use fundamental theorem of calculus to find
derivative

use fundamental theorem of calculus to find derivative is a critical concept in calculus that
connects the two primary branches: differentiation and integration. Understanding this theorem
allows mathematicians and students to efficiently compute derivatives of functions defined by
integrals. The Fundamental Theorem of Calculus states that if a function is defined as an integral, its
derivative can be found simply by evaluating the integrand at the upper limit of the integral. This
article will explore the fundamental theorem of calculus, its implications for finding derivatives, and
practical examples that illustrate how to apply it effectively. We will also delve into related concepts,
such as the difference between the first and second parts of the theorem, and their applications in
real-world scenarios.
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Understanding the Fundamental Theorem of Calculus

The Fundamental Theorem of Calculus (FTC) serves as a bridge between the operations of
differentiation and integration. It comprises two main parts that reveal how these two fundamental
processes are interconnected. The first part establishes that if a function is continuous on an interval,
the integral of that function can be associated with an antiderivative. The second part allows us to
compute the derivative of this integral function, thus providing a powerful tool for analysis in calculus.

The first part of the theorem states that if \( f\) is continuous on the interval \([a, b]\) and \( F ) is an
antiderivative of \( f\), then:

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

This demonstrates that the accumulation of the area under the curve of \( f\) between the limits \( a \)
and \( b\) can be computed by evaluating the antiderivative \( F \) at these bounds.



Part One: The Relationship Between Differentiation and
Integration

The first part of the Fundamental Theorem of Calculus emphasizes the inverse relationship between
differentiation and integration. When you differentiate an integral function, you essentially retrieve
the original function. This relationship is crucial for finding derivatives of functions that are defined as
integrals.

The First Part of the Theorem

Formally, the first part of the theorem can be stated as follows: If \( f\) is continuous over an interval,
and \( F(x) =\int_a~x f(t) \, dt\), then \( F\) is differentiable, and:

\L F'(x) = f(x)\]

This means that the derivative of the integral function \( F(x) \) at any point \( x\) is equal to the value
of the function \( f\) at that point. This powerful result allows for the simplification of many problems
in calculus.

Part Two: Using the Fundamental Theorem to Find
Derivatives

The second part of the Fundamental Theorem of Calculus directly applies to finding derivatives. When
tasked with finding the derivative of an integral function, you can effectively use the theorem to
simplify the process. This is particularly useful when dealing with complicated integral equations.

Finding Derivatives Using the Theorem

To find the derivative of a function defined by an integral, follow these steps:

1. Identify the integral function defined by \( F(x) = \int_a”x f(t) \, dt)).
2. Ensure that \( f(t) \) is continuous on the interval in question.
3. Apply the theorem, which states that \( F'(x) = f(x) \).

4. Evaluate the function \( f\) at the upper limit \( x\).



This method dramatically simplifies the process of differentiation and is especially useful when
dealing with complex functions that are otherwise challenging to differentiate directly.

Examples of Applying the Fundamental Theorem of
Calculus

To illustrate the application of the Fundamental Theorem of Calculus, consider the following example:

Example 1: Basic Polynomial Function

Let \( f(t) = 3t~2\). We want to find the derivative of the integral function:
\[ F(x) =\int_ 17x 3t™~2)\, dt\]

First, we calculate the integral:

\[ F(x) = \left[ t~3 \right]_ 1"x = x"~3- 1]

Now, using the theorem:

\[ F'(x) = 3x"21\]

This confirms that the derivative of the integral function is equal to the original function evaluated at
the upper limit, demonstrating the theorem's power.

Example 2: Trigonometric Function

Consider the function \( f(t) = \sin(t) \). We want to find:
\[ F(x) = \int_0"x \sin(t) \, dt \]

Calculating the integral gives:

\[ F(x) = -\cos(t) \big| 0" x = -\cos(x) + 1\]

To find the derivative:

\[ F'(x) = \sin(x) \]



This example showcases how the theorem allows for quick differentiation of integral-defined
functions.

Common Mistakes When Using the Theorem

While applying the Fundamental Theorem of Calculus, students often encounter common pitfalls.
Awareness of these mistakes can enhance understanding and accuracy.

Neglecting to check the continuity of the function \( f(t) \) before applying the theorem.

Confusing the limits of integration when computing the integral.

Forgetting to differentiate correctly; ensure that the upper limit is the variable of differentiation.

Misapplying the theorem to functions that do not meet the criteria of continuity.

