
how to do synthetic division

how to do synthetic division is an essential skill in algebra for dividing
polynomials quickly and efficiently. Synthetic division simplifies the long
division process when dividing a polynomial by a linear binomial of the form
(x - c). This method significantly reduces the amount of writing and
computation, making it a preferred technique in many algebraic calculations.
Understanding synthetic division also aids in finding polynomial roots,
factoring, and solving polynomial equations. This article provides a
comprehensive guide on how to perform synthetic division step-by-step,
including its prerequisites, practical examples, and common mistakes to
avoid. By mastering synthetic division, students and professionals can handle
polynomial division problems with greater speed and accuracy. The following
sections will cover the basics, the stepwise procedure, detailed examples,
and tips for success.

Understanding Synthetic Division

Step-by-Step Procedure for Synthetic Division

Examples of Synthetic Division

Common Mistakes and How to Avoid Them

Applications of Synthetic Division

Understanding Synthetic Division
Synthetic division is a shortcut method for dividing a polynomial by a
divisor that is a first-degree binomial, usually expressed as (x - c), where
c is a constant. Unlike traditional polynomial long division, synthetic
division uses only the coefficients of the polynomials, which streamlines the
process. It is particularly useful for finding factors and zeros of
polynomials, as well as simplifying polynomial expressions.

What is Synthetic Division?
Synthetic division is a numerical technique that replaces the variables and
powers in a polynomial division problem with a simplified arithmetic
procedure. Instead of writing the full division, it organizes the
coefficients into a row and uses addition and multiplication to find the
quotient and remainder. This method is effective when the divisor is linear
and monic (leading coefficient is 1).



When to Use Synthetic Division
Synthetic division is applicable only when dividing a polynomial by a
binomial of the form (x - c). If the divisor has a leading coefficient other
than 1 or is of higher degree, synthetic division is not suitable. In such
cases, polynomial long division or other methods should be used. Synthetic
division is ideal for quickly evaluating polynomials at a given value,
testing possible roots, and performing factorization.

Step-by-Step Procedure for Synthetic Division
Understanding the step-by-step process is crucial to mastering how to do
synthetic division accurately. The method involves setting up the
coefficients, performing multiplications and additions systematically, and
interpreting the results correctly. Below is a detailed procedure to follow.

Step 1: Set Up the Coefficients
Write down the coefficients of the dividend polynomial in descending order of
degree. If any terms are missing, insert zeros for their coefficients to
maintain the correct position. For example, if the polynomial is 2x³ + 0x² -
6x + 4, the coefficients would be listed as 2, 0, -6, and 4.

Step 2: Identify the Zero of the Divisor
From the divisor in the form (x - c), identify the value of c. This value
will be used in the synthetic division process. For instance, if the divisor
is (x - 3), then c = 3. This number is placed to the left of the coefficients
row in the synthetic division setup.

Step 3: Perform Synthetic Division Calculations
Begin the process by bringing down the first coefficient as it is. Multiply
this coefficient by c and write the result under the next coefficient. Add
the two numbers in this column and write the sum below. Repeat the multiply
and add steps for all coefficients until the last column is completed.

Step 4: Interpret the Result
The numbers obtained after the final addition represent the coefficients of
the quotient polynomial, starting from one degree less than the original
polynomial. The last number is the remainder. If the remainder is zero, it
means the divisor is a factor of the polynomial.



Summary of Steps

Write coefficients of the dividend polynomial.1.

Write the zero of the divisor (c) to the left.2.

Bring down the first coefficient.3.

Multiply by c and add to the next coefficient.4.

Repeat multiplication and addition for all coefficients.5.

Identify quotient coefficients and remainder.6.

Examples of Synthetic Division
Applying synthetic division through examples solidifies understanding and
demonstrates its practical usage. The following examples illustrate how to
perform synthetic division step-by-step with different polynomials and
divisors.

Example 1: Dividing a Polynomial by (x - 2)
Divide the polynomial 3x³ + 5x² - x + 7 by (x - 2).

