
remainder theorem

remainder theorem is a fundamental concept in algebra that helps simplify the process of finding
the remainder when a polynomial is divided by a linear divisor. This theorem is widely used in
polynomial division, factorization, and solving polynomial equations. Understanding the remainder
theorem provides a strategic advantage in algebraic manipulations and helps in quick evaluations of
polynomials at specific points. This article explores the definition, mathematical formulation,
applications, and practical examples of the remainder theorem. Additionally, the relationship between
the remainder theorem and other key concepts such as the factor theorem and synthetic division will
be discussed. The goal is to provide a comprehensive and clear explanation of the remainder theorem
to support learners and professionals in mathematics. The following sections will outline its principle,
utility, and computational techniques.
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Definition and Statement of the Remainder Theorem
The remainder theorem is an algebraic rule that states if a polynomial f(x) is divided by a linear
divisor of the form x - a, then the remainder of this division is equal to the value of the polynomial
evaluated at a, that is, f(a). This theorem provides a direct method for finding the remainder without
performing the entire polynomial division. It is particularly useful when working with high-degree
polynomials where long division may be time-consuming.

Mathematical Explanation and Formula
Mathematically, the remainder theorem can be expressed as follows: Suppose f(x) is a polynomial and
a is a constant. When f(x) is divided by x - a, there exist polynomials q(x) (the quotient) and a
remainder r, such that:

f(x) = (x - a)q(x) + r

According to the remainder theorem, the remainder r is equal to f(a). Thus, the formula can be
simplified to:

r = f(a)



This implies that evaluating the polynomial at a gives the remainder directly without performing
polynomial long division. This property makes the remainder theorem a powerful tool in algebraic
computations.

Applications of the Remainder Theorem
The remainder theorem has several practical applications in algebra and beyond. Some of its key uses
include:

Polynomial Evaluation: Quickly determining the value of a polynomial at a given point.

Checking Divisibility: Testing whether a linear binomial is a factor of a polynomial by
checking if the remainder is zero.

Solving Polynomial Equations: Simplifying computations involved in finding roots of
polynomials.

Factorization: Assisting in identifying factors of polynomials through remainder evaluation.

Graphing Polynomials: Providing insight into polynomial behavior at specific points for graph
analysis.

Relationship with Factor Theorem
The remainder theorem is closely related to the factor theorem, which is a specific case of the
remainder theorem. The factor theorem states that if a polynomial f(x) is divided by x - a and the
remainder is zero, then x - a is a factor of f(x). This means that the polynomial can be expressed as:

f(x) = (x - a)q(x)

where q(x) is the quotient polynomial. Essentially, while the remainder theorem provides the value of
the remainder, the factor theorem uses that information to determine whether the divisor is a true
factor. Together, they form foundational concepts for polynomial factorization and root finding.

Using Synthetic Division with the Remainder Theorem
Synthetic division is an efficient computational technique used to divide polynomials by linear divisors
and simultaneously apply the remainder theorem. It streamlines the process of finding the quotient
and remainder, especially for higher-degree polynomials. Synthetic division reduces the complexity of
long division by focusing on coefficients and performing arithmetic operations in a tabular format.

The steps for synthetic division aligned with the remainder theorem are as follows:

Write down the coefficients of the polynomial in descending order of degree.1.

Identify the value of a from the divisor x - a.2.



Bring down the leading coefficient to start the process.3.

Multiply a by the number just written and add it to the next coefficient.4.

Repeat this multiplication and addition until all coefficients have been processed.5.

The final value obtained is the remainder f(a).6.

This method not only provides the remainder but also delivers the quotient polynomial coefficients,
facilitating further operations.

Examples and Practice Problems
Examples help solidify the understanding of the remainder theorem and demonstrate its practical use
in algebra. Consider the polynomial f(x) = 2x^3 - 6x^2 + 4x - 5 and divisor x - 3. Using the remainder
theorem, the remainder is:

f(3) = 2(3)^3 - 6(3)^2 + 4(3) - 5 = 2(27) - 6(9) + 12 - 5 = 54 - 54 + 12 - 5 = 7

Therefore, the remainder when dividing f(x) by x - 3 is 7.

Another example involves checking if x + 2 is a factor of g(x) = x^3 + 4x^2 - x - 4. Here, the divisor
is x - (-2), so evaluate g(-2):

g(-2) = (-2)^3 + 4(-2)^2 - (-2) - 4 = -8 + 16 + 2 - 4 = 6

Since the remainder is 6, which is not zero, x + 2 is not a factor of g(x).

