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) \I]



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:

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

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:

\[ F'(x) = 3x"2 \]

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:
\[ F(x) = \int 07x \sin(t) \, dt \]

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.

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

e Confusing the limits of integration when computing the integral.

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

e 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 I 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 I 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 I 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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