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In algebra, understanding when a particular polynomial is divisible by a binomial factor is a

fundamental concept that plays a crucial role in solving equations, factoring expressions, and

simplifying algebraic expressions. Specifically, determining the value of a parameter \(A\) such that \(x

- 4\) is a factor of the polynomial \(5x^3 + 7x^2 + Ax + 28\) involves applying the Polynomial

Remainder Theorem and factoring techniques. This article delves into the process step-by-step,

providing a comprehensive explanation suitable for students, teachers, and math enthusiasts seeking

to master polynomial divisibility concepts.

---

Understanding Polynomial Factors and the Polynomial

Remainder Theorem

Before diving into the problem, it’s essential to review some key concepts related to polynomial factors

and the Polynomial Remainder Theorem. These foundational ideas will guide the process of finding the

specific value of \(A\) that makes \(x - 4\) a factor of the given polynomial.

What is a Polynomial Factor?

A polynomial \(P(x)\) is said to have a factor \(x - c\) if and only if \(P(c) = 0\). This means that when

\(x = c\), the polynomial evaluates to zero, indicating that \((x - c)\) divides \(P(x)\) evenly with no



remainder.

The Polynomial Remainder Theorem

The Polynomial Remainder Theorem states:

If a polynomial \(P(x)\) is divided by \(x - c\), the remainder is \(P(c)\).

Consequently, if \(x - c\) is a factor of \(P(x)\), then \(P(c) = 0\). This theorem provides a quick method

to test whether a specific binomial is a factor of a polynomial by evaluating the polynomial at \(x = c\).

---

Given Polynomial and the Problem Statement

The polynomial in question is:

\[ P(x) = 5x^3 + 7x^2 + A x + 28 \]

We are asked to find the value of \(A\) such that \(x - 4\) is a factor of \(P(x)\).

Applying the Polynomial Remainder Theorem, we know:

\[ P(4) = 0 \]

This condition allows us to substitute \(x = 4\) into the polynomial and solve for \(A\).

---



Step-by-Step Solution for Finding A

Let's proceed with the calculations:

Step 1: Substitute \(x = 4\) into \(P(x)\)

\[

P(4) = 5(4)^3 + 7(4)^2 + A(4) + 28

\]

Calculating each term:

- \(4^3 = 64\)

- \(4^2 = 16\)

So,

\[

P(4) = 5 \times 64 + 7 \times 16 + 4A + 28

\]

\[

P(4) = 320 + 112 + 4A + 28

\]

---

Step 2: Simplify the expression

Combine the constant terms:



\[

320 + 112 + 28 = 460

\]

Thus,

\[

P(4) = 460 + 4A

\]

---

Step 3: Set \(P(4) = 0\) and solve for \(A\)

\[

460 + 4A = 0

\]

\[

4A = -460

\]

\[

A = -\frac{460}{4} = -115

\]

Therefore, the value of \(A\) that makes \(x - 4\) a factor of the polynomial is \(-115\).

---



Verification of the Solution

To ensure that the derived value of \(A\) indeed makes \(x - 4\) a factor, substitute \(A = -115\) back

into the polynomial and verify that \(P(4) = 0\).

\[

P(4) = 5(64) + 7(16) + (-115)(4) + 28

\]

\[

= 320 + 112 - 460 + 28

\]

\[

= (320 + 112 + 28) - 460 = 460 - 460 = 0

\]

Since \(P(4) = 0\), the calculation confirms that with \(A = -115\), \(x - 4\) is indeed a factor of the

polynomial.

---

Applications and Importance of Finding Polynomial Factors

Understanding how to determine the value of parameters for polynomial divisibility has numerous

applications in algebra and beyond. Here are some key points illustrating its significance:



Key Applications of Polynomial Factorization

1. Solving Polynomial Equations:

Factoring helps find roots of polynomial equations efficiently, which is essential in algebra, calculus,

and higher mathematics.

2. Simplifying Algebraic Expressions:

Factorization reduces complex expressions to simpler forms, facilitating easier manipulation and

solution derivation.

3. Polynomial Division and Synthetic Division:

Knowing factors allows for division methods that lead to quotient and remainder analysis, essential in

polynomial long division.

4. Graphing Polynomial Functions:

Roots and factors are critical in sketching the graph of polynomial functions, revealing intercepts and

end behavior.

5. Engineering and Physics Applications:

Polynomial equations model real-world phenomena; understanding factors aids in system analysis and

problem-solving.

---

Additional Tips for Solving Similar Polynomial Factor Problems

When approaching similar problems, consider these helpful tips:

- Always verify whether the divisor is a factor by evaluating the polynomial at the root \(c\).



- Use synthetic division to test factors quickly once the potential root is identified.

- Be cautious with the signs and coefficients when substituting values.

- For higher-degree polynomials, consider factoring by grouping or applying the Rational Root

Theorem.

- Remember that parameters in polynomials often require solving algebraic equations derived from the

divisibility condition.

