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Understanding how to compute the area under a curve is a fundamental aspect of calculus,
vital for various applications in science, engineering, economics, and beyond. In this
comprehensive guide, we will explore the process of determining the definite integral of the
function \( \frac{1}{7}x"3\) over a specified interval, interpret its meaning, and then
extend our focus to calculating the total area under this curve across its entire domain. By
the end of this article, you will be equipped with the knowledge to evaluate similar integrals
and appreciate their significance in real-world scenarios.

Understanding the Concept of Area Under a
Curve

Before delving into calculations, it is essential to grasp what "area under a curve" signifies
mathematically.

What is an Integral?

An integral represents the accumulation of quantities, such as area, volume, or other
measures, and in the context of functions, it often corresponds to the area between the
graph of a function and the x-axis over a specific interval.

Definite vs. Indefinite Integrals

- Indefinite Integral: Represents a family of functions and includes a constant of integration.
- Definite Integral: Quantifies the exact area under the curve between two specific points,
say\(a\)and \( b\).

Mathematical Foundation: Integrating \(
\frac{1}{7}x"3\)

Let's focus on integrating the function \( f(x) = \frac{1}{7}x"~3\).



Step 1: Write the integral

\[
\int_ {a}”~{b} \frac{1}{7}x"3\, dx
\]

Step 2: Simplify the constant factor

\[
\frac{1}{7} \int_{a}"~{b} x~3\, dx
\]

Step 3: Find the antiderivative of \( x~3 )

The power rule for integration states:

\[

\int x™n \, dx = \frac{x~{n+1}}{n+1} + C
\]

Applying this:

\[

\int x*3\, dx = \frac{x"4}{4} + C

\]

Step 4: Compute the definite integral

\[

\frac{1}{7} \left[ \frac{x~4}{4} \right] {a}"~{b} = \frac{1}{7} \left( \frac{b~4}{4} -
\frac{a™4}{4} \right) = \frac{1}{28} (b™4 - a"™4)

\]

This formula gives the area under the curve \(y = \frac{1}{7}x"3\) between\(x =a)
and\(x =Db\).

Calculating the Area Between Specific Limits

To make the process concrete, let's choose specific bounds.

Example: Find the area from\(x=2\)to\(x=5)

Applying the derived formula:

\[



\text{Area} = \frac{1}{28} (b"4 - a™4) = \frac{1}{28} (574 - 2"4)
\]

Calculate:

-\(574 =625))
-\(274 =16)

So,

\[
\text{Area} = \frac{1}{28} (625 - 16) = \frac{1} {28} \times 609 = \frac{609} {28}

\]

Expressed as a decimal:

\[
\frac{609} {28} \approx 21.75

\]

Thus, the area under the curve between \( x = 2\) and \( x = 5) is approximately 21.75
square units.

Evaluating the Total Area Under the Curve

The total area under the curve \(y = \frac{1}{7}x”"3\) across its entire domain depends
on the limits of interest.

Considering the Entire Domain

- If the domain extends from \( x = 0\) to \( x = \infty \), then the total area is infinite, as
the function grows without bound.
- For bounded intervals, the total area is finite and calculable using the earlier formula.

Example: Find the total area from \( x=0\) to \( x=10)

Applying the formula:

\[

\text{Total Area} = \frac{1}{28} (10™4 - 0™4) = \frac{1}{28} \times 10,000 =
\frac{10,000} {28} \approx 357.14

\]

This indicates that the area under the curve \(y = \frac{1}{7}x"~3\) from 0 to 10 is



approximately 357.14 square units.

Visualizing the Area Under the Curve

Graphing the function helps in understanding the magnitude of the area:

- The graph of \( y = \frac{1}{7}x"3) is a cubic curve starting at the origin and increasing
rapidly.

- The area under the curve from \( a\) to \( b \) can be visualized as the space between the
curve and the x-axis over that interval.

Using graphing tools or software like Desmos, GeoGebra, or Wolfram Alpha can provide
visual confirmation and intuition about the computed areas.

Applications of Calculating Area Under a Curve

Understanding how to compute these areas has numerous practical applications:

- Physics: Calculating work done, displacement, or energy over a period.
- Economics: Determining consumer surplus or producer surplus.

- Biology: Estimating population growth or decay over time.

- Engineering: Analyzing stress, strain, or material properties.

