first fundamental theorem of calculus
example

first fundamental theorem of calculus example introduces a fundamental concept in calculus
that connects differentiation and integration, showcasing how these two core operations are
intertwined. This theorem is pivotal for understanding the relationship between the derivative of a
function and the area under its curve. In this article, we will explore the first fundamental theorem of
calculus in detail, starting with its definition, followed by various examples, and applications that
illustrate its significance in mathematical analysis. We will also discuss its implications and provide
practical examples that help solidify the concept.

To facilitate your understanding, we will outline our discussion in the following Table of Contents.
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Definition of the First Fundamental Theorem of
Calculus

The first fundamental theorem of calculus states that if \( f\) is a continuous real-valued function
defined on the interval \([a, b]\), and \( F\) is an antiderivative of \( f\) on that interval, then the
following relationship holds:

\[
\int_a”b f(x) \, dx = F(b) - F(a)
\]

This theorem provides a powerful link between the process of integration, which calculates the area
under a curve, and differentiation, which measures the rate of change of a function. Essentially, it
allows us to evaluate definite integrals through antiderivatives, streamlining the computation process.



Understanding the Components

To grasp the first fundamental theorem of calculus fully, it is essential to understand its key
components: continuity, antiderivatives, and definite integrals.

Continuity

Continuity of the function \( f\) on the interval \([a, b]\) is crucial for the theorem to hold. A function is
continuous if there are no breaks, jumps, or holes in its graph over the given interval. This property
ensures that the area under the curve can be accurately computed.

Antiderivatives

An antiderivative of a function \( f\) is another function \( F\) such that \( F'(x) = f(x) \). In other
words, differentiating \( F\) returns \( f\). The existence of an antiderivative is guaranteed for
continuous functions, enabling us to apply the first fundamental theorem efficiently.

Definite Integrals

A definite integral, denoted as \( \int_a”b f(x) \, dx\), represents the net area under the curve of \(
f(x) \) from \( x = a\) to\( x = b'\). The evaluation of this integral can be performed using the
antiderivative as indicated in the theorem.

Example of the First Fundamental Theorem of Calculus

To illustrate the first fundamental theorem of calculus, consider the function \( f(x) = 3x”~2\). We will
compute the definite integral of \( f(x) \) from\( x = 1\) to \( x = 4).

Step 1: Find the Antiderivative

First, we need to find the antiderivative \( F(x) \) of \( f(x) \):
\[

F(x) =\int 3x™2\,dx=x"3 +C

\]

where \( C\) is the constant of integration, which we can ignore for definite integrals.



Step 2: Evaluate the Definite Integral

Next, we evaluate the definite integral:

\[
\int_174 3x"2\, dx = F(4) - F(1)
\]

Calculating \( F(4) \) and \( F(1) \):
\[

F(4) = 473 = 64

\]

\[

\]

Thus, we have:

\[
\int 174 3x~2\,dx =64-1=63
\]

This result indicates that the area under the curve \( f(x) = 3x~2\) from\(x=1\)to\(x=4\) is 63
square units.

Applications of the First Fundamental Theorem of
Calculus

The first fundamental theorem of calculus has numerous applications across various fields such as
physics, engineering, and economics. Here are some notable applications:

e Calculating Areas: The theorem simplifies the process of finding areas under curves, essential
in geometry and physical applications.

e Physics: In physics, it is used to determine displacement from velocity functions, linking motion
and integration.

e Economics: In economics, it aids in calculating consumer and producer surplus by integrating
demand and supply functions.

e Probability: In probability, it helps in finding the cumulative distribution function from the
probability density function.

Each of these applications demonstrates the theorem's versatility and importance in mathematical



analysis.

Common Misconceptions

Several common misconceptions surround the first fundamental theorem of calculus. Understanding
these can clarify its application and significance.

Misconception 1: It Only Applies to Polynomials

While polynomials are commonly used in examples, the first fundamental theorem of calculus applies
to all continuous functions, including trigonometric, exponential, and logarithmic functions.

