in the problem solving process.


	Essential Question: What do the derivatives of a function tell us about that function?

	

	Learning Goals: Students will:

	Understand the definition of relative extrema on an open interval.

	Find the critical values of a function.

	Use the derivative to locate the minimum and maximum values of a function on a closed interval.

	Understand and use Rolle’s Theorem to determine an extreme value on the interior of a closed interval.

	Understand and use the Mean Value Theorem to show that the instantaneous rate of change is equal to the average rate of change at least once on a closed interval. 

	Understand the corresponding relationships between 
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	Understand the relationship between the increasing and decreasing behavior of f(x) and the sign of f’(x). 

	Understand and apply the first derivative test to find relative extrema of a function.

	Understand the relationship between the concavity of f(x) and the sign of f’’(x).

	Determine the points of inflection of a function. 

	Understand and apply the second derivative test to find relative extrema of a function.

	Interpret the derivative as a rate of change in varied applied contexts, including velocity, speed and acceleration. 

	Solve applied minimum and maximum problems. 

	Understand and use the concept of a tangent line approximation.

	Find the differential of a function using differentiation formulas.

	Understand asymptotes in terms of graphical behavior


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning

	Suggested Assessments
	· Quizzes

· Unit test

· Rollercoaster project (James Stewart Calculus book)

· Writing assignment: Letter to Editor MVT vs. IVT

· AP free response problems.

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Extrema, local, relative, global, absolute, concavity, points of inflection, optimization, differential, linear approximation, Mean Value Theorem, Rolle’s Theorem

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values


Integration
	Essential Understandings: 

1. Integration solves an ancient mathematical problem: finding the area under a curve. 

	Content Standards:

1. Understand and use spatial relationships and use basic concepts of geometry.

2. Understand and use algebraic skills and concepts.

3. Understand and use patterns relationships and functions.

4. Use a variety of strategies in the problem solving process.


	Essential Question: What is the relationship between differentiation and integration?

	

	Learning Goals: Students will:

	Evaluate indefinite integrals using basic integration rules.

	Use indefinite integral notation for antiderivatives. 

	Approximate the area of a plane region. 

	Use basic properties of definite integrals.

	Solve antiderivatives following directly from derivatives of basic functions.

	Use the substitution method for integration of complex functions. 

	Use Reimann sums, the Trapezoidal rule and Simpson’s rule to approximate definite integrals represented algebraically, graphically and by tables of values. 

	Interpret definite integrals as the limit of Reimann sums. 

	Use the Fundamental Theorem of Calculus to evaluate definite integrals. 

	Use the Fundamental Theorem of Calculus to represent a particular antiderivative, and the graphical analysis of particular functions. 

	Understand and apply the Net Change Theorem in a variety of situations, including particle motion problems.

	Understand and apply the Second Fundamental Theorem of Calculus. 

	Determine the average value of a function on a closed interval. 

	Use the method of integration by parts for integrating complex functions.

	Use partial fraction decomposition to integrate rational functions. 


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning

	Suggested Assessments
	· Quizzes

· Unit test

· AP free response problems.

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Antiderivative, indefinite integral, constant of integration, defininte integral, limits of integration, integrand, Reimann sum, Trapezoidal rule, Simpson’s rule, Fundamental Theorem of Calculus, substitution method, integration by parts, partial fraction decomposition.

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Access and process information

· Core Ethical Values


Differential Equations
	Essential Understandings: 

1. Some physical phenomena can be described by differential equations.  A differential equation involves x, y and the derivates of y. 

	Content Standards:

1. Understand and use algebraic skills and concepts.

2. Understand and use patterns relationships and functions.

3. Use a variety of strategies in the problem solving process.


	Essential Question: What is the difference between the general solution of a differential equation and a particular solution?

	

	Learning Goals: Students will:

	Use slope fields to approximate solutions of differential equations.

	Use the initial condition to determine a particular solution of a differential equation.

