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GIVEN THe FIRST 5 TerMs BeLow, WRITE DowN THE GENERAL TErRM OF THE FOLLOWING SEQUENCES: 4/5, -8/11,
16/17, THE TASK INVOLVES ANALYZING THE SEQUENCE TO IDENTIFY A PATTERN AND THEN DERIVING A FORMULA THAT CAN
GENERATE ANY TERM IN THE SEQUENCE. SEQUENCES ARE FUNDAMENTAL IN MATHEMATICS AND APPEAR IN VARIOUS FIELDS, FROM
ALGEBRA TO CALCULUS, AND UNDERSTANDING HOW TO FIND A GENERAL TERM HELPS IN PREDICTING FUTURE TERMS AND
UNDERSTANDING THE SEQUENCEIS BEHAVIOR. IN THIS ARTICLE, WE WILL EXPLORE THE SEQUENCE STEP-BY-STEP, EXAMINE
POSSIBLE PATTERNS, AND DERIVE A GENERAL TERM FORMULA THAT ACCURATELY DESCRIBES THE SEQUENCE.

UNDERSTANDING THE GIVEN SEQUENCE

LiSTING THE FIRST TERMS

LET’S FIRST WRITE DOWN THE SEQUENCE AS GIVEN:
- Term 1: 4/5

- Term 2:-8/11

- Term 3: 16/17

NOTICE THAT THE SEQUENCE CONSISTS OF FRACTIONS WITH NUMERATOR AND DENOMINATOR, AND THE SIGNS ALTERNATE. Our
GOAL IS TO FIND A FORMULA FOR THE NTH TERM, DENOTED AS \(A_N\), THAT CAN GENERATE THESE TERMS AND SUBSEQUENT
TERMS.

OBSERVING THE PATTERN IN THE TERMS

TO IDENTIFY THE PATTERN, ANALYZE THE NUMERATORS AND DENOMINATORS SEPARATELY:

| Term \(N\) | VALUE | NUMERATOR | DENOMINATOR | SiGN |
|-mmmmme e |--------- |--mmmmm - |-mmmmm - |------- |
|114/514|5]+]|

|21-8/111-8111]-]

[3116/17 116117 |+

NUMERATOR PATTERN:
-4,-8,16

DENOMINATOR PATTERN:
-5,11,17

NOTICE THE NUMERATORS:

-4,-8,16

- THE ABSOLUTE VALUES: 4, 8, 16

- THE PATTERN IN ABSOLUTE VALUE SEEMS TO BE DOUBLING: 4, 8, 16

THE SIGNS ALTERNATE, STARTING WITH POSITIVE, THEN NEGATIVE, THEN POSITIVE AGAIN. THE NUMERATORS  ABSOLUTE
VALUES ARE POWERS OF 2 MULTIPLIED BY 2:

-4=2"2

-8=2"3

-16=2"4



BUT THE SIGNS ALTERNATE, WITH THE FIRST TERM POSITIVE, SECOND NEGATIVE, THIRD POSITIVE, AND SO ON.

DENOMINATOR PATTERN:

-5,11,17

- THE PATTERN IN DENOMINATORS APPEARS TO BE INCREASING BY 6:
-5T1011: +6

-1171017: 46

THUS/ THE DENOMINATORS FOLLOW THE SEQUENCE:
-5,11,17,23, ..

WHICH CAN BE EXPRESSED AS AN ARITHMETIC SEQUENCE WITH FIRST TERM 5 AND COMMON DIFFERENCE 6.

DerIVING THE GENERAL TERM

NUMERATOR PATTERN

BASED ON THE OBSERVATIONS:

- THE NUMERATOR'S ABSOLUTE VALUE DOUBLES EACH TIME: 4, 8, 16, ...
- THESE ARE POWERS OF 2 STARTING FRoM \(272)), THen \(273)), Tren \(274)).

IN GENERAL, THE ABSOLUTE VALUE OF THE NUMERATOR AT TERM \(N\) CAN BE EXPRESSED AS:

\[

| \TexT{NUMERATOR]} | = 2N+ 1}

\]

BECAUSE:

-For \(N=T\): \(2"{1+1} =2%2 = 4))
- For \(N=2\): \(27{2+1} = 2"3 = 8))
- For \(N=3\): \(27{3+1} =274 = 16))

THE SIGN ALTERNATES STARTING WITH POSITIVE FOR \(N=1\). THEREFORE, THE SIGN PATTERN CAN BE MODELED USING
\(GDMN+T3)), wricH 1s posiTIVE wHEN \(N\) 1S opD, NEGATIVE wWHEN \(N\) IS EVEN.