Applications in Real-World Scenarios

The Fundamental Theorem of Calculus has extensive applications in various fields, including physics,
engineering, and economics. For instance, in physics, the theorem can be used to determine the
position of an object over time by integrating its velocity function. Similarly, in economics, it can help
in calculating consumer surplus by integrating demand functions.

These applications highlight the theorem's versatility and its significance in solving real-world
problems, making it a fundamental concept in calculus.

Wrap-Up on the Fundamental Theorem of Calculus

The Fundamental Theorem of Calculus serves as a vital link between differentiation and integration,
enabling the efficient computation of derivatives for integral-defined functions. By mastering this
theorem, students and professionals can tackle complex calculus problems with ease. Its implications
extend beyond pure mathematics into various practical applications, highlighting its importance in
both academic and real-world scenarios. Understanding how to use the fundamental theorem of
calculus to find derivatives is essential for anyone looking to excel in the field of mathematics.

Q: What is the Fundamental Theorem of Calculus?

A: The Fundamental Theorem of Calculus connects differentiation and integration, establishing that if
a function is continuous, the integral of that function can be found using its antiderivative. It consists



of two parts: the first relates the integral of a function to its antiderivative, while the second allows for
the calculation of derivatives of integral functions.

Q: How do | apply the Fundamental Theorem of Calculus to
find a derivative?

A: To apply the theorem, identify the integral function defined by \( F(x) = \int_ a”~x f(t) \, dt\). Ensure
that \( f(t) \) is continuous, then differentiate using \( F'(x) = f(x) \), which gives you the derivative
directly by evaluating the function at the upper limit.

Q: Can the Fundamental Theorem of Calculus be applied to
discontinuous functions?

A: No, the Fundamental Theorem of Calculus requires the function to be continuous on the interval of
integration. If the function has discontinuities, the theorem cannot be applied directly.

Q: What are the practical applications of the Fundamental
Theorem of Calculus?

A: The theorem is applied in various fields such as physics (to determine position from velocity),
economics (to calculate consumer surplus), and engineering (to analyze rates of change), showcasing
its versatility in real-world scenarios.

Q: How does the first part of the Fundamental Theorem differ
from the second part?

A: The first part establishes that the integral of a function can be represented by its antiderivative,
while the second part allows for the differentiation of an integral function, linking the two processes of
calculus.

Q: What mistakes should | avoid when using the Fundamental
Theorem of Calculus?

A: Avoid neglecting the continuity requirement of the function, confusing limits of integration, failing
to differentiate properly, and misapplying the theorem to discontinuous functions or incorrect
intervals.

Q: Is the Fundamental Theorem of Calculus relevant in higher
mathematics?

A: Yes, the Fundamental Theorem of Calculus is a foundational concept in higher mathematics and is
essential for advanced topics in analysis, differential equations, and mathematical modeling.



Q: How can | practice using the Fundamental Theorem of
Calculus effectively?

A: To practice effectively, work through a variety of problems involving integrals and derivatives,
ensure you understand the conditions for applying the theorem, and utilize resources such as
textbooks and online exercises for additional practice.

Q: Why is it important to understand the Fundamental
Theorem of Calculus for calculus students?

A: Understanding the Fundamental Theorem of Calculus is crucial for calculus students as it provides
the essential tools for solving complex problems, enhances their mathematical reasoning, and is
foundational for future studies in mathematics and related fields.
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integrals. The exam covers the material taught in a full-year course, and this edition reflects all the
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For example, it defines a distance between any two functions in a space. This book describes these
ideas in an elementary accessible way. Anyone who has mastered calculus concepts of limits,
derivatives, and series can enjoy the material. Unlike any other text, this book brings analysis
research topics within reach of readers even just beginning to think about functions from a
theoretical point of view.
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Physical Sciences Robert Lambourne, Michael Tinker, 2000-04-07 This textbook provides a
thorough introduction to the essential mathematical techniques needed in the physical sciences.
Carefully structured as a series of self-paced and self-contained chapters, this text covers the basic
techniques on which more advanced material is built. Starting with arithmetic and algebra, the text
then moves on to cover basic elements of geometry, vector algebra, differentiation and finally
integration, all within an applied environment. The reader is guided through these different
techniques with the help of numerous worked examples, applications, problems, figures, and
summaries. The authors provide high-quality and thoroughly class-tested material to meet the
changing needs of science students. The book: * Is a carefully structured text, with self-contained
chapters. * Gradually introduces mathematical techniques within an applied environment. * Includes
many worked examples, applications, problems, and summaries in each chapter. This text is an
essential resource for all students of physics, chemistry and engineering, needing to develop or
refresh their knowledge of basic mathematics. The book's structure makes it equally valuable for
course use, home study or distance learning.
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Will Kurt, 2019-07-16 Fun guide to learning Bayesian statistics and probability through unusual and
illustrative examples. Probability and statistics are increasingly important in a huge range of



