FIND THE ARC LENGTH FUNCTION FOr THE CURVE Y =
SINT(x) 1 X2 WITH STARTING PoinT (O, 1).

FIND THe ARC LENGTH FUNCTION For THE CURVE Y = SIN- 1(x) + X2 W/ITH STARTING PoinT (0, 1)

UNDERSTANDING HOW TO DETERMINE THE ARC LENGTH OF A CURVE IS FUNDAMENTAL IN CALCULUS, ESPECIALLY WHEN ANALYZING
THE PROPERTIES OF FUNCTIONS AND THEIR GEOMETRIC INTERPRETATIONS. IN THIS ARTICLE, WE WILL EXPLORE THE PROCESS OF
FINDING THE ARC LENGTH FUNCTION FOR THE CURVE DEFINED BY \( ¥ = \sIN*{-1}(x) + x"2 \), STARTING FRoM THE POINT (O,
1). WE WILL COVER THE NECESSARY STEPS, THE UNDERLYING CALCULUS PRINCIPLES, AND PROVIDE DETAILED EXPLANATIONS TO
HELP YOU GRASP THE CONCEPT THOROUGHLY.

UNDERSTANDING ARC LENGTH AND ITS IMPORTANCE

BEFORE DIVING INTO THE CALCULATION, IT'S ESSENTIAL TO UNDERSTAND WHAT THE ARC LENGTH OF A CURVE REPRESENTS AND
WHY IT'S SIGNIFICANT IN MATHEMATICS AND APPLIED SCIENCES.

WHAT Is ARC LENGTH?

ARC LENGTH REFERS TO THE DISTANCE ALONG A CURVE BETWEEN TWO POINTS. IF YOU IMAGINE DRAWING A PATH ALONG A
CURVED LINE, THE ARC LENGTH MEASURES HOW LONG THAT PATH IS, MUCH LIKE MEASURING THE LENGTH OF A SEGMENT OF A
ROLLER COASTER TRACK.

MATHEMATICALLY, FOR A SMOOTH FUNCTION \( ¥ = F(x) \) over AN INTERVAL \( [A, 8] \), THE ARC LenGTH \('s \) FroM \(
x=a\) To\(x =8\) IS GIVEN BY THE INTEGRAL:

\[
s = \INT_{a}"{8} \s@rT{1 + \LerT( \rrac{pY}HDx} \RIGHT)"2} \, DX

\]

THIS FORMULA ACCOUNTS FOR THE SLOPE OF THE CURVE AT EACH POINT, ENSURING THE MEASUREMENT FOLLOWS THE ACTUAL
PATH LENGTH RATHER THAN JUST THE HORIZONTAL PROJECTION.

W/HY FIND THE ARC LENGTH FUNCTION?

THE ARC LENGTH FUNCTION \( s(x) \) PROVIDES THE LENGTH OF THE CURVE FROM A FIXED STARTING POINT UP TO ANY POINT
\(x \). THIS IS PARTICULARLY USEFUL IN:

- PHYSICS: CALCULATING THE DISTANCE TRAVELED ALONG A PATH.

- ENGINEERING: DESIGNING CURVED STRUCTURES.

- CoMPUTER GRAPHICS: RENDERING CURVES ACCURATELY.

- MATHEMATICS: ANALYZING PROPERTIES OF CURVES AND THEIR BEHAVIORS.



GIVEN FUNCTION AND STARTING POINT

OUR SPECIFIC PROBLEM INVOLVES THE FUNCTION:

\[
vy = \sin*{-13}(x) + x"2
\]

WwITH THE STARTING POINT \( (O, 1) \). OUR GOAL Is To FIND THE FUNCTION \( S(x) \) THAT GIVES THE ARC LENGTH FROM \(
x =0\) To ANy ARBITRARY \( X \) ALONG THIS CURVE, STARTING AT \( (O, 1) \).