Misconception 2: The Constant of Integration Matters

In definite integrals, the constant of integration \( C\) cancels out, making it unnecessary for the
evaluation. The focus is solely on the values of the antiderivative at the endpoints.

Misconception 3: Integration and Differentiation Are Separate

The first fundamental theorem of calculus clearly illustrates that integration and differentiation are
inverse processes. Understanding this relationship is crucial for mastering calculus.

Conclusion

The first fundamental theorem of calculus example highlights a critical connection in mathematics:
how integration and differentiation are related. By demonstrating the process of finding
antiderivatives and evaluating definite integrals, we see its application across various fields. This
theorem not only simplifies computations but also deepens our understanding of the behavior of
functions and their areas under curves. By grasping this fundamental concept, students and
professionals can tackle more complex problems in calculus and its applications.

Q: What is the first fundamental theorem of calculus?

A: The first fundamental theorem of calculus states that if a function \( f\) is continuous on an interval
\([a, b]\), and \( F ) is an antiderivative of \( f\), then the integral of \( f\) from \( a\) to \( b\) equals \(
F(b) - F(a) \).



Q: How do you find the antiderivative of a function?

A: To find the antiderivative of a function, you determine a function \( F \) such that its derivative \( F'
\) equals the original function \( f\). This usually involves applying rules of integration.

Q: Can the first fundamental theorem be applied to non-
continuous functions?

A: No, the first fundamental theorem of calculus requires that the function \( f\) be continuous on the
interval of integration to ensure that the area under the curve can be accurately computed.

Q: What are some practical applications of the first
fundamental theorem of calculus?

A: The theorem is used in various fields including physics for calculating displacement from velocity,
in economics for determining consumer surplus, and in probability for deriving cumulative distribution
functions.

Q: What is the difference between definite and indefinite
integrals?

A: A definite integral calculates the net area under a curve between two specific points and results in
a numerical value, while an indefinite integral represents a family of functions and includes a constant
of integration.

Q: Why is the constant of integration ignored in definite
integrals?

A: The constant of integration is ignored in definite integrals because it cancels out when calculating
\( F(b) - F(a) \), making it irrelevant to the final area calculation.

Q: What is an example of a function where the first
fundamental theorem applies?

A: The first fundamental theorem applies to any continuous function, such as \( f(x) = x~2\), where
you can find the area under the curve between any two points by determining its antiderivative.

Q: How does this theorem relate to the concept of area?

A: The first fundamental theorem of calculus relates integration to area by allowing the computation
of the area under a curve through the evaluation of an antiderivative at specific bounds.



Q: Are there any limitations to the first fundamental theorem
of calculus?

