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IF UsiNg THE MeTHOD OF COMPLETING THE SQUARE To SoLVE THE QUADRATIC EQUATION X - 13x + 31 = 0, WHICH
NUMBER IS A QUESTION THAT OFTEN ARISES WHEN STUDENTS AND MATH ENTHUSIASTS ATTEMPT TO UNDERSTAND THE PROCESS
OF SOLVING QUADRATIC EQUATIONS BY COMPLETING THE SQUARE. THIS METHOD IS A FUNDAMENTAL ALGEBRAIC TECHNIQUE
THAT TRANSFORMS A QUADRATIC EQUATION INTO A PERFECT SQUARE TRINOMIAL, MAKING IT EASIER TO SOLVE FOR THE
VARIABLE. IN THIS ARTICLE, WE WILL EXPLORE THE CONCEPT THOROUGHLY , EXPLAINING EACH STEP WITH CLARITY, AND ANSWER
THE KEY QUESTION: WHICH NUMBER SHOULD BE ADDED TO COMPLETE THE SQUARE IN THE GIVEN QUADRATIC EQUATION?

UNDERSTANDING THE QUADRATIC EQUATION

WHAT Is A QUADRATIC EQUATION?

A QUADRATIC EQUATION IS ANY SECOND-DEGREE POLYNOMIAL EQUATION OF THE FORM:

ax™2 + bx + c =0

WHERE:

-A#0

- B AND C ARE COEFFICIENTS

IN OUR CASE, THE ORIGINAL EQUATION APPEARS TO BE:

X - 13x + 31 =0

HOWEVER, THIS EXPRESSION SIMPLIFIES TO:

-12x + 31 = 0

WHICH IS LINEAR, NOT QUADRATIC.

IMPORTANT CLARIFICATION:

TO APPLY THE METHOD OF COMPLETING THE SQUARE EFFECTIVELY, THE EQUATION MUST BE QUADRATIC, LE., IT SHOULD HAVE
AN \(x*2\) TerM. IF THE ORIGINAL PROBLEM IS \( X2 - 13x + 31 =0 \), THEN IT IS A QUADRATIC EQUATION SUITABLE

FOR COMPLETING THE SQUARE.

ASSUMPTION:
GIVEN THE CONTEXT, IT’S LIKELY THAT THE INTENDED EQUATION IS:

x*2 - 13x + 31 =0

WHICH IS QUADRATIC AND SUITABLE FOR THE METHOD.

REWRITING THE EQUATION FOR COMPLETING THE SQUARE

STeP 1: ENSURE THE EQUATION IS IN STANDARD FORM

THE STANDARD FORM FOR COMPLETING THE SQUARE IS:



ax™2 + bx +c=20

FOrR OUR CASE:

X2 - 13x + 31 =0

Here:
-\(a=11)
-\(g=-13\)
-\(c=311)

STeP 2: IsoLATE THE QUADRATIC AND LINEAR TERMS

ToO COMPLETE THE SQUARE, MOVE THE CONSTANT TERM TO THE OTHER SIDE:

x"2 - 13x = -31

CoMPLETING THE SQUARE: THE Core CONCEPT

\WHAT Does COMPLETING THE SQUARE MEAN?

COMPLETING THE SQUARE INVOLVES REWRITING A QUADRATIC EXPRESSION IN THE FORM:

(X + d)"2

WHICH EXPANDS TO:

X"2 + 2dx + d”2

THIS FORM MAKES IT STRAIGHTFORWARD TO SOLVE FOR \( X \) BY TAKING SQUARE ROOTS.

STep 3: FIND THE NUMBER TO COMPLETE THE SQUARE

To TRANSFORM \( X2 - 13x \) INTO A PERFECT SQUARE TRINOMIAL, IDENTIFY THE COEFFICIENT OF \( x \), WHICH IS

\(-13\).

THE PROCESS INVOLVES:

- TakING HALF oF THE coerrICIENT of \( x \): \( \rrac{-133{23 \)
- SQUARING THIS VALUE: \( \LerT(\FrAc{- 13} 2N\rIGHT)"2 \)
CALCULATIONS:

1. Hatr ofF \(-13\): \( \rrac{-133{23} =-6.5\)

2. SQuAre ofF \(-6.5\): \((-6.5)"2 =42.25)

THEREFORE, THE NUMBER TO ADD TO THE LEFT SIDE TO COMPLETE THE SQUARE IS 42.25.