For practice, try finding the remainder when h(x) = 3x^4 - 5x^3 + 2x - 1 is divided by x - 1, and
determine if x - 1 is a factor.

Frequently Asked Questions

What is the remainder theorem in algebra?
The remainder theorem states that when a polynomial f(x) is divided by a linear divisor of the form (x
- a), the remainder of this division is equal to f(a).

How do you use the remainder theorem to find the remainder
of a polynomial division?
To use the remainder theorem, substitute the value of 'a' from the divisor (x - a) into the polynomial
f(x). The result f(a) is the remainder when f(x) is divided by (x - a).

Can the remainder theorem be used for divisors other than
linear polynomials?
No, the remainder theorem specifically applies only to divisors of the form (x - a), which are linear



polynomials. For higher degree divisors, other methods such as polynomial long division or synthetic
division are used.

How is the remainder theorem related to the factor theorem?
The factor theorem is a special case of the remainder theorem. It states that (x - a) is a factor of a
polynomial f(x) if and only if f(a) = 0, meaning the remainder is zero when f(x) is divided by (x - a).

Is synthetic division connected to the remainder theorem?
Yes, synthetic division is a shortcut method used to divide a polynomial by a linear divisor (x - a) and
find the remainder quickly, which aligns with the remainder theorem's concept of evaluating f(a).

How can the remainder theorem help in solving polynomial
equations?
The remainder theorem can help identify possible roots of polynomial equations by testing values 'a'
such that f(a) = 0, indicating that (x - a) is a factor and thus a solution to the polynomial equation f(x)
= 0.

Additional Resources
1. Understanding the Remainder Theorem: A Comprehensive Guide
This book offers a detailed exploration of the Remainder Theorem, explaining its fundamental
concepts and applications in algebra. It covers polynomial division, synthetic division, and how the
theorem helps in evaluating polynomials efficiently. With numerous examples and exercises, it is ideal
for high school and early college students looking to strengthen their understanding of polynomial
functions.

2. Polynomial Functions and the Remainder Theorem
Focusing on polynomial functions, this text delves into the Remainder Theorem and its use in solving
complex algebraic problems. The book balances theoretical explanations with practical problem-
solving techniques, making it suitable for both students and educators. It also includes sections on the
Factor Theorem and how these concepts interrelate.

3. Algebraic Insights: The Remainder Theorem Explained
This book is designed to clarify the Remainder Theorem through step-by-step proofs and illustrative
examples. It emphasizes conceptual understanding alongside procedural skills, helping readers grasp
why the theorem works, not just how. The author incorporates visual aids and real-world applications
to make the content engaging and accessible.

4. Mastering Polynomial Division and the Remainder Theorem
A practical workbook that guides readers through mastering polynomial division techniques, this book
highlights the role of the Remainder Theorem in simplifying calculations. It provides a variety of
practice problems, from basic to advanced, ensuring comprehensive coverage of the topic. The book
also prepares students for standardized tests and competitive exams.

5. The Remainder Theorem in Advanced Algebra



Targeted at advanced high school and college students, this book explores the Remainder Theorem
within the broader context of algebraic structures and polynomial theory. It discusses extensions and
generalizations of the theorem, including its applications in abstract algebra. Rich in proofs and
theoretical discussions, it is suitable for readers seeking deeper mathematical insight.

6. Step-by-Step Remainder Theorem: From Basics to Applications
This book breaks down the Remainder Theorem into manageable lessons, starting from fundamental
principles and building up to complex applications. It includes interactive exercises and real-life
scenarios where the theorem is utilized, such as coding theory and engineering problems. The
approachable style makes it perfect for self-study learners.

7. Exploring the Factor and Remainder Theorems
A dual focus on the Factor Theorem and the Remainder Theorem, this book explains how these two
concepts are interconnected and essential for polynomial factorization. It provides clear explanations,
worked examples, and problem sets designed to reinforce understanding. The text is well-suited for
students preparing for exams in algebra.

8. Polynomial Roots and the Remainder Theorem
This book links the Remainder Theorem to the study of polynomial roots and zeroes, offering insights
into root-finding techniques. It covers synthetic division, root theorems, and the graphical
interpretation of polynomial functions. The content is aimed at readers interested in both theoretical
and applied aspects of polynomial mathematics.

