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When working with polynomial expressions, especially those involving multiplication or division, it’s
essential to utilize systematic methods to simplify and find quotients efficiently. One such approach is using
long division or synthetic division—powerful techniques for dividing polynomials. In this article, we will

explore how to use long or synthetic division to find the quotient of the polynomial (x*3 + X"2 + 1) divided
by (x - 1).

Understanding these methods is crucial for algebra students, teachers, and anyone dealing with polynomial
equations. We will walk through the process step-by-step, compare the two techniques, and provide tips

for applying them to similar problems.

Understanding Polynomial Division: Long Division vs. Synthetic

Division

Before diving into the problem, it’s important to grasp the fundamental differences between long division

and synthetic division and when to apply each method.

What Is Polynomial Long Division?

Polynomial long division resembles the long division process used with numbers. It involves dividing the
highest-degree term of the dividend by the highest-degree term of the divisor, multiplying, subtracting,

and repeating the process until the degree of the remainder is less than the divisor.

‘What Is Synthetic Division?

Synthetic division is a shortcut method for dividing polynomials when the divisor is a linear binomial of
the form (x - ¢). It simplifies calculations, making division faster and less error-prone. However, synthetic

division is only applicable when dividing by linear divisors.



Choosing the Right Method

- Use long division when the divisor is a polynomial of degree higher than 1 or when the divisor isn’t in
the form (x - ¢).

- Use synthetic division for divisors of the form (x - ¢). It’s more efficient in these cases.

In our problem, since the divisor (x - 1) is linear, synthetic division is an excellent choice. However, we

will also demonstrate long division for completeness.

Problem Breakdown: Dividing (x*3 + x*2 + 1) by (x - 1)

Our goal is to find the quotient when dividing the polynomial:
\[ \text{Dividend}: x"3 + x"2 + Ox + 1]

by
\[ \text{Divisor}: x - 1]

Note that the polynomial \( x"3 + x"2 + 1 \) is missing the \( x \) term, so its coefficients are:

Using Long Division to Find the Quotient

Let’s walk through the polynomial long division step-by-step.

Step 1: Set up the division

‘Write the dividend and divisor in standard form:



\begin{array }{r|rrrr}
x-1&x3+x2+0x+1
\end{array}

\

Step 2: Divide the leading term

Divide the leading term of the dividend (\( x"3 \)) by the leading term of the divisor (\( x \)):

\

x"3 \div x = x"2

\]

This is the first term of the quotient.

Step 3: Multiply and subtract

Multiply \( x"2 \) by the divisor:

\

x"2 \times (x - 1) = x"3 - x"2

\

Subtract this from the dividend:

\

\begin{aligned}

&(x"3 + %2 + 0x + 1) - (x"3 - x2) \\
&= (x"3 - x"3) + (x"2 + x"2) + 0x + 1 \\
&=0+2x"2+0x+1

\end{aligned}

\

Remaining polynomial:

\[
2x"2 + 0x + 1

\]



Step 4: Repeat the process
Divide the leading term \( 2x"2 \) by \( x \):

\[
2x"2 \div x = 2x

\]
Add \( 2x \) to the quotient.
Multiply \( 2x \) by \( x - 1\):

\

2x \times (x - 1) = 2x"2 - 2x

\]

Subtract:

\

\begin{aligned}

&(2x"2 + 0x + 1) - (2x"2 - 2x) \\
&=2x"2-2x"2+0x+2x +1\\
&=0+2x+1

\end{aligned}

\

Remaining polynomial: \( 2x + 1)

Step 5: Continue dividing

Divide \( 2x \) by \( x \):

\

2x \divx =2
\]
Add \( 2\) to the quotient.

Multiply \( 2 \) by \( x - 1 \):

\

2 \times (x - 1) =2x - 2

\



Subtract:

\

\begin{aligned}
&(2x + 1) - (2x - 2) \\
&=2x-2x+1+2\\
&=0+3
\end{aligned}

\

Remaining term: \( 3 \)

Since the degree of the remainder (constant term 3) is less than the degree of the divisor (degree 1), we

stop here.

Final Result from Long Division

The quotient is:

\

x"2 +2x+2

\]

and the remainder is:

Thus, the division can be expressed as:

\

\frac{x"3 + x"2 + 1}{x - 1} = x"2 + 2x + 2 + \frac{3}{x - 1}

\]



Using Synthetic Division to Find the Quotient

Since synthetic division is faster for linear divisors, let’s perform it for the same problem.

Step 1: Set up synthetic division

Identify \( ¢ =1\) (from \( x - 1\)) and coefficients:

\

\text{Coefficients}: 1 \quad 1 \quad 0 \quad 1

\

Step 2: Perform synthetic division

Arrange the coefficients and perform the synthetic division process:

\[

\begin{array }{rlrrrr}
1&1&1&0& 1\
&&1&2&2\\
\hline
&1&2&2&3\\
\end{array}

\

- Bring down the first coefficient (1).