TRANSFORMING THE EQUATION

STEP 4: ApD THE NUMBER TO BoTH SIDES

To MAINTAIN EQUALITY, ADD 42.25 TO BOTH SIDES:

X"2 - 13x + 42.25 = -31 + 42.25

SIMPLIFY THE RIGHT SIDE:

-31 + 42.25 = 11.25

STeP 5: EXPRESS AS A PERFECT SQUARE

NO\X/, THE LEFT SIDE CAN BE WRITTEN AS:

(x - 6.5)"2

SINCE:

(X - 6.5)72 = x"2 - 13x + 42.25

RESULTING EQUATION:

(x - 6.5)72 = 11.25

SOLVING THE EQUATION

STep 6: TAKE THE SQUARE RooT oF BoTH SIDES

APPLYING SQUARE ROOT:

X - 6.5 = + \sqrt{11.25}

CaLcuLaTte \(\s@rT{11.25} \):

\sqrt{11.25} = 3.3541

Step 7: FINAL SorLuTions For \( x \)

ADDING 6.5 TO BOTH SIDES:

X =6.5 %= 3.3541

WHICH YIELDS TWO SOLUTIONS!

1. \(x =~ 6.5+3.3541=9.85411))



2. \(x=~6.5-3.3541=23.1459)

SUMMARY:
THE NUMBER YOU ADD TO COMPLETE THE SQUARE IS 42.25.

Key TAKEAWAYS AND TIPS

UNDERSTANDING THE PROCESS

- THE CRITICAL STEP IN COMPLETING THE SQUARE IS HALVING THE COEFFICIENT OF \( X \) AND SQUARING IT.
- THIS NUMBER ENSURES THE QUADRATIC CAN BE EXPRESSED AS A PERFECT SQUARE TRINOMIAL.
- ALWAYS PERFORM THE SAME OPERATION ON BOTH SIDES TO MAINTAIN EQUALITY.

CoMMoN MIsTAKES TO AvoID

- CONFUSING THE ORIGINAL QUADRATIC FORM; ENSURE THE EQUATION IS QUADRATIC (\( X*2 \) TERM PRESENT).
- FORGETTING TO ADD THE NUMBER TO BOTH SIDES.
- INCORRECT CALCULATION OF THE SQUARE OF HALF THE COEFFICIENT.

ADDITIONAL ExXAMPLES OF COMPLETING THE SQUARE

- For QuaDrRATIC: \( X*2 + 4x+ 1=01\)

- HALF oF 4 Is 2, sQUARE IS 4.

- ADD 4 TO BOTH SIDES.

-RewriTE AS \((x+2)"2=4-1=3\).

- SoLve For \( x \): \(x + 2 = +\sqrT{33 \).
- FINAL soLuTions: \( x = -2 + \sqrT{3} \).

- For QuabraTIC: \( 2x*2-8x+6=01\)

- DIVIDE ENTIRE EQUATION BY 2: \( X2 - 4x + 3 =0\).

- HaLr oF \(-4\) 1s \(-2)), sQuare Is 4.

- Apb 4 TosoTHSIDES: \( X2 -4x+4=-3+4=1)).

- RewriTE As \( (x - 2)"2 =1 \).

-SoLve: \(x-2==%1)), so soruTions ARe \(x =3 \) ano \(x = 1).

CONCLUSION

USING THE METHOD OF COMPLETING THE SQUARE TO SOLVE QUADRATIC EQUATIONS IS AN ELEGANT AND SYSTEMATIC
APPROACH. FOR THE SPECIFIC EQUATION \( X2 - 13x + 31 =0 \), THE NUMBER THAT MUST BE ADDED TO COMPLETE THE
SQUARE IS 42.25. THIS PROCESS NOT ONLY SIMPLIFIES SOLVING QUADRATIC EQUATIONS BUT ALSO DEEPENS UNDERST ANDING
OF ALGEBRAIC STRUCTURES. REMEMBER, THE KEY IS ALWAYS TO TAKE HALF OF THE LINEAR COEFFICIENT, SQUARE IT, AND ADD
THAT TO BOTH SIDES OF THE EQUATION. THIS TRANSFORMS THE QUADRATIC INTO A PERFECT SQUARE TRINOMIAL, MAKING THE
SOLUTION STRAIGHTFORWARD. W/ITH PRACTICE, COMPLETING THE SQUARE BECOMES A POWERFUL TOOL IN YOUR ALGEBRAIC

TOOLKIT.

FREQUENTLY AsSkeD QUESTIONS



\WHAT IS THE FIRST STEP WHEN USING COMPLETING THE SQUARE TO SOLVE THE
QUADRATIC EQUATION X2- 13x + 31 =0?

