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Understanding how to find the roots of a function is a fundamental concept in
algebra and calculus. When given a function such as F(x) = 13x3x2?, the
primary goal is to determine all values of x that satisfy the equation F(x) =
0. These values, known as the roots or zeros of the function, are critical
for graphing, analyzing the behavior of the function, and solving real-world
problems modeled by such functions. In this article, we will explore the
steps involved in finding the x-value(s) where F(x) = 0 for the given
function, analyze the function's structure, and provide a comprehensive guide
to solving similar problems.

Understanding the Function F(x) = 13x3x2

Before diving into solving the equation F(x) = 0, it is essential to
understand the structure of the function itself.

Interpreting the Function

The given function is:

\[ F(x) = 13x™3 x"2 \]

At first glance, it appears to involve multiplication of two powers of x:
\[ F(x) = 13 \times x”*3 \times x"2 \]

This can be simplified using properties of exponents.

Simplification of the Function

Recall the rule of exponents:
\[ x™a \times x*b = x~{a + b} \]
Applying this rule:

\[ F(x) = 13 \times x™{3 + 2} = 13x™5 \]



Thus, the function simplifies to:
\[ F(x) = 13x™5 \]

This simplified form makes it easier to analyze and solve for zeros.

Finding the X-Values Where F(x) = 0

The core task is to find x such that:
\[ F(x) = 0 \]
Given the simplified function:

\[ 13x"5 = 0 \]

Step-by-Step Solution

1. Isolate the variable x:

\[ 13x™5 = 0 \]

2. Divide both sides by 13:

\[ x5 = 0 \]

3. Solve for x:

\[ x*5 = 0 \Rightarrow x = 0 \]

Since the equation involves a power of x, and 0 raised to any positive
exponent equals zero, the only solution is:

\[ x =0 \]

Summary of the Solution

- The only x-value where F(x) = 0 is x = 0.
- The root is of multiplicity 5, because the factor x appears to the fifth
power.



Understanding Roots and Multiplicity

The multiplicity of a root refers to how many times a particular factor
appears in the polynomial's factorization.

What is the multiplicity of the root x = 07

Since F(x) = 13x™5, the root x = 0 has multiplicity 5. This has implications
for the graph of the function:

- The graph touches the x-axis at x = 0 and flattens out because of the odd

multiplicity.
- The higher the multiplicity, the "flatter" the graph at the root.

Graphing the Function F(x) = 13x"5

Understanding the graph helps visualize the behavior around the root.

Key features:

- The graph passes through the origin (0, 0).
- Since the leading term is positive (13x”5), the end behavior is:

- As X » o, F(X) - =
- As X - -0, F(X) - -0

- The graph is symmetric with respect to the origin because x*5 is an odd
function.

Behavior near the root:

- The graph touches the x-axis at x = 0.
- It crosses the x-axis at x = 0, but due to the odd multiplicity, it
flattens out as it passes through zero.



Additional Tips for Solving Similar Problems

When dealing with functions similar to F(x) = 13x™5, keep in mind the
following:

e Simplify the function: Use properties of exponents to combine like
terms.

e Set the function equal to zero: F(x) = 0 and solve for x.

e Factor the polynomial: If possible, factor out common terms to identify
roots easily.

e Solve for roots: For each factor, set it equal to zero and solve.

e Determine multiplicities: The exponent on each factor indicates the
root's multiplicity.

e Analyze the graph behavior: Consider end behavior and symmetry based on
the degree and leading coefficient.

Real-World Applications of Finding Roots

Identifying the x-values where a function equals zero is crucial in various
fields such as physics, engineering, economics, and biology. For example:

- Physics: Determining when a projectile hits the ground (displacement = 0).
- Economics: Finding break-even points where profit or loss equals zero.
- Biology: Calculating equilibrium points in population models.

Conclusion

In this article, we examined the process of finding the x-value(s) where F(x)
= 0 given the function F(x) = 13x3x2. After simplifying the function to F(x)
= 13x"5, we identified the sole root as x = 0, with multiplicity 5.
Understanding how to manipulate exponents, factor polynomial functions, and
interpret roots' multiplicities are essential skills in algebra and calculus.
Mastering these concepts allows students and professionals to analyze
functions effectively, predict their behavior, and apply this knowledge to



solve real-world problems.

Summary Points

The function simplifies to F(x) = 13x"5.

The only root is x = 0, with multiplicity 5.

The function's graph passes through the origin, touching and flattening at
X = 0.

Solving for roots involves algebraic manipulation, factoring, and
understanding multiplicity.

- These skills are applicable across numerous scientific and engineering
disciplines.

By mastering the process outlined above, you can confidently determine the x-
value(s) where any polynomial function equals zero, enhancing your problem-
solving toolkit in mathematics and related fields.

Frequently Asked Questions

What is the function F(x) given in the problem?

The function is F(x) = 13x™3 + 2.

How do you find the x-values where F(x) = 0?

Set the function equal to zero and solve for x: 13x"3 + 2 = 0.

What is the first step to solve for x in 13x"3 + 2 =
0?

Subtract 2 from both sides to get 13x"3 = -2.

How do you isolate x in the equation 13x"3 = -27?

Divide both sides by 13 to get x"3 = -2/13.

What operation do you perform to solve for x after
obtaining x*3 = -2/13?
Take the cube root of both sides: x = ¥(-2/13).



Is the cube root of a negative number negative or
positive?

The cube root of a negative number is negative.

What is the exact solution for x where F(x) = 0?
X = ¥(-2/13).

Approximately, what is the numerical value of x when
x = ¥(-2/13)?

Approximately x = -0.491.

Are there any other solutions to F(x) = 0 in this
case?

No, since the equation is a cubic with a single real root, which is x =
V(-2/13).