THUS, THE NUMERATOR \(N_N\) Is:

\[
N N=C1)MN+13 \TiMes 27°{n+ 1}
\]

EXPLANATION:

- WHen \(N\) 1s oop, \((-1)"{N+13} = +1\), NUMERATOR POSITIVE.
- WHen \(N\) 1s even, \((-1){n+13 = -T\), NUMERATOR NEGATIVE.

DENOMINATOR PATTERN

THE DENOMINATORS FOLLOW THE SEQUENCE:

\[
D N=5+6(N-1)
\]



\WHICH SIMPLIFIES TO:

\[
D N=O6N-T

\]

CHECk:

- For \(N=1\): \(6(1) - 1 =5))
-For \(N=2\):\(12-1=111)
-For \(N=3\): \(18 -1 =17))

THIS MATCHES THE OBSERVED PATTERN PERFECTLY.

FINAL GENERAL TERM FORMULA

COMBINING THE NUMERATOR AND DENOMINATOR EXPRESSIONS, THE NTH TERM \(A_N\) CAN BE WRITTEN AS:

\[
A_N=\FRAC{N_N}{Dp N} = \rrAc{(- 1) N+ 1} \TiMes 27 {N+T133}{ON - 13
\]

THIS FORMULA GENERATES THE SEQUENCEIS TERMS ACCURATELY AND CAN BE USED TO FIND ANY TERM IN THE SEQUENCE.

VERIFICATION AND EXAMPLES

VERIFY WITH INITIAL TERMS:

- For \(N=1V):
\[

A_1=\rrac{(-1)2} \1iMes 2™{23H6(T) - 13 = \rrAc{ 1 \TiMes 4}{5} = \rrac{4}{5}
\]

MATCHES THE FIRST TERM.
- For \(N=2\):
\[

A_2=\rrac{(-1){3} \TiMes 2"{33}{6(2) - 1} = \rrAac{-1 \TiMes 8}{12 - 1} = \rrAc{-83}{11}
\]

MATCHES THE SECOND TERM.
- For \(N=3\):
\[

A_3 =\rrAc{(-1)"{4} \1iMes 2"{43H6(3) - 13 = \rrAc{ 1 \TiMes 163{18 - 1} =\rrac{163}{17}
\]

MATCHES THE THIRD TERM.



ADDITIONAL APPLICATIONS AND INSIGHTS

PreDICTING FUTURE TERMS

USING THE FORMULA, YOU CAN COMPUTE THE 4TH, 5TH, OR ANY SUBSEQUENT TERMS:
- For \(N=4\):

\[
A_4 =\rrac{(-1)"{5} \TiMes 27{53}H6(4) - 13 = \rrac{-1 \TiMes 32}{24 - 1} = \rrac{-32}{23}
\]

- For \(N=5\):

\[
A_5 = \rrAc{(-1)"{63 \TiMes 2°{63H6(5) - 13 = \rrAac{ 1 \TiMes 643{30 - 1} = \rrac{643}{29}
\]

THESE CALCULATIONS CONFIRM THE PATTERN'S CONSISTENCY AND THE FORMULA'S ACCURACY.

UNDERSTANDING THE SEQUENCE BEHAVIOR

- THE NUMERATOR GROWS EXPONENTIALLY WITH \(2*{N+1}\), CAUSING THE ABSOLUTE VALUE OF THE TERMS TO INCREASE
RAPIDLY.

- THE DENOMINATOR INCREASES LINEARLY, SO THE OVERALL MAGNITUDE OF THE TERMS IS DOMINATED BY THE NUMERATOR.

- THE SIGN ALTERNATES, MAKING THE SEQUENCE OSCILLATE BETWEEN POSITIVE AND NEGATIVE VALUES.

CoNCLUSION

THE SEQUENCE GIVEN BY THE FIRST THREE TERMS DEMONSTRATES A CLEAR PATTERN THAT CAN BE EXPRESSED SUCCINCTLY
THROUGH A GENERAL TERM FORMULA. BY ANALYZING THE NUMERATORS AND DENOMINATORS SEPARATELY, RECOGNIZING THE
EXPONENTIAL AND LINEAR GROWTH PATTERNS, AND ACCOUNTING FOR THE ALTERNATING SIGNS, WE DERIVED THE FORMULA!

\[

\BoxED{

A_N=\rRAc{(-1)N+13} \TiMes 2" {n+1}}{6N - 13
}

\]