- Multiply 1 by 1 (the divisor root), place under the next coefficient: \( 1 \times 1 = 1\).
SAdd:\(1+1=2)\),

- Multiply 2 by 1: \( 2 \times 1 =2 \).

CAdd:\(1+2=30).

- Multiply 3 by 1: \( 3 \times 1 = 3\).

- Add: \(0+3=3\).

- Multiply 3 by 1: \( 3 \times 1 = 3\).

CAdd:\(1+3=4)\).

However, in the standard synthetic division process, the last number (3) is the remainder, matching our

earlier calculation.

The coefficients of the quotient are:

\



1,2,2

\

which correspond to:

\[
x"2+2x+2

\

The remainder is 3, consistent with the previous calculation.

Key Takeaways for Polynomial Division

- Both long division and synthetic division yield the same quotient and remainder.
- Synthetic division simplifies calculations when dividing by linear divisors.

- Remember to include all coefficients of the dividend, inserting zeros for missing terms.

Summary and Tips for Solving Similar Problems

When dividing polynomials like (x"3 + x"2 + 1) by (x - 1):

- Use long division if the divisor’s degree is higher or if the divisor isn’t linear.
- Use synthetic division for divisors of the form (x - ¢) to save time.
- Always write the dividend in standard form, including coefficients for missing terms.

- Keep track of the quotient terms and the remainder to express the final answer accurately.

Practice Tip:

To master polynomial division, practice with various divisors and dividends. Try both

Frequently Asked Questions



What is the first step to find the quotient of (x"3 + x*2 + 1) divided by (x
- 1) using synthetic division?

The first step is to set up synthetic division by using the zero of the divisor, which is x = 1, and write the
coefficients of the dividend polynomial: 1 (for x*3), 1 (for x"2), 0 (for the constant term, since it's missing),

and 1.

Why do we use synthetic division instead of long division for dividing
polynomials like (x*3 + x*2 + 1) by (x - 1)?

Synthetic division is a faster and more efficient method for dividing polynomials when dividing by linear
factors like (x - c), especially when the divisor is of degree 1. It simplifies calculations by focusing on

coefficients.

How do you set up the coefficients for the polynomial (x*3 + x*2 + 0x +
1) when performing synthetic division?

You write the coefficients as [1, 1, 0, 1], including a zero for the missing x-term to maintain proper

alignment during division.

What is the synthetic division process for dividing (x"3 + x*2 + 1) by (x -
1)?

Using synthetic division with root 1, you bring down the first coefficient (1), then multiply it by 1 and add
to the next coefficient repeatedly to generate the quotient coefficients, ultimately finding the quotient

polynomial.

What is the quotient when dividing (x*3 + x*2 + 1) by (x - 1) using
synthetic division?

The quotient is x"2 + 2x + 2, with a remainder of -1.

How do you interpret the remainder in synthetic division results?

The remainder indicates the value left over after division. For polynomial division, it can be expressed as a

fraction over the divisor or included in the result as a fractional term.

Can synthetic division be used for dividing polynomials by divisors other



than linear factors like (x - c)?

No, synthetic division is specifically designed for linear divisors of the form (x - c¢). For higher-degree

divisors, long division or polynomial division algorithms are used.

What is the overall advantage of using synthetic division over long
division in polynomial problems?

Synthetic division is faster, simpler, and involves fewer steps since it reduces the amount of algebra

needed, making it ideal for dividing by linear factors and quickly finding quotients and remainders.

Additional Resources

Use Long or Synthetic Division To Find The Quotient: An In-Depth Analysis of Polynomial Division

Techniques

Polynomial division forms a fundamental part of algebraic problem-solving, offering powerful tools for
simplifying expressions, factoring, and solving polynomial equations. Among the various methods
employed, long division and synthetic division stand out as the most widely used techniques. This article
explores these methods in detail, specifically focusing on their application to dividing a cubic polynomial by
a binomial, exemplified by the problem:

Divide (x* + x* + x + 1) by (x - 1) using long division or synthetic division to find the quotient.

While this problem appears straightforward, it serves as an excellent case study to understand the

mechanics, advantages, limitations, and practical considerations of polynomial division methods.

Understanding Polynomial Division: The Basics

Polynomial division is akin to long division of numbers but extended to algebraic expressions. The goal is to

express a polynomial dividend as the product of a divisor and a quotient polynomial, plus a remainder:
Dividend = Divisor x Quotient + Remainder
For example, dividing P(x) by D(x) results in:

P(x) = D(x) * Q(x) + R(x)



where:

- Q(x) is the quotient polynomial,
- R(x) is the remainder polynomial, with degree less than that of D(x).