9. The Remainder Theorem: Theory, Proofs, and Practice
Comprehensive in scope, this book presents the Remainder Theorem through formal proofs,
theoretical frameworks, and practical exercises. It is designed for mathematics students and
instructors seeking a thorough understanding of the theorem’s role in algebra. The inclusion of
historical context and modern applications adds depth to the study.
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Engineering, Samayapuram, Tiruchirappalli, Tamil Nadu, India.
  remainder theorem: Let's Review Regents: Algebra II Revised Edition Barron's Educational
Series, Gary M. Rubenstein, 2021-01-05 Barron's Let's Review Regents: Algebra II gives students the
step-by-step review and practice they need to prepare for the Regents exam. This updated edition is
an ideal companion to high school textbooks and covers all Algebra II topics prescribed by the New
York State Board of Regents. Features include: In-depth Regents exam preparation, including two
recent Algebra II Regents exams and answer keys Easy to read topic summaries Step-by-step
demonstrations and examples Hundreds of sample questions with fully explained answers for
practice and review, and more Review of all Algebra II topics, including Polynomial Functions,
Exponents and Equations, Transformation of Functions, Trigonometric Functions and their Graphs,
Using Sine and Cosine, and much more Teachers can also use this book to plan lessons and as a
helpful resource for practice, homework, and test questions.
  remainder theorem: Easy as you Go (Volume 1 - A to L) James Frederick Frayne, 2015-01-16
VOLUME 1 (A to L) 'Easy as you Go' was originally intended to be solely a support for the learning of
Mathematics. However it has blossomed into something more than just that. The two volumes are
packed with a total of 950 pages of mathematics, covering no less than 230 topics and containing a
multitude of worked examples, equations and formulas, graphs and charts, tables, diagrams and
illustrations. Together, the two volumes address all the significant issues encountered in First
School, Secondary School and in Advanced studies, along with a plethora of anecdotal topics to
capture the reader's imagination, and titivate their perhaps otherwise sanguine attitude towards
Mathematics. 'Easy as you Go' is ideally suited to student, educator and parent alike because of its
simplistic, down-to-earth and visual approach.
  remainder theorem: Cambridge 3 Unit Mathematics Year 12 Enhanced Version William
Pender, David Saddler, Julia Shea, Derek Ward, 2011-04 Contains features including a large number
of fully worked examples which demonstrate mathematical processes and encourage independent
learning
  remainder theorem: Bird's Engineering Mathematics John Bird, 2021-03-15 Now in its ninth
edition, Bird’s Engineering Mathematics has helped thousands of students to succeed in their exams.
Mathematical theories are explained in a straightforward manner, supported by practical
engineering examples and applications to ensure that readers can relate theory to practice. Some
1,300 engineering situations/problems have been ‘flagged-up’ to help demonstrate that engineering
cannot be fully understood without a good knowledge of mathematics. The extensive and thorough
topic coverage makes this a great text for a range of level 2 and 3 engineering courses – such as for
aeronautical, construction, electrical, electronic, mechanical, manufacturing engineering and vehicle
technology – including for BTEC First, National and Diploma syllabuses, City & Guilds Technician
Certificate and Diploma syllabuses, and even for GCSE and A-level revision. Its companion website
at www.routledge.com/cw/bird provides resources for both students and lecturers, including full
solutions for all 2,000 further questions, lists of essential formulae, multiple-choice tests, and
illustrations, as well as full solutions to revision tests for course instructors.
  remainder theorem: Engineering Mathematics John Bird, J. O. Bird, 2003 Engineering
Mathematics is a comprehensive pre-degree maths text for vocational courses and foundation
modules at degree level in the U.K.. John Bird's approach, based on numerous worked examples
supported by problems, is ideal for students of a wide range of abilities, and can be worked through
at the student's own pace. Theory is kept to a minimum, placing a firm emphasis on problem-solving
skills, and making this a thoroughly practical introduction to the core mathematics needed for