THIS FORMULA NOT ONLY GENERATES THE INITIAL SEQUENCE TERMS BUT ALSO ENABLES THE PREDICTION OF SUBSEQUENT TERMS.
UNDERSTANDING SUCH SEQUENCES DEEPENS OUR GRASP OF MATHEMATICAL PATTERNS AND PROVIDES ESSENTIAL TOOLS FOR
TACKLING COMPLEX PROBLEMS IN ALGEBRA, CALCULUS, AND BEYOND. \W/HETHER FOR ACADEMIC PURPOSES, RESEARCH, OR
PRACTICAL APPLICATIONS, MASTERING THE DERIVATION OF GENERAL TERMS IS A VALUABLE SKILL THAT ENHANCES PROBLEM~
SOLVING CAPABILITIES AND MATHEMATICAL INSIGHT.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE PATTERN IN THE GIVEN SEQUENCE 4/5,-8/11, 16/17?

THE SEQUENCE ALTERNATES SIGNS AND THE NUMERATOR DOUBLES EACH TIME, WHILE THE DENOMINATOR INCREASES BY O EACH
STEP: NUMERATOR 4, -8, 16; DENOMINATOR &, 11, 17.



How DO YOU DETERMINE THE GENERAL TERM OF THE SEQUENCE 4/5,-8/11, 16/17?

IDENTIFY THE PATTERN IN NUMERATOR AND DENOMINATOR SEPARATELY, THEN EXPRESS THE SEQUENCE TERM AS A FUNCTION OF N,
INCLUDING THE SIGN ALTERNATION.

\WHAT IS THE FORMULA FOR THE NUMERATOR IN THE SEQUENCE?

THE NUMERATOR DOUBLES EACH TIME AND ALTERNATES SIGN: NUMERATOR = 4 (-2)"{n-13.

How IS THE DENOMINATOR OF THE SEQUENCE TERMS EXPRESSED IN THE GENERAL TERM?P

THE DENOMINATOR INCREASES BY & EACH STEP STARTING FROM 5, SO DENOMINATOR = 5 + 6(N-1).

\W/HAT IS THE COMPLETE GENERAL TERM FORMULA FOR THE SEQUENCE?
THE NTH TERM IS GIVEN BY: A_N = ((-1)MN+13) 4 27{N-13 / (5 + 6(N-T)).

CAN YOU VERIFY THE GENERAL TERM FORMULA BY COMPUTING THE 4TH TERM?
Yes. Forn=4, A_4 =(-1)"5}42"{3}/(6+63)=-148/(5+ 18)=-32/23, WHICH CONTINUES THE PATTERN.

How DOES UNDERSTANDING THE PATTERN HELP IN PREDICTING SUBSEQUENT TERMS?

BY IDENTIFYING THE FORMULAS FOR NUMERATOR AND DENOMINATOR AND THE SIGN PATTERN, YOU CAN COMPUTE ANY TERM
DIRECTLY WITHOUT LISTING ALL PREVIOUS TERMS.

ADDITIONAL RESOURCES

GIVEN THE FIRST 5 TerMs BeLow, WrITE Down THe GENERAL TerM OF THE FoLLOWING SEQUENCES: 4/5,-8/11,
16/17,

INTRODUCTION

SEQUENCES FORM THE BACKBONE OF MATHEMATICAL ANALYSIS, PROVIDING FOUNDATIONAL INSIGHTS INTO PATTERNS, LIMITS,
AND FUNCTIONS. AMONG THESE, RATIONAL SEQUENCES—THOSE WHOSE TERMS ARE RATIOS OF INTEGERS—ARE PARTICULARLY
INTRIGUING DUE TO THEIR STRAIGHTFORW ARD STRUCTURE YET OFTEN COMPLEX BEHAVIOR. THE ABILITY TO DISCERN A GENERAL
TERM, OR EXPLICIT FORMULA, FOR A SEQUENCE FROM ITS INITIAL TERMS IS A CRUCIAL SKILL IN MATHEMATICAL PROBLEM-
SOLVING AND THEORETICAL EXPLORATION.

THIS ARTICLE DELVES INTO A SPECIFIC SEQUENCE, BEGINNING WITH THE TERMS:

-4/5
--8/11
-16/17

AND AIMS TO DERIVE THE GENERAL TERM THAT GOVERNS THE SEQUENCE’S BEHAVIOR. THE PURSUIT OF SUCH A FORMULA

INVOLVES RECOGNIZING PATTERNS, UNDERSTANDING UNDERLYING RELATIONSHIPS, AND APPLYING MATHEMATICAL TOOLS SUCH AS
RECURSIVE RELATIONS, RATIO ANALYSIS, AND PATTERN RECOGNITION.

