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(UNDERSTANDING HOW TO FORMULATE AN ALGEBRAIC EXPRESSION FOR A SEQUENCE IS A FUNDAMENTAL SKILL IN MATHEMATICS,
ESPECIALLY IN ALGEBRA AND NUMBER THEORY. \WHETHER YOU'RE DEALING WITH ARITHMETIC SEQUENCES, GEOMETRIC SEQUENCES,
OR MORE COMPLEX PATTERNS, BEING ABLE TO DERIVE A GENERAL FORMULA ALLOWS YOU TO FIND ANY TERM IN THE SEQUENCE
WITHOUT LISTING ALL PREVIOUS TERMS. THIS COMPREHENSIVE GUIDE WILL WALK YOU THROUGH THE PROCESS OF WRITING AN
EXPRESSION TO DESCRIBE A SEQUENCE, WITH DETAILED EXPLANATIONS, EXAMPLES, AND TIPS TO HELP YOU MASTER THIS
ESSENTIAL MATHEMATICAL CONCEPT.

INTRODUCTION TO SEQUENCES AND THEIR SIGNIFICANCE

SEQUENCES ARE ORDERED LISTS OF NUMBERS FOLLOWING A PARTICULAR PATTERN OR RULE. RECOGNIZING THE TYPE OF SEQUENCE
AND UNDERSTANDING HOW TO EXPRESS IT ALGEBRAICALLY IS KEY TO SOLVING MANY MATHEMATICAL PROBLEMS.

WHAT IS A SEQUENCE?

A SEQUENCE IS A COLLECTION OF TERMS ARRANGED IN A SPECIFIC ORDER, TYPICALLY INDEXED BY NATURAL NUMBERS. EACH TERM
IN THE SEQUENCE IS ASSOCIATED WITH ITS POSITION, OFTEN DENOTED AS N.

EXAMPLES OF BASIC SEQUENCES

- ARITHMETIC SEQUENCE: 2, 4, 6, 8, 10, ...

- GEOMETRIC SEQUENCE: 3, 6, 12, 24,48, ..

- QuADRATIC orR OTHER CoMPLEX SEQUENCES: 1,4, 9, 16, 25, ...

WHY FORMULATE EXPRESSIONS FOR SEQUENCES?

HAVING A FORMULA ALLOWS FOR:

- EFFICIENT CALCULATION OF ANY TERM WITHOUT LISTING ALL PREVIOUS TERMS.

- ANALYSIS OF THE SEQUENCE,S BEHAVIOR AS N INCREASES.
- SOLVING PROBLEMS INVOLVING TERMS OF THE SEQUENCE IN ALGEBRA AND CALCULUS.

UNDERSTANDING T YPES OF SEQUENCES

DIFFERENT SEQUENCES FOLLOW DIFFERENT RULES, AND IDENTIFYING THE SEQUENCE TYPE IS CRUCIAL FOR DERIVING THE CORRECT
EXPRESSION.

1. ARITHMETIC SEQUENCES

- DEFINED BY A CONSTANT DIFFERENCE BETWEEN CONSECUTIVE TERMS.
- GeneraL FORM: \( A_{N}=A_ {13+ (n-T)D )

- \WHERE:

-\Ca_{1}\) 1s THE FIRST TERM

-\(p\) IS THE COMMON DIFFERENCE



-\(N\) 1s THE POSITION OF THE TErRM (N)

2. GEOMETRIC SEQUENCES

- DEFINED BY A CONSTANT RATIO BETWEEN CONSECUTIVE TERMS.
- GeneraL FORM: \(A_{N} =a {13 \TiMes RN - 1} ))

- W/ HERE:

-\CA_{13\) IS THE FIRST TERM

-\(r\) IS THE COMMON RATIO

3. QUADRATIC AND POLYNOMIAL SEQUENCES

- TERMS FOLLOW POLYNOMIAL PATTERNS.
- GeneraL ForM: \( A_{N} = ANM23 +BN+C )

4. OTHER TYPES OF SEQUENCES

- FiBoNACCI SEQUENCES, FACTORIAL SEQUENCES, AND MORE COMPLEX PATTERNS REQUIRE SPECIALIZED FORMULAS OR RECURSIVE
DEFINITIONS.