professions. But many people use data in ways they don't even understand, meaning they aren't
getting the most from it. Bayesian Statistics the Fun Way will change that. This book will give you a
complete understanding of Bayesian statistics through simple explanations and un-boring examples.
Find out the probability of UFOs landing in your garden, how likely Han Solo is to survive a flight
through an asteroid shower, how to win an argument about conspiracy theories, and whether a
burglary really was a burglary, to name a few examples. By using these off-the-beaten-track
examples, the author actually makes learning statistics fun. And you'll learn real skills, like how to: -
How to measure your own level of uncertainty in a conclusion or belief - Calculate Bayes theorem
and understand what it's useful for - Find the posterior, likelihood, and prior to check the accuracy
of your conclusions - Calculate distributions to see the range of your data - Compare hypotheses and
draw reliable conclusions from them Next time you find yourself with a sheaf of survey results and
no idea what to do with them, turn to Bayesian Statistics the Fun Way to get the most value from
your data.

use fundamental theorem of calculus to find derivative: A Transition to Advanced
Mathematics William Johnston, Alex McAllister, 2009-07-27 A Transition to Advanced Mathematics:
A Survey Course promotes the goals of a bridge'" course in mathematics, helping to lead students
from courses in the calculus sequence (and other courses where they solve problems that involve
mathematical calculations) to theoretical upper-level mathematics courses (where they will have to
prove theorems and grapple with mathematical abstractions). The text simultaneously promotes the
goals of a " “survey' course, describing the intriguing questions and insights fundamental to many
diverse areas of mathematics, including Logic, Abstract Algebra, Number Theory, Real Analysis,
Statistics, Graph Theory, and Complex Analysis. The main objective is to bring about a deep change
in the mathematical character of students -- how they think and their fundamental perspectives on
the world of mathematics. This text promotes three major mathematical traits in a meaningful,
transformative way: to develop an ability to communicate with precise language, to use
mathematically sound reasoning, and to ask probing questions about mathematics. In short, we hope
that working through A Transition to Advanced Mathematics encourages students to become
mathematicians in the fullest sense of the word. A Transition to Advanced Mathematics has a
number of distinctive features that enable this transformational experience. Embedded Questions
and Reading Questions illustrate and explain fundamental concepts, allowing students to test their
understanding of ideas independent of the exercise sets. The text has extensive, diverse Exercises
Sets; with an average of 70 exercises at the end of section, as well as almost 3,000 distinct exercises.
In addition, every chapter includes a section that explores an application of the theoretical ideas
being studied. We have also interwoven embedded reflections on the history, culture, and philosophy
of mathematics throughout the text.
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XII,

use fundamental theorem of calculus to find derivative: Calculus From Approximation
to Theory Dan Sloughter, 2020-11-02 Calculus from Approximation to Theory takes a fresh and
innovative look at the teaching and learning of calculus. One way to describe calculus might be to
say it is a suite of techniques that approximate curved things by flat things and through a limiting
process applied to those approximations arrive at an exact answer. Standard approaches to calculus
focus on that limiting process as the heart of the matter. This text places its emphasis on the
approximating processes and thus illuminates the motivating ideas and makes clearer the scientific
usefulness, indeed centrality, of the subject while paying careful attention to the theoretical
foundations. Limits are defined in terms of sequences, the derivative is defined from the best affine
approximation, and greater attention than usual is paid to numerical techniques and the order of an
approximation. Access to modern computational tools is presumed throughout and the use of these
tools is woven seamlessly into the exposition and problems. All of the central topics of a yearlong
calculus course are covered, with the addition of treatment of difference equations, a chapter on the
complex plane as the arena for motion in two dimensions, and a much more thorough and modern



treatment of differential equations than is standard. Dan Sloughter is Emeritus Professor of
Mathematics at Furman University with interests in probability, statistics, and the philosophy of
mathematics and statistics. He has been involved in efforts to reform calculus instruction for
decades and has published widely on that topic. This book, one of the results of that work, is very
well suited for a yearlong introduction to calculus that focuses on ideas over techniques.
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Analysis I Richard Courant, Fritz John, 2012-12-06 From the reviews: Volume 1 covers a basic
course in real analysis of one variable and Fourier series. It is well-illustrated, well-motivated and
very well-provided with a multitude of unusually useful and accessible exercises. (...) There are three
aspects of Courant and John in which it outshines (some) contemporaries: (i) the extensive historical
references, (ii) the chapter on numerical methods, and (iii) the two chapters on physics and
geometry. The exercises in Courant and John are put together purposefully, and either look
numerically interesting, or are intuitively significant, or lead to applications. It is the best text known
to the reviewer for anyone trying to make an analysis course less abstract. (...) The Mathematical
Gazette (75.1991.471)