STEP-BY-STEP SOLUTION TO FIND THE ARC LENGTH FUNCTION

LET’S BREAK DOWN THE PROCESS INTO CLEAR, MANAGEABLE STEPS.

Step 1: Fino \( \rrac{poy}{px} \)

TO SET UP THE ARC LENGTH INTEGRAL, WE NEED THE DERIVATIVE oF \( ¥ \) wiTH respecT To \( x \):

\[

vy = \sin*{-13(x) + x"2
\]

DERIVATIVE:

\[

\rrac{oY}{bx} = \rrac{oHox3 \LerT( \sINn*{-13(x) \riGHT) + \FrAac{D}{DX} \LEFT( X2 \RIGHT)

\]

RECALL THAT:

\[
\rRAC{D}HDX3 \LerT( \sIN*{-13(x) \riGHT) = \rrAC{ 13}{\sqrT{1 - x*2}}
\]

AND

\[
\rrac{p}{ox3 (x"2) = 2x
\]

THEREFORE:

\[
\rrAac{pY}{bx} = \rrac{ 1}{\sqrT{1 - x"23}} + 2x
\]



STeEP 2: SET UP THE ARC LENGTH INTEGRAL

USING THE FORMULA:

\[
s(x) = \INT_{x_03"{x3 \s@rT{1 + \LerT( \rrac{oY}{DT} \RIGHT)"2} DT
\]

wHERe \( x_0 = 0'\), THE STARTING POINT.

PLucainG IN \( \rrac{oy}{pT} \):

\[
s(x) = \INT_{0}"{x3 \srT{1 + \LerT( \rrRAC{ T}H{\s@rT{1 - 7"23} + 27 \rIGHT)"2} DT
\]

STeP 3: SIMPLIFY THE INTEGRAND

THE INTEGRAND BECOMES:

\[
\srT{1 + \LerT( \FrrAC{ TH\sqrT{1 - 7723} + 27 \rRIGHT)" 2}
\]

EXPAND THE SQUARE:

\[

\LerT( \FrRAC{ 1}{\sqQrT{1 - T72}} + 27 \riGHT)"2 = \LerT( \rrAC{ 1}{\s@rT{1 - T"23} \RIGHT)"*2 + 2 \TIMES
\rRAC{ 13}{\sqrT{1 - 7723} \TiMes 2T + (2T)"2

\]

CALCULATE EACH TERM:

- \C\LerT(\rRAC{ 1} {\s@rT{1 - 213 \RIGHT)"2 = \rRAc{ 1K1 - T"23} })
-\ 2 \1iMes \rrAac{ 13{\sqrT{1 - 723} \TiMes 2T = \rrAac{4T}\srT{1 - 721} \)
-\(@2m)r2=47"2))

NO\X/, THE EXPRESSION INSIDE THE SQUARE ROOT BECOMES:

\[
1+ \rrAc{TH 1 - 72} + \rrac{4TH\sqrT{1 - 7723} + 4772
\]

S1eP 4: ComMeINE TERMS UNDER THE SQUARE RooT

EXPRESSED AS A SINGLE FRACTION WHERE POSSIBLE:

\[
\s@QrT{1 + \rrAC{13{1 - "2} + 4772 + \rrac{47}{\s@rT{1 - T"2}}}
\]



NOTE THAT:

\[
1+ \rAc{TX T - 723 = \rrac{(1 - T°2) + 1X{1 - 723 = \rrac{2 - 772}{1 - 7723
\]

SO THE INTEGRAND BECOMES:

\[
\sQrT{\FrRAC{2 - T72}{1 - 7723 + 4772 + \rrac{4TH{\sqrT{1 - 7723}}}
\]

THIS EXPRESSION LOOKS COMPLICATED, HOWEVER, AS AN ALTERNATIVE, IT MIGHT BE MORE PRACTICAL TO EVALUATE THE
INTEGRAL NUMERICALLY OR EXPLORE SUBSTITUTION METHODS FOR SIMPLIFICATION.

