
The Remainder When The Expression Ax +
Bx + 2x + C Is Divided By X- 1 Is
Twice Of That When It Is Divided
The Remainder When The Expression Ax + Bx + 2x + C Is Divided By X- 1 Is
Twice Of That When It Is Divided is a fascinating algebraic problem that
involves understanding polynomial division, remainders, and the properties of
linear expressions. This problem not only tests algebraic manipulation skills
but also requires a good grasp of the Remainder Theorem, which simplifies the
process of finding remainders when dividing polynomials by linear factors. In
this article, we will explore the problem in depth, clarify the underlying
concepts, and step through the solution systematically.

Understanding the Problem

At its core, the problem states that the remainder when a certain algebraic
expression is divided by \(X - 1\) is twice the remainder when the same
expression is divided by some other divisor. To analyze this properly, let's
first restate the expression:

\[
Ax + Bx + 2x + C
\]

which simplifies to:

\[
(A + B + 2) x + C
\]

Our goal is to understand the behavior of this expression when divided by \(X
- 1\) and to relate its remainders under different divisions.

Key Points:
- The expression is linear in \(x\): \((A + B + 2) x + C\).
- Dividing a polynomial (or linear expression) by \(X - 1\) involves the
Remainder Theorem.
- The Remainder Theorem states that when a polynomial \(f(x)\) is divided by
\(x - a\), the remainder is simply \(f(a)\).

Using these key points, we can approach the problem step by step.

The Remainder Theorem and Its Application

The Remainder Theorem is fundamental to solving division problems involving
polynomials. It states:

> Theorem: If a polynomial \(f(x)\) is divided by \(x - a\), the remainder is



\(f(a)\).

Applying this to our expression:

\[
f(x) = (A + B + 2) x + C
\]

the remainder when dividing \(f(x)\) by \(x - 1\) is:

\[
f(1) = (A + B + 2) \times 1 + C = A + B + 2 + C
\]

This is our first key value.

Remainder When Dividing by \(X - 1\):

\[
R_1 = A + B + 2 + C
\]

Now, the problem states that this remainder, \(R_1\), is twice the remainder
when the same expression is divided by some other divisor.

Interpreting the Second Remainder

The statement "The Remainder When The Expression ... Is Divided ... Is Twice
Of That When It Is Divided" suggests that:

\[
R_1 = 2 \times R_2
\]

where \(R_2\) is the remainder when dividing the expression by another
divisor, say \(x - a\).

Possible Divisors:

- The problem does not explicitly specify the second divisor, but typically,
such problems involve dividing by a linear divisor \(x - k\) where \(k\) is a
constant.
- Since the first divisor is \(x - 1\), a natural assumption is that the
second divisor may be \(x - a\), for some constant \(a\).

Assuming the second divisor is \(x - a\), then:

\[
R_2 = f(a) = (A + B + 2) a + C
\]



The key relation is:

\[
A + B + 2 + C = 2 \times \left[(A + B + 2) a + C\right]
\]

which is our fundamental equation to solve.

Developing the Equation

Given the relation:

\[
A + B + 2 + C = 2[(A + B + 2) a + C]
\]

Let's expand and simplify:

\[
A + B + 2 + C = 2(A + B + 2)a + 2C
\]

Rearranged:

\[
A + B + 2 + C - 2C = 2(A + B + 2)a
\]

Simplify the left side:

\[
A + B + 2 - C = 2(A + B + 2)a
\]

Define \(D = A + B + 2\). Then:

\[
D - C = 2 D a
\]

Finally, express \(a\):

\[
a = \frac{D - C}{2 D}
\]

This expression relates the divisor's root \(a\) to the coefficients \(A, B,
C\).

Key Insights and Constraints



- For \(a\) to be meaningful (i.e., real and finite), \(D \neq 0\).
- The values of \(A, B, C\) influence the value of \(a\).

Special Cases:

- If \(D = 0\), then the relation simplifies differently, potentially leading
to indeterminate or special solutions.
- The expression for \(a\) indicates that the second divisor's root depends
on coefficients \(A, B, C\).

Practical Example and Numerical Illustration

Suppose specific values for \(A, B, C\):

- Let \(A = 1\), \(B = 2\), and \(C = 3\).

Compute \(D\):

\[
D = A + B + 2 = 1 + 2 + 2 = 5
\]

Calculate \(a\):

\[
a = \frac{D - C}{2 D} = \frac{5 - 3}{2 \times 5} = \frac{2}{10} = 0.2
\]

Thus, if the coefficients are as above, the second divisor is \(x - 0.2\),
and the relation holds.

General Solution and Conclusion

The main takeaway from this analysis is that the relation between the
remainders when dividing the expression by \(x - 1\) and \(x - a\) can be
expressed as:

\[
A + B + 2 + C = 2[(A + B + 2) a + C]
\]

which simplifies to:

\[
a = \frac{A + B + 2 - C}{2(A + B + 2)}
\]

This formula allows us to determine the root \(a\) of the second divisor
based on the coefficients \(A, B, C\). Conversely, if \(a\) is known, it
helps to find relationships between the coefficients.



