Welcome to Calculus

This course is meticulously designed to align with state standards and targeted learning
objectives, ensuring comprehensive coverage of essential knowledge and skills required for
student success.

Course Description:

Calculus is a transition course designed to prepare students for upper-division mathematics and computer
science courses. In this self-paced course, students will deepen their understanding of functions and
study the fundamental concepts of calculus, including limiting behaviors, difference quotients, derivatives,
Riemann sums, definite integrals, antiderivatives, indefinite integrals, and the Fundamental Theorem of
Calculus. Alongside these core topics, students will review and extend their knowledge of trigonometry
and analytic geometry. Throughout the course, students will develop and refine problem-solving skills
while learning to think, read, write, and communicate effectively in the language of mathematics. By the
end of the course, students will be equipped with the tools of calculus to solve a wide range of
mathematical and real-world problems.

Learning Outcomes

By the end of this course, students will be able to:
1. Understand Limits: Define and evaluate limits, understand the behavior of functions as
they approach certain values, and apply limits in solving problems.
2. Apply Derivatives: Compute the derivative of functions, including polynomials,
trigonometric, exponential, and logarithmic functions, and apply derivatives in real-world
contexts.
3. Understand the Chain Rule and Implicit Differentiation: Use the chain rule and
implicit differentiation to solve more complex derivative problems.
4. Analyze Functions with Derivatives: Investigate the behavior of functions using
derivatives, including finding critical points, concavity, and inflection points.
5. Solve Optimization Problems: Apply derivatives to solve problems involving
optimization, including maximizing and minimizing functions in practical scenarios.
6. Integrate Functions: Compute definite and indefinite integrals of functions, using
integration techniques such as substitution and integration by parts.
7. Understand the Fundamental Theorem of Calculus: Relate the derivative and integral
concepts, and understand the connection between the two through the Fundamental Theorem
of Calculus.
8. Work with Riemann Sums: Approximate the area under curves using Riemann sums
and understand the transition from sums to definite integrals.
9. Extend Trigonometry and Analytic Geometry: Apply advanced trigonometric identities
and analytic geometry concepts to calculus problems.
10. Use Calculus in Real-World Applications: Apply the principles of calculus to solve
problems in physics, economics, biology, and engineering.
11. Communicate Mathematically: Learn how to read, write, and speak about calculus
concepts with precision and clarity, using appropriate mathematical notation and terminology.

Syllabus
Semester 1
* Introduction to Calculus and Limits
. The concept of a limit and how to calculate limits
. One-sided limits and limits at infinity
*  The Squeeze Theorem and limits involving infinity
» Derivatives and Their Applications
. Definition of the derivative and techniques for differentiation
. Derivatives of polynomials, trigonometric functions, and composite functions
. Product and quotient rules
*  Applications of derivatives: rates of change, motion problems



* Chain Rule and Implicit Differentiation
. Using the chain rule for composite functions
. Implicit differentiation and applications to related rates
» Applications of Derivatives
. Critical points, concavity, and inflection points
. First and second derivative tests for graphing functions
. Optimization problems and the use of derivatives in real-world applications

Semester 2

» Definite and Indefinite Integrals
. Introduction to integrals and the concept of area under a curve
. Techniques of integration: substitution and integration by parts
. The Fundamental Theorem of Calculus and its applications

* Riemann Sums and the Definite Integral
*  Approximating areas under curves using Riemann sums
. Understanding the transition from Riemann sums to the definite integral
. Computing definite integrals and applying them to real-world problems

* Antiderivatives and Integration Techniques
. Finding antiderivatives and applying the constant of integration
. Further techniques of integration, including integration by parts and trigonometric
integrals

» Applications of Integrals
*  Applications of the definite integral in finding areas, volumes, and other real-world
quantities
. Solving problems in physics and engineering using integrals

» Trigonometric Functions in Calculus
. Using trigonometric identities in calculus
. Integrating trigonometric functions and solving trigonometric equations

This Calculus course provides a robust foundation for students moving on to more advanced
mathematics, engineering, physics, or computer science courses. By developing problem-solving skills
and applying calculus tools to a variety of problems, students will gain a deep understanding of both the
theory and applications of calculus, preparing them for future academic and professional challenges.