ALTERNATIVE APPROACH: NUMERICAL APPROXIMATION OR SIMPLIFICATION

GIVEN THE COMPLEXITY OF THE INTEGRAL, AN EXACT SYMBOLIC EXPRESSION FOR THE ARC LENGTH FUNCTION MAY BE UNWIELDY.
INSTEAD, WE CAN:

- USE COMPUTATIONAL TOOLS TO EVALUATE THE INTEGRAL NUMERICALLY FOR SPECIFIC VALUES of \( x \).
- RECOGNIZE THAT THE PRIMARY GOAL IS To EXPRESS \( s(x) \) AS AN INTEGRAL:

\[
s(x) = \INT_0"x \s@rT{1 + \LerT( \rrAc{pY}DT} \RIGHT)"2} DT

\]

wiTH \(\rrac{oY}{pT} = \rrAc{ 1}{\s@rT{1 - T"2}} + 2T\).

FINAL EXPRESSION FOR THE ARC LENGTH FUNCTION

PUTTING IT ALL TOGETHER, THE ARC LENGTH FUNCTION \( s(x) \) sTARTING FRoM \( (O, 1) \) Is:

\[

\BOXED{

s(x) = \INT_{03"{x3} \s@rT{1 + \LerT( \rrRAC{ 1}{\sQrT{1 - 7°2}} + 27 \RIGHT)"2} DT
}

\]

THIS INTEGRAL CAN BE EVALUATED NUMERICALLY FOR SPECIFIC \( X \) VALUES USING SOFTWARE LIKE \W OLFRAMALPHA,
MATLAB, OR OTHER CALCULUS TOOLS.

SUMMARY AND KEY T AKEAWAYS

- THe DERIVATIVE oF THE FUNCTION \( ¥ = \sin*{-T13}(x) + x*2 \) 1s \( \rrac{py}Xbx} = \Frrac{ TX\sqrT{1 - x"2}} +

2x \).



- THe ARC LENGTH FUNCTION \( s(x) \) FrRoM THE STARTING POINT \( (O, 1) \) IS EXPRESSED AS AN INTEGRAL INVOLVING THE
sQUARE ROOT OF \( 1 + \LerT( \Frrac{oY}DT} \RIGHT)"2 \).

- THE INTEGRAL IS COMPLEX AND MAY REQUIRE NUMERICAL METHODS FOR EVALUATION.

- UNDERSTANDING THE PROCESS HELPS IN ANALYZING THE LENGTH OF CURVES DEFINED BY COMPOSITE FUNCTIONS INVOLVING
INVERSE TRIGONOMETRIC AND POLYNOMIAL PARTS.

ADDITIONAL TIPS AND RESOURCES

- FOR COMPLEX INTEGRALS LIKE THIS, CONSIDER USING COMPUTATIONAL TOOLS FOR APPROXIMATION.
- FAMILIARIZE YOURSELF WITH SUBSTITUTION TECHNIQUES TO SIMPLIFY INTEGRALS INVOLVING RADICALS.
- EXPLORE CALCULUS SOFTWARE TUTORIALS TO SEE HOW TO EVALUATE COMPLEX INTEGRALS NUMERICALLY.

CONCLUSION

FINDING THE ARC LENGTH FUNCTION FOR A GIVEN CURVE IS A FUNDAMENTAL SKILL IN CALCULUS, COMBINING DERIVATIVE
CALCULATION AND INTEGRAL EVALUATION. WHILE SOME INTEGRALS MAY BE CHALLENGING TO EVALUATE ANALYTICALLY,
UNDERSTANDING THEIR SETUP AND THE PROCESS OF SIMPLIFICATION IS CRUCIAL. IN THE cASE ofF \( ¥ = \sin*{-13(x) + x"*2 \)
THE RESULTING ARC LENGTH FUNCTION INVOLVES AN INTEGRAL THAT CAN BE COMPUTED NUMERICALLY, PROVIDING VALUABLE
INSIGHTS INTO THE GEOMETRY

’

FREQUENTLY ASkeD QUESTIONS

How Do | FIND THE ARC LENGTH FUNCTION FOR THE CURVE Y = SIN(1/X) FROM THE
STARTING POINT (O, 1)?