A: The primary limitation is that it only applies to continuous functions. If a function has
discontinuities, the theorem may not hold, and other methods may be required for integration.
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first fundamental theorem of calculus example: Core Concepts in Real Analysis Roshan
Trivedi, 2025-02-20 Core Concepts in Real Analysis is a comprehensive book that delves into the
fundamental concepts and applications of real analysis, a cornerstone of modern mathematics.
Written with clarity and depth, this book serves as an essential resource for students, educators, and
researchers seeking a rigorous understanding of real numbers, functions, limits, continuity,
differentiation, integration, sequences, and series. The book begins by laying a solid foundation with
an exploration of real numbers and their properties, including the concept of infinity and the
completeness of the real number line. It then progresses to the study of functions, emphasizing the
importance of continuity and differentiability in analyzing mathematical functions. One of the book's
key strengths lies in its treatment of limits and convergence, providing clear explanations and
intuitive examples to help readers grasp these foundational concepts. It covers topics such as
sequences and series, including convergence tests and the convergence of power series. The
approach to differentiation and integration is both rigorous and accessible, offering insights into the
calculus of real-valued functions and its applications in various fields. It explores techniques for
finding derivatives and integrals, as well as the relationship between differentiation and integration
through the Fundamental Theorem of Calculus. Throughout the book, readers will encounter
real-world applications of real analysis, from physics and engineering to economics and computer
science. Practical examples and exercises reinforce learning and encourage critical thinking. Core
Concepts in Real Analysis fosters a deeper appreciation for the elegance and precision of real
analysis while equipping readers with the analytical tools needed to tackle complex mathematical
problems. Whether used as a textbook or a reference guide, this book offers a comprehensive
journey into the heart of real analysis, making it indispensable for anyone interested in mastering
this foundational branch of mathematics.
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David S. Kahn, 2010-08 Provides a review of the relevant math topics, test-taking tips, and five
practice tests with answers.
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2007-03-25 For many students, calculus can be the most mystifying and frustrating course they will
ever take. Based upon Adrian Banner's popular calculus review course at Princeton University, this
book provides students with the essential tools they need not only to learn calculus, but also to excel
at it.
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thorough and comprehensive source book for mathematical ideas, terminology, definitions, and
examples. Math Dictionary with Solutions, 2nd would be an excellent reference book for instructors
of basic mathematics and statistics courses as well as for non-math majors taking required math and
statistics courses. --Paul R. Swank, University of Houston In addition to providing definitions as
every dictionary must, it also provides clear and easy-to-follow examples that show how to carry out
the most important mathematical operations to be used across these levels. This book is also a
valuable resource for graduate students and academicians in the social sciences who are coping with
the rapidly increasing emphasis on quantitative methods that, to be understood, require more
familiarity with mathematical underpinnings than are typically a part of the academic background of
many individuals in these fields. --Dennis W. Roncek, University of Nebraska, Omaha This is a highly
readable, accessible, reference source, the product of a huge amount of labor, obviously. --Hoben
Thomas, The Pennsylvania State University Have you ever suddenly become stuck and not
remembered how to divide a fraction or turn a fraction into a percentage? Or, have you taken a
graduate statistics course and discovered that you can't remember any of the terminology or
techniques from a calculus course you took years ago? If either of these scenarios sounds familiar,
then this book will provide you with the quick and easy review that you need. This reference book
has math topics ranging from arithmetic through calculus arranged alphabetically by topic. Each
topic is provided with a definition, explanation, and an example or two of how to solve a particular
problem using the topic’s technique. Depending on the degree of difficulty of the topic, this material
is covered in one or two paragraphs to several pages. To further facilitate learning, the topics are
cross-referenced so that the reader can backtrack to easier topics if the current one is too difficult.
This book is a mathematics tutor-in-a-book and provides a reliable reference for any researcher or
manager who works with numbers or needs a review of mathematical concepts.
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Exams 2013 David S. Kahn, Princeton Review, 2012-08-07 Provides a review of the relevant math
topics, test-taking tips, and five practice tests with answers.

