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INTRODUCTION
POLYNOMIAL DIVISION IS A FUNDAMENTAL CONCEPT IN ALGEBRA THAT INVOLVES DIVIDING ONE POLYNOMIAL BY ANOTHER, MUCH

LIKE LONG DIVISION WITH NUMBERS. WHEN DIVIDING A PoLYNOMIAL \( F(x) \) BY A DIvisor \( G(x) \), THE RESULT CAN BE
EXPRESSED AS:

\[
F(x) = Q(x) \TiMes G(x) + R(x)
\]

\WHERE!:

-\(Q(x) \) Is THE QUOTIENT POLYNOMIAL,
- \(R(x) \) IS THE REMAINDER POLYNOMIAL.

IN cASES WHERE THE DIVISOR \( G(x) \) IS LINEAR, SUCH AS \( X + A \), THE REMAINDER THEOREM SIMPLIFIES THE PROCESS OF
FINDING THE REMAINDER: THE REMAINDER IS SIMPLY \( F(-A) \).

IN THIS ARTICLE, WE WILL EXPLORE HOW TO FIND THE REMAINDER WHEN DIVIDING THE POLYNOMIAL \( F(x) = 2x"5 + 3x"4 +
x"3+2x"2 +x+8 ey \(Gx)=x+10\).

(UNDERSTANDING THE PROBLEM
PoLyYNoMIAL DEFINITIONS

- Divipenp PoLynomiaL \( F(x) \):

\[

F(x)=2x"5+3x™M +x"3+ 2x"2 +x + 8
\]

- Divisor PoLynomiaL \( G(x) \):

\[

G(x)=x+ 10

\]

Since \( G(x) \) IS LINEAR, THE REMAINDER THEOREM APPLIES, WHICH STATES:
> THe ReMAINDER WHEN \( F(x) \) 1s oivipep 8y \( x + A \) 1s \( F(-a) \).

IN our casg, \( A= 10), so THe rRemaiNDER 1S \( F(-10) \).

APPLYING THE REMAINDER THEOREM



Step 1: IoenTiry \( A \)
GIven \( G(x) = x + 10 \), THe RooT ofF \( G(x) \) I1s:

\[

x=-10

\]

Step 2: EvaLuaTe \(F(-10) \)

To FIND THE REMAINDER, PLUG \( x =-10\) nTo \( F(x) \):

\l
F(-10) = 2(-10)"5 + 3(-10)"4 + (-10)"3 + 2(-10)*2 + (- 10) + 8
\]

LET'S COMPUTE EACH TERM CAREFULLY.

CarcuLaTing \(F(-10) \)
STep 3: COMPUTE EACH TERM
1.\ 2(-10)"5 \):

\[

(-10)"5 =(-10) \1iMes (-10) \TiMes (-10) \1ives (-10) \1iMes (-10)
\]

CALCULATE STEP BY STEP:

-\((-10) \TiMes (-10) = 100 \)

-\( 100 \1Mes (-10) =-1000 \)
-\(-1000 \tiMes (-10) = 10,000 \)
-\( 10,000 \iMes (-10) =-100,000 \)
So,

\[

(-10)"5 = -100,000
\]

THEREFORE,

\[

2 \Tives (-100,000) = -200,000
\]

2.\(3(-10)"4\):

CaLcuLaTe \( (-10)™4\):
-\(G10)M =((-10)"2)*2 \)
-\((-10)*2=100\)

-\( 100”2 = 10,000 \)



THus,

\[
(-10)"4 = 10,000
\]

Now,

\[

3 \TiMes 10,000 = 30,000

\]

3ACCG10"3\):

\[

(-10)"3 =(-10) \1iMes (-10) \7imes (-10)
\]

-\((-10) \TimMes (-10) = 100 \)

-\( 100 \7iMes (-10) =-1,000 \)

So

’

\[

(-10)"3 =-1,000

\]

4.\(2¢-10)"2 \):
-\((-10)*2=100\)

-\( 2 \1Mes 100 =200 \)
5\(-10\):

THIS IS STRAIGHTFORWARD, EQUALS \( =10 \).

