FIND THE NTH TerM OF THIS QUADRATIC SEQUENCEZ, 8, 18,
32, 80, ...

Fino THe NTH TerM OF THIS QUADRATIC SEQUENCE 2, 8, 18, 32, 60, ...

UNDERSTANDING SEQUENCES IS A FUNDAMENTAL ASPECT OF ALGEBRA AND MATHEMATICS AS A WHOLE. W/HEN DEALING WITH
SEQUENCES, ESPECIALLY QUADRATIC SEQUENCES, IDENTIFYING THE PATTERN AND DERIVING A FORMULA TO FIND THE NTH TERM IS
CRUCIAL. IN THIS ARTICLE, WE WILL EXPLORE HOW TO FIND THE NTH TERM OF THE QUADRATIC SEQUENCE: 2, 8, 18, 32, 50, ...

. WE WILL GO THROUGH THE CONCEPTS STEP-BY-STEP, PROVIDING CLEAR EXPLANATIONS, EXAMPLES, AND PRACTICAL METHODS
TO DERIVE THE GENERAL FORMULA FOR THE SEQUENCE.

INTRODUCTION TO QUADRATIC SEQUENCES

BEFORE DIVING INTO THE SPECIFIC SEQUENCE, IT’S ESSENTIAL TO UNDERSTAND WHAT QUADRATIC SEQUENCES ARE AND HOW
THEY DIFFER FROM LINEAR OR CUBIC SEQUENCES.

WHAT Is A QUADRATIC SEQUENCE?

A QUADRATIC SEQUENCE IS A SEQUENCE OF NUMBERS WHERE THE SECOND DIFFERENCE (THE DIFFERENCE OF THE DIFFERENCES)
BETWEEN CONSECUTIVE TERMS IS CONSTANT. THIS CONSTANT SECOND DIFFERENCE INDICATES THAT THE SEQUENCE CAN BE
DESCRIBED BY A QUADRATIC FORMULA OF THE FORM:

[T N=aN"2+Bn+cC\]

WHERE:
-\(T_~\) IS THE NTH TERM,

-\CA\), \(e\), anp \( ¢ \) ARE CONSTANTS,

-\(N\) IS THE POSITION OF THE TERM IN THE SEQUENCE (STARTING FROM 1).

WHY Is IT IMPORTANT?

RECOGNIZING THE PATTERN AND UNDERSTANDING THE FORMULA ALLOWS YOU TO:

- FIND ANY TERM IN THE SEQUENCE WITHOUT LISTING ALL PREVIOUS TERMS.

- UNDERSTAND THE UNDERLYING MATHEMATICAL RULE GOVERNING THE SEQUENCE.

- APPLY THIS KNOWLEDGE TO SOLVE RELATED PROBLEMS IN ALGEBRA, CALCULUS, AND REAL-WORLD APPLICATIONS.

ANALYZING THE SEQUENCE: 2, 8, 18, 32, 50, ...

LET’S EXAMINE THE GIVEN SEQUENCE CAREFULLY TO IDENTIFY THE PATTERN.

LiSTING THE FIRST FEW TERMS AND THEIR POSITIONS

| Term numBer \(N\) | Term \( T_~N V) |



CALCULATE THE FIRST DIFFERENCES

THE FIRST DIFFERENCES ARE OBTAINED BY SUBTRACTING EACH TERM FROM THE NEXT:

-\(8-2=6))
-\(18-8=101)
-\(32-18=14))
-\(50-32=18))

INCN\) INCT_N\) | FirsT Dirrerence \( \DeLTA T \) |
|

CALCULATE THE SECOND DIFFERENCES

NEXT, FIND THE DIFFERENCES OF THE FIRST DIFFERENCES:

-\(10-6=4))
-\(14-10=4)\)
-\(18-14=4))

| \(C~N\) | FIRST DIFFERENCE | SECOND DIFFERENCE |

12161

1311014
41144
151184 ]

SINCE THE SECOND DIFFERENCE IS CONSTANT AND EQUAL TO 4, THIS CONFIRMS THAT THE SEQUENCE IS QUADRATIC.

