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ONe FAcTor OF 8x"*3+1 Is 2x+1 THe OTHER FACTOR IS?

UNDERSTANDING POLYNOMIAL FACTORIZATION IS A FUNDAMENTAL ASPECT OF ALGEBRA THAT HELPS STUDENTS AND
MATHEMATICIANS SIMPLIFY COMPLEX EXPRESSIONS, SOLVE EQUATIONS, AND ANALYZE POLYNOMIAL FUNCTIONS. ONE OF THE
INTRIGUING QUESTIONS OFTEN ENCOUNTERED IN ALGEBRA IS IDENTIFYING FACTORS OF A POLYNOMIAL, ESPECIALLY WHEN THE
POLYNOMIAL CAN BE EXPRESSED AS A PRODUCT OF LOWER-DEGREE POLYNOMIALS. IN THIS ARTICLE, WE WILL EXPLORE THE
SPECIFIC PROBLEM: “ONE FACTOR OF 8X"3 + 115 2X + 1. WHAT IS THE OTHER FACTOR?” WE WILL DELVE INTO THE

METHODS TO FACTOR SUCH POLYNOMIALS, INCLUDING RECOGNIZING SPECIAL PATTERNS LIKE SUM OF CUBES, AND GUIDE YOU
STEP-BY~-STEP THROUGH THE PROCESS TO FIND THE REMAINING FACTOR.

UNDERSTANDING THE PoLYNOMIAL: 8%”*3 + 1

BEFORE JUMPING INTO THE FACTORIZATION PROCESS, IT’S ESSENTIAL TO UNDERSTAND THE STRUCTURE OF THE POLYNOMIAL IN
QUESTION.

WHAT Is 8x"3 + 1?
THE POLYNOMIAL 8x"3 + 11S A CUBIC BINOMIAL, CONSISTING OF TWO TERMS:

- THE FIRST TERM: 8X"3
- THE SECOND TERM: 1

THIS POLYNOMIAL RESEMBLES THE SUM OF TWO CUBES BECAUSE:

- 8x"3 IS A PERFECT CUBE, SINCE 8 = 2"3 so 8x"3 = (2x)"3
- 11S ALSO A PERFECT CUBE, SINCE 1 = 173

RECOGNIZING THAT 8X”"3 + 1 IS A SUM OF CUBES IS CRUCIAL BECAUSE IT ALLOWS US TO APPLY THE SUM OF CUBES
FACTORING FORMULA.

SuM ofF Cuees FORMULA AND ITS APPLICATION

THe SuM oF CuBes ForRMULA
THE SUM OF CUBES IS A WELL-KNOWN ALGEBRAIC IDENTITY:
\[a"3+8"3=(a+8)(A"2 - ag +8"2)\]

THIS FORMULA STATES THAT THE SUM OF TWO CUBES CAN BE FACTORED INTO THE PRODUCT OF A BINOMIAL AND A QUADRATIC
TRINOMIAL.

APPLYING THE FORMULA TO 8x"3 + 1

BY IDENTIFYING:

-\(a=2x\)
-\(e=11)



WE SEE THAT:
\[8x"3+ 1=(2x)"3+ 13 \]

APPLYING THE SUM OF CUBES FORMULA!

\[8x"3 + 1 =(2x + I\LerT[(2x)"2 - (2x)(1) + 1" 2\riGHT] \]
SIMPLIFY THE QUADRATIC FACTOR:

\[(2x)"2 = 4x"2 \]

\[(2x)(1) = 2x \]

\[172=11]

THUS, THE FACTORIZATION BECOMES:

\[8x"3+ 1=02x+ 1)(4x"2-2x+ 1) \]

IDENTIFYING THE OTHER FACTOR

GIVEN THE INITIAL INFORMATION: “ONE FACTOR OF 8X™3 + 115 2x + 1" THE QUESTION IS: WHAT IS THE OTHER FACTOR?
/

FROM THE APPLICATION OF THE SUM OF CUBES FORMULA, THE OTHER FACTOR IS:

4Ax"2 - 2x + 1

THIS QUADRATIC POLYNOMIAL COMPLEMENTS THE LINEAR FACTOR \( 2x + 1 \> TO RECONSTRUCT THE ORIGINAL CUBIC
POLYNOMIAL.