6. CONSTANT TERM: 8

SUMMING ALL TERMS

NO\X/, COMBINE ALL COMPUTED VALUES:

\[
F(-10) =-200,000 + 30,000 - 1,000 + 200 - 10 + 8
\]

STEP-BY-STEP:

-\(-200,000 + 30,000 =-170,000\)
-\(-170,000- 1,000 =-171,000)
-\(-171,000 + 200=-170,800\)
-\(-170,800-10=-170,810)
-\(-170,810+8=-170,802)



FINAL REMAINDER

\l

\BoxeD{

\TexT{ReMAaINDER} = -170,802
}

\]

THis MeaNs wHEN DIVIDING \( F(x) \) By \( G(x) = x + 10 \), THE rRemaINDER 1S \(-170,802)).

ADDITIONAL METHODS FOR PoLYNoOMIAL REMAINDER CALCULATION

W/HILE THE REMAINDER THEOREM OFFERS A QUICK SOLUTION FOR LINEAR DIVISORS, OTHER METHODS ARE USEFUL FOR MORE
COMPLEX DIVISORS.

PoLyYNoMIAL LoNG DivisioN

- Diviping \( F(x) \) By \( G(x) \) INvOLVES REPEATEDLY SUBTRACTING MULTIPLES oF \( G(x) \) Frrom \( F(x) \) ToO
REDUCE THE DEGREE.

SYNTHETIC DIvISION

- A SIMPLIFIED FORM OF POLYNOMIAL DIVISION USED WHEN DIVIDING BY LINEAR FACTORS, ESPECIALLY WHEN THE DIVISOR IS OF
THE ForM \( x - ¢ \).

- IN oURr cAsE, SINCE \( G(x) = x + 10 \), RewrITE AS \( x = (-10) \), WHICH MAKES SYNTHETIC DIVISION APPLICABLE
using \(c=-10\).

USING SYNTHETIC DivISION To FIND THE REMAINDER
Step 1: SET UP SYNTHETIC DIVISION wiTH \( c =-10\)

Coerricients oF \( F(x) \):

\[
2,3,1,2,1,8
\]

(NoTe: THE POLYNOMIAL IS WRITTEN AS \( 2X"5 + 3x™4 + x*3 + 2x"2 + x + 8 \). THE COEFFICIENTS ARE IN ORDER OF
DECREASING POWER.)

STEP 2: PERFORM SYNTHETIC DIVISION

| Coerricients | 21311121118
|- e e e e
1-1011-20]1701-1,700117,000|-170,000 |

THE PROCESS INVOLVES:

- BRING DOWN THE LEADING COEFFICIENT: 2

-MuLtipty BY \(c=-10\): \( 2 \TiMes -10=-20\)
- Abb To NexT coerrICIENT: \( 3 +(-20) =-17\)
-MuLTipty: \(-17 \TiMes -10 =170 \)

Ao \(1+170=1711)

-MuLtipLy: \( 171 \1iMes -10=-1,710\)



- Aop: \(2+(-1,710)=-1,708 \)

-MuLTipLy: \(-1,708 \TiMes -10= 17,080 \)

- Aop: \(1+17,080=17,081\)

-MuctieLy: \( 17,081 \1iMes -10=-170,810\)
- Aop: \( 8 +(-170,810) =-170,802 \)

THE FINAL VALUE, \(-170,802\), IS THE REMAINDER, CONSISTENT WITH PREVIOUS CALCULATIONS.

SUMMARY AND KEY TAKEAWAYS

- THE REMAINDER THEOREM PROVIDES A QUICK WAY TO FIND THE REMAINDER WHEN DIVIDING BY A LINEAR POLYNOMIAL:
eVALUATE \( F(-A) \) wHere \( G(x) =x + A \).

- For our exAMPLE, \( G(x) =x + 10\), so THe ReMaINDER IS \( F(-10) =-170,802 \).