TO FIND THE ARC LENGTH FUNCTION, YOU SET UP THE INTEGRAL OF THE SQUARE ROOT OF 1 PLUS THE DERIVATIVE SQUARED.
Fory = SIN( 1 /X), COMPUTE Y’ AND THEN INTEGRATE FROM THE STARTING POINT TO X.

\WHAT IS THE DERIVATIVE Y’ ofF ¥ = sIN( 1/x)?

USING THE CHAIN RULE, ¥’ = cos(1/x) (-1/x"2) = -cos(1/x) | x"2.

How DO | SET UP THE ARC LENGTH INTEGRAL FOR Y = SIN( 1/x)?

THe ARC LENGTHFROM X = 0 To X IS GIVENBY L(x) =[] FrRoM O To x of [F] (1 4 [Y'(7)]?) bT. SUBSTITUTE Y’ AND
EVALUATE THE INTEGRAL ACCORDINGLY.

IS THE ARC LENGTH INTEGRAL FOR Y = SIN( 1/%) CONVERGENT NEAR X = 0P

No, BECAUSE AS X APPROACHES O, THE INTEGRAND BEHAVES LIKE [F] (1 + (cos(1/x)/x"2)?), WHICH DIVERGES, INDICATING
THE ARC LENGTH FROM O TO SOME POSITIVE X IS INFINITE.

CAN | FIND AN EXPLICIT FORMULA FOR THE ARC LENGTH FUNCTION FOR Y = SIN( 1 / X);’

DUE TO THE COMPLEXITY OF THE INTEGRAL INVOLVING COS( 1 /X) AND X, AN EXPLICIT CLOSED~-FORM EXPRESSION IS GENERALLY



NOT AVAILABLE, NUMERICAL METHODS ARE OFTEN USED.

\WHAT IS THE SIGNIFICANCE OF THE STARTING POINT (0 , 1) IN THIS PROBLEM?

AT X = O, Y = SIN( 1 /O) IS UNDEFINED, SO TYPICALLY, THE STARTING POINT IS CONSIDERED AT A LIMIT APPROACHING O FrOM
THE RIGHT, WHERE Y APPROACHES -|/ BUT THE ARC LENGTH INTEGRAL IS DIVERGENT NEAR ZERO.

How Do | INTERPRET THE ARC LENGTH FUNCTION FOR THE CURVE Y = SIN(1/x) oVER
AN INTERVAL?

THE ARC LENGTH FUNCTION MEASURES THE TOTAL LENGTH OF THE CURVE FROM THE STARTING POINT (APPROACHING ZERO) TO
A POINT X > O, BUT DUE TO DIVERGENCE NEAR ZERO, THE LENGTH FROM O TO ANY POSITIVE X IS INFINITE.

ARE THERE ANY PRACTICAL APPLICATIONS OF FINDING THE ARC LENGTH OF Y =
sIN(1/x)?

YES/ UNDERSTANDING THE ARC LENGTH HELPS IN PHYSICS AND ENGINEERING FOR ANALYZING THE LENGTH OF OSCILLATING OR
OSCILLATORY-LIKE FUNCTIONS, ALTHOUGH THE DIVERGENCE NEAR ZERO LIMITS PRACTICAL USE IN THIS SPECIFIC CASE.