SUMMARY OF THE FACTORIZATION:

\[8x"3+ 1=02x+ 1)Ux"2-2x+ 1)\]

VERIFYING THE FACTORIZATION

TO ENSURE THAT OUR FACTORIZATION IS CORRECT, IT’S PRUDENT TO MULTIPLY THE FACTORS BACK TOGETHER AND VERIFY IF IT
EQUALS THE ORIGINAL POLYNOMIAL.

STEP-BY-STEP MULTIPLICATION:

\[
(2x+ 1DUx*2-2x+ 1)
\]

DistriBUTE \( 2x \):

\[
2% \TIMEs 4x"2 = 8x"3
\]
\[



2x \TiMEs (-2x) = -4x"2
\]
\[

2x \TiMES 1 = 2X%

\]

DistriBUTE \( 1 \):

\[

1 \TiMES 4x"2 = 4x"2
\]

\[

1 \7iMes (-2x) = -2x
\]

\[

1\TiMes 1 =1

\]

NO\X/, COMBINE LIKE TERMS:

\[
8X"3 + (42 +4x"2) + (2x-2x)+ 1=8x"3+0+0+ 1=8x"3+ 1
\]

THE MULTIPLICATION CONFIRMS THE FACTORIZATION IS CORRECT.

ADDITIONAL MeTHODS To FACTOR SIMILAR POLYNOMIALS

\WHILE THE SUM OF CUBES IS DIRECTLY APPLICABLE TO \( 8x"3 + 1\), OTHER POLYNOMIALS MAY REQUIRE DIFFERENT
STRATEGIES. HERE ARE SOME COMMON METHODS:

1. RECOGNIZING SPECIAL PATTERNS

- DiFrerence ofF SQuares: \( A"2 -8"2=(a-B)(Aa+8)\)

- PerrecT SQuAre TriNoMIALS: \( A”2 \pm 2aB + 8”2 = (A \PMB)"2 )

- SUM or DIFrereNcE oF CUBES: AS DEMONSTRATED ABOVE.

2. PoLYNOMIAL DivisioN AND SYNTHETIC DivisioN

USED WHEN ONE FACTOR IS KNOWN, TO FIND OTHER FACTORS.

3. FACTORING BY GROUPING

USEFUL FOR POLYNOMIALS WITH FOUR OR MORE TERMS, WHERE TERMS ARE GROUPED TO FACTOR COMMON BINOMIALS.

4. RATIONAL RooT THEOREM

HELPS IDENTIFY RATIONAL ROOTS THAT CAN BE USED TO FACTOR POLYNOMIALS.



IMPLICATIONS AND APPLICATIONS OF POLYNOMIAL FACTORIZATION

(UNDERSTANDING HOW TO FACTOR POLYNOMIALS LIKE \( 8x"3 + 1 \) IS FUNDAMENTAL IN VARIOUS AREAS OF MATHEMATICS
AND APPLIED SCIENCES.

PRACTICAL APPLICATIONS INCLUDE:

- SOLVING POLYNOMIAL EQUATIONS: FACTORING SIMPLIFIES SOLVING FOR ROOTS.

- GRAPHING POLYNOMIAL FUNCTIONS: ROOTS CORRESPOND TO X-INTERCEPTS.

- CALCULUS: FACTORING AIDS IN FINDING CRITICAL POINTS, ANALYZING BEHAVIOR, AND INTEGRATION.
- ENGINEERING AND PHYSICS: POLYNOMIAL MODELS DESCRIBE SYSTEMS' BEHAVIORS.

EbucATIONAL BENEFITS:

- ENHANCES ALGEBRAIC MANIPULATION SKILLS.
- BUILDS PROBLEM-SOLVING STRATEGIES.
- PREPARES STUDENTS FOR ADVANCED MATHEMATICS TOPICS.

SUMMARY AND KEY T AKEAWAYS

- THe PoLYNOMIAL \( 8x"3 + 1) IS A SUM OF CUBES, WHICH CAN BE FACTORED USING THE SUM OF CUBES FORMULA.

- RECOGNIZING ALGEBRAIC PATTERNS IS CRUCIAL FOR EFFICIENT FACTORIZATION.