first fundamental theorem of calculus example: Calculus, Volume 1 Tom M. Apostol,
1991-01-16 An introduction to the Calculus, with an excellent balance between theory and
technique. Integration is treated before differentiation--this is a departure from most modern texts,
but it is historically correct, and it is the best way to establish the true connection between the
integral and the derivative. Proofs of all the important theorems are given, generally preceded by
geometric or intuitive discussion. This Second Edition introduces the mean-value theorems and their
applications earlier in the text, incorporates a treatment of linear algebra, and contains many new
and easier exercises. As in the first edition, an interesting historical introduction precedes each
important new concept.
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Ace the AP Calculus AB Exam with this comprehensive study guide—including 3 full-length practice
tests, thorough content reviews, access to our AP Connect online portal, and targeted strategies for
every question type. This eBook edition has been optimized for on-screen learning with cross-linked
questions, answers, and explanations. Written by the experts at The Princeton Review, Cracking the
AP Calculus AB Exam arms you to take on the test with: Techniques That Actually Work.
Tried-and-true strategies to help you avoid traps and beat the test ¢ Tips for pacing yourself and
guessing logically ¢ Essential tactics to help you work smarter, not harder Everything You Need to
Know to Help Achieve a High Score. « Comprehensive content review for all test topics ¢ Up-to-date
information on the 2018 AP Calculus AB Exam ¢ Subjects organized into manageable units * Access
to AP Connect, our online portal for helpful pre-college information and exam updates Practice that
Takes You to Excellence. ¢ 3 full-length practice tests in the book with detailed answer explanations
* Comprehensive drills at the end of each chapter and unit « Handy guide to key calculus formulas,
plus bonus tips online for optimizing your TI-84 calculator
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Premium Edition Princeton Review, 2017-09-12 PREMIUM PRACTICE FOR A PERFECT 5! Ace the
AP Calculus AB Exam with this Premium version of The Princeton Review's comprehensive study
guide. In addition to all the great material in our classic Cracking the AP Calculus AB Exam
guide—which includes thorough content reviews, targeted test strategies, and access to online
extras via our AP Connect portal—this edition includes extra exams, for a total of 6 full-length
practice tests with complete answer explanations! This book provides the most practice at the best
price (more tests than any other major offering currently on the market, at a price that's 20% less
than the nearest competitor). Everything You Need to Know to Help Achieve a High Score.
Comprehensive content review for all test topics * Up-to-date information on the 2018 AP Calculus
AB Exam ¢ Subjects organized into manageable units * Access to AP Connect, our online portal for
helpful pre-college information and exam updates Premium Practice to Help Achieve Excellence. ¢ 5
full-length practice tests in the book with detailed answer explanations ¢ 1 additional full-length
practice test online with detailed answer explanations * Comprehensive drills at the end of each
chapter and unit * Handy guide to key calculus formulas, plus bonus tips online for optimizing your
TI-84 calculator Techniques That Actually Work. ¢ Tried-and-true strategies to help you avoid traps
and beat the test ¢ Tips for pacing yourself and guessing logically * Essential tactics to help you
work smarter, not harder This eBook edition is optimized for on-screen learning with cross-linked
questions, answers, and explanations.
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Edition The Princeton Review, 2019-10-22 EVERYTHING YOU NEED TO SCORE A PERFECT 5. Ace
the AP Calculus BC Exam with this comprehensive study guide—including 3 full-length practice
tests, thorough content reviews, targeted strategies for every question type, and access to online
extras. Techniques That Actually Work. * Tried-and-true strategies to avoid traps and beat the test ¢
Tips for pacing yourself and guessing logically ¢ Essential tactics to help you work smarter, not
harder Everything You Need to Know to Help Achieve a High Score. « Comprehensive content
review for all test topics ¢ Up-to-date information on the planned 2020 course changes via your
online Student Tools * Engaging activities to help you critically assess your progress ¢ Access to
online drills, study plans, a handy list of formulas, helpful pre-college information, and more Practice
Your Way to Excellence. ¢ 3 full-length practice tests with detailed answer explanations ¢ Practice
drills throughout each content review chapter ¢ Helpful reference guide of of key calculus formulas
and comprehensive drills available online
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2016 Princeton Review, 2015-11-10 Readers will find proven techniques for a higher score on these
exams. Includes five full-length practice tests, with detailed explanations, a cheat sheet of key
formulas, and updated strategies to reflect scoring changes.
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2017 Edition Princeton Review, David Kahn, 2016-08 Provides a review of relevant math topics and
test-taking tips, and also includes 3 practice tests with answers.

first fundamental theorem of calculus example: Cracking the AP Calculus AB Exam
2016, Premium Edition Princeton Review, 2015-12-22 PREMIUM PRACTICE FOR A PERFECT 5!
Equip yourself to ace the AP Calculus AB Exam with this Premium version of The Princeton Review's
comprehensive study guide. In addition to thorough content reviews, targeted test strategies, and
access to AP Connect extras via our online portal, this title includes 6 full-length practice tests (the
highest number in the market!) with complete answer explanations! This eBook edition has been
specially formatted for on-screen viewing with cross-linked questions, answers, and explanations.
Everything You Need to Know to Help Achieve a High Score. « Comprehensive content review for all
test topics * Up-to-date information on the 2016 AP Calculus AB Exam ¢ Engaging activities to help