How can I verify the solution x = ¥(-2/13)?

Substitute x back into F(x): F(¥(-2/13)) should equal zero, confirming the
solution.

Additional Resources
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Understanding the roots of a polynomial function is a fundamental concept in
algebra, and it becomes particularly interesting when dealing with cubic
functions such as F(x) = 13x"3x 2. In this detailed review, we will explore
how to determine the x-value(s) where this function equals zero, analyze the
steps involved, discuss potential pitfalls, and highlight the significance of
these roots in broader mathematical contexts.

Understanding the Function F(x) = 13x"3x 2

Before diving into the solution process, it is essential to clarify the given
function. The expression "F(x) = 13x"3x 2" appears to have a formatting
issue, which is common in mathematical expressions transmitted via text.
Typically, such functions might be written as:



13x™3 + 2
13x™3 x + 2
13x"3x + 2

- F(x
- F(x)
F(x)

Given the context and common patterns, the most plausible interpretation is:
F(x) = 13x™3 + 2

Alternatively, if the intended expression was "13x"3x 2," perhaps it meant
"13x*3 x + 2," which simplifies to:

F(x) = 13x™4 + 2

To proceed comprehensively, let's consider both interpretations:

Interpretation 1: F(x) 13x™3 + 2

13x™4 + 2

Interpretation 2: F(x)

This review will analyze both cases because the process of finding roots
depends on the degree and form of the polynomial.

Solving for the Roots: F(x) = 0

The core task is to find all real (and possibly complex) x-values where F(Xx)
= 0.

Case 1: F(x) = 13x"3 + 2

This is a cubic polynomial equation:
13x"3 + 2 =0

To find the roots:

1. Isolate x"3:

13x"3 = -2

2. Solve for x:

Xx*3 = -2/ 13

3. Take the cube root:



x = V(-2 / 13)

The cube root of a negative number is also negative, so:

x = -¥(2 / 13)

This is a real root, and because it's a cubic, there are potential complex
roots as well. However, for this particular equation, since the equation is

linear in x”3, there is only one real root.
Summary:

- The only real solution: x = -¥(2/13)
- Approximate numerical value: x = -V(0.1538)

Case 2: F(x) = 13x™4 + 2

Set F(x) = 0:
13x™ + 2 =0
Solve for x:

1. Isolate x™4:
13x"4 = -2

2. x™ = -2/ 13

Since x™4 is always non-negative for real x,
there are no real solutions in this case.

Complex solutions:

x4 = -2/ 13

Taking the fourth root:

x = £ (£V(-2/13))

Expressed as complex roots:

x =+ (¥(2/13))"~(1/2) (complex phase factors)

~ -0.531

and the right side is negative,

But for real roots, no solutions exist because the fourth power cannot be

negative for real x.



Features and Pros/Cons of Each Approach

Interpreting the Function

- Pros:
- Clear understanding of polynomial structure simplifies root-finding.
- Recognizing the degree helps anticipate the number of roots.

- Cons:
- Ambiguity in the original function notation can lead to misinterpretation.
- Assumptions are necessary when the expression isn't perfectly clear.

Solving the Equation
- Pros:

For linear and quadratic equations, solutions are straightforward.
Cubic and quartic equations can be solved analytically using radicals.

- Cons:

Higher-degree polynomials may require numerical methods or special
formulas.

- Complex roots can be less intuitive, especially for beginners.

Implications of the Roots in Mathematical
Context

Understanding where a polynomial equals zero is crucial in many fields such
as algebra, calculus, and applied mathematics. Roots determine the x-
intercepts of the graph, which are essential for sketching the function's
shape and analyzing its behavior.

Significance:

- Graphing: Roots identify points where the function crosses the x-axis.

- Factorization: Roots allow expressing the polynomial as a product of
factors, e.g., (x - root) terms.

- Optimization: Roots help identify local maxima, minima, and inflection
points when combined with derivative analysis.

- Real-World Applications: In physics and engineering, roots can represent
equilibrium points, thresholds, or critical values.



Additional Considerations and Advanced Topics

Complex Roots and the Fundamental Theorem of Algebra

For polynomials with real coefficients, every polynomial of degree n has
exactly n roots in the complex plane, counting multiplicities. When roots are
complex, they often appear in conjugate pairs.

Numerical Methods for Roots

When algebraic solutions are difficult or impossible, numerical methods such
as Newton-Raphson, Bairstow's method, or synthetic division are employed to
approximate roots.

Polynomial Behavior at Infinity

- For F(x)
- For F(x)

13x™3 + 2, as X » o, F(X) » ©; as X » -, F(X) -» -,
13x™4 + 2, as X » xo, F(X) - o,

These behaviors help in sketching the graph and understanding the roots'
significance.

Conclusion

Determining the x-value(s) where F(x) = 0 depends critically on the precise
form of the polynomial. If the function is F(x) = 13x™3 + 2, then the sole
real root is x = -¥(2/13), which can be approximated numerically as
approximately -0.531. If the function is F(x) = 13x™4 + 2, then there are no
real roots, only complex solutions.

This exploration illustrates the importance of accurate notation and
understanding polynomial structures to solve equations effectively. Roots
provide vital insights into the behavior and characteristics of functions,
with broad applications across mathematics and science. Whether approached
algebraically or numerically, finding these roots is a foundational skill
that underpins much of higher mathematics.

In summary:

- Clarify the function's form before solving.

- Use algebraic methods for solvable equations.

- Recognize limitations when roots are complex or do not exist in the reals.
- Appreciate the broader significance of roots in mathematical analysis and
real-world applications.



By mastering these techniques, students and practitioners can confidently
analyze polynomial functions and interpret their roots within various
contexts.
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