STeEPS TO WRITE AN EXPRESSION FOR A SEQUENCE

CONSTRUCTING AN EXPLICIT FORMULA INVOLVES SEVERAL KEY STEPS:
STeP 1: EXAMINE THE SEQUENCE

- LIST OUT THE FIRST FEW TERMS.

- Look FOR COMMON DIFFERENCES OR RATIOS.

- IDENTIFY THE PATTERN IN THE SEQUENCE.

STeP 2: DETERMINE THE TYPE OF SEQUENCE

- ARITHMETIC: CHECK IF THE DIFFERENCE BETWEEN TERMS IS CONSTANT.
- GEOMETRIC: CHECK IF THE RATIO BETWEEN TERMS IS CONSTANT.

- POLYNOMIAL OR OTHER: ANALYZE THE PATTERN OF DIFFERENCES.
STeP 3: CALCULATE KNOWN PARAMETERS

- FOR ARITHMETIC SEQUENCES:

- Fino THe FIRST TErRM \( A_{ 1} \) AND common piFrerence \( b \).
- FOR GEOMETRIC SEQUENCES:

- Fino THE FIRsT TERM \( A_{ 13 \) AnD RATIO \( R \).

STeP 4: DerIVE THE GENERAL FORMULA

- USE THE APPROPRIATE FORMULA BASED ON SEQUENCE TYPE.
- For coMPLEX SEQUENCES, CONSIDER POLYNOMIAL FITTING OR RECURSIVE RELATIONS.

STeP 5: EXPRESS THE NTH TERM

- WRITE DOWN THE FORMULA WITH N AS THE VARIABLE REPRESENTING THE POSITION.



ExXAMPLES OF WRITING EXPRESSIONS FOR DIFFERENT SEQUENCES

(UNDERSTANDING THROUGH CONCRETE EXAMPLES ENHANCES COMPREHENSION.
ExAMPLE 1: ARITHMETIC SEQUENCE
SEQUENce: 5, 8, 11, 14, 17, ...

- STep 1: LIST TERMS AND FIND DIFFERENCE:

- DiFFerences: 3, 3, 3, 3

- Step 2: ConFIRM IT'S ARITHMETIC WITH \(D =3 \)
-Step 3: FirsT TeRM \(A_{13=5))

- STEP 4: GENERAL EXPRESSION:
-\(a_{N=5+(N-1)\TiMes 3))

- FINAL FORMULA:

-\[a_{n}=3n+21\]

ExAMPLE 2: GEOMETRIC SEQUENCE

SEQUENCE: 2, 6, 18,54, 162, ...

- STep 1: LIST TERMS AND FIND RATIO:
-RaTiOS: 3, 3, 3,3

- STep 2: ConFIrRM GEOMETRIC WITH \(R =3 \)
- Step 3: FirsT TerM \(A_{13=2))

- STEP 4: GENERAL EXPRESSION:

-\Ca_{n} =2 \7TiMes 3N~ T3 \)

ExaMPLE 3: QUADRATIC SEQUENCE

SEQUENce: 1, 4,9, 16, 25, ..

- STeEP 1: RECOGNIZE PATTERN: PERFECT SQUARES
- Step 2: Express As \(N*{2} )

- STEP 3: GENERAL EXPRESSION:

-\Ca_{n}=n"{23 1)

ADVANCED TECHNIQUES FOR COMPLEX SEQUENCES

\WHEN SEQUENCES DON'T FOLLOW SIMPLE ARITHMETIC OR GEOMETRIC PATTERNS, MORE ADVANCED TECHNIQUES ARE NEEDED.

1. PoLYNoMIAL FITTING

- USE THE METHOD OF FINITE DIFFERENCES.

- IF THE DIFFERENCES ARE CONSTANT AT SOME LEVEL, THE SEQUENCE CAN BE MODELED WITH A POLYNOMIAL OF CORRESPONDING
DEGREE.

