Fundamental Theorem Of Calculus Part 1
Examples

FTC Part 1

The Fundamental Theorem of Calculus Part 1 is a pivotal concept in the study
of calculus, linking the concept of differentiation with that of integration.
This theorem provides a bridge between the two main operations in calculus,
showing that they are essentially inverse processes. The first part of the
fundamental theorem specifically deals with the relationship between a
function and its definite integral, allowing us to evaluate definite
integrals using antiderivatives. In this article, we will explore the theorem
in depth, provide various examples, and illustrate its practical applications
in real-world scenarios.

Understanding the Fundamental Theorem of
Calculus Part 1

The Fundamental Theorem of Calculus Part 1 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)
\1]

In simpler terms, this theorem allows us to compute the definite integral of
a function by finding an antiderivative. This relationship is crucial as it
provides a method to evaluate integrals without the need for Riemann sums or
limit processes.



The Components of the Theorem

Before diving into examples, let’s break down the components of the
Fundamental Theorem of Calculus Part 1:

1. Continuous Function

- A function \( f \) is continuous on the interval \([a, b]\) if it does not
have any breaks, jumps, or points of discontinuity within that interval.

- Continuity is essential because the theorem guarantees the existence of an
antiderivative if \( f \) is continuous.

2. Antiderivative

- An antiderivative \( F \) of a function \( f \) is a function such that \(
F' =f\).

- There are infinitely many antiderivatives for a function, differing by a
constant.

3. Definite Integral

- The definite integral \( \int a”b f(x) \, dx \) represents the net area
under the curve of \( f \) from \( a \) to \( b \).

- The result of evaluating this integral provides the total accumulation of
\( f \) over the interval.

Examples of the Fundamental Theorem of Calculus
Part 1

Let’s delve into some examples to illustrate how to apply the Fundamental
Theorem of Calculus Part 1 effectively.

Example 1: Basic Polynomial Function

Consider the function \( f(x) = 3x™2 \). We want to evaluate the definite
integral from \( 1 \) to \( 4 \):

\ [
\int 174 3x"2 \, dx
\]



Step 1: Find an Antiderivative
To find an antiderivative \( F(x) \):

\ [
F(x) = x*3 + C
\1]

Step 2: Apply the Fundamental Theorem

Now we calculate:

\ [
\int 174 3x™2 \, dx
\]
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Thus,

\ [
\int 174 3x"2 \, dx
\]
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Example 2: Trigonometric Function

Now, let’s evaluate the integral of a trigonometric function. Consider \(

f(x) = \sin(x) \) from \( 0 \) to \( \pi \):
\ [

\int 0™\pi \sin(x) \, dx

\1]

Step 1: Find an Antiderivative

The antiderivative of \( \sin(x) \) is:

\[
F(x) = -\cos(x) + C
\1]

Step 2: Apply the Fundamental Theorem

Now we evaluate:

\ [

\int 0™\pi \sin(x) \, dx = F(\pi) - F(O0) = [-\cos(\pi)]
(-1)] = 2

\1]

Thus,

[-\cos(0)]



\ [
\int 0™\pi \sin(x) \, dx = 2
\]

Example 3: Exponential Function

Next, we will evaluate the definite integral of an exponential function:

\ [

\int 172 e”™x \, dx

\1]

Step 1: Find an Antiderivative

The antiderivative of \( e”™x \) is:

\ [

F(x) = e™ + C

\1]

Step 2: Apply the Fundamental Theorem

Now we can calculate:

\ [
\int 172 e™x \, dx = F(2) - F(1) = e™2 - e’l = e™2 - e
\]

Using the approximate value of \( e \approx 2.718 \):

\ [
e”2 \approx 7.389 \quad \text{and} \quad e \approx 2.718
\1

Therefore,

\ [
\int 172 e”™x \, dx \approx 7.389 - 2.718 \approx 4.671

\1]

Example 4: Absolute Value Function

Consider the function \( f(x) = |[x] \) over the interval from \(-2\) to
\(2\):

\ [
\int {-2}7{2} |x] \, dx



\1]
Step 1: Break the Integral into Pieces
Since \( |[x] \) is piecewise, we can evaluate:

\ [
\int {-2}7{0} -x \, dx + \int {0}~{2} x \, dx
\1]

Step 2: Evaluate Each Integral

1. For \( \int {-2}7{0} -x \, dx \):

\ [

F(x) = -\frac{x"2}{2} \Rightarrow F(0) - F(-2) = 0 - \left(-
\frac{(-2)"2}{2}\right) =0 - (-2) =2

\1]

2. For \( \int {0}~{2} x \, dx \):

\ [
F(x) = \frac{x"2}{2} \Rightarrow F(2) - F(0) =2 - 0 = 2
\1]

Step 3: Combine Results
So the total integral is:
\ [

\int {-2}7{2} |x| \, dx =2+ 2 =4
\1]

Applications of the Fundamental Theorem of
Calculus Part 1

The Fundamental Theorem of Calculus Part 1 is not just a theoretical
construct; it has practical applications across various fields:

1. Physics

- Motion: The theorem allows physicists to relate velocity and displacement.
If \( v(t) \) is the velocity of an object, then the displacement can be
found by integrating the velocity function.