Steps Summary for Calculating Areas Under
Curves

To summarize, computing the area under a curve involves:

1. Identifying the function \( f(x) \) and the interval \( [a, b] \).

2. Integrating \( f(x) \) over \( [a, b]\) using the definite integral.

3. Applying the fundamental theorem of calculus to evaluate the antiderivative at the
bounds.

4. Subtracting to find the exact area.

5. Interpreting the results in context.

Advanced Topics and Variations



Once comfortable with basic integration, you can explore more advanced topics:

- Definite integrals involving absolute values to account for areas below the x-axis.

- Multiple integrals for calculating areas in higher dimensions.

- Numerical integration methods like Simpson's rule or trapezoidal rule when functions are
complex or not easily integrable analytically.

- Integration over infinite intervals using improper integrals.

Conclusion

Calculating the area under a curve, such as \(y = \frac{1}{7}x"3), is a foundational skill
in calculus with broad applications. By understanding the process—identifying the integral,
computing the antiderivative, and evaluating over specific bounds—you can accurately
determine the space enclosed by curves and the axes. Whether working with finite intervals
or considering the total area across an entire domain, these skills are indispensable for
analyzing functions and modeling real-world phenomena.

Remember, practice is key. Try different functions, intervals, and applications to deepen
your understanding and proficiency in calculating areas under curves. With this knowledge,
you'll be well-equipped to tackle complex problems in mathematics and related fields.
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mathematical analysis

Frequently Asked Questions

What is the method to find the area under the curve
from a to b for the function 1/7x"3?

To find the area under the curve from a to b for 1/7 x~ 3, you evaluate the definite integral
of 1/7 x~ 3 with respect to x from a to b, i.e., [(a to b) (1/7 x™3) dx.

How do you compute the indefinite integral of 1/7 x~3?
The indefinite integral of 1/7 x~3 is (1/7) (x~4 / 4) + C, which simplifies to x~4 / 28 + C.

What are the steps to evaluate the definite integral of
1/7 x~ 3 from specific limits a and b?

First, find the antiderivative x~4 / 28. Then, evaluate it at the upper limit b and lower limit



a, and subtract: (b™4/28) - (a™4 / 28).

Given the limits 0 and 2, what is the total area under
the curve of 1/7 x~3?

Calculate (274 /28) - (074 /28) = (16 /28) - 0 = 4/7.

How does the area under the curve change as the
interval from a to b increases?

As the interval expands, the area under the curve increases proportionally to the difference
between b4 and a™4, since the integral involves x"™4.

Can the area under the curve of 1/7 x~ 3 be negative?

No, because x” 3 is positive for x > 0 and negative for x < 0, but when integrating, the area
is considered positive in magnitude; the definite integral's sign depends on the limits.

How do you find the total area under the curve from 0
to infinity for 1/7 x~3?

Since the integral from 0 to infinity of X~ 3 diverges, the total area under the curve from 0
to infinity is infinite; thus, the area is unbounded.

What practical applications involve calculating the area
under a curve like 1/7 x~3?

Calculating such areas is useful in physics for work done, in economics for accumulated
cost, or in engineering for material distributions related to polynomial functions.

Additional Resources
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Introduction

Calculus, particularly integral calculus, is fundamental in understanding the behavior of
functions and their areas under curves. Whether applied in physics, engineering,
economics, or pure mathematics, the process of finding the area under a curve allows us to
quantify regions bounded by functions and axes. This article investigates the process of
calculating the area under a specific function, namely \( \frac{1}{7}x"3\), over a specified
interval. We will explore the methods involved, evaluate the integral, and subsequently
determine the total area under the curve, providing a comprehensive review suitable for



students, educators, and researchers.

Understanding the Function and Its Significance

The function in question, \( f(x) = \frac{1}{7}x"3), is a cubic polynomial scaled by a
factor of \( \frac{1}{7} \). Its cubic nature implies that the curve is symmetric about the
origin, with the area under the curve increasing in magnitude as \( |x| \) grows. The scaling
factor modulates the steepness of the curve, making it relatively gentle compared to the
unscaled \( x™~3\).

Why is this function relevant?

- It models phenomena with cubic growth, such as certain volume calculations or
acceleration patterns.

- Its integrability over finite intervals makes it an ideal candidate for exploring the principles
of definite integrals.

The Process of Finding the Area Under the Curve
Defining the Interval: From \(a\) to\( b\)

The first step involves specifying the interval over which the area is to be computed.
Typically, this could be any pair of real numbers \(a\) and \( b \), with\( a < b\). For the
purpose of this exploration, let’s consider the interval from\(a =0\) to\( b\), where\( b )
is a positive real number. Later, we will analyze the total area, which involves considering
the entire domain of the function or specific bounds.