Applying Long Division to (x}* + x>+ x + 1) + (x - 1)

Step-by-step process:

1. Arrange the polynomials in standard form:
Dividend: x* + x> + x + 1

Divisor: x - 1

2. Set up the long division:

- Divide the leading term of the dividend (x®) by the leading term of the divisor (x), which gives x

- Multiply the entire divisor by x* (x - 1) x x* = x> - x*

- Subtract this from the dividend:
E+x¥+x+1)-(x*-x)=2x>+x+1

3. Repeat the process with the new polynomial: 2x* + x + 1
- Divide 2x* by x: 2x

- Multiply divisor by 2x: (x - 1) x 2x = 2x* - 2x

- Subtract:

2x*+x+1)-(2x*-2x) =3x + 1

4. Next step: 3x + 1

- Divide 3x by x: 3

- Multiply divisor by 3: (x - 1) x3=3x-3

- Subtract:

Bx+1)-(3x-3)=4



5. Final remainder: 4

Since the degree of the remainder (0) is less than the degree of the divisor (1), the division terminates.
Result:

Quotient = x* + 2x + 3

Remainder = 4

Expressed as:

B+ +x+1)+(x-1)=x>+2x +3+4/(x-1)

Understanding Synthetic Division: A More Efficient Approach

Synthetic division offers a streamlined alternative to long division when dividing a polynomial by a linear
binomial of the form (x - c). It simplifies calculation, reduces errors, and is especially useful for quick
computations.

Conditions for synthetic division:

- Divisor must be linear and monic (leading coefficient = 1), i.e., of the form (x - c).

- The divisor here is (x - 1), so synthetic division applies with c=1.
Synthetic division process:

1. Write the coefficients of the dividend polynomial:

1 (for %), 1 (x?), 1 (x'), 1 (constant term)

2. Set up synthetic division with c=1:

- Bring down the leading coefficient: 1

- Multiply by c¢: 1 x 1 = 1; add to next coefficient: 1 + 1 =2

- Multiply 2 x 1 = 2; add to next coefficient: 1 +2 =3

- Multiply 3 x 1 = 3; add to last coefficient: 1 + 3 =4

Result:



Coefficients of quotient: 1, 2, 3
Remainder: 4

The quotient polynomial is:
x*+2x + 3

and the remainder is 4.
Expressed as:

B+ +x+1)+(x-1)=x>+2x +3+4/(x-1)

Comparing Long and Synthetic Division: When to Use Which?

While both methods arrive at the same quotient and remainder, their applicability and efficiency depend

on the context:

Long Division:

- Suitable for any divisor polynomial, regardless of degree.

- More intuitive for complex divisors.

- Better for understanding the division process and deriving polynomial identities.
Synthetic Division:

- Faster for divisors linear in the form (x - c).

- Less prone to calculation errors.

- Not applicable if divisor is not linear or monic.

Practical considerations:

- Use synthetic division for quick calculations involving linear divisors.

- Employ long division for more complex divisors or when teaching foundational concepts.



Implications and Applications in Algebra and Beyond

Understanding how to divide polynomials efficiently is more than an academic exercise; it has broad

implications in various fields:

- Factoring polynomials: Division helps identify factors and roots.

- Calculus: Polynomial division is essential for polynomial long division, partial fraction decomposition, and
limits.

- Engineering and sciences: Polynomial approximations and algorithms often rely on division techniques.

- Computer algebra systems: Automation of polynomial division enhances symbolic computation.

Common Challenges and Troubleshooting

While the process is straightforward, students and practitioners may encounter pitfalls:

- Misaligning coefficients: Ensuring coefficients are correctly placed and aligned is crucial.

- Incorrect subtraction: Careful step-by-step execution prevents errors.

- Misapplication of synthetic division: Confirm the divisor is linear and monic before choosing synthetic
division.

- Overlooking remainders: Sometimes, remainders are neglected, leading to incomplete solutions.
Tips for success:

- Write down all steps clearly.
- Double-check each multiplication and subtraction.

- When in doubt, revert to long division for verification.

Conclusion: Mastering Polynomial Division for Mathematical

Proficiency

The process of Use Long or Synthetic Division To Find The Quotient exemplifies core algebraic skills vital
for advanced mathematics, engineering, and scientific research. Whether employing the detailed, stepwise
long division or the swift synthetic division, understanding these methods enhances computational

efficiency and conceptual clarity.



In the specific case of dividing (x* + x* + x + 1) by (x - 1), both techniques yield the same quotient: x* + 2x

+ 3, with a remainder of 4, illustrating the consistency and reliability of polynomial division methods.

As algebra continues to underpin technological advances and scientific discoveries, mastery of polynomial
division remains an essential competency for students, educators, and professionals alike. Embracing these
techniques not only improves problem-solving skills but also deepens understanding of the fundamental

structure of polynomial functions.
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Author's Note: This detailed review aims to reinforce conceptual understanding and practical skills in
polynomial division, emphasizing the importance of choosing appropriate methods based on the problem

context.
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