2. Economics

- Consumer Surplus: Economists use integrals to calculate areas under demand
curves, helping in the evaluation of consumer surplus or producer surplus.

3. Engineering

- Area and Volume Calculations: Engineers often use definite integrals to
compute areas, volumes, and other quantities necessary for design and
analysis.

4. Probability

- Finding Probabilities: In probability theory, the area under a probability
density function represents the probability of outcomes in a given interval.

Conclusion

The Fundamental Theorem of Calculus Part 1 is a cornerstone of calculus that
elegantly connects the concepts of differentiation and integration. By
understanding and applying this theorem, we can efficiently evaluate definite
integrals and enhance our problem-solving capabilities across various
disciplines. The examples provided illustrate not only the procedure for
applying the theorem but also its significance in practical applications.
Mastery of this theorem is essential for anyone looking to delve deeper into
the world of calculus and its applications.

Frequently Asked Questions

What is the Fundamental Theorem of Calculus Part 1?

The Fundamental Theorem of Calculus Part 1 states that if a function is
continuous on the interval [a, b], then the function F defined by F(x) = J[a
to x] f(t) dt is continuous on [a, b], differentiable on (a, b), and F'(x) =
f(x) for all x in (a, b).

Can you give an example of applying the Fundamental
Theorem of Calculus Part 1?

Sure! Let f(t) = t72. To find F(x) = [[0 to x] t~2 dt, we compute F(x) =
(1/3)x~3. By the theorem, F'(x) = x*2, which is equal to f(x).



What conditions must a function meet to apply the
Fundamental Theorem of Calculus Part 1?

The function must be continuous on the closed interval [a, b]. This ensures
that the integral exists and that the resulting function F is well-defined.

How does the Fundamental Theorem of Calculus Part 1
connect differentiation and integration?

It establishes that differentiation and integration are inverse processes.
Specifically, it shows that if you take the integral of a function to form F
and then differentiate F, you recover the original function f.

What is an example where the Fundamental Theorem of

Calculus Part 1 fails?

If f(t) has a discontinuity in the interval [a, b], such as f(t) = 1/t at
t=0, the integral J[0 to x] f(t) dt cannot be computed in the usual sense,
and the theorem does not apply.

How do we find the derivative of the integral
function F(x) from the Fundamental Theorem of

Calculus Part 1?

To find F'(x), you simply evaluate the integrand at x. If F(x) = [[a to x]
f(t) dt, then F'(x) = f(x).

What is the geometric interpretation of the
Fundamental Theorem of Calculus Part 17?

The geometric interpretation is that the area under the curve of f(t) from a
to x is represented by the function F(x), and the slope of F(x) at any point
X gives the value of f(x).

Can the Fundamental Theorem of Calculus Part 1 be
applied to piecewise functions?

Yes, as long as the piecewise function is continuous on the interval [a, b],
the theorem can be applied. However, care must be taken at the points of
discontinuity.

What role does the integral sign play in the
Fundamental Theorem of Calculus Part 17?

The integral sign represents the accumulation of areas under the curve of
f(t). It transforms the function f into a new function F that captures the
total area from a to x.



Find other PDF article:
https://soc.up.edu.ph/52-snap/pdf?dataid=BLp15-7298&title=science-of-scare-project.pdf

Fundamental Theorem Of Calculus Part 1 Examples

essential[] basic[] fundamental] fundamentalJJ0000 ...
Dec 24, 2023 - essential[] basic[] fundamental[] fundamental[J]]00000000000000000000000

00"Essential"[00000000000C000000000O0 -

essential ,basic.fundamental,vital[JO00 0000
essential ,basic,fundamental, vital[J00000000000010essential adj. O0000000C00000C0000C0000C0000C0
UooOoOoCO0oo000000d -

O0fundamentalJ0000_0000
Dec 17, 2024 - 000000000 “fundamental” J000000000000C000000C000000000C000000C0000000000000
go0oooooo ...

be fundamental to[Jbe fundamental for
Apr 11, 2020 - be fundamental to ] [ [J ... 0000 (Q0O0) be fundamental toJ000000 [JJAgreements are

fundamental to business practices. (000000000000 be ...