	Use separation of variables to solve a simple differential equation.

	Use exponential functions to model growth and decay in applied problems. 


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning

· Slope field matching game

	Suggested Assessments
	· Quizzes

· Unit test

· AP free response problems.

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Differential equation, slope field, general solution, initial condition

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values


Applications of Integration
	Essential Understandings: 

1. The integral, like the derivative, has a wide variety of applications. 

	Content Standards:

1. Understand and use spatial relationships and use basic concepts of geometry.

2. Understand and use algebraic skills and concepts.

3. Understand and use patterns relationships and functions.

4. Use a variety of strategies in the problem solving process.


	Essential Question: How can we use calculus to find the area of 2 dimensional figures? How can we use calculus to find the volume of three dimensional figures?

	

	Learning Goals: Students will:

	Find the area between two curves using integration. 

	Find the volume of a solid of revolution using disks and washers.

	Find the volume of a slid with known cross sections. 

	Find the volume of a solid of revolution using cylindrical shells. 

	Find the area of a surface of revolution.

	Find the length of arcs of a function. 

	Find the work done by a constant force.

	Find the work done by a variable force.

	Use L’Hopital’s Rule to evaluate limits. 


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning

· Creating solids using playdough. 

· Using tissue paper party decorations to demonstrate solids of revolution. 

	Suggested Assessments
	· Quizzes

· Unit test

· AP free response problems.

· Writing assignment: Identifying the appropriate method for finding volume. 

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Axis of revolution, radius of revolution, cross section, disk method, washer method, shell method, surface area, arc length, work, indeterminate form, L’Hopital’s Rule

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values


Infinite Series 

(After AP exam, if time permits)
	Essential Understandings: 

1. There are some infinite series of numbers that have a finite sum. 

	Content Standards:

1. Understand and use algebraic skills and concepts.

2. Understand and use patterns relationships and functions.

3. Use a variety of strategies in the problem solving process.


	Essential Question: What is a series and how do you know if it converges or diverges? If a series converges what is its sum?

	

	Learning Goals: Students will:

	List the terms of a sequence.

	Determine whether a sequence converges or diverges.

	Write the nth term of a sequence.

	Use properties of monotonic and bounded sequences. 

	Understand the definition of a convergent infinite series, including infinite geometric series. 

	Use the nth term test for divergence of an infinite series. 

	Evaluate improper integrals with infinite limit(s) of integration or an infinite discontinuity. 

	Use the integral test, direct comparison test, limit comparison test, alternating series test, ratio test, and root test  to determine whether an infinite series converges or diverges. 

	Use properties of p-series and harmonic series. 

	Use the alternating series remainder to approximate the sum of an alternating series. 

	Classify a convergent series as absolutely or conditionally convergent.


	Suggested Strategies
	· Using graphing calculators, 

· DI according to student readiness

· Use data and situations relevant to student interests

· Whole group and small group cooperative learning 

	Suggested Assessments
	· Quizzes

· Unit test

	Suggested Resources
	· Text:  Calculus of a Single Variable, Early Transcendental Functions, 5th Edition  Larson Edwards

· Pauls Online Math Notes (http://tutorial.math.lamar.edu/)

· Visual Calculus website (http://archives.math.utk.edu/visual.calculus/)

· Advanced Placement Website http://apcentral.collegeboard.com/apc/public/courses/teachers_corner/2178.html

	Suggested Tech Integration
	· TI Graphing Calculators

· Online graphing utilities such as Gcalc.net and WolframAlpha.com

	Content Vocabulary
	· Sequence, series, convergent, divergent, monotonic, bounded, improper integral, p-series, harmonic, alternating series, nth term test, integral test , direct comparison test, limit comparison test, alternating series test, ratio test, root test, absolutely convergent, conditionally convergent

	Lifelong Learning/21st Century Skills
	· Productive habits of mind

· Quality work

· Read critically

· Communicate effectively

· Collaborate and cooperate

· Core Ethical Values
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