Calculating the Definite Integral
Step 1: Set Up the Integral

The area \( A\) under the curve \( f(x) = \frac{1}{7}x"3\) from\(a\) to\( b) is expressed
as:

\[
A =\int_ {a}"~{b} \frac{1}{7}x"3\, dx
\]

Step 2: Find the Antiderivative
The antiderivative \( F(x) \) of \( f(x) \) is obtained as follows:
\[

F(x) = \int\frac{1}{7}x" 3\, dx
\]



Since the constant \( \frac{1}{7} \) can be factored out:

\[

F(x) = \frac{1}{7} \int x™~3\, dx

\]

The integral of \( x~3\) is \( \frac{x~4}{4} ), thus:

\[

F(x) = \frac{1}{7} \times \frac{x"~4}{4} = \frac{x"~4}{28}
\]

Step 3: Evaluate the Definite Integral

Applying the Fundamental Theorem of Calculus:

\[
A = F(b) - F(a) = \frac{b"™4}{28} - \frac{a"™4}{28} = \frac{b™4 - a™~4}{28}
\]

Practical Example: Computing the Area from 0 to 2
Suppose we want to find the area under the curve from \( a=0\) to \( b=2):

\[
A =\frac{274 - 074}{28} = \frac{16 - 0} {28} = \frac{16}{28} = \frac{4}{7}
\]

Result: The area under \( f(x) = \frac{1}{7}x"3\) from O to 2 is \( \frac{4}{7}\),
approximately 0.5714.

Evaluating the Total Area
Extending to the Entire Domain

If by "total area" we mean the area under the curve over an infinite domain (from \( -\infty
\) to \( +\infty \)), the integral becomes improper:

\[
A {total} =\int_{-\infty}~{\infty} \frac{1}{7}x" 3\, dx
\]

However, since \( x~3\) is an odd function (\( f(-x) = -f(x) \)), the integral over the
symmetric limits cancels out:

\[
A _{-\infty}~{\infty} = 0



\]

Implication: The total net area is zero because the positive and negative regions cancel. But
if we consider absolute area (the total area enclosed regardless of sign), it involves
integrating the absolute value of the function:

\[
A {abs} =\int_{-\infty}~{\infty} \frac{1}{7}x" 3|\, dx
\]

Since \( \frac{1}{7}x"3| = \frac{1}{7}|x"3]\), and \( |[x"3] = |x|"~3), the integral
becomes:

\[
A {abs} =\frac{1}{7} \int_{-\infty} ~{\infty} |x|" 3\, dx
\]

This integral diverges (goes to infinity), as the area under the curve of \( |[x|~3\) over an
unbounded domain is infinite.

Visualizing the Area: Graphical Interpretation

Graphing \( f(x) = \frac{1}{7}x"3\) reveals a curve passing through the origin, with the
positive side rising steeply for \( x > 0\) and the negative side falling for \( x < 0\). The
cubic nature ensures the area from \(-b\) to \(b\) is symmetric but with opposite signs,
resulting in zero net area unless absolute values are considered.

Applications and Implications
The calculation of the area under \( f(x) = \frac{1}{7}x”"3\) has multiple applications:

- Physics: Estimating work done or energy in systems with cubic acceleration patterns.
- Economics: Calculating accumulated quantities modeled by cubic functions.
- Mathematics: Understanding the properties of odd functions and their integrals.

Furthermore, the process illustrates core calculus principles:

- Setting up integrals based on the function and bounds.

- Computing antiderivatives.

- Applying the Fundamental Theorem of Calculus.

- Recognizing the significance of symmetry and the difference between net and absolute
areas.

Critical Analysis and Limitations



While the methodology is straightforward for polynomial functions, real-world applications
often involve more complex functions that may require numerical methods or advanced
techniques. Additionally, improper integrals over infinite bounds must be carefully analyzed
to determine convergence.

Conclusion

The process of finding the area under the curve \( \frac{1}{7}x"3\) showcases the power
and elegance of integral calculus. By defining appropriate bounds and computing the
antiderivative, we can precisely quantify regions under curves. For finite intervals, the
integral yields finite, meaningful areas; over infinite domains, the total net area cancels out
due to symmetry, while the absolute area may diverge. This exploration emphasizes the
importance of understanding the nature of the functions involved and the context of the
problem at hand.
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Note: This article is intended as a comprehensive review of the process involved in
calculating areas under polynomial curves, highlighting both the theoretical underpinnings
and practical computations relevant to diverse fields of study.
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