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Consiper THe FUNCTION G: R R DeriNeD By G(x)=sIN(F(x)) - X W/Here F: R (O,PHI/5) Is DIFFERENTIABLE AND THIS
INTRIGUING FORMULATION OPENS UP A BROAD DISCUSSION IN THE REALM OF CALCULUS, PARTICULARLY FOCUSING ON THE
PROPERTIES OF COMPOSITE FUNCTIONS, THE APPLICATION OF DERIVATIVES, AND THE SIGNIFICANCE OF DIFFERENTIABILITY WITHIN
SPECIFIC INTERVALS. IN THIS ARTICLE, WE WILL EXPLORE THE INTRICATE BEHAVIOR OF THE FUNCTION G, ANALYZE ITS
PROPERTIES INCLUDING CONTINUITY, DIFFERENTIABILITY, AND POTENTIAL POINTS OF INTEREST SUCH AS ZEROS OR EXTREMA, AND
DISCUSS THE BROADER IMPLICATIONS IN MATHEMATICAL ANALYSIS.

UNDERSTANDING THE FUNCTION G: DerINITION AND CONTEXT

FuncTioN CoMPONENTS AND NOTATION

THE GIVEN FUNCTION IS EXPRESSED AS:

\[ GO = \sin(F(x)) - x \]

WHERE:

- \(r: \MaTHEB{R]} \TO (0, \FRAC{\PHI}{53}) \) IS A DIFFERENTIABLE FUNCTION.

- \(\PHI \) DENOTES THE GOLDEN RATIO (APPROXIMATELY 1.618...), OR POSSIBLY A SPECIFIC CONSTANT DEPENDING ON
CONTEXT.

- THe poMAIN ofF \( F \) IS THE ENTIRE REAL LINE, BUT ITS RANGE IS CONSTRAINED TO THE INTERVAL \( (O, \FrRac{\PHI}{5})

\).

Tre FuncTion \( G \) iInvoLves THE siNe oF \( F(x) \), A COMPOSITION THAT MAKES THE ANALYSIS RICH, ESPECIALLY WHEN
CONSIDERING DERIVATIVES AND CRITICAL POINTS.

SIGNIFICANCE OF THE DOMAIN AND RANGE

Since \(F \) maps \(\MaTHea{R} \) nTo \( (0, \FrRac{\PHI}{5}) \), THe sine FuNcTION IN \( G(X) \) WILL OPERATE OVER
A susseT ofF \( (0, \rrac{\Pri}{5}) \). Given THAT \('\sIN \) IS A PERIODIC FUNCTION WITH WELL-UNDERSTOOD BEHAVIOR,
UNDERSTANDING HOW \( F \) INFLUENCES THE COMPOSITION IS CRITICAL.

FURTHERMORE, BECAUSE \( F \) IS DIFFERENTIABLE ACROSS THE ENTIRE REAL LINE, \( G \) INHERITS CERTAIN SMOOTHNESS
PROPERTIES, WHICH WILL BE CENTRAL TO SUBSEQUENT ANALYSIS.

ANALYZING THE PROPERTIES OF G

ConNTINuITY OF G

SiNce \( F \) IS DIFFERENTIABLE, IT IS CONTINUOUS. THE SINE FUNCTION IS CONTINUOUS EVERYWHERE, SO \( \sIN(F(x)) \) IS
CONTINUOUS AS A COMPOSITION OF CONTINUOUS FUNCTIONS. THE SUBTRACTION OF \( X \), A CONTINUOUS OPERATION,
PRESERVES CONTINUITY. THEREFORE:

\L GG = \sIN(F(x)) - x \]

Is conTINuous For ALL \( x \in \maTHee{R]} \).

THIS FOUNDATIONAL PROPERTY ENSURES THAT THE FUNCTION BEHAVES PREDICTABLY, ALLOWING US TO APPLY THE
INTERMEDIATE V ALUE THEOREM AND OTHER TOOLS TO ANALYZE ZEROS AND EXTREMA.