Coefficients: 3, 5, -1, 7

Divisor zero: 2

Steps:

Bring down 3.1.

Multiply 3 by 2 = 6; add to 5 → 11.2.

Multiply 11 by 2 = 22; add to -1 → 21.3.

Multiply 21 by 2 = 42; add to 7 → 49.4.

Result: Quotient coefficients are 3, 11, 21, so quotient is 3x² + 11x + 21;
remainder is 49.



Example 2: Dividing by (x + 4)
Divide 2x³ - 6x² + 2x - 8 by (x + 4). Note that (x + 4) = (x - (-4)), so c =
-4.

Coefficients: 2, -6, 2, -8

Divisor zero: -4

Steps:

Bring down 2.1.

Multiply 2 by -4 = -8; add to -6 → -14.2.

Multiply -14 by -4 = 56; add to 2 → 58.3.

Multiply 58 by -4 = -232; add to -8 → -240.4.

Result: Quotient is 2x² - 14x + 58; remainder is -240.

Common Mistakes and How to Avoid Them
Even though synthetic division is straightforward, some common errors can
lead to incorrect results. Being aware of these mistakes helps ensure
accuracy when performing synthetic division.

Incorrect Setup of Coefficients
Failing to include zeros for missing powers in the polynomial can misalign
the coefficients, leading to wrong answers. Always write out all
coefficients, including zeros for any missing terms.

Using the Wrong Value for c
Remember that c is the zero of the divisor (x - c). If the divisor is (x +
3), then c = -3, not 3. Confusing the sign of c is a frequent source of
error.

Calculation Errors in Multiplying and Adding
Small arithmetic mistakes during multiplication or addition can propagate
through the process. Double-check each step and consider writing intermediate
results clearly.



Misinterpreting the Result
Ensure the last number is the remainder and the preceding numbers are the
quotient coefficients. The degree of the quotient is always one less than the
dividend.

Applications of Synthetic Division
Synthetic division is widely used in various mathematical and applied
contexts. Its efficiency makes it valuable in solving problems involving
polynomials.

Finding Polynomial Roots
Synthetic division helps test possible roots quickly by checking if the
remainder is zero. If it is, the divisor corresponds to a root, simplifying
factorization and solving polynomial equations.

Polynomial Factorization
By dividing polynomials by factors, synthetic division aids in breaking down
complex polynomials into simpler components, facilitating further analysis or
integration.

Evaluating Polynomials
Synthetic division can be used as an alternative to direct substitution for
evaluating the value of a polynomial at a specific point, making calculations
more streamlined.

Graphing Polynomials
Understanding roots and factors through synthetic division assists in
sketching accurate graphs of polynomial functions, identifying intercepts and
behavior near roots.

Frequently Asked Questions

What is synthetic division and when should I use it?
Synthetic division is a shorthand method of dividing a polynomial by a
binomial of the form (x - c). It is used primarily to simplify polynomial



division and find polynomial roots quickly when dividing by linear factors.

What are the basic steps to perform synthetic
division?
To perform synthetic division, first write down the coefficients of the
dividend polynomial in descending order of power. Then, write the zero of the
divisor (if dividing by x - c, write c). Bring down the leading coefficient,
multiply it by c, add the result to the next coefficient, and repeat this
process across all coefficients. The final row gives the quotient
coefficients and the remainder.

How do I handle missing terms in synthetic division?
If the polynomial has missing terms, include zero as the coefficient for
those terms when listing coefficients. For example, if the polynomial is x^3
+ 0x^2 - 4x + 5, write the coefficients as [1, 0, -4, 5] before starting
synthetic division.

Can synthetic division be used to divide by
polynomials other than linear binomials?
No, synthetic division only works when dividing by linear binomials of the
form (x - c). For higher-degree divisors, you need to use long division or
other polynomial division methods.

How can synthetic division help in factoring
polynomials?
Synthetic division allows you to quickly test potential roots by dividing the
polynomial by (x - c). If the remainder is zero, then (x - c) is a factor.
This helps in factoring the polynomial and finding its zeros.