SIGNIFICANCE OF IDENTIFYING A GENERAL TERM



UNDERSTANDING THE GENERAL TERM OF A SEQUENCE ALLOWS MATHEMATICIANS AND STUDENTS TO:

- PREDICT SUBSEQUENT TERMS WITH CERTAINTY.

- ANALYZE THE SEQUENCE’S BEHAVIOR AS \( N \To \INFTY \).

- EXPLORE PROPERTIES SUCH AS CONVERGENCE, DIVERGENCE, AND OSCILLATION.

- CONNECT THE SEQUENCE TO BROADER CONCEPTS LIKE FUNCTIONS, SERIES, AND LIMITS.

IN EDUCATIONAL CONTEXTS, DERIVING THE GENERAL TERM ENHANCES PROBLEM~SOLVING SKILLS, FOSTERS PATTERN RECOGNITION,
AND DEEPENS UNDERSTANDING OF ALGEBRAIC AND ANALYTICAL TECHNIQUES.

INITIAL OBSERVATIONS AND DATA
LET’S EXAMINE THE INITIAL TERMS:

| Term Numeer \(N \) | Term \(A_N V) |
—— - |

| 114/5]
|21-8/11]
13116/17 |

AT A GLANCE, THESE TERMS SUGGEST SOME FORM OF PATTERN, POSSIBLY INVOLVING ALTERNATING SIGNS, POWERS OF 2, AND
DENOMINATORS EVOLVING IN A PARTICULAR MANNER.

Deep DiIvE: PATTERN RECOGNITION IN THE SEQUENCE
SIGN PATTERN

-\(a_1=\rrAac{4}{5}\) (PosITIVE)

-\(a_2 =-\rrAc{83}{11} ) (NeGATIVE)
-\(Ca_3=\rrAc{16X 17} \) (PosiTIVE)

THE SIGNS ALTERNATE: POSITIVE, NEGATIVE, POSITIVE. THIS HINTS AT A FACTOR OF \((-1)"*{N+13}\), WHERE THE SIGN
DEPENDS ON THE TERM NUMBER.

NUMERATOR PATTERN
- NumeraTor ofF \(A_1\): 4
- NuMeraTOR oF \(A_2 \): -8

- NuMeraTor oF \(A_3\): 16

IGNORING SIGNS, THE SEQUENCE OF NUMERATORS IS: 4, 8, 16. THESE ARE POWERS OF 2:

-4=\(2"2))
-8=\(2"3\)
-16=\(2"4\)

NOTICE THE PATTERN:

\[

\TexT{NUMERATOR } = 2" {N+1}
\]

For \(N=1,2,3\):

-\(~n=1 \RicHTARROW 27{2} = 4 \)



-\(~n=2 \RiGHTARROW 27{3} =8 )
-\(N=3 \RicHTARROW 27{4} =16 ))

THUS, NUMERATOR CAN BE EXPRESSED AS:

\[
\TexT{NuMerATOR} = 2 {N+1}

\]

WITH THE SIGN INCORPORATED THROUGH \((- ) {Nn+13\).
DENOMINATOR PATTERN

- DenoMINATOR OF \(A_1\): 5

- DenoMINATOR OF \(a_2\): 11

- DenoMINATOR OF \( A_3\): 17

THE DENOMINATORS ARE &, 11, 17. THESE ARE ALL PRIME CANDIDATES FOR AN ARITHMETIC PATTERN.

CALCULATE THE DIFFERENCES:

-\(11-5=6))
-\(17-11=6))

THE DENOMINATORS INCREASE BY & EACH TIME, SUGGESTING AN ARITHMETIC SEQUENCE:

\[
D N=5+(n-1)\TiMES 6

\]

WHICH SIMPLIFIES TO:

\[
DN=0ON-T]

\]

VeriFy For \(N=T1, 2, 3 \):

-\(n=1 \RiGHTARROW 6(1) - 1=5)
-\(N=2 \RiGHTARROW 12-1=11))
-\(N=3 \RIGHTARROW 18 - 1=17)

MATCHES PERFECTLY.

CONSTRUCTING THE GENERAL TERM
COMBINING THESE OBSERVATIONS:

- Sien FacTor: \( (-D)MN+13 1))
- NumeraToRr: \( 2°{N+1}\)
- DenominaTOR: \( 6N - 1))

THUS, THE GENERAL TERM:

\[
A_N=\rRAc{(-T)"{Nn+13} \TiMes 2" {N+13}{ 6N - 13
\]



V ALIDATION OF THE FORMULA

LET’S VERIFY THE FORMULA WITH INITIAL TERMS:
-For \(N=1\):
\[

A1 =\rrAc{(-)"{2} \TiMes 27{23}6(T1) - 13 = \rrac{ 1 \TiMes 43{6 - 1} = \rrac{4}{5}
\]

MATCHES THE FIRST TERM.
-For \(N=2\):
\[

A_2 = \rRAc{(-1) {33 \1iMes 2"{33}{ 12 - 1} = \rrac{-1 \TiMes 83{ 11} = -\rrAc{83}{11}
\]

MATCHES THE SECOND TERM.
-For \(N=3\):
\[

A_3 =\rrac{(-1)"{4} \1iMes 2°{43}{18 - 1} = \rrac{1 \TiMes 16173 = \rrac{163{17}
\]

MATCHES THE THIRD TERM.