DIFFERENTIABILITY OF G

Given \(F \) IS DIFFERENTIABLE, AND THE SINE FUNCTION IS INFINITELY DIFFERENTIABLE, THE CHAIN RULE APPLIES:

\[ G'(x) = \cos(r(x)) \cooT F(x) - 1 \]

THIS DERIVATIVE EXISTS FOR ALL \( X \IN \MATHBB{R} \), MAKING \( G \) DIFFERENTIABLE EVERYWHERE. THE EXPLICIT FORM
PROVIDES INSIGHT INTO CRITICAL POINTS AND THE NATURE OF \( G \)’S EXTREMA.

CriTiICAL POINTS AND ZEROS OF G

CrITICAL POINTS occUrR WHERE \( G'(x) =0 \):
\[ \cos(F(x)) \cooT F(x) - 1=0\]
OR EQUIVALENTLY:

\[ \cos(r(x)) \cooT F(x) = 1 \]

Zeros ofF \( G \) saTIsFY:

\[\sin(F(G) = x \]

wHICH LINks \( x \), \( F(x) \), AND THE SINE FUNCTION. FINDING SOLUTIONS INVOLVES SOLVING THIS EQUATION, WHICH
COULD BE COMPLEX DEPENDING ON \( F \), BUT CERTAIN GENERAL INSIGHTS CAN BE GAINED.

IMPLICATIONS AND APPLICATIONS OF THE FUNCTION G

ExIsTENCE AND UNIQUENESS OF SOLUTIONS

BY APPLYING THE INTERMEDIATE V ALUE THEOREM AND PROPERTIES OF CONTINUOUS FUNCTIONS, WE CAN INVESTIGATE WHETHER
\( G(x) \) HAs ROOTS, IE., POINTS WHERE \( G(x) =0 \).

FOR EXAMPLE, IF ONE CAN ESTABLISH THAT \( G \) CHANGES SIGN OVER AN INTERVAL, THEN A SOLUTION EXISTS WITHIN THAT
INTERVAL. THE DIFFERENTIABILITY AND CONTINUOUS NATURE OF \( G \) SUPPORT THE USE OF THE MEAN V ALUE THEOREM TO
ANALYZE THE BEHAVIOR of \( G \).

THE UNIQUENESS OF SOLUTIONS CAN SOMETIMES BE DETERMINED VIA THE MONOTONICITY OF \( G \)/ \WHICH DEPENDS ON THE
SIGN OF ITS DERIVATIVE.

GRAPHICAL REPRESENTATION AND BEHAVIOR

PLoTTing \( G(X) \) INvoLVES UNDERSTANDING THE INTERPLAY BETWEEN \( \sIN(F(x)) \) anp \( x \). Since \( \sin \)
osciLLATES BETWEEN -1 AND 1, AND \( F(x) \) 1s consTrAINED TO \( (O, \rRAC{\PHI}{53}) \), THE SINE COMPONENT
REMAINS WITHIN A PREDICTABLE RANGE.

THe GRAPH OF \( G \) CAN EXHIBIT VARIOUS BEHAVIORS:
- MONOTONIC SEGMENTS

- MULTIPLE ZEROS

- POINTS OF INFLECTION, DEPENDING ON \( F \)

SUCH VISUALIZATIONS AID INTUITION AND FURTHER ANALYSIS.

ADVANCED ToPICS AND FURTHER ANALYSIS



APPLYING THE IMPLICIT FUNCTION THEOREM

\W/HEN ANALYZING THE SoLUTIONS To \( G(x) = 0 \), THE IMPLICIT FUNCTION THEOREM CAN BE INSTRUMENTAL. IF AT A
soLuTioN \( x_0\):

\[ G(x_0) = 0 \quap \Text{anp} \Quab G'(x_0) \neq 0 \]

THEN THERE EXISTS A NEIGHBORHOOD AROUND \( X_0 \) wHere \( X \) CAN BE EXPRESSED AS A FUNCTION OF SOME
PARAMETER, ENABLING A LOCAL ANALYSIS OF SOLUTIONS.