2. ReCcUrsIVE FORMULAS

- SOMETIMES, SEQUENCES ARE BEST EXPRESSED RECURSIVELY, SUCH AS:

-\Ca_{ni=a_{n-13+281))

- THESE CAN BE CONVERTED INTO EXPLICIT FORMULAS USING SUMMATION FORMULAS OR ALGEBRAIC MANIPULATION.

3. GENERATING FUNCTIONS



- ADVANCED MATHEMATICAL TOOLS LIKE GENERATING FUNCTIONS CAN HELP ANALYZE AND FIND EXPLICIT FORMULAS FOR
COMPLEX SEQUENCES.

APPLYING THE FORMULAS TO REAL-WW ORLD PROBLEMS

EXPRESSING SEQUENCES ALGEBRAICALLY HAS NUMEROUS APPLICATIONS:

- FINANCE: CALCULATING COMPOUND INTEREST OR PAYMENT SCHEDULES.
- PHYSICS: MODELING MOTION SEQUENCES.

- COMPUTER SCIENCE: ANALYZING ALGORITHMS' TIME COMPLEXITY.

- STATISTICS: UNDERSTANDING DATA PATTERNS.

EXAMPLE APPLICATION: PREDICTING FUTURE TERMS

SUPPOSE YOU HAVE AN ARITHMETIC SEQUENCE WHERE THE FIRST TERM IS 10, AND THE COMMON DIFFERENCE IS 4. TO FIND THE
20TH TERM:

- USE THE FORMULA:

-\Ca_{n=a_{13+(-1) V)

- PLUG IN VALUES:

-\(a_{20}=10+(20-1)\1Mes 4 =10+ 19\TMes 4 =10+ 76=86)

TiPs FOR DERIVING SEQUENCE EXPRESSIONS

- ALWAYS VERIFY THE PATTERN WITH MULTIPLE TERMS.

- CHECK FOR COMMON DIFFERENCES OR RATIOS BEFORE ASSUMING THE SEQUENCE TYPE.

= WHEN IN DOUBT, PLOT THE TERMS TO VISUALIZE THE PATTERN.

- USE ALGEBRAIC METHODS TO CONFIRM THE FORMULA'S CORRECTNESS BY SUBSTITUTING DIFFERENT N VALUES.
- For coMPLEX SEQUENCES, CONSIDER RECURSIVE OR POLYNOMIAL METHODS.

CoNCLUSION: MASTERING SEQUENCE EXPRESSIONS

BEING ABLE TO WRITE AN EXPRESSION TO DESCRIBE A SEQUENCE IS A VITAL SKILL THAT ENHANCES PROBLEM-SOLVING
CAPABILITIES IN MATHEMATICS. BY UNDERSTANDING THE SEQUENCEIS PATTERN, IDENTIFYING ITS TYPE, AND APPLYING THE
APPROPRIATE FORMULAS, YOU CAN EFFICIENTLY DETERMINE ANY TERM'S VALUE. WHETHER DEALING WITH SIMPLE ARITHMETIC OR
COMPLEX POLYNOMIAL SEQUENCES, THE PRINCIPLES OUTLINED IN THIS GUIDE SERVE AS A ROBUST FOUNDATION FOR MASTERING
SEQUENCE EXPRESSIONS.

REMEMBER, PRACTICE WITH VARIOUS SEQUENCES AND PATTERNS IS KEY TO DEVELOPING INTUITION AND PROFICIENCY. \WITH TIME,
FORMULATING THE GENERAL TERM FOR ANY GIVEN SEQUENCE WILL BECOME AN INTUITIVE PROCESS, EMPOWERING YOU TO TACKLE
A WIDE ARRAY OF MATHEMATICAL CHALLENGES WITH CONFIDENCE.

KevywoRrDs: SEQUENCE, ALGEBRAIC EXPRESSION, NTH TERM, ARITHMETIC SEQUENCE, GEOMETRIC SEQUENCE, POLYNOMIAL
SEQUENCE, RECURSIVE FORMULA, FINITE DIFFERENCES, GENERATING FUNCTIONS, SEQUENCE PATTERN, FORMULA DERIVATION,



MATHEMATICAL SEQUENCES, NTH TERM FORMULA

FREQUENTLY ASkeD QUESTIONS

How Do | WRITE AN EXPRESSION TO DESCRIBE AN ARITHMETIC SEQUENCE?