engineering studies and practice. Throughout the book assessment papers are provided that are
ideal for use as tests or homework. These are the only problems where answers are not provided in
the book. Full worked solutions are available to lecturers only as a free download from the Newnes
website: www.newnespress.com
  remainder theorem: Bird's Higher Engineering Mathematics John Bird, 2021-03-25 Higher
Engineering Mathematics has helped thousands of students to succeed in their exams by developing
problem-solving skills, It is supported by over 600 practical engineering examples and applications
which relate theory to practice. The extensive and thorough topic coverage makes this a solid text
for undergraduate and upper-level vocational courses. Its companion website provides resources for
both students and lecturers, including lists of essential formulae, ands full solutions to all 2,000
further questions contained in the 277 practice exercises; and illustrations and answers to revision
tests for adopting course instructors.
  remainder theorem: Engineering Mathematics, 7th ed John Bird, 2014-04-16 A practical
introduction to the core mathematics required for engineering study and practice Now in its seventh
edition, Engineering Mathematics is an established textbook that has helped thousands of students
to succeed in their exams. John Bird's approach is based on worked examples and interactive
problems. This makes it ideal for students from a wide range of academic backgrounds as the
student can work through the material at their own pace. Mathematical theories are explained in a
straightforward manner, being supported by practical engineering examples and applications in
order to ensure that readers can relate theory to practice. The extensive and thorough topic
coverage makes this an ideal text for a range of Level 2 and 3 engineering courses. This title is
supported by a companion website with resources for both students and lecturers, including lists of
essential formulae, multiple choice tests, full solutions for all 1,800 further questions contained
within the practice exercises, and biographical information on the 24 famous mathematicians and
engineers referenced throughout the book. The companion website for this title can be accessed
from www.routledge.com/cw/bird
  remainder theorem: Discovering Higher Mathematics Alan Levine, Alan L. Levine, 1999-10-29
Funded by a National Science Foundation grant, Discovering Higher Mathematics emphasizes four
main themes that are essential components of higher mathematics: experimentation, conjecture,
proof, and generalization. The text is intended for use in bridge or transition courses designed to
prepare students for the abstraction of higher mathematics. Students in these courses have normally
completed the calculus sequence and are planning to take advanced mathematics courses such as
algebra, analysis and topology. The transition course is taken to prepare students for these courses
by introducing them to the processes of conjecture and proof concepts which are typically not
emphasized in calculus, but are critical components of advanced courses. * Constructed around four
key themes: Experimentation, Conjecture, Proof, and Generalization * Guidelines for effective
mathematical thinking, covering a variety of interrelated topics * Numerous problems and exercises
designed to reinforce the key themes
  remainder theorem: Engineering Mathematics J. O. Bird, 2010 An introduction to core
mathematics required for engineering study includes multiple-choice questions and answers, worked
problems, formulae, and exercises.
  remainder theorem: Precalculus Cynthia Y. Young, 2017-11-07 Precalculus was developed to
create a program that seamlessly align with how teachers teach and fully supports student learning.
Cynthia Young’s goal was to create an intuitive, supportive product for students without sacrificing
the rigor needed for true conceptual understanding and preparation for Calculus. Precalculus helps
bridge the gap between in-class work and homework by mirroring the instructor voice outside the
classroom through pedagogical features.
  remainder theorem: College Algebra Cynthia Y. Young, 2012-10-02 This is the Student
Solutions Manual to accompany College Algebra, 3rd Edition. The 3rd edition of Cynthia Young's
College Algebra brings together all the elements that have allowed instructors and learners to
successfully bridge the gap between classroom instruction and independent homework by