THIS APPROACH IS PARTICULARLY USEFUL IF \( F \) IS EXPLICITLY KNOWN OR CAN BE APPROXIMATED.

BEHAVIOR AT INFINITY AND ASYMPTOTIC ANALYSIS

As \(x \to \pM \INeTY \), THE BEHAVIOR OF \( G(x) \) DEPENDS HEAVILY ON \( F(x) \):

- IF \(F(x) \) TENDS TO A LIMIT OR GROWS UNBOUNDEDLY, THE OSCILLATORY PART \( \sIN(F(x)) \) MAY EXHIBIT CERTAIN
LIMITS OR BEHAVIORS.

- THe LINEAR TERM \( -x \) DOMINATES, ENSURING \( G(x) \To -\INeTy \) As \( x \To +\INFTY \) AND \( G(x) \TO
+\NeTY \) As \( x \To -\INFTY ).

THIS GUARANTEES THE EXISTENCE OF AT LEAST ONE ROOT FOR \( G \), BY THE INTERMEDIATE V ALUE THEOREM.

SpeciAL CASES AND EXAMPLES

Case 1: F(x) I1s A LINEAR FUNCTION
Suppose \(F(x) =ax+8\), wiTH\( A \Neq O \), anD \( &8 \In (O, \rrac{\PHI}{5}) \).

- THe DERIVATIVE \( F'(x) = A \) IS CONSTANT.
-\(G'(x) =\cos(a x +8) \cbpoT A - 1\).

ANALYSIS OF CRITICAL POINTS SIMPLIFIES, AND SOLUTIONS TO \( G(x) = O \) CAN BE APPROXIMATED OR EXPLICITLY FOUND
USING ALGEBRAIC OR NUMERICAL METHODS.

Cast 2: F(x) 1s A CONSTANT FUNCTION

IF \Cr(x) \equiv c \in (O, \rrac{\Pri3{53) \), THEN:

\[ G(x) = \sin(c) - x \]

-\( G \) IS A LINEAR FUNCTION WITH SLOPE - 1.

- Zero occurs AT \( x = \sin(c) \).

- THE FUNCTION IS STRICTLY DECREASING, WITH A SINGLE ZERO.

THIS SIMPLE CASE PROVIDES AN INTUITIVE UNDERSTANDING OF THE GENERAL BEHAVIOR.

ConNcLusIoN: THE BROADER SIGNIFICANCE OF G IN MATHEMATICAL ANALYSIS

THe FUNCTION \( G(x) = \sIN(F(x)) - x \), wHere \( F \) I1s DIFFerenTIABLE ON \( \MATHBB{R} \) WITH A LIMITED RANGE,
EXEMPLIFIES FUNDAMENT AL THEMES IN CALCULUS:

- COMPOSITION OF FUNCTIONS AND THEIR DERIVATIVES.

- CRITICAL POINT ANALYSIS.

- EXISTENCE AND UNIQUENESS OF SOLUTIONS.

- BEHAVIOR AT EXTREMES AND OSCILLATORY NATURE.



STUDYING SUCH FUNCTIONS CAN HAVE APPLICATIONS IN DIFFERENTIAL EQUATIONS, MATHEMATICAL MODELING, AND
UNDERSTANDING OSCILLATORY PHENOMENA CONSTRAINED WITHIN SPECIFIC BOUNDS. MOREOVER, THE INSIGHTS OBTAINED FROM
ANALYZING \( G \) EXTEND TO BROADER CONTEXTS, SUCH AS FIXED POINT THEOREMS, BIFURCATION ANALYSIS, AND NONLINEAR
DYNAMICS.