TO DESCRIBE AN ARITHMETIC SEQUENCE, USE THE FORMULA AN=AT+ (N - -|)D, WHERE A 1 IS THE FIRST TERM AND D IS THE
COMMON DIFFERENCE.

WHAT IS THE GENERAL APPROACH TO EXPRESS A GEOMETRIC SEQUENCE USING NP

A GEOMETRIC SEQUENCE CAN BE EXPRESSED AS AN = AT R™ (N - 1), WHERE A1 IS THE FIRST TERM AND R IS THE COMMON
RATIO.

How CAN | FIND THE NTH TERM OF A SEQUENCE GIVEN ITS PATTERN?

IDENTIFY THE PATTERN IN THE SEQUENCE, DETERMINE IF IT'S ARITHMETIC OR GEOMETRIC, THEN USE THE CORRESPONDING FORMULA
INVOLVING N TO FIND THE NTH TERM.

\WHAT STEPS SHOULD | FOLLOW TO WRITE AN EXPRESSION FOR A SEQUENCE WITH A
PATTERNLIKE 2, 4, 8, 16°

RECOGNIZE IT'S GEOMETRIC WITH AT1=2 AND R=2, THEN WRITE AN= 2 2"(N-1).

CAN | USE A RECURSIVE FORMULA INSTEAD OF A DIRECT EXPRESSION? How?

YES, A RECURSIVE FORMULA RELATES EACH TERM TO THE PREVIOUS ONE, E.G., AN = AN-1 + D FOR ARITHMETIC, OR AN=R
AN-T FOR GEOMETRIC SEQUENCES.

How Do | ADAPT THE EXPRESSION IF THE SEQUENCE HAS A CONSTANT DIFFERENCE OF 3
STARTING FROM §°

USE THE ARITHMETIC SEQUENCE FORMULA: AN= 5 + (N - 1)3.

W/HAT IS THE IMPORTANCE OF THE INITIAL TERM A T IN THE EXPRESSION?

THE INITIAL TERM A 1 SETS THE STARTING POINT OF THE SEQUENCE AND IS ESSENTIAL FOR ACCURATELY EXPRESSING THE
SEQUENCE MATHEMATICALLY.

How Do | VERIFY THAT MY EXPRESSION CORRECTLY DESCRIBES THE SEQUENCE?

PLUG IN DIFFERENT VALUES OF N INTO YOUR EXPRESSION AND COMPARE THE RESULTS WITH THE ACTUAL SEQUENCE TERMS TO
ENSURE ACCURACY.

IS IT POSSIBLE TO COMBINE MULTIPLE SEQUENCES INTO A SINGLE EXPRESSION? How?

YES, BY IDENTIFYING THE PATTERN OR RULE GOVERNING EACH PART, YOU CAN WRITE PIECEWISE FUNCTIONS OR COMBINE
FORMULAS TO DESCRIBE COMPLEX SEQUENCES.



ADDITIONAL RESOURCES

UNDERSTANDING How To W/RITE AN EXPRESSION TO DESCRIBE A SEQUENCE

SEQUENCES ARE FUNDAMENTAL CONCEPTS IN MATHEMATICS, SERVING AS THE BUILDING BLOCKS FOR UNDERSTANDING PATTERNS,
FUNCTIONS, AND VARIOUS MATHEMATICAL RELATIONSHIPS. W/HETHER IN ALGEBRA, CALCULUS, OR DISCRETE MATHEMATICS, THE
ABILITY TO FORMULATE AN EXPLICIT EXPRESSION THAT DESCRIBES A SEQUENCE IS A VITAL SKILL. THIS ARTICLE AIMS TO GUIDE
YOU THROUGH THE PROCESS OF CONSTRUCTING SUCH AN EXPRESSION/ FOCUSING ON THE GENERAL APPROACH, METHODS/ AND

EXAMPLES THAT ILLUMINATE THE PRINCIPLES INVOLVED. BY THE END OF THIS COMPREHENSIVE REVIEW, READERS WILL BE EQUIPPED
TO ANALYZE SEQUENCES AND DERIVE THEIR ALGEBRAIC FORMULAS WITH CONFIDENCE.

