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Evaluate 4x”2 dx. Since this is an indefinite integral, include +C in your
answer. Provide your answer.

Understanding the Indefinite Integral of 4x°

When working with calculus, especially integration, it's essential to
understand the fundamental concepts behind indefinite integrals. The integral
of a function represents the antiderivative, or the original function whose
derivative is the given function. In this case, we're asked to evaluate the
indefinite integral of 4x2 with respect to x, which involves finding a
function F(x) such that:

\[ \frac{d}{dx}F(x) = 4x"2 \]

The general form of an indefinite integral is:

\[ \int f(x) dx = F(x) + C \]

where \( C \) is the constant of integration, accounting for any constant
term that might have been lost during differentiation.

Step-by-Step Solution to the Integral of 4x’

Let's proceed through the steps to evaluate:

\[ \int 4x72 dx \]

Step 1: Factor out constants

Constants can be factored out of the integral for simplicity:
\[ \int 4x72 dx = 4 \int x72 dx \]

This simplifies our work to finding the integral of \( x"2 \).



Step 2: Recall the power rule for integration

The power rule for indefinite integrals states that for any real number \( n
\neq -1 \):

\[ \int x*n dx = \frac{x*{n+1}}{n+1} + C \]
Applying this rule to \( x*2 \):
\[ \int x*2 dx = \frac{x™{3}}{3} + C \]

Note: The constant \( C \) is added after the integration; since the original
integral involves a constant multiplier, it is kept outside.

Step 3: Combine the results

Multiplying the integral by 4:
\[ 4 \times \frac{x"{3}}{3} + C = \frac{4}{3} x~{3} + C \]
Thus, the indefinite integral of \( 4x”2 \) with respect to x is:

\[ \boxed{\frac{4}{3} x~{3} + C} \I

Understanding the Result and Its Significance

The result \( \frac{4}{3} x*{3} + C \) 1is the antiderivative of \( 4x°2 \).
This means that if you differentiate \( \frac{4}{3} x~{3} + C \), you will
get back \( 4x72 \).

Verification through differentiation

Let's verify:

\ [

\frac{d}{dx} \left( \frac{4}{3} x~{3} + C \right) = \frac{4}{3} \times 3
x™{2} + 0 = 4x~{2}

\1

which confirms the correctness of our integral.



Application of the Integral in Real-World
Contexts

Indefinite integrals like this appear frequently in various fields, including
physics, engineering, and economics. Some applications include:

e Physics: Calculating displacement from acceleration functions.
e Engineering: Determining stress or load distributions over a structure.

e Economics: Computing accumulated growth given a rate function.

Understanding how to evaluate such integrals enables professionals to model
and analyze complex systems effectively.

Further Considerations and Tips

When dealing with indefinite integrals, keep in mind the following:

1. Constants of Integration: Always include +C to account for any constant
term.

2. Power Rule Applicability: The power rule applies for \( n \neq -1 \).

For \( n = -1 \), use the natural logarithm rule:
\ [

\int \frac{1}{x} dx = \ln |x| + C

\1

3. Constants Multiplying the Variable: Constants can be factored out before
integration for simplicity.

4. Check your work: Always differentiate your answer to verify it matches
the original function.

Summary

In conclusion, the indefinite integral of \( 4x”2 \) with respect to \( x \)
is:



\[ \boxed{\frac{4}{3} x~{3} + C} \]
This result is obtained by applying the power rule for integration, factoring
out constants, and remembering to include the constant of integration.

Mastery of such integrals forms the foundation for solving more complex
calculus problems encountered in both academic and practical contexts.

Additional Resources for Learning Integration

To deepen your understanding of indefinite integrals and calculus in general,
consider exploring the following resources:

e Khan Academy: Integration and Antiderivatives

e |lamar University: Indefinite Integrals Tutorial

e Wolfram MathWorld: Indefinite Integral

These resources offer detailed explanations, practice problems, and
interactive tools to enhance your calculus skills.