- SYNTHETIC DIVISION IS AN ALTERNATIVE METHOD THAT IS FASTER AND LESS ERROR-PRONE FOR LINEAR DIVISORS, CONFIRMING
THE REMAINDER AS \(-170,802\).

- POLYNOMIAL DIVISION IS ESSENTIAL IN ALGEBRA FOR SIMPLIFYING EXPRESSIONS, SOLVING POLYNOMIAL EQUATIONS, AND
FACTORING.

PRACTICAL APPLICATIONS
(UNDERSTANDING HOW TO FIND REMAINDERS HAS APPLICATIONS ACROSS VARIOUS FIELDS:

- ALGEBRAIC SIMPLIFICATION

- FACTOR THEOREM APPLICATIONS

- POLYNOMIAL INTERPOLATION

- CRYPTOGRAPHY ALGORITHMS

- ERROR DETECTION IN CODING THEORY

CONCLUSION

FINDING THE REMAINDER WHEN DIVIDING POLYNOMIALS IS A VITAL SKILL IN ALGEBRA. IN OUR EXAMPLE, USING THE REMAINDER
THEOREM ALLOWED US TO EFFICIENTLY COMPUTE THAT THE REMAINDER WHEN DIVIDING \( F(x) = 2x"5 + 3x"4 + x"3 +
2x"2 +x+8\) ey \(G(x)=x+ 10\)1s\(-170,802\). WHETHER THROUGH

FREQUENTLY AskeD QUESTIONS

How DO | FIND THE REMAINDER WHEN A POLYNOMIAL F(X) IS DIVIDED BY A LINEAR
pivisor G(x) = x - 10?

YOU CAN FIND THE REMAINDER BY EVALUATING F(10) USING THE REMAINDER THEOREM, SINCE FOR LINEAR DIVISORS X = A, THE
REMAINDER 1S F(A).

W/HAT IS THE REMAINDER THEOREM AND HOW DOES IT APPLY TO DIVIDE F(x) BY G(X)
=x-10°

THe REMAINDER THEOREM STATES THAT WHEN DIVIDING A POLYNOMIAL F(X) BY X - A, THE REMAINDER 1S EQUAL To F(A). So,
For G(x) = x - 10, THE REMAINDER IS F(10).



GIVEN F(x) = 2x"5 - 3x"4 + x"3 + 2x"2 - 8 anp G(x) = x - 10, How Do |
COMPUTE THE REMAINDER?

CaLcuLATE F(10): F(10) = 2(10)"5 - 3(10)"4 + (10)*3 + 2(10)"2 - 8.

CAN SYNTHETIC DIVISION BE USED TO FIND THE REMAINDER OF F(X) DIVIDED BY X - 10°

YES/ SYNTHETIC DIVISION SIMPLIFIES THE PROCESS OF EVALUATING THE POLYNOMIAL AT X = 10/ WHICH DIRECTLY GIVES THE
REMAINDER IN THIS CASE.

WHAT IS THE VALUE oF F(10) For F(x) = 2x”5 - 3x™4 + x*3 + 2x"2 - 8?
F(10) = 2(100000) - 3(10000) + 1000 + 2(100) - 8 = 200000 - 30000 + 1000 + 200 - 8 = 170,192.

Is THE cALCULATION ofF F(10) THE SAME AS FINDING THE REMAINDER WHEN DIVIDING
F(x) Y x - 10?

YES, BY THE REMAINDER THEOREM, EVALUATING F(10) GIVES THE EXACT REMAINDER.

\WHAT ARE THE STEPS TO FIND THE REMAINDER WHEN DIVIDING F(x) BY G(X) = x - 10?

Step 1: Recoanize G(x) = x - 10. STep 2: EvaLUATE F(10). THE RESULT IS THE REMAINDER.

\WHY IS THE REMAINDER THEOREM USEFUL IN POLYNOMIAL DIVISION PROBLEMS LIKE THIS?