INTRODUCTION TO SEQUENCES AND THEIR SIGNIFICANCE

SEQUENCES ARE ORDERED LISTS OF NUMBERS FOLLOWING A SPECIFIC RULE OR PATTERN. THEY ARE TYPICALLY DENOTED AS \(
A_1,A_2,A_3,\LboTs \) or, More GENERALLY, AS \( A_N \) wHere \( N \) IS A POSITIVE INTEGER REPRESENTING THE
POSITION OF THE TERM WITHIN THE SEQUENCE. UNDERSTANDING SEQUENCES IS CRUCIAL BECAUSE:

- THEY MODEL REAL-WORLD PHENOMENA, SUCH AS POPULATION GROWTH, FINANCIAL INVESTMENTS, AND SIGNAL PROCESSING.
- THEY SERVE AS FOUNDATIONAL TOOLS IN CALCULUS, ENABLING THE STUDY OF LIMITS, DERIVATIVES, AND INTEGRALS.

- THEY FACILITATE THE UNDERSTANDING OF FUNCTIONS AND THEIR BEHAVIORS ACROSS DIFFERENT DOMAINS.

A PRIMARY GOAL IN SEQUENCE ANALYSIS IS TO FIND AN EXPLICIT FORMULA, OFTEN CALLED THE GENERAL TERM OR NTH TERM,
WHICH ALLOWS DIRECT COMPUTATION OF ANY TERM BASED ON ITS POsITION \( N \).

FUNDAMENTAL CONCEPTS IN FORMULATING SEQUENCE EXPRESSIONS

BEFORE DELVING INTO THE TECHNIQUES FOR DERIVING FORMULAS, IT IS ESSENTIAL TO UNDERSTAND SOME CORE IDEAS:

ExpPLICIT vS. RECURSIVE FORMULAS

- ExPLICIT FORMULA: PROVIDES A DIRECT EXPRESSION FOR \( A_N'\) IN TERMS OF \( N \). IT ALLOWS IMMEDIATE CALCULATION
OF ANY TERM.

ExampLe: \( A N=3n+2))

- ReCURSIVE FORMULA: DEFINES EACH TERM BASED ON PREVIOUS TERMS. |T REQUIRES INITIAL TERMS TO GENERATE THE
SEQUENCE.

ExampLe: \(A_1=5\),\(A_{N}=a_{N-1}+4))

W/HILE RECURSIVE FORMULAS ARE OFTEN EASIER TO IDENTIFY INITIALLY, EXPLICIT FORMULAS ARE MORE POWERFUL FOR
ANALYSIS AND COMPUTATION.

TYPES OF SEQUENCES

- ARITHMETIC SEQUENCES: EACH TERM DIFFERS FROM THE PREVIOUS BY A CONSTANT DIFFERENCE, \( D \)



- GEOMETRIC SEQUENCES: EACH TERM IS MULTIPLIED BY A CONSTANT RATIO, \(R \).
- OTHER SEQUENCES: EXPONENTIAL, QUADRATIC, OR MORE COMPLEX PATTERNS REQUIRING SPECIALIZED TECHNIQUES.

THIS CLASSIFICATION GUIDES THE APPROACH TO DERIVING THE EXPLICIT EXPRESSION.