DerIVING THE GENERAL FORMULA FOR THE SEQUENCE

KNOWING THAT THE SEQUENCE IS QUADRATIC AND THAT THE SECOND DIFFERENCE IS 4, WE CAN PROCEED TO FIND THE EXPLICIT
FORMULA FOR THE \( N \)TH TERM.

STeP 1: RECOGNIZE THE SECOND DIFFERENCE

FOR A QUADRATIC SEQUENCE:
\[ \TexT{Seconp piFFerence} = 2a \]

GIVEN THAT:



\[ 2A = 4 \RiGHTARROW A = 2 \]

THIS 1S THE COEFFICIENT oF \( N*2 \) IN THE QUADRATIC FORMULA.

STep 2: SET UP THE GENERAL FORM

THE QUADRATIC FORMULA IS:
\[T_N=aN"2+Bn+cC ]
W/E NOW KNOW:
\[T_N=28"2+Bn+cC\]

\WE Neep To FIND THE VALUES of \( B \) ano \( c \).

Step 3: Use Known Terms To Fino \(8 \) ano \(c'\)

PLUG IN THE VALUES FOR \(N =1, 2, 3 \) (OR MORE) TO CREATE A SYSTEM OF EQUATIONS.
1. For \(N=1\),\(T_1=2\):
\[2(1)*2+8(1)+c=2\]

\[2+B+c=2]\]
\[ 8 + ¢ = 0 \quap \TexT{(EQuaTion 1)} \]

2. For \(Nn=2\),\(T_2=8\):
22)"2+8(2)+c=81\]
2(4) + 28 +c=81\]

\[

\[

\[8+28+c=81]

\[ 28 + ¢ = 0 \quap \TexT{(EQuaTion 2)}\]

3.For \(N=3\),\(T_3=18\):

\[2(3)"2 +8(3) +c=18]
\[2(9)+3s+c=181\]
\[18+38+c=18\]

\[ 38 + ¢ = 0 \quap \TexT{(EQuaTion 3)} \]

NO\X/, SOLVE THE SYSTEM OF EQUATIONS!

- FroM EquaTion 1: \(c=-8\)
- SUBSTITUTE INTO EQUATION 2:

\[ 28 + (-B) = 0 \RiGHTARROW B = O \]
-Using \(c=-8\), THen \(c=0\)

CHeck WITH EQUATION 3:
\[ 38 + ¢ = 0 \RigHTARROW 3(0) + 0 = 0 \] (WHICH HOLDS TRUE)

RESULT:

\[a=21\]



THUS, THE FORMULA SIMPLIFIES TO:

\[T_~Nn=28"21]

VERIFICATION OF THE FORMULA

LeT’s VERIFY THE FORMULA \( T_N= 2N"2 \) WITH THE INITIAL TERMS:

-For \(n=1\):\(2(1)"2=2\)
- For \(n=2\):\( 2(2)"2=8\)
-For \(n=3\):\(2(3)"2=18\)
- For \(N=4\):\( 2(4)"2=32\)
-For \(N=5\):\(2(56)"2=50\)

vl [v] [v

ALL MATCH THE GIVEN SEQUENCE, CONFIRMING OUR FORMULA.

ConcrusioN: THE NTH TerM FORMULA

THE GENERAL FORMULA FOR THE QUADRATIC SEQUENCE 2, 8, 18, 32, 60, ... Is:
\[ \soxeo{T_n~=2n"2}\]

THIS FORMULA ALLOWS YOU TO FIND ANY TERM IN THE SEQUENCE SIMPLY BY SUBSTITUTING THE POSITION NUMBER \( N \)

ADDITIONAL TIPS FOR FINDING NTH TERMS OF SEQUENCES

W/HILE THE ABOVE EXAMPLE FOCUSED ON A SPECIFIC QUADRATIC SEQUENCE, HERE ARE SOME PRACTICAL TIPS FOR SIMILAR
PROBLEMS:

1. CHeck THE DIFFERENCES: CALCULATE THE FIRST AND SECOND DIFFERENCES TO DETERMINE IF THE SEQUENCE IS LINEAR,
QUADRATIC, OR OF HIGHER DEGREE.