ADDITIONAL RESOURCES

FIND THE ARC LENGTH FUNCTION For THe CURVE Y = SIN(1/(x"2)) WiTH STARTING PoinT (O, 1)

\UNDERSTANDING THE ARC LENGTH OF A CURVE IS FUNDAMENTAL IN CALCULUS, ESPECIALLY WHEN ANALYZING THE GEOMETRY AND
PHYSICAL PROPERTIES OF CURVES. THE PROBLEM OF FINDING THE ARC LENGTH FUNCTION FOR THE CURVE \( ¥ =
\siN\LErT(\FRAC{ THx"2}\RIGHT) \), WITH THE INITIAL POINT AT (O, 1), IS BOTH INTRIGUING AND CHALLENGING DUE TO THE
NATURE OF THE FUNCTION AND ITS DOMAIN. THIS ARTICLE PROVIDES A COMPREHENSIVE EXPLORATION OF HOW TO DETERMINE
THE ARC LENGTH FUNCTION, COVERING ESSENTIAL CONCEPTS, DETAILED STEPS, POTENTIAL PITFALLS, AND APPLICATIONS.

INTRODUCTION TO ARC LENGTH AND ITS SIGNIFICANCE

BEFORE DELVING INTO THE SPECIFICS OF THE GIVEN FUNCTION, IT'S CRUCIAL TO UNDERSTAND WHAT ARC LENGTH ENTAILS AND
WHY IT'S AN IMPORTANT CONCEPT IN CALCULUS AND GEOMETRY.

WHAT Is ArRC LENGTH?

ARC LENGTH REFERS TO THE MEASURE OF THE DISTANCE ALONG A CURVE BETWEEN TWO POINTS. IF A cURVE \( ¥ = F(x) \) I1s
CONTINUOUS AND DIFFERENTIABLE OVER AN INTERVAL \([A, 8]\), THE LENGTH OF THE cURVE BETWEEN \( x=A \) AnD \( x=8 \)
IS GIVEN BY THE INTEGRAL:

\[
L =\INT_A"8 \sQrT{1 + \LerT(\Frac{pY HDx}\RIGHT)" 2} \, DX

\]

THIS FORMULA DERIVES FROM THE PYTHAGOREAN THEOREM, CONSIDERING AN INFINITESIMAL SEGMENT OF THE CURVE AS A
HYPOTENUSE OF A RIGHT TRIANGLE WITH TINY CHANGES IN \(x\) anp \(¥\).



\WHY FIND THE ARC LENGTH FUNCTION?

\WHILE THE INTEGRAL FORMULA PROVIDES THE LENGTH BETWEEN TWO SPECIFIC POINTS, THE ARC LENGTH FUNCTION \( s(x) \)
GIVES THE LENGTH OF THE CURVE FROM A FIXED STARTING POINT \( x_0 \) up To ANY POINT \( x \). IT IS DEFINED AS:

\[
s(x) = \INT_{x_03}"x \s@rT{1 + \Lert(\rrAc{DY}{DT}\RIGHT)"2} \, DT
\]

FEATURES AND APPLICATIONS INCLUDE:

- CALCULATING DISTANCES ALONG COMPLEX CURVES.
- ANALYZING THE TOTAL LENGTH TRAVELED ALONG A PATH.
- FACILITATING THE COMPUTATION OF OTHER PROPERTIES LIKE CURVATURE.

UUNDERSTANDING THE GIveN FuncTion: \( ¥ =
\siN\LerT(\rrAC{ 1 }{x*2}\rIGHT) \)

DoMAIN AND BEHAVIOR

The FUNcTION \( ¥ = \sIN\LEFT(\FRAC{ TH X" 2}\RIGHT) \) PRESENTS INTERESTING ANALYTICAL CHALLENGES:

- DoMAIN: THE FUNCTION 1S DEFINED FOR ALL \( x \NeQ O \). AT \( x=0\), THe expression \( 1/x"2 \) secoMes
UNDEFINED, AND THE FUNCTION IS DISCONTINUOUS.

- BeHAVIor NEAR zERO: As \( x \To 0 \), \( \rrac{ 13}{x"2} \To \INFTY \), CAUSING OSCILLATIONS OF THE SINE FUNCTION
WITH INCREASING FREQUENCY.