STeEPS TO WRITE AN EXPRESSION FOR A SEQUENCE

CREATING AN EXPRESSION BEGINS WITH UNDERSTANDING THE PATTERN OF THE SEQUENCE. THE GENERAL PROCESS INVOLVES:

1. IDENTIFY THE PATTERN OR RULE

CAREFULLY ANALYZE THE SEQUENCEIS TERMS TO DETECT CONSISTENT DIFFERENCES, RATIOS, OR OTHER RELATIONSHIPS. For
EXAMPLE:

- CaLcuLATE successIVE DIFFERENCES (\( A_{N+1}-a N \))

- CaLcuLaTe RATIOS (\( \rRAC{A_{N+133{A N} \))
- OBSERVE THE SEQUENCE BEHAVIOR FOR SMALL \( N \)

2. CLASSIFY THE SEQUENCE

DETERMINE IF THE SEQUENCE IS ARITHMETIC, GEOMETRIC, OR OF A MORE COMPLEX TYPE BASED ON THE PATTERN:

- CONSTANT DIFFERENCE INDICATES AN ARITHMETIC SEQUENCE.
- CONSTANT RATIO INDICATES A GEOMETRIC SEQUENCE.
- POLYNOMIAL OR OTHER PATTERNS SUGGEST QUADRATIC, CUBIC, OR EXPONENTIAL FORMS.

3. DerIVE THE GENERAL TERM

USE THE CLASSIFICATION AND PATTERN ANALYSIS TO FORMULATE AN EXPLICIT EXPRESSION, OFTEN INVOLVING!:

- LINEAR FUNCTIONS FOR ARITHMETIC SEQUENCES.
- EXPONENTIAL FUNCTIONS FOR GEOMETRIC SEQUENCES.
- POLYNOMIAL FUNCTIONS FOR QUADRATIC OR HIGHER-DEGREE SEQUENCES.

4. VALIDATE THE FORMULA

TEST THE DERIVED EXPRESSION WITH KNOWN TERMS TO ENSURE ACCURACY. ADJUST AS NECESSARY.

CoMMON TECHNIQUES FOR DERIVING SEQUENCE EXPRESSIONS

DIFFERENT SEQUENCES REQUIRE DIFFERENT METHODS FOR DERIVING EXPLICIT FORMULAS. HERE ARE SOME WIDELY USED
TECHNIQUES:



MeTHOD 1: RECOGNIZING AND USING KNOWN SEQUENCE PATTERNS

- FOR ARITHMETIC SEQUENCES:

\[
AN=A_T+(n-T)D
\]

WHERE \( A_1\) is THE FIRST TERM, AND \( D \) IS THE COMMON DIFFERENCE.

- FOR GEOMETRIC SEQUENCES:

\[
AN=A_1\TiMesr™n- 1}

\]

wHERe \( R \) IS THE coMMON RATIO.

MeTHoD 2: UsING FINITE DIFFERENCES

THIS METHOD HELPS IDENTIFY POLYNOMIAL SEQUENCES:
- CALCULATE SUCCESSIVE DIFFERENCES.
- |F DIFFERENCES ARE CONSTANT, THE SEQUENCE IS POLYNOMIAL, AND THE DEGREE CAN BE INFERRED.

- USE METHODS SUCH AS NEWTON’'S FORW ARD DIFFERENCE FORMULA OR POLYNOMIAL INTERPOLATION TO FIND THE EXPLICIT
FORMULA.

MeTHOD 3: ALGEBRAIC AND POLYNOMIAL FITTING

\W/HEN THE PATTERN IS COMPLEX, ESPECIALLY FOR QUADRATIC OR HIGHER-DEGREE SEQUENCES!

- ASSUME A POLYNOMIAL FORM, E.G., \( A_N=AN"2 + BN+ C ).
- USE KNOWN TERMS TO CREATE EQUATIONS AND SOLVE FOR COEFFICIENTS \( A, B, C \).

MeTHOD 4: RecUrsION To ExpLICIT FOrRMULA

CONVERT RECURSIVE DEFINITIONS INTO EXPLICIT FORMULAS BY SOLVING RECURRENCE RELATIONS USING TECHNIQUES SUCH AS:

- [ TERATION AND PATTERN RECOGNITION.
- GENERATING FUNCTIONS.
- CHARACTERISTIC EQUATIONS FOR LINEAR RECURRENCE RELATIONS.

EXAMPLES AND APPLICATION OF EXPRESSION DERIVATION

To SOLIDIFY UNDERSTANDING, CONSIDER SAMPLE SEQUENCES AND HOW TO DERIVE THEIR FORMULAS.