---

Conclusion

Determining the value of \(A\) such that \(x - 4\) is a factor of the polynomial \(5x^3 + 7x^2 + Ax + 28\)

is a straightforward application of the Polynomial Remainder Theorem. By substituting \(x = 4\) and

solving the resulting equation, we find that \(A = -115\). This process exemplifies the power of

algebraic principles in solving polynomial problems and highlights the importance of understanding

factors, roots, and divisibility in mathematics. Whether for academic purposes or practical applications,

mastering these techniques enhances problem-solving skills and mathematical reasoning.

---
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Frequently Asked Questions

What is the problem asking for in the expression 'For what value of A



is 4A a factor of 5x - 7x + A x + 28'?

It is asking to find the value of A such that the expression 4A divides the polynomial 5x - 7x + A x +

28 exactly, i.e., without leaving a remainder.

How do you interpret '4A a factor of 5x - 7x + A x + 28' in algebraic

terms?

It means that when the polynomial is divided by 4A, the division results in a polynomial with no

remainder, implying 4A divides the polynomial evenly.

What is the simplified form of the polynomial 5x - 7x + A x + 28?

Simplifying the x terms: (5x - 7x + A x) = (-2x + A x) = (A - 2) x. So, the polynomial simplifies to (A - 2)

x + 28.

How can we determine the value of A for which 4A is a factor of the

polynomial?

Since 4A is a factor, it should divide the polynomial exactly. This implies the polynomial should be

divisible by 4A, which leads us to set the polynomial equal to zero or analyze the divisibility condition

accordingly.

Is the polynomial linear or quadratic, and how does that affect finding

A?

The polynomial is linear in x: (A - 2) x + 28. To have 4A as a factor, 4A must divide the entire

polynomial for some value of x, which is only possible if the polynomial evaluates to zero at certain

points or if 4A divides constant term appropriately.



Can you find the specific value of A by setting the polynomial equal to

zero?

Yes. For the polynomial to be divisible by 4A, the constant term (28) must be divisible by 4A, and the

coefficient of x, (A - 2), should satisfy certain conditions depending on the context. By analyzing

divisibility, we can solve for A.

What steps are involved in solving for A in this problem?

First, simplify the polynomial; then, set the divisibility condition that 4A divides the entire polynomial or

its evaluation at certain points; finally, solve the resulting equation for A.

What is the likely method to find the value of A in this problem?

The most straightforward method is to consider the polynomial and divisibility conditions, possibly

setting the polynomial equal to zero at specific x values, and solving for A to ensure 4A is a factor.

Additional Resources

For What Value Of A Is X 4 A Factor Of 5x 7x Ax 28?

Mathematics often challenges us to uncover hidden relationships within algebraic expressions, leading

to a deeper understanding of the underlying structures. One such intriguing question is: For what value

of A is \(X^4\) a factor of the polynomial \(5x^7 + Ax + 28\)? This problem invites us to explore

concepts of polynomial division, factors, and the conditions under which one polynomial divides

another without remainder. In this article, we will dissect this problem comprehensively, guiding

readers through the core principles, step-by-step analysis, and the logical reasoning needed to arrive

at the solution. Whether you're a student brushing up on polynomial concepts or a math enthusiast

seeking to sharpen your problem-solving skills, this exploration aims to be both accessible and

rigorous.



---

Understanding the Problem: Polynomial Factors and Divisibility

At the heart of the question lies the concept of factors in polynomials. In algebra, a polynomial \(P(x)\)

is said to have a polynomial \(Q(x)\) as a factor if there exists another polynomial \(R(x)\) such that:

\[ P(x) = Q(x) \times R(x) \]

When \(Q(x)\) is a factor of \(P(x)\), it means that \(Q(x)\) divides \(P(x)\) evenly, leaving no remainder.

Here, the specific question is: For what value of \(A\) does \(X^4\) become a factor of the polynomial:

\[ 5x^7 + Ax + 28 \]

This suggests that the polynomial is divisible by \(X^4\), or equivalently, that \(X^4\) divides the

polynomial exactly, leaving no remainder.

---

Interpreting the Problem: Is \(X^4\) a Polynomial Factor?

Before proceeding, it’s crucial to clarify what it means for \(X^4\) to be a factor of a polynomial like

\(5x^7 + Ax + 28\). Since \(X^4\) is itself a polynomial of degree 4, for it to be a factor, the polynomial

must be divisible by \(X^4\).

Key insight:

- If a polynomial \(P(x)\) has \(X^4\) as a factor, then \(P(x)\) can be expressed as:

\[ P(x) = X^4 \times Q(x) \]

- The degree of \(Q(x)\) would then be:



\[ \deg(P) - 4 \]

In our case, the degree of the polynomial \(5x^7 + Ax + 28\) is 7 (since the highest power is \(x^7\)).

For \(X^4\) to be a factor, the polynomial must be divisible by \(X^4\), which implies that all terms of

degree less than 4 must be compatible with this divisibility.

