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Fundamental Theorem of Calculus Worksheet

The Fundamental Theorem of Calculus (FTC) stands as a pivotal principle in mathematical
analysis, bridging the gap between differentiation and integration. This theorem not only
establishes a connection between the two primary operations of calculus but also provides
a powerful framework for evaluating definite integrals. For students and educators alike, a
comprehensive worksheet on the Fundamental Theorem of Calculus can serve as an
invaluable educational resource. This article will delve into the theorem's core concepts,
practical applications, and provide examples and exercises for a better understanding.

Understanding the Fundamental Theorem of
Calculus

The Fundamental Theorem of Calculus is typically divided into two parts, each addressing
different aspects of the relationship between differentiation and integration.

Part 1: The Relationship Between Differentiation and
Integration

The first part of the FTC states that if \( f\) is a continuous real-valued function defined on
a closed interval \([a, b]\), and \( F \) is an antiderivative of \( f\) on that interval, then:

\[
\int {a}"~{b} f(x) \, dx = F(b) - F(a)
\]

This formula signifies that the definite integral of a function \( f\) over \([a, b]\) is equal to
the difference between the values of its antiderivative \( F \) at the endpoints of the
interval.

Key Points:

-\( f(x) \) must be continuous on \([a, b]\).
-\( F) is any function such that \( F'(x) = f(x) \).

Part 2: Derivative of an Integral Function

The second part of the FTC addresses the derivative of an integral function. It states that
if \( f\) is a continuous function on \([a, b]\), then the function defined by:



\[
G(x) = \int {a}~{x} f(t)\, dt
\]

is differentiable on \((a, b)\) and \( G'(x) = f(x) \). This means that taking the derivative of
the integral function \( G \) retrieves the original function \( f'\).

Key Points:
-\( G(x) \) represents the area under the curve \( f(t) \) from \( a\) to \( x\).
- The continuity of \( f\) is essential for the theorem to hold.

Applications of the Fundamental Theorem of
Calculus

The Fundamental Theorem of Calculus has numerous applications not only in pure
mathematics but also in various fields such as physics, engineering, and economics. Here
are several key applications:

1. Evaluating Definite Integrals

The FTC allows for the straightforward evaluation of definite integrals without the need
for Riemann sums. This is particularly useful in problems where calculating the area under
a curve is required.

2. Finding Areas and Volumes

The theorem aids in determining the area between curves or the volume of solids of
revolution, which are common problems in geometry and physical applications.

3. Solving Real-World Problems

In physics, the FTC is employed to determine quantities such as distance, velocity, and
acceleration, linking them through the concepts of integration and differentiation.

4. Economic Models

In economics, the FTC can be utilized to assess consumer surplus and producer surplus by
calculating the area under supply and demand curves.



Creating a Fundamental Theorem of Calculus
Worksheet

To create a comprehensive worksheet on the Fundamental Theorem of Calculus, consider
including a variety of problem types that cover both parts of the theorem, as well as real-
world applications. Below are suggestions for the structure and content of the worksheet.

Worksheet Structure

1. Introduction Section: Briefly explain the Fundamental Theorem of Calculus, its
significance, and its parts.

2. Conceptual Questions:
- Define an antiderivative.
- Explain the difference between indefinite and definite integrals.

3. Theoretical Problems:
- Given a function \( f(x) \), find its antiderivative \( F(x) \).
- Use the FTC to evaluate the integral \(\int {1}~ {3} (3x"2))\, dx\).

4. Application Problems:

- Calculate the area between the curves \(y = x™2\) and \( y = x\) over the interval \([0,
1.

- Determine the distance traveled by an object from its velocity function \( v(t) = 4t"3 -
3t72 +2\)from\(t=1\)to\(t=3)\).

5. Real-World Scenarios:
- Model a problem in economics using the FTC, such as calculating consumer surplus.
- Use the FTC to find the work done by a variable force.

6. Challenge Problems:
- Prove that if \( f\) is continuous on \([a, b]\), then the function \( G(x) = \int {a} "~ {x} f(t)
\, dt ) is differentiable at every point in \((a, b)\).