Additional Considerations

1. Validity of the Expression:

- The derivation assumes linear divisors; more complex divisors would require
polynomial division.
- The coefficients \(A, B, C\) can be chosen to satisfy particular conditions
based on the problem's context.

2. Extending the Problem:

- The same approach can be adapted if the original expression has higher
degrees.
- The concept of the Remainder Theorem remains applicable for linear
divisors.

3. Applications:

- Such problems are common in algebraic factorization, polynomial division,
and in understanding properties of algebraic expressions.
- They are useful in solving equations where remainders and divisibility play
a crucial role, such as in number theory or algebraic proofs.

Summary

In conclusion, the problem revolves around understanding the relationship
between the remainders of a linear expression when divided by different
linear factors. By leveraging the Remainder Theorem, we derived a formula
that connects the coefficients of the expression with the root of the
divisor, demonstrating how algebraic properties enable us to solve such
problems systematically. Whether for academic purposes or practical
applications, mastering these concepts enhances one's ability to analyze
polynomial divisions efficiently.

---

Meta Description:
Learn how to find the remainder when a linear expression is divided by \(x -
1\), understand the relationship with remainders for other divisors, and
solve related algebraic problems step by step.

Frequently Asked Questions

What is the expression given in the problem?
The expression is Ax + Bx + 2x + C.



What does the problem ask to find regarding division
by X - 1?
It asks to find the remainder when the expression is divided by X - 1, and
how it relates when the expression is divided by X + 1.

How do you find the remainder when a polynomial is
divided by X - 1?
By substituting X = 1 into the polynomial (using the Remainder Theorem).

What is the significance of the expression being
twice as large when divided by X + 1?
It indicates that the remainder when divided by X + 1 is twice the remainder
when divided by X - 1.

How do you compute the remainders for both
divisions?
Calculate the remainders by substituting X = 1 for division by X - 1, and X =
-1 for division by X + 1.

What equation relates the remainders to the
coefficients A, B, and C?
Remainder when divided by X - 1 is A + B + 2 + C; when divided by X + 1 is -A
+ B - 2 + C; with the second being twice the first.

How do you set up the equation based on the given
ratio of remainders?
Set the second remainder equal to twice the first: -A + B - 2 + C = 2(A + B +
2 + C).

What is the key step to solving for the coefficients
A, B, and C?
Express the remainders in terms of A, B, and C, then solve the resulting
equations to find relationships among the coefficients.

Additional Resources
The Remainder When The Expression Ax + Bx + 2x + C Is Divided By X - 1 Is
Twice Of That When It Is Divided



Understanding polynomial division is fundamental in algebra, especially when
dealing with remainders. A particularly intriguing problem involves analyzing
the behavior of the remainder when a specific polynomial expression is
divided by a linear divisor. The statement, "The remainder when the
expression Ax + Bx + 2x + C is divided by X - 1 is twice of that when it is
divided," invites a deeper exploration into the mechanics of polynomial
division, remainders, and the relationships between coefficients.

This article aims to unpack this problem comprehensively, guiding readers
through the core concepts, the step-by-step solution process, and the broader
implications in algebra and problem-solving contexts. Whether you're a
student brushing up on polynomial division or a mathematics enthusiast,
understanding this problem enhances your grasp of algebraic structures and
their properties.

---

Understanding Polynomial Division and
Remainders

Before delving into the specifics of the problem, it is essential to review
the foundational concepts involved: polynomial division, remainders, and the
Remainder Theorem.

Polynomial Division Basics

Polynomial division is akin to numerical division but involves dividing one
polynomial by another. When dividing a polynomial \( P(x) \) by a divisor \(
D(x) \), the division yields a quotient \( Q(x) \) and a remainder \( R(x)
\):

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

The degree of the remainder polynomial \( R(x) \) is always less than the
degree of \( D(x) \). For linear divisors like \( X - 1 \), the remainder is
a constant (a polynomial of degree zero).

The Remainder Theorem

A key tool in polynomial division is the Remainder Theorem. It states that
when a polynomial \( P(x) \) is divided by \( x - a \), the remainder is
simply \( P(a) \):



\[
\text{Remainder} = P(a)
\]

This theorem simplifies the process of finding remainders significantly,
especially for linear divisors.

Applying the Remainder Theorem

In the context of dividing by \( X - 1 \), the Remainder Theorem tells us
that the remainder is \( P(1) \), where \( P(x) \) is the polynomial being
divided.

---

Analyzing the Given Expression and Its
Remainder

The original expression provided appears to be:

\[
Ax + Bx + 2x + C
\]

which can be simplified to:

\[
(A + B + 2) x + C
\]

This is a linear polynomial with coefficients involving the parameters \( A
\), \( B \), and \( C \). The problem involves dividing this polynomial by \(
X - 1 \) and analyzing its remainder.

Simplifying the Expression

Given the linear polynomial:

\[
P(x) = (A + B + 2) x + C
\]

it's clear that the coefficients depend on the parameters \( A \), \( B \),
and \( C \). The total coefficient of \( x \) is \( (A + B + 2) \), and the



constant term is \( C \).