- THe FacTors ofF \( 8x"3 + 1\) aRe \((2x + 1) \) ano \( (4x"2 - 2x + 1) \).

- VERIFYING FACTORS THROUGH MULTIPLICATION CONFIRMS CORRECTNESS.

- MASTERING POLYNOMIAL FACTORIZATION TECHNIQUES ENHANCES PROBLEM-SOLVING SKILLS ACROSS MATHEMATICS AND STEM
FIELDS.

CoNcLUSION

IN CONCLUSION, WHEN ASKED, “ONE FACTOR OF 8X"3 + 115 2x + 1. WHAT IS THE OTHER FACTOR?", THE ANSWER IS
EXPLICITLY DERIVED THROUGH RECOGNIZING THE SUM OF CUBES PATTERN. THE OTHER FACTOR IS 4x"2 - 2x + 1. THIS
UNDERSTANDING NOT ONLY SOLVES THE IMMEDIATE PROBLEM BUT ALSO REINFORCES KEY ALGEBRAIC CONCEPTS THAT ARE
ESSENTIAL FOR HIGHER-LEVEL MATHEMATICS. \WHETHER YOU ARE A STUDENT PREPARING FOR EXAMS OR A PROFESSIONAL
WORKING WITH POLYNOMIAL EXPRESSIONS, MASTERING SUCH FACTORIZATION TECHNIQUES IS VITAL FOR SUCCESS IN
MATHEMATICS AND RELATED DISCIPLINES.

FURTHER RESOURCES FOR POLYNOMIAL FACTORIZATION

- ALGEBRA TEXTBOOKS AND ONLINE COURSES

- INTERACTIVE ALGEBRA PRACTICE WEBSITES

- VIDEO TUTORIALS ON POLYNOMIAL IDENTITIES

- MATHEMATICAL SOFTW ARE (E.G., W/ OLFRAM ALPHA, DESMOS) FOR POLYNOMIAL VISUALIZATION AND VERIFICATION

BY PRACTICING VARIOUS TYPES OF POLYNOMIAL FACTORIZATIONS, YOU CAN DEVELOP A DEEPER UNDERSTANDING AND IMPROVE
YOUR ALGEBRAIC SKILLS.



FREQUENTLY AskeD QUESTIONS

WHAT IS THE OTHER FACTOR WHEN 8X%”3 + 1 IS DIVIDED BY 2X + 1?

THE OTHER FACTOR IS (4X"2 - 2x + 1).

How DO YOU FIND THE OTHER FACTOR OF 8X”3 + 1 GIVEN THAT 2x + 1 1S A
FACTOR?

USE POLYNOMIAL DIVISION OR FACTORIZATION METHODS; SINCE 2X + 1 1S A FACTOR, DIVIDE 8X"3 + 1 BY 2X + 1 TO FIND
THE OTHER FACTOR.

Is 8x*3 + 1 A SUM OF CUBES, AND HOW DOES THAT HELP FIND ITS FACTORS?

Yes, 8x"3 + 11s A suM oF cuses (SINCE 8x"3 = (2x)*3 AND 1= 1"3). THIS ALLOWS US TO FACTOR IT USING THE SUM
OF CUBES FORMULA.

WHAT IS THE SUM OF CUBES FORMULA , AND HOW IS IT APPLIED HEREP

THE SUM OF CUBES FORMULA IS A3 + 873 = (A + B)(A"2 - AB + B"2). APPLYING THIS WITH A=2X AND B=1 GIVES: (2Xx +
DAX2 - 2x + 1).

WHAT IS THE COMPLETE FACTORIZATION OF 8Xx*3 + 1?

THE COMPLETE FACTORIZATION IS (2% + 1)(4x"2 - 2x + 1).

CAN 8x”*3 + 1 BE FACTORED FURTHER AFTER IDENTIFYING 2X + 1 AS A FACTOR?

No, THE QUADRATIC FACTOR 4x"2 - 2X + 1 IS PRIME OVER THE REAL NUMBERS, SO THE COMPLETE FACTORIZATION IS (2X +
1D(4x"2 - 2x + 1).