2. IDENTIFY THE SECOND DIFFERENCE: FOR QUADRATIC SEQUENCES, THE SECOND DIFFERENCE IS CONSTANT AND HELPS
DETERMINE THE COEFFICIENT \( A \).

3. USE KNOWN TERMS: PLUG IN KNOWN TERMS TO SET UP EQUATIONS AND SOLVE FOR UNKNOWN COEFFICIENTS.

4. VERIFY YOUR FORMULA: TEST THE DERIVED FORMULA WITH MULTIPLE TERMS TO ENSURE ACCURACY.

ReAL-W/ORLD APPLICATIONS OF QUADRATIC SEQUENCES

QUADRATIC SEQUENCES AREN’T JUST ACADEMIC EXERCISES—THEY MODEL MANY REAL-WORLD PHENOMENA, INCLUDING:



PROJECTILE MOTION IN PHYSICS, WHERE THE HEIGHT OF AN OBJECT FOLLOWS A QUADRATIC PATTERN OVER TIME.
e AREA CALCULATIONS IN GEOMETRY, WHERE THE AREA OF CERTAIN SHAPES DEPENDS ON QUADRATIC RELATIONSHIPS.
e FINANCIAL MODELS INVOLVING QUADRATIC GROWTH OR DECAY.

e COMPUTER SCIENCE ALGORITHMS, ESPECIALLY THOSE INVOLVING QUADRATIC TIME COMPLEXITY.

(UNDERSTANDING HOW TO FIND THE NTH TERM OF QUADRATIC SEQUENCES IS A VALUABLE SKILL THAT ENHANCES PROBLEM-
SOLVING ABILITIES ACROSS VARIOUS DISCIPLINES.

SUMMARY

IN SUMMARY, THE SEQUENCE 2, 8, 18, 32, 50, ... IS QUADRATIC WITH A CONSTANT SECOND DIFFERENCE OF 4. BY RECOGNIZING
THIS PATTERN, DETERMINING THE COEFFICIENT \( A \) AS 2, AnD soLVING For \( & \) anD \( ¢ \), WE FOUND THE

FREQUENTLY AskeD QUESTIONS

How po | FIND THE NTH TERM OF THE QUADRATIC SEQUENCE 2, 8, 18, 32, &0, ...»

TO FIND THE NTH TERM, FIRST DETERMINE THE PATTERN OF DIFFERENCES; SINCE IT's QUADRATIC, THE SECOND DIFFERENCE WILL BE
CONSTANT. USE THE GENERAL QUADRATIC FORM T(N) = aNZ + BN + C, THEN SOLVE FOR A, B, AND C USING THE FIRST FEW
TERMS.

\WHAT ARE THE STEPS TO DERIVE THE NTH TERM OF THE SEQUENCE 2, 8, 18, 32, 50,
>

STep 1: FIND THE FIRST DIFFERENCES: 6, 10, 14, 18. STEP 2: FIND THE SECOND DIFFERENCES: 4, 4, 4, WHICH IS CONSTANT,
INDICATING A QUADRATIC. STEP 3: SET UP EQUATIONS UsSING T(1)=2, T(2)=8, T(3)=18, AND SOLVE FOR A, B, C IN T(N)
— 2

= AN® + BN + C.

\WHAT IS THE FORMULA FOR THE NTH TERM OF THE SEQUENCE 2, 8, 18, 32, &0, ...?

THe NTH TERM 1S T(N) = 2N2 - 2N,

How CAN | VERIFY THE NTH TERM FORMULA FOR THIS QUADRATIC SEQUENCEP

SUBSTITUTE VALUES OF N INTO THE FORMULA T(N) = 2N? - 2N AND CHECK IF IT PRODUCES THE SEQUENCE TERMS: FOR
exAMPLE, T(1)=2(1)"2-2(1)=0, WHICH SUGGESTS AN ADJUSTMENT. ACTUALLY, THE CORRECT FORMULA IS T(N) = 2n? -
2N+ 2, SO VERIFY BY PLUGGING INN=1,2,3,... TO MATCH THE SEQUENCE.