IT ALLOWS YOU TO QUICKLY FIND THE REMAINDER WITHOUT PERFORMING FULL POLYNOMIAL DIVISION, SAVING TIME AND EFFORT.

ADDITIONAL RESOURCES

FIND THe ReMAINDER WHEN F(x) Is Divibep By G(x) IF F(x) = 2x™5 + 3x™4 + x"3 + 2x"2 + x + 8 an0 G(x) = x + 10
IS A COMMON PROBLEM IN ALGEBRA THAT INVOLVES POLYNOMIAL DIVISION AND THE REMAINDER THEOREM. W/HETHER YOU'RE A
STUDENT BRUSHING UP ON CORE CONCEPTS OR A MATH ENTHUSIAST TACKLING POLYNOMIAL PROBLEMS, UNDERST ANDING HOW
TO FIND THE REMAINDER EFFICIENTLY IS ESSENTIAL. THIS GUIDE WILL PROVIDE A COMPREHENSIVE BREAKDOWN OF THE PROCESS,
STEP BY STEP, ENSURING YOU GRASP THE UNDERLYING PRINCIPLES AND CAN APPLY THEM CONFIDENTLY IN SIMILAR PROBLEMS.

(UNDERSTANDING THE PROBLEM

W/HEN ASKED TO FIND THE REMAINDER WHEN A POLYNOMIAL F(X) IS DIVIDED BY ANOTHER POLYNOMIAL G(X), IT TYPICALLY
INVOLVES UNDERSTANDING POLYNOMIAL DIVISION CONCEPTS AND THE REMAINDER THEOREM.

GIVEN:
SF(x) =2x"5 + 3xM + "3+ 2x"2 + x + 8
-G(x)=x+ 10

THE GOAL IS TO FIND THE REMAINDER R WHEN F(X) IS DIVIDED BY G(X).
THe Key CoNcePT: THE REMAINDER THEOREM

\WHAT IS THE REMAINDER T HEOREM?



THe REMAINDER THEOREM STATES THAT FOR ANY POLYNOMIAL F(X) DIVIDED BY A LINEAR DIVISOR OF THE FORM (X - A), THE
REMAINDER IS SIMPLY F(A).

IN MATHEMATICAL TERMS:
- IF G(x) = x - A, THEN REMAINDER = F(A).

APPLYING THE REMAINDER THEOREM TO OUR PROBLEM
Since G(x) = x + 10, WE CAN REWRITE IT AS:
x+10=0

WHICH IMPLIES:

x=-10

THUS, THE REMAINDER WHEN F(x) IS DIVIDED BY G(X) IS F(-10).

STEP-BY-STEP PROCESS TO FIND THE REMAINDER

1. RECOGNIZE THE DIVISOR AS A LINEAR POLYNOMIAL

OUR DIVISOR G(x) = x + 10 FITS NEATLY INTO THE REMAINDER THEOREM FRAMEWORK BECAUSE IT'S LINEAR.
2. FIND THE VALUE OF X THAT MAKES G(X) ZERO

SeT G(x) = 0:

x+10=0

x=-10

3. CaLcuLATE F(-10)

Now, sussTITUTE X = - 10 INTo F(x):

F(-10) = 2(-10)"56 + 3(-10)*4 + (-10)"3 + 2(-10)*2 + (-10) + 8

LET'S EVALUATE EACH TERM CAREFULLY.

CALCULATING F(-10): DETAILED BREAKDOWN

Step 1: CoMPUTE POWERS OF - 10
-(-10)*5=-10-10-10-10-10

Since (-10)™5 IS AN ODD POWER, THE RESULT IS NEGATIVE:
(-10)*5 =-100000

- (-10)"4 = 10,000 (SINCE EVEN POWER MAKES IT POSITIVE)
-(-10)*3 =-1000

-(-10)*2 =100



STeP 2: PLUG IN THE COMPUTED POWERS INTO F(-10)
F(-10) =2 (-100000) + 3 (10000) + (-1000) + 2 (100) + (-10) + 8
STep 3: CALCULATE EACH TERM

- 2 (-100000) = -200000

- 3 10000 = 30000

- (-1000) remalins - 1000

-2 100 =200

- (-10) remains - 10

- 8 REMAINS 8

STEP 4: SUM ALL TERMS

Now , SUM THESE STEP BY STEP:

--200000 + 30000 =-170000

--170000 + (-1000) =-171000

--171000 + 200 =-170800
--170800+(-10)=-170810

--170810+8 =-170802

THererore, F(-10) =-170802.