BY EXAMINING THE PROPERTIES OF \( G \) AND ITS DERIVATIVES, MATHEMATICIANS CAN DEVELOP DEEPER INTUITION FOR HOW
COMPLEX FUNCTIONS BEHAVE, PAVING THE WAY FOR ADVANCED RESEARCH AND PRACTICAL PROBLEM-SOLVING IN SCIENCE AND
ENGINEERING.

IN SUMMARY, THE ANALYSIS OF THE FUNCTION \( G(x) = \sIN(F(x)) - x \), WITH THE GIVEN CONDITIONS ON \( F \), REVEALS
A RICH TAPESTRY OF MATHEMATICAL CONCEPTS—CONTINUITY, DIFFERENTIABILITY, CRITICAL POINTS, SOLUTIONS, AND THEIR
BROADER IMPLICATIONS—ALL FUNDAMENTAL TO UNDERSTANDING THE BEHAVIOR OF NONLINEAR FUNCTIONS IN CALCULUS.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE KEY PROPERTIES OF THE FUNCTION G(x) = sIN(F(X)) - X GIVEN THAT F
IS DIFFERENTIABLE ON (0, ¢/5)?

SINCE F IS DIFFERENTIABLE ON (O, <D/5), G IS CONTINUOUS AND DIFFERENTIABLE ON THIS INTERVAL. | TS PROPERTIES DEPEND ON
THE BEHAVIOR OF F AND THE SINE FUNCTION, WITH POTENTIAL APPLICATIONS IN ANALYZING ROOTS AND MONOTONICITY.

How cAN THE DERIVATIVE oF G(x) = sIN(F(x)) - X BE USED TO DETERMINE THE
FUNCTION'S MONOTONICITY?

THe DERIVATIVE G'(x) = cos(F(x)) F'(x) - 1 HELPS IDENTIFY WHERE G IS INCREASING OR DECREASING. IF G'(x) >0, G is
INCREASING; IF G'(x) < O, G IS DECREASING, WHICH IS USEFUL FOR LOCATING EXTREMA AND ROOTS.

\WHAT CONDITIONS ON F(X) AND ITS DERIVATIVE F' (X) ENSURE THE EXISTENCE OF
ROOTS For G(x) = 0P

BY THE INTERMEDIATE V ALUE THEOREM, IF G 1S CONTINUOUS AND G(A) AND G(B) HAVE OPPOSITE SIGNS ON AN INTERVAL
wiTHIN (O, /5), THEN A ROOT EXISTS. CONDITIONS ON F, SUCH AS SPECIFIC VALUES OR BOUNDS, CAN HELP VERIFY THESE SIGN
CHANGES.

How DOES THE DIFFERENTIABILITY OF F ON (O, ®/5) INFLUENCE THE DIFFERENTIABILITY
ofF G(x)?

Since G(x) = sIN(F(x)) - X AND BOTH SINE AND THE LINEAR FUNCTION ARE DIFFERENTIABLE, THE DIFFERENTIABILITY OF F oN (O,
®/5) ENSURES G(X) IS DIFFERENTIABLE ON THIS INTERVAL AS WELL.

CAN THE FUNCTION G(x) = sIN(F(x)) - X HAVE MULTIPLE RooTs WITHIN (O, ¢/5)?
\WHAT FACTORS DETERMINE THIS?

Yes, G(X) CAN HAVE MULTIPLE ROOTS DEPENDING ON THE BEHAVIOR OF F AND THE SHAPE OF G. FACTORS INCLUDE THE
MONOTONICITY OF G, ITS CRITICAL POINTS (WHERE G' = 0), AND THE SPECIFIC FORM OF F(X). ANALYZING G HELPS DETERMINE
THE NUMBER OF ROOTS.