use fundamental theorem of calculus to find derivative: Numerical Methods for Engineers
and Scientists Amos Gilat, Vish Subramaniam, 2013-10-22 Numerical Methods for Engineers and
Scientists, 3rd Edition provides engineers with a more concise treatment of the essential topics of
numerical methods while emphasizing MATLAB use. The third edition includes a new chapter, with
all new content, on Fourier Transform and a new chapter on Eigenvalues (compiled from existing
Second Edition content). The focus is placed on the use of anonymous functions instead of inline
functions and the uses of subfunctions and nested functions. This updated edition includes 50% new
or updated Homework Problems, updated examples, helping engineers test their understanding and
reinforce key concepts.

use fundamental theorem of calculus to find derivative: Calculus: Single and
Multivariable Deborah Hughes-Hallett, William G. McCallum, Andrew M. Gleason, Eric Connally,
Daniel E. Flath, Selin Kalaycioglu, Brigitte Lahme, Patti Frazer Lock, David O. Lomen, David
Lovelock, Guadalupe I. Lozano, Jerry Morris, David Mumford, Brad G. Osgood, Cody L. Patterson,
Douglas Quinney, Karen R. Rhea, Ayse Arzu Sahin, Adam H. Spiegler, Jeff Tecosky-Feldman, Thomas
W. Tucker, Aaron D. Wootton, Elliot J. Marks, 2018-05-01 Calculus: Single and Multivariable, 7th
Edition continues the effort to promote courses in which understanding and computation reinforce
each other. The 7th Edition reflects the many voices of users at research universities, four-year
colleges, community colleges, and secondary schools. This new edition has been streamlined to
create a flexible approach to both theory and modeling. The program includes a variety of problems
and examples from the physical, health, and biological sciences, engineering and economics;
emphasizing the connection between calculus and other fields.

use fundamental theorem of calculus to find derivative: Elements of Mathematics John
Stillwell, 2017-11-07 An exciting look at the world of elementary mathematics Elements of
Mathematics takes readers on a fascinating tour that begins in elementary mathematics—but, as
John Stillwell shows, this subject is not as elementary or straightforward as one might think. Not all
topics that are part of today's elementary mathematics were always considered as such, and great
mathematical advances and discoveries had to occur in order for certain subjects to become
elementary. Stillwell examines elementary mathematics from a distinctive twenty-first-century
viewpoint and describes not only the beauty and scope of the discipline, but also its limits. From
Gaussian integers to propositional logic, Stillwell delves into arithmetic, computation, algebra,
geometry, calculus, combinatorics, probability, and logic. He discusses how each area ties into more
advanced topics to build mathematics as a whole. Through a rich collection of basic principles, vivid
examples, and interesting problems, Stillwell demonstrates that elementary mathematics becomes
advanced with the intervention of infinity. Infinity has been observed throughout mathematical
history, but the recent development of reverse mathematics confirms that infinity is essential for
proving well-known theorems, and helps to determine the nature, contours, and borders of




elementary mathematics. Elements of Mathematics gives readers, from high school students to
professional mathematicians, the highlights of elementary mathematics and glimpses of the parts of
math beyond its boundaries.

use fundamental theorem of calculus to find derivative: An Introduction to Ordinary
Differential Equations James C. Robinson, 2004-01-08 This refreshing, introductory textbook covers
both standard techniques for solving ordinary differential equations, as well as introducing students
to qualitative methods such as phase-plane analysis. The presentation is concise, informal yet
rigorous; it can be used either for 1-term or 1-semester courses. Topics such as Euler's method,
difference equations, the dynamics of the logistic map, and the Lorenz equations, demonstrate the
vitality of the subject, and provide pointers to further study. The author also encourages a graphical
approach to the equations and their solutions, and to that end the book is profusely illustrated. The
files to produce the figures using MATLAB are all provided in an accompanying website. Numerous
worked examples provide motivation for and illustration of key ideas and show how to make the
transition from theory to practice. Exercises are also provided to test and extend understanding:
solutions for these are available for teachers.
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