00000000000000000000REC00 0000
Mar 1, 2013 - J00000000000COO0000C00000M agO0000Fundamental (00000000000000C000000C00000
aooooag -

be fundamental to[Q0000 - 0000
Apr 21, 2015 - be fundamental to[JJJJ0be fundamental to [ ... 0000 (JO00)be fundamental to[J0]

O0000Agreements are fundamental to business practices.[J[] ...

hotmail(IJ00000_C000
Feb 21, 2024 - J000@hotmail.com{JON0000000000000 0OCOO00COO DO0OCOO0OCOO0DOO00C0000C0000
O0hotmail(00000 ...

elementary [[fundamental [Jprimary[junderlying 00000 ...
Apr 6, 2011 - elementary (00000000000 The question is [Jelementary(J00000000 fundamental (00000
00 DO0C00000O0OODO00000a ..

foundational[Jfundamental[]] - (][]
Nov 10, 2014 - foundational[Jfundamental[J[Jfundamental [JJ0J00foundational O00000000000000000
000000this is our fundamental rights 000000 ...

OpowerguiJFFTJJ00simulation time of the signal is ...
O0000000PowerguilOFFTOO0O0000O "simulation time of the signals is not enough long for the given
fundamental frequency". J000000000000000000 ...

essential[] basic[] fundamental[] fundamental{J[J00] ...
Dec 24, 2023 - essential[] basic[] fundamental[] fundamental[J]00000000000000000000000



https://soc.up.edu.ph/52-snap/pdf?dataid=BLp15-7298&title=science-of-scare-project.pdf
https://soc.up.edu.ph/24-mark/pdf?title=fundamental-theorem-of-calculus-part-1-examples.pdf&trackid=rwi36-1199

00"Essential"0000000000000000000C0000000"Basic000

essential ,basic,fundamental,vitalJO00 0000
essential ,basic,fundamental, vitalJJO00000000001 Oessential adj. J0000000C00000C00O0000OCOO0OOOOO
O00000000000000000000000000000Wa

O0fundamental(J0000_0000
Dec 17, 2024 - (000000000 “fundamental” Q000000000C00000000OCOOCOOOOOOCOCOOOOOOOOOCOOOOEOOO
0000000000000000“fundamental "O0000000000000000 “Fundamental”0000000000000000000 -

be fundamental to[]lbe fundamental for
Apr 11, 2020 - be fundamental to 0 0 [ ... 0000 (O000) be fundamental toJ00000 OJAgreements are
fundamental to business practices. (000000000000 be fundamental for 00000 The traning includes
the core competencies that are fundamental for law enforcement and successful criminal
prosecution.

(o00000O00RDOdOOOo0ODOo00 _Dood
Mar 1, 2013 - J00000000000CO00000C00000M agO0000Fundamental (O000000000000000000000C00000
0000doooooooooooon

be fundamental to[JJ[J00 - 0000
Apr 21, 2015 - be fundamental to[JJ[JJ0be fundamental to [0 ... 0000 (O00O0)be fundamental to0]
O0000Agreements are fundamental to business practices.(J000000000000

hotmail[II00000_0000

Feb 21, 2024 - J000@hotmail.com{J000000000000000 0OCOOOOCOO DO0OCOO0OCOO0DO000C0000C0000
O0hotmail00000000 www.hotmail.com O0000000000OCOOCO000000Rotmaili0N0000000000C00C00000
oo ..

elementary [Jfundamental [JprimaryJunderlying 000000 ...

Apr 6, 2011 - elementary 000000000000 The question is [Jelementary[ 000000000 fundamental 00000
00 D0000oo00000000000000 There is a [Jfundamental [Jdifference in attitude between these two

politicians. (000000000000000 primary 0000000 0000CO -

foundational[Jfundamental(][] - ]
Nov 10, 2014 - foundational[Jfundamental[J[Jfundamental [JJ0000foundational O00000000000000000
000000this is our fundamental rights OO0000000000vs this is a foundational cla

OpowerguiJ[FFTJJJ00simulation time of the signal is ...
O0000000PowerguilOFFTOO0O000O0 "simulation time of the signals is not enough long for the given

fundamental frequency". J0000000000000000C0000000000000 FFTOOOOOOOOOSCOPEQOSCOPE
PARAMETERS/GENERAL[J[/SAMPLING [],[JDECIMATION[JSAMPLE TIME(] ...

Explore the Fundamental Theorem of Calculus Part 1 with clear examples. Master key concepts and
techniques. Learn more to enhance your calculus skills!

Back to Home


https://soc.up.edu.ph