- Benavior AT INFINITY: As \( x \To \pM \INFTY \), \( \rRAC{ THx"23\T0 0 \), so \( ¥ \To O \).

BECAUSE THE STARTING POINT IS AT (O, -|), WHICH IS OUTSIDE THE DOMAIN OF THE FUNCTION, THIS INDICATES THE PROBLEM
MAY INVOLVE CONSIDERING THE LIMIT AS \( X \TO 0 \) OR REDEFINING THE DOMAIN. TYPICALLY, FOR ARC LENGTH
CALCULATIONS, THE INITIAL POINT IS CHOSEN WITHIN THE DOMAIN WHERE THE FUNCTION IS DEFINED AND DIFFERENTIABLE. For
THIS REASON, THE PROBLEM MIGHT INVOLVE CONSIDERING THE LIMIT PROCESS OR A DIFFERENT INITIAL POINT.

FORMULATING THE ARC LENGTH FUNCTION

STEP 1: CLARIFY THE STARTING POINT

GIVEN THE INITIAL POINT 1S (O, 1), AND THE FUNCTION IS NOT DEFINED AT \( X=0 \), WE NEED TO INTERPRET WHAT THIS
ENTAILS:

- IF THE GOAL IS TO FIND THE ARC LENGTH STARTING AT \( x=0 \), THE FUNCTION'S BEHAVIOR NEAR ZERO SUGGESTS THE ARC
LENGTH FROM A POINT JUST TO THE RIGHT oF zero (say \( x=\epsiLon \To 0"+ \)) IS CONSIDERED.
- ALTERNATIVELY, THE PROBLEM MAY INVOLVE THE LIMIT AS \( x \To 0™+ \) OF THE ARC LENGTH FROM SOME SMALL POSITIVE

\(\epsiton \) To \( x \).



FOR THE SAKE OF CLARITY, WE WILL ASSUME THE ARC LENGTH BEGINS AT A POINT \( x_0 > 0 \), WITH THE INITIAL POINT \(
(x_0, v(x_0)) \). Since THe PoINT (O, 1) IS OUTSIDE THE DOMAIN, PERHAPS THE PROBLEM INTENDS TO ANALYZE THE
BEHAVIOR AS \( x \To 0™+ \).

Step 2: CompuTe THE DerivaTive \( oy/px \)

THE KEY TO FINDING THE ARC LENGTH IS TO COMPUTE THE DERIVATIVE of \( ¥ \):

\[
vy = \sIN\LEFT(\FRAC{ 1 }{x" 23\RIGHT)

\]

APPLYING THE CHAIN RULE:

\l

\rrAc{pY}{bx} = \cos\LerT(\rrAC{ 1}{x" 23\riGHT) \cpoT \FrRac{D}{oxI\LErT(\FrRAC{ 13}{x"2}\RIGHT)

\]

CaLcuLaTe \( p/ox \LerT( 1/x"2 \riGHT) \):

\[
\rrAac{D}ox3 \LerT( x*{-23 \riGHT) = -2x"{-3} = -\rrac{2}{x"3}
\]

THus,

\[
\rrac{py}{box3 = \cos\LerT(\rrAc{ T H{x*2\riGHT) \cDOT \LerT( - \FrRAC{2}H{x"3} \rIGHT) = - \FrrAC{2}{x" 3}
\cos\LerT(\FrAC{ 1 X{x"23\RIGHT)

\]

STEP 3: DERIVE THE ARC LENGTH INTEGRAND

THE INTEGRAND FOR THE ARC LENGTH:

\[

\s@QrT{1 + \LerT(\FrAC{DY}{DX}\RIGHT)" 2} = \sQrRT{ 1 + \LerT( - \FrrRAC{2Hx" 3} \cos\LerT(\rrRAC{ 1}{x"23\RIGHT)
\RIGHT)" 23

\]