THIS CONFIRMATION SOLIDIFIES THE GENERAL TERM:

\[

\soxen{

A_N=\rRac{(- 1) N+13 \TiMes 2" {n+13}{6N - 13
}

\]

BrROADER IMPLICATIONS AND APPLICATIONS
SEQUENCE BEHAVIOR

- SieN osciLLATION: THE FACTOR \( (- 1)"{N+1} \) CAUSES THE SEQUENCE TO ALTERNATE SIGNS, A COMMON FEATURE IN
MANY SERIES AND SEQUENCES MODELING ALTERNATING PHENOMENA.

- GROWTH RATE: THE NUMERATOR GROWS EXPONENTIALLY (\( 2"{N+1} \)), WHILE THE DENOMINATOR GROWS LINEARLY (\(
6N - 1\)). THUS, THE MAGNITUDE OF TERMS INCREASES EXPONENTIALLY , BUT THE ALTERNATING SIGN INFLUENCES CONVERGENCE
CONSIDERATIONS.

CONVERGENCE ANALYSIS

GIVEN THE MAGNITUDE:

\[
la_N = \rrRAc{2{N+ 13} 6N - 13
\]

siNce \( 27{N+1} \) GrRows FASTER THAN \( 6N - 1)), THE SEQUENCE’S TERMS TEND TO INFINITY IN MAGNITUDE AS \( N \TO



\INFTY \) THEREFORE, THE SEQUENCE DIVERGES, OSCILLATING WITH INCREASING MAGNITUDE.

ExTENSION: VISUAL AND NUMERICAL ANALYSIS
GRAPHING THE SEQUENCE FOR A RANGE ofF \( N \):
- PLoTTING \( A_N \) REVEALS THE OSCILLATING NATURE WITH INCREASING AMPLITUDE.

- NUMERICAL CALCULATIONS FOR LARGER \( N \) CONFIRM THE DIVERGENCE, ILLUSTRATING THAT THE SEQUENCE DOES NOT
SETTLE TOWARDS A FINITE LIMIT.

EDUCATIONAL SIGNIFICANCE

THE DERIVATION EXEMPLIFIES THE IMPORTANCE OF PATTERN RECOGNITION IN SEQUENCES:
- RECOGNIZING EXPONENTIAL GROWTH PATTERNS.

- USING DIFFERENCE CALCULATIONS TO IDENTIFY LINEAR PATTERNS.

- COMBINING ALGEBRAIC INSIGHTS TO FORMULATE EXPLICIT RULES.

SUCH EXERCISES REINFORCE ALGEBRAIC MANIPULATION, SEQUENCE ANALYSIS, AND CRITICAL THINKING.

CoNCLUSION

THE EXPLORATION OF THE SEQUENCE STARTING WITH \( 4/5\), \(-8/11\),\( 16/17 \) SHOWCASES HOW INITIAL TERMS
CAN ENCODE RICH STRUCTURAL INFORMATION. BY METHODICALLY ANALYZING SIGNS, NUMERATORS, AND DENOMINATORS, WE
DERIVED A COMPACT, EXPLICIT FORMULA:

\[

\soxen{

A_N=\rRac{(- 1) N+13 \TiMes 2" {n+13}{6N - 13
}

\]

THIS FORMULA NOT ONLY PROVIDES A DIRECT METHOD TO GENERATE ANY TERM IN THE SEQUENCE BUT ALSO OFFERS INSIGHTS
INTO ITS DIVERGENCE AND OSCILLATORY BEHAVIOR. SUCH ENDEAVORS EXEMPLIFY THE POWER OF PATTERN RECOGNITION AND
ALGEBRAIC REASONING IN MATHEMATICAL ANALYSIS, SERVING AS VITAL TOOLS FOR STUDENTS, EDUCATORS, AND RESEARCHERS
AIMING TO UNDERSTAND THE INTRICATE TAPESTRY OF SEQUENCES AND SERIES.
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Given The First 5 Terms Below Write Down The General Term Of The Following Sequences 4 5 8 11
16 17
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