you critically assess your progress ¢ Access to AP Connect, our online portal for helpful pre-college
information and exam updates Premium Practice to Help Achieve Excellence. ¢ 6 full-length practice
tests with detailed answer explanations ¢ Practice drills throughout each content review chapter ¢
Handy reference guide of key calculus formulas Techniques That Actually Work. ¢ Tried-and-true
strategies to help you avoid traps and beat the test ¢ Tips for pacing yourself and guessing logically
* Essential tactics to help you work smarter, not harder We don't have to tell you how tough AP
Calculus can be to master—but with Cracking the AP Calculus AB Exam 2016, Premium Edition,
you'll be armed to take on the test and achieve your highest possible score!

first fundamental theorem of calculus example: Cracking the AP Calculus AB Exam
2020, Premium Edition The Princeton Review, 2019-10-08 Make sure you're studying with the
most up-to-date prep materials! Look for the newest edition of this title, Princeton Review AP
Calculus AB Premium Prep, 2021 (ISBN: 9780525569442, on-sale August 2020). Publisher's Note:
Products purchased from third-party sellers are not guaranteed by the publisher for quality or
authenticity, and may not include access to online tests or materials included with the original
product.
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2017, Premium Edition Princeton Review, David Kahn, 2016-09-13 PREMIUM PRACTICE FOR A
PERFECT 5! Equip yourself to ace the NEW 2017 AP Calculus AB Exam with this Premium version of
The Princeton Review's comprehensive study guide, fully updated to reflect changes to the 2017
test. In addition to all the great material in our classic Cracking the AP Calculus AB Exam
guide—which includes thorough content reviews, targeted test strategies, and access to AP Connect
extras via our online portal—this edition includes extra exams, for a total of 6 full-length practice
tests with complete answer explanations! This book is an excellent value, providing more practice
tests than any other major offering currently on the market. Everything You Need to Know to Help
Achieve a High Score. ¢ Up-to-date information on the new 2017 AP Calculus AB Exam *
Comprehensive content review for all test topics * Engaging activities to help you critically assess
your progress * Access to AP Connect, our online portal for late-breaking news, exam updates, and
more Premium Practice to Help Achieve Excellence. ¢ 5 full-length practice tests in the book with
detailed answer explanations ¢ 1 additional full-length practice test online with detailed answer
explanations ¢ End-of-chapter and comprehensive unit drills « Handy reference guide of key calculus
formulas Techniques That Actually Work. ¢ Tried-and-true strategies to help you avoid traps and
beat the test ¢ Tips for pacing yourself and guessing logically ¢ Essential tactics to help you work
smarter, not harder This eBook edition has been optimized for on-screen viewing with cross-linked
questions, answers, and explanations.
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Hughes-Hallett, 2019-03-11

first fundamental theorem of calculus example: Cracking the AP Calculus AB Exam
2017, Premium Edition Princeton Review (Firm), David Kahn, 2016-08 Readers will find proven
techniques for a higher score on these exams. Includes five full-length practice tests, with detailed
explanations, a cheat sheet of key formulas, and updated strategies to reflect scoring changes.

first fundamental theorem of calculus example: Real Analysis through Modern
Infinitesimals Nader Vakil, 2011-02-17 Real Analysis Through Modern Infinitesimals provides a
course on mathematical analysis based on Internal Set Theory (IST) introduced by Edward Nelson in
1977. After motivating IST through an ultrapower construction, the book provides a careful
development of this theory representing each external class as a proper class. This foundational
discussion, which is presented in the first two chapters, includes an account of the basic internal and
external properties of the real number system as an entity within IST. In its remaining fourteen
chapters, the book explores the consequences of the perspective offered by IST as a wide range of
real analysis topics are surveyed. The topics thus developed begin with those usually discussed in an
advanced undergraduate analysis course and gradually move to topics that are suitable for more
advanced readers. This book may be used for reference, self-study, and as a source for advanced



undergraduate or graduate courses.
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book will support undergraduates in an easy transition from school calculus to concepts like
differential calculus and analysis.
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