---

The Core Problem: Remainder Relations

The crux of the problem is the relationship between the remainders obtained
when dividing \( P(x) \) by \( X - 1 \), and the statement:

"The remainder when \( P(x) \) is divided by \( X - 1 \) is twice that when
it is divided."

This phrase suggests a comparison between two remainders, but the wording
appears incomplete or possibly misphrased. However, based on standard problem
structures, the interpretive assumption is:

"The remainder when \( P(x) \) is divided by \( X - 1 \) is twice the
remainder when some related polynomial or the same polynomial evaluated
differently."

Given the context, a logical interpretation is:

- The remainder when dividing \( P(x) \) by \( X - 1 \) is \( P(1) \).
- The problem states this remainder is twice the remainder obtained when
dividing some other related polynomial or perhaps when considering the
division of \( P(x) \) under a different scenario.

Most likely, the problem intends to compare the remainder \( P(1) \) with
some other remainder, or perhaps the problem is missing a part of the
statement. For clarity, we will proceed under the common scenario:

> The remainder when \( P(x) \) is divided by \( X - 1 \) is twice the
remainder when dividing a related polynomial or the same polynomial under a
different condition.

---

Step-by-Step Solution Approach

To solve such a problem, we'll assume the typical scenario where:

\[
\text{Remainder when dividing } P(x) \text{ by } X - 1 \text{ is } R_1 = P(1)
\]

and that this is twice some other remainder \( R_2 \).



Suppose the problem involves two polynomials or two divisions, and the key
relation is:

\[
R_1 = 2 R_2
\]

Given the expression, the steps would be:

Step 1: Find \( P(1) \)

Applying the Remainder Theorem:

\[
P(1) = (A + B + 2) \times 1 + C = A + B + 2 + C
\]

This expression gives the remainder when dividing \( P(x) \) by \( X - 1 \).

Step 2: Express the other remainder \( R_2 \)

Depending on the problem's context, \( R_2 \) might be the remainder of
dividing a different polynomial or the same polynomial evaluated at a
different point.

For illustration, if we assume the other remainder is \( P(0) \):

\[
P(0) = (A + B + 2) \times 0 + C = C
\]

The problem states:

\[
P(1) = 2 \times P(0)
\]

which translates to:

\[
A + B + 2 + C = 2 C
\]

---

Deriving Relationships Between Coefficients

Using the assumption above, the key relation becomes:



\[
A + B + 2 + C = 2 C
\]

which simplifies to:

\[
A + B + 2 = C
\]

This is a vital relationship linking the coefficients \( A, B, C \).

Additional Constraints or Conditions

If the problem provides more conditions—such as specific values for the
parameters or additional divisibility properties—they can be incorporated
into the analysis. For instance, if the problem states that the division
yields integer coefficients or imposes certain bounds, these constraints
would refine the solution set.

---

Broader Implications and Applications

Understanding this problem extends beyond the algebraic manipulation. It has
broader implications in how polynomial remainders relate to coefficient
values, and how the Remainder Theorem simplifies the process of division.

Applications in Polynomial Algebra

- Root Finding: The Remainder Theorem directly links the evaluation of
polynomials at specific points to divisibility properties, aiding in root
detection.
- Factorization: Knowledge of remainders helps in polynomial factorization,
especially when identifying factors of the polynomial.
- Problem Solving: Many algebraic problems involve equating remainders or
coefficients, helping in constructing polynomials with desired properties.

Real-World Analogies

- Engineering: Signal processing often utilizes polynomial approximations
where understanding division and remainders can simplify complex
calculations.
- Computer Science: Algorithms involving polynomial hashing or error
detection rely on properties akin to the Remainder Theorem.
- Physics: Polynomial expressions describe various physical phenomena, and
analyzing their behavior at specific points can be crucial.

---



Conclusion: Emphasizing the Power of Polynomial
Remainders

The exploration of the problem surrounding the expression \( Ax + Bx + 2x + C
\) and its division by \( X - 1 \) underscores the importance of foundational
algebraic principles. The Remainder Theorem serves as a powerful tool,
transforming what might seem like complex division into straightforward
evaluations.

By establishing relationships between coefficients based on the given
conditions—such as the remainder being twice another—the problem demonstrates
how algebraic structures can be manipulated to reveal underlying patterns and
constraints.

In essence, this problem exemplifies the beauty and utility of polynomial
division, highlighting how simple evaluations at specific points unlock
deeper insights into polynomial behavior. Whether in academic settings,
applied sciences, or computational algorithms, mastering these concepts
equips individuals with a versatile toolkit for tackling a wide array of
mathematical challenges.

---

In summary:

- The key to solving the problem lies in applying the Remainder Theorem.
- Simplifying the polynomial expression reveals the coefficients'
relationships.
- The condition involving remainders leads to equations that connect \( A, B,
C \).
- Such analyses deepen our understanding of polynomial properties and their
practical relevance.

Understanding these principles not only helps solve specific problems but
also enriches one's overall grasp of algebra, fostering analytical thinking
and problem-solving prowess vital across scientific disciplines.
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