Final Thoughts

Understanding how to evaluate indefinite integrals like \( \int 4x”2 dx \) is
fundamental in calculus, enabling the calculation of antiderivatives and the
analysis of dynamic systems. Remember to always include the constant of
integration and verify your solutions through differentiation. With
consistent practice, you'll develop confidence and proficiency in handling a
wide range of integration problems.

Frequently Asked Questions

What is the indefinite integral of 4x~2 with respect
to x?
The indefinite integral of 4x™2 dx is (4/3)x"3 + C.

How do you integrate 4x"2 dx?

Integrate 4x~2 dx by applying the power rule: [x*n dx = (x*(n+l))/(n+l). So,
[4x~2 dx = 4 (x™(2+1))/(2+1) = (4/3)x~3 + C.


https://www.khanacademy.org/math/ap-calculus-ab/intergration-antiderivatives
https://tutorial.math.lamar.edu/Classes/CalcI/IndefiniteIntegrals.aspx
https://mathworld.wolfram.com/IndefiniteIntegral.html

What is the antiderivative of 4x°2?

The antiderivative (indefinite integral) of 4x”2 is (4/3)x"3 + C.

Why do we include '+C' in the integral of 4x72?

Because the indefinite integral represents a family of functions differing by
a constant, we include +C to account for all possible antiderivatives.

Can you show the step-by-step integration of 4x"2?

Yes. Step 1: Write [4x”2 dx. Step 2: Factor out 4: 4 [x*2 dx. Step 3:
Integrate x™2 to get (x"3)/3. Step 4: Multiply by 4: 4 (x*3/3) = (4/3)x"3.
Step 5: Add +C. So, the answer is (4/3)x"3 + C.

Is the integral of 4x”2 a polynomial function?

Yes, the indefinite integral of 4x~2 results in a polynomial function,
specifically (4/3)x"3 + C.

What is the general rule used to integrate x”*n?

The general rule for integrating x™n (where n # -1) is [x™n dx =
(x*(n+1))/(n+1) + C.

How does the coefficient 4 affect the integral of
x"27?

The coefficient 4 is a constant multiplier that can be factored out of the
integral, resulting in 4 times the integral of x"2, which simplifies to
(4/3)x”3 + C.

Can you verify the derivative of the result (4/3)x"3
+ C to check the integral?

Yes. The derivative of (4/3)x"3 + C is d/dx [(4/3)x"3 + C] = (4/3) 3x"2 =
4x”~2, confirming the integral is correct.

Additional Resources

Evaluate 4x”2 dx. Since this is an indefinite integral, include +C in your
answer. Provide your answer.

Introduction



In the realm of calculus, indefinite integrals serve as fundamental tools for
understanding the accumulation of quantities and the inverse process of
differentiation. When asked to evaluate an indefinite integral such as [ 4x2
dx, the task involves finding a function whose derivative yields the
integrand, 4x2?. This process not only underscores the core principles of
integration but also highlights the importance of constants of integration,
represented by +C, which account for the family of potential antiderivatives.
This article aims to dissect the process of evaluating this integral
comprehensively, providing insights into the methods, underlying rules, and
broader applications in mathematics and science.

Understanding Indefinite Integrals
What is an Indefinite Integral?

An indefinite integral, denoted as | f(x) dx, represents the set of all
antiderivatives of a function f(x). Unlike definite integrals, which evaluate
the area under a curve between specific bounds, indefinite integrals do not
have limits and include an arbitrary constant +C to signify the family of
solutions differing by a constant.

Key points:

- The indefinite integral of a function f(x) finds F(x) such that F'(x) =
f(x).

- The "+C" accounts for any constant shift, because derivatives of constant
functions are zero.

Significance in Calculus

Indefinite integrals are instrumental in solving differential equations,
calculating accumulated quantities like distance or area, and in physics,

where they model real-world phenomena such as motion, energy, and growth
processes.