THE FIRST STEP IS TO MOVE THE CONSTANT TERM TO THE OTHER SIDE, SO THE EQUATION BECOMES x2-13x=-31.

\W/HICH NUMBER SHOULD BE ADDED TO BOTH SIDES TO COMPLETE THE SQUARE FOR X? -
13x=-31°

You app (13/2)2=(13/2)(13/2) = 169/4 To BOTH SIDES TO COMPLETE THE SQUARE.

\W/HAT IS THE VALUE OF THE NUMBER USED TO COMPLETE THE SQUARE IN THE EQUATION
x2-13x+31=0°

THE NUMBER IS 169/ 4.

AFTER COMPLETING THE SQUARE, WHAT IS THE NEXT STEP TO FIND THE SOLUTIONS OF
THE QUADRATIC?

REWRITE THE LEFT SIDE AS A PERFECT SQUARE (X - ]3/2)2 AND THEN SOLVE FOR X BY TAKING THE SQUARE ROOT OF BOTH
SIDES.

How Do YOU DETERMINE THE SOLUTIONS OF THE QUADRATIC EQUATION AFTER
COMPLETING THE SQUARE?

YOU TAKE THE SQUARE ROOT OF BOTH SIDES, REMEMBER TO CONSIDER BOTH POSITIVE AND NEGATIVE ROOTS, THEN SOLVE FOR
X TO FIND THE SOLUTIONS.

ADDITIONAL RESOURCES

IF UsING THE MeTHOD OF COMPLETING THE SQUARE To SoLve THe QUADRATIC EQUATION X2 - 13x + 31 =0, WHICH
NUMBER?

QUADRATIC EQUATIONS ARE FUNDAMENTAL COMPONENTS OF ALGEBRA, SERVING AS ESSENTIAL TOOLS ACROSS MATHEMATICS,
SCIENCE, ENGINEERING, AND VARIOUS APPLIED FIELDS. AMONG THE MANY METHODS TO SOLVE QUADRATIC EQUATIONS, THE
TECHNIQUE OF COMPLETING THE SQUARE HOLDS A DISTINGUISHED PLACE DUE TO ITS CONCEPTUAL CLARITY AND HISTORICAL
SIGNIFICANCE. THIS ARTICLE EXPLORES THE PROCESS OF SOLVING THE QUADRATIC EQUATION x2-13x + 31 =0 using
COMPLETING THE SQUARE, WITH A KEEN FOCUS ON IDENTIFYING THE CRITICAL “NUMBER” INVOLVED—NAMELY, THE CONSTANT
TERM ADDED AND SUBTRACTED DURING THE PROCESS. WE WILL ANALYZE THE METHOD STEP-BY-STEP, EXAMINE THE UNDERLYING
MATHEMATICAL PRINCIPLES, AND DISCUSS THE SIGNIFICANCE OF THE KEY NUMBER THAT EMERGES IN THIS CONTEXT.

UNDERSTANDING THE QUADRATIC EQUATION AND ITS COMPONENTS

BEFORE DELVING INTO THE METHOD OF COMPLETING THE SQUARE, IT IS ESSENTIAL TO PARSE THE STRUCTURE OF THE QUADRATIC
EQUATION IN QUESTION:

x2-13x+31=0

THIS STANDARD FORM INVOLVES THREE COMPONENTS:



- THE QUADRATIC TERM: X2

- THE LINEAR TERM: - 13X

- THE CONSTANT TERM: 3 1

THE GOAL IS TO MANIPULATE THIS EQUATION INTO A FORM THAT MAKES IT STRAIGHTFORWARD TO SOLVE FOR X, TYPICALLY
BY ISOLATING THE QUADRATIC EXPRESSION AND THEN TAKING SQUARE ROOTS. THE METHOD OF COMPLETING THE SQUARE

TRANSFORMS THE ORIGINAL QUADRATIC INTO A PERFECT SQUARE TRINOMIAL, WHICH CAN BE EXPRESSED AS A BINOMIAL
SQUARED.

THE MeTHOD OF COMPLETING THE SQUARE: AN OVERVIEW

COMPLETING THE SQUARE IS A TECHNIQUE THAT REWRITES A QUADRATIC EXPRESSION IN THE FORM:
axZ+ex+c=0

AS

A(x+D)2+e=0

WHERE D AND E ARE CONSTANTS DETERMINED THROUGH ALGEBRAIC MANIPULATION. THE CORE IDEA INVOLVES ADDING AND
SUBTRACTING A SPECIFIC NUMBER TO THE ORIGINAL QUADRATIC TO FORM A PERFECT SQUARE TRINOMIAL.