\WHY IS THE SECOND DIFFERENCE CONSTANT IN THIS QUADRATIC SEQUENCE , AND HOW
DOES IT HELP FIND THE NTH TERM?

A CONSTANT SECOND DIFFERENCE INDICATES THE SEQUENCE IS QUADRATIC. THE VALUE OF THIS SECOND DIFFERENCE HELPS
DETERMINE THE COEFFICIENT ‘A’ IN THE QUADRATIC FORMULA, SIMPLIFYING THE PROCESS OF DERIVING THE NTH TERM.



ADDITIONAL RESOURCES

Fino THe NTH TerM OF THIS QUADRATIC SEQUENCEZ, 8, 18, 32, 50, ...: AN IN-DEPTH ExPLORATION

UNDERSTANDING QUADRATIC SEQUENCES IS FUNDAMENTAL IN THE STUDY OF ALGEBRA AND NUMBER PATTERNS. | HE SEQUENCE 2,
8, 18,32, 50, ... PRESENTS AN INTERESTING CASE FOR ANALYSIS BECAUSE IT IS NOT LINEAR BUT QUADRATIC, MEANING THAT
THE DIFFERENCES BETWEEN TERMS CHANGE IN A PREDICTABLE WAY. FINDING ITS NTH TERM INVOLVES RECOGNIZING THE PATTERN,

DERIVING THE FORMULA, AND UNDERSTANDING THE UNDERLYING MATHEMATICS. THIS ARTICLE PROVIDES A COMPREHENSIVE GUIDE
TO IDENTIFY THE NTH TERM OF THIS SEQUENCE, EXPLORE ITS FEATURES, AND UNDERSTAND THE METHODS INVOLVED.

UNDERSTANDING THE SEQUENCE

BEFORE DIVING INTO THE FORMULA DERIVATION, IT’S ESSENTIAL TO ANALYZE THE SEQUENCE:
SEQUENCE: 2, 8, 18, 32, 50, ...

LET’'S EXAMINE THE PATTERN AND DIFFERENCES STEP BY STEP.

INITIAL OBSERVATIONS

- THE SEQUENCE STARTS WITH 2, THEN JuMPs To 8, 18, 32, anp 50.
- THE TERMS INCREASE, BUT NOT AT A CONSTANT RATE, INDICATING THAT THE SEQUENCE IS NOT ARITHMETIC.
- THE DIFFERENCES BETWEEN CONSECUTIVE TERMS ARE:

-8-2=6
-18-8=10
-32-18=14
-50-32=18

- THESE DIFFERENCES ARE INCREASING BY 4 EACH TIME: 6, 10, 14, 18.

IMPLICATION OF THE DIFFERENCES

SINCE THE DIFFERENCES OF THE SEQUENCE ARE INCREASING LINEARLY (BY 4), THE SEQUENCE IS QUADRATIC. SPECIFICALLY, THE
SECOND DIFFERENCES:

-10-6=4
-14-10=4
-18-14=4

ARE CONSTANT AT 4. THIS IS A KEY CHARACTERISTIC OF QUADRATIC SEQUENCES.

RECOGNIZING THE PATTERN: THE NATURE OF QUADRATIC SEQUENCES

QUADRATIC SEQUENCES FOLLOW A PATTERN WHERE THE NTH TERM CAN BE EXPRESSED AS:



\ [T N=aN"2+en+cC\]
WHERE:

- \(A, B, C\) ARE CONSTANTS TO BE DETERMINED.
- \(N\) IS THE POSITION OF THE TERM IN THE SEQUENCE.

THE SECOND DIFFERENCE BEING CONSTANT AT 4 HELPS To IDENTIFY \(al).

\WHY SECOND DIFFERENCE?