WHY IS 2% + 1 CONSIDERED A FACTOR OF 8x*3 + 1?

BECAUSE SUBSTITUTING X = - 1/2 INTO 8x"3 + T RESULTS IN ZERO, CONFIRMING THAT 2X + 1 DIVIDES THE POLYNOMIAL
EVENLY.

How DO POLYNOMIAL IDENTITIES ASSIST IN FACTORING EXPRESSIONS LIKE 8X"3 + 1?

PoLYNOMIAL IDENTITIES, LIKE THE SUM OF CUBES, PROVIDE DIRECT FORMULAS TO FACTOR CERTAIN TYPES OF POLYNOMIALS
EFFICIENTLY.

\WHAT ARE COMMON METHODS TO FIND FACTORS OF CUBIC POLYNOMIALS LIKE 8x"3 +
1°

COMMON METHODS INCLUDE SYNTHETIC DIVISION, POLYNOMIAL DIVISION, AND RECOGNIZING SPECIAL FORMULAS LIKE SUM OR
DIFFERENCE OF CUBES.

IS THE FACTORIZATION OF 8X”3 + 1 USEFUL IN SOLVING EQUATIONS OR SIMPLIFYING
EXPRESSIONS?

YES, FACTORIZATION SIMPLIFIES SOLVING EQUATIONS BY SETTING EACH FACTOR EQUAL TO ZERO AND HELPS IN SIMPLIFYING
ALGEBRAIC EXPRESSIONS.



ADDITIONAL RESOURCES

UNDERSTANDING THE FACTORIZATION OF \(8x"3 + 1\): UNVEILING THE OTHER FACTOR WHEN ONe Is \(2x + 1))

MATHEMATICS, ESPECIALLY ALGEBRA, OFTEN PRESENTS FASCINATING PUZZLES INVOLVING POLYNOMIAL FACTORIZATION. ONE OF
THESE INTRIGUING PROBLEMS INVOLVES EXPRESSING A POLYNOMIAL AS A PRODUCT OF ITS FACTORS. SPECIFICALLY, WHEN GIVEN
ONE FACTOR OF A CUBIC POLYNOMIAL, HOW CAN WE DETERMINE THE OTHER FACTORS? TODAY, WE DELVE DEEP INTO THE
FACTORIZATION OF \(8x"3 + 1)), GIVEN THAT ONE FACTOR IS \(2X + 1\), AND AIM TO FIND THE OTHER FACTOR.

INTRODUCTION TO POLYNOMIAL FACTORIZATION

(UNDERSTANDING POLYNOMIAL FACTORIZATION IS FUNDAMENTAL IN ALGEBRA. | T INVOLVES EXPRESSING A POLYNOMIAL AS A
PRODUCT OF SIMPLER POLYNOMIALS, IDEALLY LINEAR OR IRREDUCIBLE QUADRATIC FACTORS. For cueic POLYNOMIALS, THE
TYPICAL GOAL IS TO FACTOR INTO A PRODUCT OF A LINEAR FACTOR AND A QUADRATIC FACTOR:

\[

Aax™3 +BXx"2 + cx + b = (Mx + N)(PX"2 + Qx + R)

\]

OR, IF POSSIBLE, INTO THREE LINEAR FACTORS OVER THE FIELD OF REAL NUMBERS.

RECOGNIZING THE STRUCTURE ofF \(8x"*3 + 1))

THe poLynoMiAaL \(8x"3 + 1)) IS A SUM OF TWO CUBES:

\[
8x"3+ 1=(2x)"3 + 13
\]

THIS STRUCTURE IMMEDIATELY HINTS AT LEVERAGING THE SUM OF CUBES FORMULA, WHICH IS:

\[
A3 +8"3=(a+B)A"2 - AR +B"2)

\]

APPLYING THIS To \(8x"3 + 1\):

-\(a =2x\)
-\e=1\)

APPLYING THE SUM oF Cuses FORMULA

USING THE SUM OF CUBES FACTORIZATION:

\[
8x"3 + 1 =(2x + D\LerT((2x)"2 - (2x)(1) + 1" 2\RIGHT)



\]

CALCULATING EACH TERM INSIDE THE SECOND FACTOR:

-\((2x)"2 = 4x"2\)
-\((20(7) = 2x\)
-\(172=1Y)

PUTTING IT ALL TOGETHER:

\[
8x"3+ 1=02x+ 1)4x"2-2x+ 1)
\]

VERIFYING THE FACTORS

TO ENSURE CORRECTNESS, MULTIPLY OUT THE FACTORS:

\[
(2x+ 1DUx"2-2x+ 1)
\]

USING THE DISTRIBUTIVE PROPERTY (FOIL):

1.\(2x \TiMes 4x"2 = 8x"3)\)
2.\(2x \1TiMes (-2x) = -4x"2\)
3.\(2x \TiMes 1 = 2x\)

4.\(1 \TiMes 4x"2 = 4x"2\)
5.\(7 \mimes (-2x) = -2x\)
6.\(1 \1iMes 1=11)

Now, SUM ALL THESE:

\[
8x"3 + (4x"2) + 2x + 4x"2 - 2x + 1
\]

COMBINE LIKE TERMS:

-\(-4x"2 + 4x"2 = 0\)
-\(2x - 2x =0\)

REMAINING TERMS:

\[
8x"3 + 1
\]

WHICH CONFIRMS THAT THE FACTORIZATION IS CORRECT.



ANSWER TO THE MAIN QUESTION

GIVEN THAT:
- ONe FACTOR OF \(8x"3 + T\) 1s \(2x + 1))

THE OTHER FACTOR MUST BE:

\[
\Boxep{4x"2 - 2x + 1}
\]

THIS QUADRATIC FACTOR COMPLETES THE FACTORIZATION, AND TOGETHER THEY MULTIPLY TO THE ORIGINAL CUBIC
POLYNOMIAL.

IMPLICATIONS AND SIGNIFICANCE OF THE FACTORIZATION

(UNDERSTANDING THIS FACTORIZATION HAS SEVERAL IMPORTANT IMPLICATIONS:

- SIMPLIFIES SOLVING EQUATIONS: IF YOU'RE SOLVING \(8X"3 + 1 = 0\), KNOWING THE FACTORS ALLOWS YOU TO SET EACH
FACTOR EQUAL TO ZERO AND SOLVE FORr \(x\).

- INSIGHTS INTO POLYNOMIAL STRUCTURE: RECOGNIZING THE SUM OF CUBES PATTERN STREAMLINES THE PROCESS, AVOIDING
TRIAL-AND-ERROR METHODS.

- FACILITATES POLYNOMIAL DIVISION: IF THE GIVEN FACTOR IS KNOWN, DIVIDING THE POLYNOMIAL BY THIS FACTOR CONFIRMS
THE OTHER FACTOR AND PROVIDES A COMPLETE FACTORIZATION OVER THE REALS.

FURTHER EXPLORATION: ROOTS OF THE POLYNOMIAL

SINCE THE POLYNOMIAL FACTORS AS:

\[
(2x+ 1DUx*2-2x+ 1)
\]

THE ROOTS CAN BE DEDUCED AS:
1. From \(2x + 1 = 0 \RicHTARROW X = -\FrRAC{1}{2}\)
2. From \(4x"2 - 2x + 1 =0\)

LET'S ANALYZE THE QUADRATIC:

\[
4”2 -2x+1=0
\]

USING THE QUADRATIC FORMULA!



\[
x = \rrac{-8 \PM \s@rT{8"2 - 4Ac}}{2A}
\]

where \(a=4\), \(g=-2\), \(c=1\):
\[
x = \FrRAC{2 \PM \s@rT{(-2)"2 - 4 \TiMes 4 \TiMes 13}{2 \TiMes 4} = \rrac{2 \PM \sqrT{4 - 1638} = \rrAc{2

\pm \sqrT{-123}{8}
\]

SINCE THE DISCRIMINANT IS NEGATIVE:

\[

\sqrT{-12} = \sQrT{12}1 = 2\sqrT{3}

\]

THE ROOTS ARE COMPLEX CONJUGATES:

\[

x = \rrAc{2 \Pm 2\srT{3}13{8} = \rrac{1 \Pm \sqrT{3}13{4}
\]

THuUs:

- ONE ReaL rooT: \(x = -\rrac{1}{2}\)
- Two compLEx rooTs: \(x = \Frac{1 \pM \sqrT{33}13{43\)

BrROADER CONTEXT: POLYNOMIAL FACTORIZATION TECHNIQUES

THE PROCESS OF FACTORIZATION DEMONSTRATED HERE HIGHLIGHTS KEY TECHNIQUES IN ALGEBRA:
- SUM AND DIFFERENCE OF CUBES: USEFUL FOR CUBIC POLYNOMIALS THAT ARE PERFECT SUMS OR DIFFERENCES OF CUBES.
- RECOGNIZING PATTERNS: SPOTTING FAMILIAR ALGEBRAIC IDENTITIES SAVES TIME AND EFFORT.

- POLYNOMIAL DIVISION: WHEN A FACTOR IS KNOWN, DIVIDING THE POLYNOMIAL BY THIS FACTOR CONFIRMS THE REMAINING
FACTOR AND SIMPLIFIES THE POLYNOMIAL.

- QUADRATIC FORMULA: USED FOR SOLVING QUADRATIC FACTORS, ESPECIALLY WHEN ROOTS ARE COMPLEX.

ADVANCED TOPICS AND EXTENSIONS

\WHILE THE CURRENT PROBLEM INVOLVES SIMPLE SUM OF CUBES, SIMILAR METHODS EXTEND TO:
- DiFrerence of cuges: \(a"3 -8"3 =(a-B)(A"2 + AB +B"2)\)

- HIGHER-DEGREE POLYNOMIALS: FACTORING QUARTICS OR HIGHER CAN INVOLVE SYNTHETIC DIVISION, RATIONAL ROOT
THEOREM, OR FACTORING BY GROUPING.



- COMPLEX ROOTS AND POLYNOMIAL THEOREMS: THE FUNDAMENTAL THEOREM OF ALGEBRA GUARANTEES ROOTS IN THE
COMPLEX PLANE, WHICH CAN GUIDE FACTORIZATION oVER \(\MATHe{C}\).

SUMMARY AND FINAL REMARKS

- THe poLYNOMIAL \(8x"3 + T\) IS A SUM OF CUBES WITH THE KNOWN FACTOR \(2x + T\).
- THE OTHER FACTOR, DERIVED VIA THE SUM OF CUBES FORMULA, IS \(4x"2 - 2x + 1)).

- THE COMPLETE FACTORIZATION OVER THE REAL NUMBERS IS:

\[
8x"3+ 1=02x+ D4x"2-2x+ 1)
\]

- RooTs ARe onE ReaL ROOT AT \(x = -\rRAc{ 1}{2}\), AND TWO coMpLEX ROOTS AT \(x = \FRAC{ T \PM

\s@rT{3}1}{4}\).

- RECOGNIZING ALGEBRAIC IDENTITIES SIMPLIFIES FACTORIZATION, WHICH IS ESSENTIAL FOR SOLVING POLYNOMIAL EQUATIONS
AND UNDERSTANDING POLYNOMIAL BEHAVIOR.

CoNcCLUSION

THE PROCESS OF IDENTIFYING THE OTHER FACTOR of \(8x"3 + 1\) wWHeN one FACTOR \(2% + T\) IS GIVEN DEMONSTRATES
THE POWER OF ALGEBRAIC IDENTITIES AND PATTERN RECOGNITION. |T EMPHASIZES THE IMPORTANCE OF UNDERSTANDING
FUNDAMENTAL FORMULAS LIKE THE SUM OF CUBES, QUADRATIC SOLUTIONS, AND POLYNOMIAL DIVISION. MASTERY OF THESE
TECHNIQUES EQUIPS STUDENTS AND MATHEMATICIANS ALIKE TO TACKLE A WIDE ARRAY OF POLYNOMIAL PROBLEMS EFFICIENTLY,
PAVING THE WAY FOR DEEPER INSIGHTS INTO ALGEBRAIC STRUCTURES AND THEIR APPLICATIONS.

IN ESSENCE, THE OTHER FACTOR OF \(8x"3 + T\) wHen one FACTOR 1S \(2x + 1\) 1s \(\BOXED{4X"2 - 2x + 1}\).
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