Sample Problems with Solutions

Here are a few example problems that could be featured in the worksheet, along with
their solutions:

Problem 1: Basic Evaluation of a Definite Integral
Evaluate \(\int {0}~ {2} (3x72)\, dx\).

Solution:

1. Find the antiderivative: \( F(x) = x~3 + C\).
2. Apply the FTC:

\[



\int {0}~{2} (3x"2)\, dx =F(2)-F(0)=(273)-(0"3)=8-0=8.
\]

Problem 2: Application of the FTC
If \( f(x) = \sin(x) \), find \( G'(x) \) where \( G(x) = \int {0}~ {x} f(t) \, dt ).

Solution:

1. By the second part of the FTC:
\[

G'(x) = f(x) = \sin(x).

\]

Problem 3: Area Between Curves
Find the area between \(y = x"2\)and \(y =x\) from\(x =0\)to\(x = 1).

Solution:

1. Set up the integral:

\[

\text{Area} = \int {0}~ {1} (x-x"2)\, dx.

\]

2. Evaluate:

\[

=\int {0}~ {1} (x-x72)\, dx = \left[\frac{x"2}{2} - \frac{x"3}{3}\right] {0}~ {1} =
\left(\frac{1}{2} - \frac{1}{3}\right) = \frac{3} {6} - \frac{2} {6} = \frac{1}{6}.

\]

Conclusion

The Fundamental Theorem of Calculus is an essential concept that every student of
calculus must grasp. A well-structured worksheet can facilitate learning by providing a
range of problems that emphasize both theoretical and practical applications of the
theorem. By understanding the FTC, students not only develop their mathematical skills
but also gain tools applicable in various fields, transforming the way they approach
problems in calculus and beyond.

Frequently Asked Questions

What is the Fundamental Theorem of Calculus?

The Fundamental Theorem of Calculus links the concept of differentiation and integration,
stating that if F is an antiderivative of f on an interval [a, b], then the integral of f from a to
b is equal to F(b) - F(a).

How do you apply the Fundamental Theorem of Calculus



to solve integrals?

To apply the Fundamental Theorem of Calculus, first find an antiderivative F of the
function f you are integrating. Then evaluate F at the upper limit and lower limit of the
integral and subtract: F(b) - F(a).

What are the two parts of the Fundamental Theorem of
Calculus?

The First Part states that if f is continuous on [a, b], then the function F defined by F(x) =
fla to x] f(t) dt is continuous on [a, b] and differentiable on (a, b) with F'(x) = f(x). The
Second Part states that if F is an antiderivative of f, then [[a to b] f(x) dx = F(b) - F(a).

How can a worksheet help in understanding the
Fundamental Theorem of Calculus?

A worksheet provides practice problems that reinforce the concepts and applications of
the Fundamental Theorem of Calculus, allowing students to apply theory to solve real
problems step-by-step.

What types of problems might be found on a
Fundamental Theorem of Calculus worksheet?

Problems may include finding definite integrals using antiderivatives, evaluating limits,
and applying the theorem to word problems involving area under curves or accumulated
change.

Why is the Fundamental Theorem of Calculus
considered a cornerstone of calculus?

It bridges the gap between differentiation and integration, showing that these two
fundamental operations are essentially inverse processes and establishing a solid
foundation for further study in calculus.

Can you provide an example problem from a
Fundamental Theorem of Calculus worksheet?

Sure! For example, evaluate the integral [[1 to 3] (2x) dx. First, find an antiderivative F(x)
= x?, then compute F(3) - F(1) = 32-12=9-1 = 8.

What common mistakes should students avoid when
using the Fundamental Theorem of Calculus?

Students should avoid forgetting to apply the limits of integration correctly, mixing up the
upper and lower limits, and neglecting the continuity requirement for the function
involved.



How does the Fundamental Theorem of Calculus apply
to real-world scenarios?

It can be used in real-world applications, such as calculating the total distance traveled
when given a velocity function, or determining the area under a curve representing a
quantity over time.

What resources are available for practicing the
Fundamental Theorem of Calculus?

Resources include online educational platforms, calculus textbooks with practice
problems, and various worksheets available for download that focus specifically on the
Fundamental Theorem of Calculus.
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