Step-by-Step Evaluation of the Integral [ 4x2? dx
1. Recognize the Integrand

The integral to evaluate is:

\[ \int 4x72 dx \]

The integrand, 4x2, is a polynomial function. Evaluating its indefinite
integral involves applying the basic power rule of integration.

2. Recall the Power Rule of Integration



The power rule states:

\[ \int x*n dx = \frac{x*{n+1}}{n+1} + C, \quad \text{for } n \neq -1 \]
Applying this rule to each term in the integrand:

- The constant 4 can be factored out, because integration is linear:

\[ \int 4x72 dx = 4 \int x*2 dx \]

- Now, focus on integrating \( x~2 \).

3. Apply the Power Rule

Using the power rule:

\[ \int x*2 dx = \frac{x*{2+1}}{2+1} + C = \frac{x"3}{3} + C \]

- Remember, the constant of integration will be handled at the end, so we
omit it temporarily here.

4. Incorporate the Constant Multiplier
Multiply the result by 4:

\[ 4 \times \frac{x"3}{3} = \frac{4x"3}{3} \]
5. Write the Final Answer with +C

Adding the constant of integration:

\[ \boxed{\frac{4x"3}{3} + C} \]

This is the indefinite integral of 4x2? dx.

Broader Context and Implications
Why Is This Important?

The evaluation of such integrals is foundational in various scientific
fields:

- Physics: Calculating displacement from velocity functions.

- Economics: Modeling cumulative growth or decay.

- Biology: Understanding population dynamics.

- Engineering: Designing control systems and analyzing signals.

Mathematical Significance



This particular integral exemplifies how straightforward polynomial functions
are integrated using the power rule, which is a cornerstone of integral
calculus. Mastery over such basic integrations builds the foundation for
tackling more complex functions, including rational functions, exponential
functions, and trigonometric integrals.

Alternative Approaches and Common Pitfalls

1. Substitution Method

Though unnecessary for simple polynomials, substitution can be employed in
more complicated integrals. For example, if the integrand involved a
composite function, substitution would simplify the process.

2. Recognizing Constants and Coefficients

A common mistake is forgetting to factor out constants or misapplying the
power rule. It's crucial to handle constants separately and ensure the power
rule is correctly applied to each term.

3. Sign of the Constant of Integration

Always remember to include +C at the end of indefinite integrals to represent
the family of solutions.

Extending the Concept: General Form and Applications

General Form of the Integral

For any real number n # -1,

\[ \int a x™n dx = a \times \frac{x™{n+1}}{n+1} + C \]

where a is a constant coefficient.

Applying this to our case:

\[ a =4, \quad n = 2 \]

which confirms our previous calculation.

Real-World Applications

- Kinematics: If velocity \( v(t) = 4t"2 \), then the position \( s(t) \) is:

\[ s(t) = \int v(t) dt = \frac{4t"3}{3} + C \]



- Economics: If the rate of growth of an investment is proportional to \(
4x~2 \), the total growth over time is given by this integral.

Connection to Derivatives

Understanding that indefinite integrals are antiderivatives emphasizes the
inverse relationship between differentiation and integration. This reciprocal
relationship underpins much of calculus and analysis.

Final Remarks and Summary

The evaluation of the indefinite integral \( \int 4x”2 dx \) exemplifies the
elegance and simplicity of fundamental calculus rules. By recognizing the
integrand as a polynomial and applying the power rule, we obtain:

\ [
\boxed{\frac{4x~3}{3} + C}
\1]

This result encapsulates the family of all functions whose derivatives are
4x2, illustrating the core concept of antiderivatives. Mastery over such
calculations not only enhances problem-solving skills in mathematics but also
deepens understanding of the natural phenomena modeled by these mathematical
tools.

In summary, the process involves:

- Recognizing the integrand type.
- Applying the power rule with proper handling of constants.
- Remembering to add the constant of integration +C.

Through this simple yet profound example, learners can appreciate the power
of calculus in modeling and solving real-world problems, laying the
groundwork for exploring more complex integrals and their applications across
disciplines.
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