SIMPLIFY INSIDE THE SQUARE ROOT:

\[
= \sqrT{1 + \rrAc{4}{x" 63} \cos"2 \LerT(\FrAc{ 1 }{x" 2}\rIGHT)}
\]

THE ARC LENGTH FUNCTION FRoM \( x = x_0\) To \( x \) IS THeN:

\[
s(x) = \INT_{x_0}"x \s@r7{1 + \rrAc{4 {176} \cos" 2 \LerT(\rrRAC{ THT"2}\RIGHT)} \, DT
\]



CoMPUTING THE ARC LENGTH FUNCTION

STEP 4: SETTING THE INITIAL POINT

GIVeN THE INITIAL POINT (O, 1) AND THE DOMAIN CONSIDERATIONS, IT MAKES SENSE TO CHOOSE A SMALL POSITIVE \( x_0 \)
APPROACHING ZERO. ALTERNATIVELY, IF THE PROBLEM SPECIFICALLY WANTS THE ARC LENGTH STARTING AT \( x=0\) wiTH \(
¥=1\), IT MIGHT INVOLVE CONSIDERING AN INITIAL POINT AT \( x \To 0™+ \).

For PRACTICAL PURPOSES, WE SELECT \( x_0O \) As A sMALL PosITIVE VALUE \( \epsiLon \), AND EXAMINE THE LIMIT AS \(
\epsiLon \To 0"+ \):

\[

s(x) = \um_{\epsiLon \To 0"+3 \INT_\ersiLon"x \sQrT{1 + \rrAC{4}{7"6} \cos"2 \LerT(\FRAC{ 1H{T"2}\RIGHT)} \,

DT
\]
STEP 5: ANALYZING THE INTEGRAL

THE INTEGRAL IS COMPLEX DUE TO THE 0SCILLATORY NATURE OF \( \cos™2 \LerT(\rrac{ 1}{T"2}\riGHT) \) As \( T \T0 O

\):

- THe TerM \( \FRAC{43}{7"6} \) DOMINATES THE INTEGRAND BECAUSE IT TENDS TO INFINITY AS \( T \To O \).
- THe osciLLATIONS oF \( \cos™2 \LerT(\FRAC{ T}H{T"2}\RIGHT) \) BECOME EXTREMELY RAPID NEAR ZERO, COMPLICATING
DIRECT INTEGRATION.

THIS SUGGESTS THAT THE ARC LENGTH NEAR ZERO MIGHT BE INFINITE, AS THE INTEGRAND TENDS TO INFINITY, INDICATING THE
CURVE'S LENGTH IS UNBOUNDED AS IT APPROACHES \( x=0 \)

IMPLICATIONS AND CONCLUSIONS

KEY OBSERVATIONS:

- THe ARC LENGTH FUNCTION FOR \( ¥ = \sIN\LerT(\FrRAC{ 1}{x" 23\RIGHT) \) OVER AN INTERVAL AWAY FROM ZERO IS GIVEN
BY:

\[
s(x) = \INT_{x_03}"x \s@rT{1 + \rrac{4}{7"6} \cos"2 \LerT(\FRAC{ 1H{T"2}\RIGHT)} \, DT
\]

- Near \( x=0\), THE INTEGRAND'S BEHAVIOR SUGGESTS THE TOTAL ARC LENGTH IS DIVERGENT, OWING TO THE \(
\rRAC{AHT"6} \) TERM.

FEATURES OF THE SOLUTION:
- THE INTEGRAL INVOLVES HIGHLY OSCILLATORY FUNCTIONS, MAKING ANALYTICAL SOLUTIONS DIFFICULT OR IMPOSSIBLE.

- NUMERICAL METHODS OR APPROXIMATION TECHNIQUES ARE OFTEN USED FOR PRACTICAL EVALUATION.
- THE DIVERGENCE OF THE INTEGRAL NEAR ZERO INDICATES THE CURVE HAS AN INFINITE LENGTH APPROACHING \( X
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