What is the relationship between synthetic division
and the Remainder Theorem?
Synthetic division provides a quick way to evaluate the remainder when a
polynomial is divided by (x - c). According to the Remainder Theorem, this
remainder is equal to the value of the polynomial evaluated at c. Synthetic
division thus helps in evaluating polynomials efficiently.

Additional Resources
1. Mastering Synthetic Division: A Step-by-Step Guide
This book breaks down the process of synthetic division into easy-to-follow
steps, making it ideal for beginners. It includes numerous examples and



practice problems to reinforce understanding. The clear explanations help
readers grasp the concept quickly and apply it confidently in algebra.

2. Synthetic Division Simplified: Techniques and Applications
Designed for high school and early college students, this book simplifies
synthetic division and highlights its practical uses. It covers the
fundamentals thoroughly and explores advanced techniques for dividing
polynomials. Readers also learn how synthetic division relates to the
Remainder and Factor Theorems.

3. Algebra Essentials: Synthetic Division Made Easy
This concise guide focuses on the essential aspects of synthetic division
within the broader topic of algebra. With straightforward examples and tips,
students can quickly master the method and improve their problem-solving
skills. The book also provides helpful strategies for checking work and
avoiding common mistakes.

4. Polynomials and Synthetic Division: A Comprehensive Approach
Offering a deep dive into polynomial functions, this book dedicates a
significant section to synthetic division. It explains why synthetic division
is a powerful tool for polynomial division and root finding. The text
includes exercises that gradually increase in difficulty, supporting skill
development.

5. Practical Synthetic Division: Techniques for Students and Educators
This resource is ideal for both learners and teachers seeking practical
approaches to synthetic division. It includes lesson plans, example problems,
and quizzes to facilitate effective teaching and learning. The focus is on
building a solid conceptual foundation alongside procedural fluency.

6. Synthetic Division and Beyond: Exploring Polynomial Algebra
Going beyond just synthetic division, this book explores its connection to
other polynomial operations and algebraic concepts. Readers gain a broader
understanding of how synthetic division fits into polynomial factorization
and equation solving. The book encourages critical thinking through
challenging problems.

7. The Art of Synthetic Division: From Basics to Mastery
This comprehensive text guides readers from the basic principles to advanced
mastery of synthetic division. It emphasizes pattern recognition and mental
math techniques to increase efficiency. The book also includes historical
context and real-world applications to enrich the learning experience.

8. Synthetic Division Workbook: Practice Problems and Solutions
Perfect for self-study, this workbook offers a wide variety of synthetic
division problems with detailed solutions. It enables learners to practice at
their own pace and track their progress. The exercises range from simple to
complex, catering to different skill levels.

9. Understanding Synthetic Division: A Visual and Interactive Approach
Utilizing diagrams and interactive elements, this book helps visual learners



grasp synthetic division concepts more effectively. It features step-by-step
walkthroughs accompanied by graphical representations. The interactive
exercises make the learning process engaging and intuitive.
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Synthetic Division - Explanation, Steps & Examples | ChiliMath In this lesson, I’ll walk you
through five examples that should help you get comfortable with the basic steps needed to divide
polynomials using synthetic division
Synthetic Division - Method, Steps, Examples, FAQs - Cuemath In algebra, synthetic division is
one of the methods used to manually perform the Euclidean division of polynomials. The division of
polynomials can also be done using the long division
Synthetic Division of Polynomials - BYJU'S The synthetic division method is a special method of
dividing polynomials. This method is a special case of dividing a polynomial expression by a linear
factor, in which the leading
Synthetic Division - GeeksforGeeks   Below is a step-by-step solution for the division of any linear
polynomial with the help of the synthetic division method. Let’s walk through the synthetic division
of dividing: 4x2 -
How to Do Synthetic Division - Synthetic division is also called the method of detached
coefficients. This is because the first step in synthetic division is to remove the coefficients from the
polynomial that is being divided
Synthetic Division: Clear Step-by-Step Explanation! | Math In this video we'll learn how to
perform synthetic division and practice mastering this skill with 6 excellent examples
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