ExAMPLE 1: ARITHMETIC SEQUENCE

SEQUence: 7, 10, 13, 16, 19, ...

- STeP 1: FIND PATTERN:
\(10-7=3\),\(13-10=3\), eTc.
CoNSTANT DIFFEReNCE \(D = 3 \).

- STEP 2: W/RITE THE EXPLICIT FORMULA:

\[

AN=AT+WN-1p=7+(N-T1)\TiMes 3=3n+4
\]

- STep 3: VERIFY:

For \(n=1\):\(3(D +4=7 )

For \(n=4\):\(3(4)+4=161)

ExAMPLE 2: GEOMETRIC SEQUENCE

SEQUENCE: 2, 6, 18,64, 162, ...

- STer 1: FIND RATIO:
\(6/2=3\),\(18/6=3\),eTc.
\(rR=3\).

- STEP 2: W/RITE EXPLICIT FORMULA:

\[
A N=A_1\TiMes R {N-1} = 2 \TiMes 3"{n-1}

\]

- STep 3: VERIFY:

For \(N=3 \): \( 2 \1iMes 37{2} =2 \TMes 9 = 18 \)

ExAMPLE 3: QUADRATIC SEQUENCE

SEQUENCE: 1,4, 9, 16, 25, ...
- STep 1: DIFFERENCES:

FIRST DIFFERENCES: 3, 5, 7, 9
SECOND DIFFERENCES: 2, 2, 2

- STepP 2: RECOGNIZE QUADRATIC PATTERN:



SINCE SECOND DIFFERENCES ARE CONSTANT, THE SEQUENCE IS QUADRATIC.

- STep 3: ASSUME FORM:

/\A\[_N =AN"2 +BN+ C

\]

- STEP 4: USE KNOWN TERMS TO SOLVE:

For \(n=T \):\CA(D"*2+B(1)+C=11\)
For \(N=2 \):\(4A +2B+C=14))

For \(N=3\):\(9A+3B+C=9\)

- SOLVING THESE EQUATIONS YIELDS:

\CA=11),\(B=01), \(C=01)

- FINAL FORMULA:

\[

A_N=N"2

\]

- VERIFICATION:

For \(n=4\),\(4"2=16\), MATCHES THE SEQUENCE.

SpeciAL CASEs AND COMPLEX SEQUENCES

W/HILE THE ABOVE METHODS COVER COMMON SEQUENCES, SOME SEQUENCES INVOLVE MORE INTRICATE PATTERNS REQUIRING
ADVANCED TECHNIQUES:

RECURRENCE RELATIONS AND THEIR SOLUTIONS

SEQUENCES DEFINED RECURSIVELY, SUCH AS THE FigoNAccl SEQUENCE, REQUIRE SOLVING RECURRENCE RELATIONS!

\[
AN=A_{N-1}+a {N-2}

\]

WITH INITIAL CONDITIONS. THE EXPLICIT FORMULA INVOLVES CHARACTERISTIC EQUATIONS AND GENERATING FUNCTIONS.

SEQUENCES WITH NON-LINEAR PATTERNS

SEQUENCES FOLLOWING EXPONENTIAL, FACTORIAL, OR OTHER NON-POLYNOMIAL PATTERNS MAY NEED:

- LOGARITHMIC TRANSFORMATIONS.
- POLYNOMIAL FITTING USING REGRESSION.



- USE OF SPECIAL FUNCTIONS OR ADVANCED ALGEBRAIC TECHNIQUES.

IMPLICATIONS AND APPLICATIONS OF SEQUENCE FORMULAS

HAVING AN EXPLICIT EXPRESSION FOR A SEQUENCE IS MORE THAN A MATHEMATICAL CURIOSITY, IT UNLOCKS PRACTICAL
APPLICATIONS!

- PREDICTIVE MODELING: ENABLES FORECASTING FUTURE TERMS WITHOUT COMPUTING ALL PREVIOUS ONES.
- ANALYSIS: FACILITATES THE STUDY OF LIMITS, GROWTH RATES
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