HisToricaL CONTEXT:
THIS METHOD DATES BACK TO ANCIENT MATHEMATICIANS, INCLUDING THE BABYLONIANS AND INDIAN SCHOLARS, AND WAS

LATER FORMALIZED IN THE WORK OF EUROPEAN MATHEMATICIANS SUCH AS AL-KHWARIZMI AND DESCARTES. |T IS NOT ONLY A
SOLUTION TECHNIQUE BUT ALSO PROVIDES INSIGHT INTO THE GEOMETRIC INTERPRETATION OF QUADRATICS.

THe CriTicAL “NUMBER” IN COMPLETING THE SQUARE

THE KEY “NUMBER” IN COMPLETING THE SQUARE PERTAINS TO THE VALUE ADDED AND SUBTRACTED TO THE QUADRATIC
EXPRESSION TO FORM A PERFECT SQUARE. FOR A QUADRATIC IN THE FORM:

x? +BX + C

THE “COMPLETING THE SQUARE” PROCESS INVOLVES ADDING AND SUBTRACTING (8/2)2. THIs NUMBER, (B/2)?, IS CENTRAL
BECAUSE IT ENSURES THE EXPRESSION BECOMES A PERFECT SQUARE TRINOMIAL.

IN OUR SPECIFIC QUADRATIC:

x?-13x+ 31

THE COEFFICIENT B 1S - 13, SO THE CRITICAL NUMBER IS:
(-13/2)2=(-6.5)2=42.25

THIS VALUE, 4225, IS THE “NUMBER” THAT IS ADDED AND SUBTRACTED WITHIN THE PROCESS TO FACILITATE THE PERFECT
SQUARE FORMATION.



STeP-BY-STEP SoLUTION UsING COMPLETING THE SQUARE

APPLYING THE METHOD TO THE GIVEN QUADRATIC INVOLVES SYSTEMATIC STEPS:

STeP 1: ISOLATE THE QUADRATIC AND LINEAR TERMS

THE QUADRATIC IS ALREADY IN STANDARD FORM:

x?2-13x+31=0

STeP 2: MOVE THE CONSTANT TO THE OTHER SIDE

x2-13x=-31

STeP 3: DETERMINE THE NUMBER TO COMPLETE THE SQUARE

CALCULATE:

(-13/2)?=42.25

STeP 4: ADD AND SUBTRACT THIS NUMBER ON THE LEFT SIDE

x?-13x +42.25=-31+42.25

THIS MAINTAINS EQUALITY BECAUSE ADDING AND SUBTRACTING THE SAME NUMBER KEEPS THE EXPRESSION BALANCED.

STEP 5: WRITE THE LEFT SIDE AS A PERFECT SQUARE TRINOMIAL

(x-6.5)2=11.25
NoTE:
- THE PERFECT SQUARE TRINOMIAL 1S (X + D)?, WHERE D IS HALF THE COEFFICIENT OF X WITH THE SIGN ADJUSTED

APPROPRIATELY.
-SINcEg=-13,0=-13/2 =-6.5.

STEP 6: SOLVE FOR X BY TAKING SQUARE ROOTS

x-6.5=1F 11.25
CaLcuLaTe ] 11.28:
11.25=3.3541
THus:

x=06.5+3.3541



STep 7: WRITE THE SOLUTIONS EXPLICITLY

x®~ 6.5+ 3354198541

x~ 6.6-33541~3.1459

THE SIGNIFICANCE OF THE “"NUMBER” 42.25

THE NUMBER 42.25 EMERGES AS THE CRUX OF THE COMPLETING THE SQUARE PROCESS FOR THE QUADRATIC X2 - 13x + 31 =
0. IT 1S THE “KEY NUMBER” THAT BRIDGES THE ORIGINAL QUADRATIC TO ITS PERFECT SQUARE FORM. THIS NUMBER IS COMPUTED
FROM HALF THE LINEAR COEFFICIENT SQUARED—SPECIFICALLY, (B/2)2.

\WHY IS THIS NUMBER IMPORTANT?

- |T TRANSFORMS THE QUADRATIC INTO A PERFECT SQUARE, ENABLING STRAIGHTFORWARD EXTRACTION OF ROOTS.

- |T EMBODIES THE GEOMETRIC INTERPRETATION OF THE QUADRATIC AS A PARABOLA’S VERTEX FORM.