- FOR QUADRATIC SEQUENCES, THE SECOND DIFFERENCE IS CONSTANT.
- THE SECOND DIFFERENCE RELATES DIRECTLY TO THE COEFFICIENT \(A\) IN THE QUADRATIC FORMULA!:

\[ \TexT{Seconp DiFrerence} = 2a \]
GIVEN THE SECOND DIFFERENCE IS 4, THEN:
\[ 2a = 4 \RiGHTARROW A = 2 \]

THIS IS A CRUCIAL STEP IN DERIVING THE NTH TERM.

DERIVING THE NTH TERM

Now THAT WE kNow \(A = 2\), THE NTH TERM HAS THE FORM:
[T N=282+8BN+cC\]

NexT, DETERMINE \(8\) AND \(c\) USING KNOWN TERMS.

UsinG Known Terms To Fino \(8\) anp \(c\)

PLUG IN THE FIRST FEW TERMS:

- WHen \(N=T1):
\[T_1=2(1)"2+8(1)+c=2++c=2\]

- WHen \(N=2\):
\[T_2=2(2)"2+8(2)+c=8+28+c=8\]

- WHen \(N=3\):
\[T_3=23)"2+8(3)+c=18+3s+c=18]
NOW, SOLVE THESE EQUATIONS:
1.\(2+8+c=2\RigGHTARROW B+ C=0\)

2.\( 8+ 28+ c =8 \RiGHTArRROW 28+ cCc=0)
3.\( 18 + 36+ c = 18 \RicHTARROW 38+ c=0\)



FROM THE FIRST TWO EQUATIONS:

-\(e+c=0\)
-\(28+c=0\)

SUBTRACT THE FIRST FROM THE SECOND:
\[(28+c)-(&8+c)=0-0\RigHTARROW B8 = 0 \]
Tren sussTITUTE \(8=0\) InTo \(8 + c=0\):

\[ 0 + c=0 \RicHTARROW =0 \]

RESULT:

\[ A=2, \Quap =0, \quap c=0\]

THEREFORE, THE NTH TERM FORMULA IS:

\[T_n=28"21]

VERIFICATION OF THE FORMULA

LET’S VERIFY THIS FORMULA WITH THE KNOWN TERMS:
- For \(n=11):
\[T_1=2(1"2=2\]
- For \(n=2\):
\[T_2=2(2)"2=81]
- For \(n=3\):
\[T_3=2(3)"2=18\]
- For \(n=4\):
\[T_4=2(4)"2=32\]
- For \(n=5\):

\[ T_6=2(56)"2=50\]

THE FORMULA PERFECTLY MATCHES THE SEQUENCE, CONFIRMING ITS CORRECTNESS.

FEATURES AND INSIGHTS OF THE SEQUENCE

UNDERSTANDING THE SEQUENCE,S PROPERTIES PROVIDES DEEPER INSIGHTS INTO ITS BEHAVIOR.



Key FEATURES

- QUADRATIC NATURE: THE SEQUENCE IS QUADRATIC WITH A COEFFICIENT \(A=2\), INDICATING THE TERMS GROW
PROPORTIONALLY TO THE SQUARE OF THEIR POSITION.

- GRowTH RATE: As \(N\) INCREASES, THE TERMS GROW RAPIDLY, ROUGHLY PROPORTIONAL To \(N*2\).

- PREDICTABILITY: THE EXPLICIT FORMULA ALLOWS FOR DIRECT CALCULATION OF ANY TERM WITHOUT GENERATING PREVIOUS
TERMS.

ADVANTAGES OF THE DERIVED FORMULA

- EFFICIENCY: QUICKLY COMPUTES HIGH TERMS WITHOUT ITERATIVE CALCULATIONS.
- ANALYSIS: FACILITATES ANALYSIS OF THE SEQUENCE/S GROWTH AND PATTERN.
- ExTensIONs: CAN BE ADAPTED TO EXPLORE RELATED SEQUENCES OR TO DERIVE SUMS.