However, note that the polynomial contains terms of degree 7, 1, and a constant term. For \(X^4\) to

be a factor, the polynomial must be divisible by \(X^4\) without remainder, meaning:

- The polynomial must be zero at \(x=0\) to at least degree 4, which involves analyzing the

polynomial's behavior at \(x=0\).

- The polynomial must have roots of multiplicity at least 4 at \(x=0\), meaning \(x=0\) is at least a

quadruple root of the polynomial.

This leads us to consider the polynomial's divisibility by \(X^4\) in the context of roots and remainders.

---

Polynomial Divisibility and the Role of Roots

To determine whether \(X^4\) divides \(5x^7 + Ax + 28\), we examine the polynomial's behavior at

\(x=0\):

- If \(X^4\) divides the polynomial, then \(x=0\) must be a root of multiplicity at least 4.

- This implies that the polynomial and its first three derivatives should all be zero at \(x=0\).

Why derivatives?

Because the multiplicity of a root corresponds to the number of derivatives that vanish at that root.

---



Applying the Remainder and Derivative Tests

Let's evaluate the polynomial and its derivatives at \(x=0\):

- Original polynomial:

\[ P(x) = 5x^7 + Ax + 28 \]

- First derivative:

\[ P'(x) = 35x^6 + A \]

- Second derivative:

\[ P''(x) = 210x^5 \]

- Third derivative:

\[ P'''(x) = 1050x^4 \]

- Fourth derivative:

\[ P^{(4)}(x) = 4200x^3 \]

Now, evaluate each at \(x=0\):

- \(P(0) = 0 + 0 + 28 = 28\)

- \(P'(0) = 0 + A = A\)

- \(P''(0) = 0\)

- \(P'''(0) = 0\)

- \(P^{(4)}(0) = 0\)



For \(x=0\) to be a root of multiplicity at least 4, all these derivatives up to the third order should be

zero at \(x=0\).

From the above:

- \(P(0) = 28\) must be zero for \(x=0\) to be a root. But 28 ≠ 0.

- \(P'(0) = A\), which must be zero: \(A=0\).

But since \(P(0) = 28\) regardless of \(A\), the polynomial cannot have a root at 0 with multiplicity 4,

because the constant term does not vanish.

Conclusion:

The polynomial does not have a root at \(x=0\), and thus, \(X^4\) cannot be a factor unless we

consider the polynomial's divisibility in a different sense.

---

Alternative Approach: Polynomial Division and Factor Theorem

Given the initial analysis, the polynomial's structure suggests that the factor \(X^4\) must divide the

polynomial exactly. To verify this, polynomial division or the Factor Theorem can be employed.

The Factor Theorem states:

- If \(X^4\) divides \(P(x)\), then \(P(x)\) can be written as:

\[ P(x) = X^4 \times Q(x) \]

- The polynomial \(Q(x)\) would be of degree 3.

Our goal is to find \(A\) such that:



\[ P(x) = 5x^7 + Ax + 28 = X^4 \times Q(x) \]

where \(Q(x)\) is a polynomial of degree 3.

---

Constructing the Polynomial \(Q(x)\)

Suppose:

\[ Q(x) = c_3 x^3 + c_2 x^2 + c_1 x + c_0 \]

Then:

\[ P(x) = X^4 \times Q(x) = x^4(c_3 x^3 + c_2 x^2 + c_1 x + c_0) \]

Expanding:

\[ P(x) = c_3 x^7 + c_2 x^6 + c_1 x^5 + c_0 x^4 \]

But our polynomial is:

\[ 5x^7 + Ax + 28 \]

Matching coefficients, we notice:

- The original polynomial has only \(x^7\), \(x^1\), and constant terms.

- The expansion of \(X^4 \times Q(x)\) contains \(x^7, x^6, x^5, x^4\) terms, whereas our polynomial

contains only \(x^7, x^1, \text{and a constant}\).

Therefore, the polynomial \(P(x)\) cannot be expressed as \(X^4 \times Q(x)\) unless the coefficients of



the \(x^6, x^5, x^4\) terms are zero, which would impose specific conditions on \(A\) and the

coefficients \(c_i\).

---

Equating Terms and Coefficients

Let's directly attempt polynomial division of \(P(x) = 5x^7 + Ax + 28\) by \(x^4\):

Dividing:

\[ \frac{5x^7 + Ax + 28}{x^4} \]

This yields:

\[ 5x^3 + \frac{A}{x^3} + \frac{28}{x^4} \]

which is not a polynomial unless \(A=0\), and the constant term is zero, which doesn't match the

original polynomial's structure.

This suggests that \(X^4\) cannot be a factor unless the polynomial is divisible by \(x^4\), which is only

possible if all terms of lower degree are zero, which they are not, given the constant term 28 and the

term \(A x\).

---

Final Clarification: The Polynomial's Divisibility by \(X^4\)

The key insight is: A polynomial is divisible by \(X^4\) if and only if the polynomial and its first three

derivatives are zero at \(x=0\).
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