- |T REFLECTS THE “DISTANCE” FROM THE ORIGINAL QUADRATIC TO A PERFECT SQUARE, ENCAPSULATING THE ESSENCE OF THE
METHOD.

MATHEMATICAL IMPLICATIONS OF THE KEY NUMBER

THE NUMBER 42.25 1S NOT ARBITRARY; IT IS DEEPLY TIED TO THE STRUCTURE OF THE QUADRATIC. |TS DERIVATION AND ROLE
EXEMPLIFY THE ALGEBRAIC HARMONY UNDERPINNING QUADRATIC EQUATIONS. THE PROCESS REVEALS THAT:

- THE COEFFICIENT B DIRECTLY INFLUENCES THE “COMPLETING THE SQUARE” NUMBER.
- THE CONSTANT TERM C, IN CONJUNCTION WITH THIS NUMBER, DETERMINES THE SOLUTIONS’ NATURE.
- THE METHOD EMPHASIZES THE SYMMETRY AND QUADRATIC NATURE OF THE PROBLEM.

ALTERNATIVE PERSPECTIVES AND BROADER CONTEXT

W/HILE THE COMPLETING THE SQUARE METHOD IS OFTEN INTRODUCED AS A SOLUTION TECHNIQUE, ITS CONCEPTUAL DEPTH
EXTENDS FURTHER:

- GRAPHICAL INTERPRETATION: THE NUMBER 42.25 CORRESPONDS TO THE HORIZONTAL SHIFT OF THE PARABOLA’S VERTEX
FROM THE ORIGIN.

- CONNECTION TO QUADRATIC FORMULA: THE DISCRIMINANT (B2 - 4AC) IS RELATED TO THE SQUARE OF THIS NUMBER,
ILLUSTRATING HOW COMPLETING THE SQUARE AND QUADRATIC FORMULA ARE INTERTWINED.

- HISTORICAL SIGNIFICANCE: UNDERSTANDING THE CRITICAL NUMBER DEEPENS APPRECIATION FOR ALGEBRA'S DEVELOPMENT AND
ITS GEOMETRIC ROOTS.



CoNcLusioN: WHIcH NUMBER? THE ANSWER LIES IN THE COMPLETING THE
SQUARE

IN SOLVING THE QUADRATIC EQUATION X2 = 13x + 31 = 0 USING COMPLETING THE SQUARE, THE PIVOTAL NUMBER IS 42.25.
THIS NUMBER ARISES FROM (B/2)?, WHERE 8 = - 13, AND IS THE KEY TO TRANSFORMING THE QUADRATIC INTO A PERFECT
SQUARE TRINOMIAL. |TS ROLE IS FUNDAMENTAL: IT UNLOCKS THE SOLUTION BY ENABLING THE EXTRACTION OF SQUARE ROOTS
AND REVEALING THE ROOTS OF THE QUADRATIC.

THE PROCESS UNDERSCORES THAT THE “NUMBER” IN QUESTION IS NOT MERELY A NUMERICAL ARTIFACT BUT A REFLECTION OF
THE ALGEBRAIC STRUCTURE AND GEOMETRIC INTERPRETATION OF QUADRATIC EQUATIONS. RECOGNIZING AND UNDERST ANDING
THIS NUMBER ENHANCES OUR CONCEPTUAL GRASP OF ALGEBRA AND ILLUSTRATES THE ELEGANCE AND POWER OF COMPLETING THE
SQUARE AS A SOLUTION METHOD.

IN BROADER MATHEMATICAL DISCOURSE, THIS NUMBER EXEMPLIFIES HOW A SIMPLE ALGEBRAIC MANIPULATION CAN UNVEIL
PROFOUND INSIGHTS INTO THE NATURE OF QUADRATIC FUNCTIONS AND THEIR SOLUTIONS. \WHETHER FOR EDUCATIONAL
PURPOSES, THEORETICAL EXPLORATION, OR PRACTICAL PROBLEM-SOLVING, THE “NUMBER” THAT COMPLETES THE SQUARE
REMAINS A CORNERSTONE OF QUADRATIC ANALYSIS.
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NoTE: THE ABOVE EXPLORATION EMPHASIZES A DETAILED UNDERSTANDING OF THE KEY NUMBER INVOLVED IN COMPLETING THE
SQUARE FOR THE QUADRATIC EQUATION x2-13x+31= 0, OFFERING INSIGHTS INTO BOTH THE ALGEBRAIC PROCESS AND ITS
BROADER MATHEMATICAL SIGNIFICANCE.
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