FINAL RESULT: THE REMAINDER
ACCORDING TO THE REMAINDER THEOREM, THE REMAINDER WHEN DIVIDING F(x) BY G(X) IS:

Remainoer = F(-10) =-170802

ADDITIONAL INSIGHTS AND TIPS

\WHY DOES THIS METHOD WORK?

- THE REMAINDER THEOREM SIMPLIFIES THE DIVISION PROCESS BY REDUCING IT TO A SIMPLE EVALUATION PROBLEM.

- INSTEAD OF PERFORMING POLYNOMIAL LONG DIVISION, WHICH CAN BE TIME-CONSUMING, EVALUATING F AT x = - 10 GIVES THE
REMAINDER DIRECTLY.

\W/HEN IS THIS METHOD APPLICABLE?

- \W/HEN DIVIDING BY LINEAR POLYNOMIALS OF THE FORM (X - A).

- FOR HIGHER-DEGREE DIVISORS, POLYNOMIAL DIVISION OR SYNTHETIC DIVISION METHODS ARE USED, BUT THE REMAINDER
THEOREM STILL PROVIDES INSIGHT INTO THE REMAINDER FOR LINEAR DIVISORS.

PrRACTICE PROBLEMS

1. FIND THE REMAINDER WHEN F(x) = x*3 - 4x"2 + 7x - 3 IS DIVIDED BY X - 2.

2.1F G(x) = 3x + 5, WHAT IS THE REMAINDER WHEN F(x) = 5x™4 - x*3 + 2x - 115 pIVIDED BY G(X)?
3. USE SYNTHETIC DIVISION TO DIVIDE F(x) = 2x"3 + 3x"2 4+ x + 5 BY X + 4 AND FIND THE REMAINDER.

SUMMARY



- TO FIND THE REMAINDER WHEN A POLYNOMIAL F(x) IS DIVIDED BY A LINEAR POLYNOMIAL G(X) = X + C, IDENTIFY THE ROOT
of G(x) (WHICH I1s x = -C).

- EVALUATE F AT THAT ROOT: ReMAINDER = F(-¢).

- THE PROCESS IS STRAIGHTFORWARD AND SIGNIFICANTLY FASTER THAN POLYNOMIAL LONG DIVISION.

FINAL THOUGHTS

MASTERING POLYNOMIAL DIVISION PROBLEMS, ESPECIALLY THOSE INVOLVING FINDING REMAINDERS, IS FUNDAMENTAL IN ALGEBRA.
THE REMAINDER THEOREM OFFERS A QUICK AND ELEGANT WAY TO DETERMINE THE REMAINDER FOR DIVISION BY LINEAR
POLYNOMIALS. THROUGH UNDERSTANDING AND APPLYING THIS PRINCIPLE, PROBLEM~SOLVING BECOMES MORE EFFICIENT, BOOSTING
YOUR CONFIDENCE IN TACKLING ADVANCED ALGEBRAIC CHALLENGES.

ALWAYS REMEMBER: THE KEY IS RECOGNIZING WHEN THE DIVISOR FITS THE FORM (X - A). ONCE YOU SEE THAT, EVALUATING
F(A) INSTANTLY GIVES YOU THE REMAINDER, SAVING YOU TIME AND EFFORT. KEEP PRACTICING WITH DIFFERENT POLYNOMIALS TO
SOLIDIFY YOUR UNDERSTANDING AND BECOME PROFICIENT IN POLYNOMIAL DIVISION TECHNIQUES.
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