overcoming common learning barriers and building confidence in students' ability to do
mathematics. Written in a clear, voice that speaks to students and mirrors how instructors
communicate in lecture, Young's hallmark pedagogy enables students to become independent,
successful learners.
  remainder theorem: Young, Precalculus, Third Edition Cynthia Y. Young, 2021-06-21
Precalculus was developed to create a program that seamlessly aligns with how teachers teach and
fully supports student learning. Cynthia Young's goal was to create an intuitive, supportive product
for students without sacrificing the rigor needed for true conceptual understanding and preparation
for calculus. Precalculus helps bridge the gap between in-class work and homework by mirroring the
instructor voice outside the classroom through pedagogical features--Publisher
  remainder theorem: Number Theory Through the Eyes of Sophie Germain David
Pengelley, 2023-06-29 Number Theory Through the Eyes of Sophie Germain: An Inquiry Course is an
innovative textbook for an introductory number theory course. Sophie Germain (1776–1831) was
largely self-taught in mathematics and, two centuries ago, in solitude, devised and implemented a
plan to prove Fermat's Last Theorem. We have only recently completely understood this work from
her unpublished letters and manuscripts. David Pengelley has been a driving force in unraveling this
mystery and here he masterfully guides his readers along a path of discovery. Germain, because of
her circumstances as the first woman to do important original mathematical research, was forced to
learn most of what we now include in an undergraduate number theory course for herself. Pengelley
has taken excerpts of her writings (and those of others) and, by asking his readers to decipher them,
skillfully leads us through an inquiry-based course in elementary number theory. It is a detective
story on multiple levels. What is Sophie Germain thinking? What do her mathematical writings
mean? How do we understand what she knew and what she was trying to do, where she succeeded
and where she didn't? Number Theory Through the Eyes of Sophie Germainis simultaneously a
masterpiece of historical scholarship, a guide to reading and teaching from primary-source historical
documents, an inquiry-based textbook for introductory number theory, and the riveting story of a
major, but still unappreciated, mathematician. Work is required of the reader. Readers are carefully
guided to discover and prove almost all results for themselves in a sequence of scaffolded
exploratory tasks with hints, fully integrated with the narrative. The difficulty of the inquiry tasks
varies considerably, but the author provides the reader with appropriately helpful guidance at every
step. An introductory number theory course taught with this text would be a remarkable, potentially
life-changing, experience. —Stephen Kennedy, Carleton College and MAA Press
  remainder theorem: APC Understanding ICSE Mathematics - Class 10 - Avichal Publishing
Company M.L. Aggarwal, Understanding ISCE Mathematics, for class 10, has been written by Mr.
M.L. Aggarwal (Former Head of P.G. Department of Mathematics, D.A.V. College, Jalandhar) strictly
according to the new syllabus prescribed by the Council for the Indian School Certificate
Examinations, New Delhi for the year 2016 and onwards.
  remainder theorem: Elements of Algebra John Stillwell, 2013-04-18 Algebra is abstract
mathematics - let us make no bones about it - yet it is also applied mathematics in its best and purest
form. It is not abstraction for its own sake, but abstraction for the sake of efficiency, power and
insight. Algebra emerged from the struggle to solve concrete, physical problems in geometry, and
succeeded after 2000 years of failure by other forms of mathematics. It did this by exposing the
mathematical structure of geometry, and by providing the tools to analyse it. This is typical of the
way algebra is applied; it is the best and purest form of application because it reveals the simplest
and most universal mathematical structures. The present book aims to foster a proper appreciation
of algebra by showing abstraction at work on concrete problems, the classical problems of
construction by straightedge and compass. These problems originated in the time of Euclid, when
geometry and number theory were paramount, and were not solved until th the 19 century, with the
advent of abstract algebra. As we now know, alge bra brings about a unification of geometry,
number theory and indeed most branches of mathematics. This is not really surprising when one has
a historical understanding of the subject, which I also hope to impart.



  remainder theorem: Complete Algebra Herbert Ellsworth Slaught, Nels Johann Lennes, 1917
  remainder theorem: Elementary Algebra Herbert Ellsworth Slaught, Nels Johann Lennes,
1915
  remainder theorem: ICSE Foundation Mathematics for Class X (A.Y. 2023-24)Onward R.
S. Aggarwal, 2023-05-20 The revised edition of I.C.S.E. Foundation Mathematics for Class X is
strictly in accordance with the latest syllabus prescribed by the Council for the Indian School
Certificate Examinations, New Delhi for Indian Certificate of Secondary Education (ICSE)
examinations. While revising this book, the latest syllabus as well as the suggestions given by the
students and leamed teachers to the previous edition have been kept in mind. To the point and
straight-forward approach, as applied in this book, allows pupils to find the subject quite interesting.
Some distinctive features of this book are : • Strictly in accordance with the latest syllabus. •
Rational, systematic and logical development of mathematical concepts. • All concepts and
definitions have been discussed in detail and in a lucid manner. • The materials are class tested and
the gradation has been done carefully. • The vocabulary and terminology used in the book is in
accordance with the comprehension and maturity level of the students. • Subject matter is
supplemented by suitable solved examples. • For each type of question set in exercises, there are a
number of solved examples. • Multiple Choice Questions have been added for better understanding
of the lesson. • Case Study Based Questions have been added to give a chance to the learners, apply
the mathematical knowledge gained, to solve real life problems. • Past years' ICSE questions (up to
2022) have been incorporated topicwise and yearwise. • A well graded collection of questions with
hints, wherever required, have been provided. It is sincerely hoped that the present edition of the
book would help the students to prepare adequately for the examinations. It is also hoped that as the
earlier books, this book too will meet the needs and requirements of the teachers and students alike.
Suggestions for the improvement and notice of errors (if any) will be highly appreciated. -Author
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