ALTERNATIVE METHODS TO FIND THE NTH TERM

W/HILE THE ABOVE DERIVATION IS STRAIGHTFORWARD, OTHER METHODS CAN ALSO BE USED:

MeTHoD 1: UsING FINITE DIFFERENCES

- CONFIRM THE SEQUENCE’'S QUADRATIC NATURE BY SECOND DIFFERENCES.
- Fino \(A\) FROM THE SECOND DIFFERENCE.
- Use kNownN TERMS To soLVE For \(8\) anp \(c\).

Pros:

- INTUITIVE FOR SMALL SEQUENCES.
- USEFUL IN EDUCATIONAL SETTINGS.

Cons:

- BECOMES CUMBERSOME WITH LARGER SEQUENCES.

MeTHOD 2: PoLYNOMIAL FITTING

- TREAT THE SEQUENCE POINTS AS DATA AND PERFORM POLYNOMIAL REGRESSION.
- DERIVE THE QUADRATIC POLYNOMIAL THAT FITS THE POINTS.

Pros:
- USEFUL FOR COMPLEX PATTERNS OR NOISY DATA.
Cons:

- OVERKILL FOR SIMPLE SEQUENCES;, MORE COMPUTATIONAL.



PRACTICAL APPLICATIONS

QUADRATIC SEQUENCES APPEAR IN VARIOUS REAL-WORLD CONTEXTS:
- PHYSICS: DESCRIBING PROJECTILE MOTION WHERE DISPLACEMENT RELATES TO THE SQUARE OF TIME.
- COMPUTER SCIENCE: ALGORITHM COMPLEXITY ANALYSIS, E.G., QUADRATIC TIME ALGORITHMS.

- FINANCE: MODELING CERTAIN TYPES OF GROWTH OR DECAY PATTERNS.

UNDERSTANDING HOW TO FIND THE NTH TERM HELPS IN MODELING, PREDICTING, AND ANALYZING SUCH PHENOMENA.

SUMMARY AND FINAL THOUGHTS

THe seQUENCE 2, 8, 18, 32, 50, ... IS A CLASSIC QUADRATIC SEQUENCE CHARACTERIZED BY ITS SECOND DIFFERENCE OF 4.
THROUGH SYSTEMATIC ANALYSIS, WE'VE DETERMINED ITS NTH TERM AS:

\[ \Boxeo{T ~n=2n"2}\]

THIS FORMULA ALLOWS FOR QUICK COMPUTATION OF ANY TERM IN THE SEQUENCE AND PROVIDES INSIGHTS INTO ITS GROWTH
PATTERN. RECOGNIZING THE QUADRATIC NATURE AND APPLYING DIFFERENCE METHODS OR POLYNOMIAL FITTING ARE ESSENTIAL
SKILLS FOR TACKLING SIMILAR SEQUENCES.

FEATURES:

- SIMPLE CLOSED-FORM EXPRESSION.

- DIRECT COMPUTATION FOR ANY TERM.

- REFLECTS QUADRATIC GROWTH.

LIMITATIONS:

- ASSUMES SEQUENCE IS QUADRATIC; OTHER SEQUENCES MAY REQUIRE DIFFERENT APPROACHES.
- NEEDS INITIAL DATA POINTS TO DETERMINE COEFFICIENTS.

FINAL NOTE:

MASTERING THE PROCESS OF IDENTIFYING THE NTH TERM OF QUADRATIC SEQUENCES ENHANCES MATHEMATICAL REASONING AND
PROBLEM~SOLVING SKILLS, VITAL IN BOTH ACADEMIC AND REAL-\WWORLD APPLICATIONS.

IN CONCLUSION, THE SEQUENCE 2, 8, 18, 32, 50, ... EXEMPLIFIES A QUADRATIC PATTERN THAT CAN BE EFFICIENTLY DESCRIBED
BY THE FORMULA \(T_N=2N"2\). RECOGNIZING PATTERNS, COMPUTING DIFFERENCES, AND DERIVING FORMULAS ARE
FUNDAMENTAL TECHNIQUES THAT EMPOWER STUDENTS AND PROFESSIONALS TO ANALYZE COMPLEX SEQUENCES CONFIDENTLY.
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