\WHAT METHODS CAN BE USED TO ANALYZE THE CRITICAL POINTS ofF G(x) = sIN(F(x))
- XP

CRITICAL POINTS 0CCUR WHERE G'(x) = 0, 1.E., cos(F(x)) F'(x) = 1. SOLVING THIS EQUATION HELPS LOCATE CRITICAL



POINTS. TECHNIQUES INCLUDE DERIVATIVE ANALYSIS, SUBSTITUTION, AND POSSIBLY NUMERICAL METHODS IF AN EXPLICIT
SOLUTION ISN'T FEASIBLE.

ADDITIONAL RESOURCES

MATHEMATICAL ANALYSIS OF THE FUNCTION G: R R Derined BY G(x) = siN(F(X)) - x

INTRODUCTION TO THE FUNCTION G AND ITS COMPONENTS

IN MATHEMATICAL ANALYSIS, FUNCTIONS OF THE FORM G(x) = SIN(F(x)) - X ARE FUNDAMENTAL IN UNDERSTANDING BEHAVIORS
SUCH AS FIXED POINTS, DERIVATIVES, AND THE NATURE OF SOLUTIONS TO EQUATIONS INVOLVING TRIGONOMETRIC
COMPOSITIONS. HERE, WE ANALYZE THE FUNCTION:

\[ G: \MATHBB{R} \TO \MATHBB{R]}, \QUAD G(x) = \sIN(F(x)) - x \]

wHere \(r: (O, \rrRac{\PHi}{5}) \To \MATHEB{R}\) IS DIFFERENTIABLE. THE CONTEXT PROVIDED IMPLIES THAT \(F\) IS DEFINED
on AN opeN INTERVAL \((O, \rrRAc{\PHI}{5})\), WHICH IS A SUBSET OF THE REAL NUMBERS, AND IS DIFFERENTIABLE ON THIS
INTERVAL. THE NOTATION SUGGESTS \(\PHI\) IS A POSITIVE CONSTANT (POTENTIALLY RELATED TO THE GOLDEN RATIO OR
SOME OTHER CONSTANT), BUT FOR OUR PURPOSES, IT REMAINS A PARAMETER DEFINING THE DOMAIN OF \(F\).

THIS PIECE AIMS TO ANALYZE THE PROPERTIES OF G, INCLUDING ITS CONTINUITY, DIFFERENTIABILITY, FIXED POINTS, AND
POTENTIAL APPLICATIONS OR IMPLICATIONS IN MATHEMATICAL ANALYSIS.

UNDERSTANDING THE COMPONENTS OF G

THe RoLe ofF \(F(x)\)

- DiFrerenTIABILITY: SINCE \(F\) IS DIFFEReNTIABLE ON \((O, \FRAC{\PHI}{5})\), IT POSSESSES DERIVATIVES AT ALL POINTS
IN THIS INTERVAL, ENABLING US TO ANALYZE THE BEHAVIOR OF \(G\) VIA THE CHAIN RULE.

- DoMAIN consiDerATIONS: THE DoMAIN \((O, \FRAC{\PHI}{5})\) sUGGESTS THAT THE BEHAVIOR OF \(G\) MIGHT BE
CONSTRAINED TO THIS INTERVAL, BUT THE DEFINITION OF \(G\) on ALL oF \(A\MATHEB{R}\) INDICATES POTENTIAL EXTENSIONS
OR CONSTANT DEFINITIONS OUTSIDE THIS INTERVAL.

THe sINE FUNCTION \(\sIN(F(x))\)

- RANGE: As A STANDARD TRIGONOMETRIC FUNCTION, \(\siN\) MaPs \(\MaTHe&{R}\) To \([-1, T]\). ITs composITION
wiITH \(F(x)\) Means THAT THe RANGE oF \(\sIN(F(x))\) DEPENDS ON THE IMAGE oF \(F\).

- PeriopiciTy: \(\siN\) 1s periobic wiTH PerioD \(2\P1\), WHICH MIGHT INFLUENCE THE BEHAVIOR OF \(G\) IF \(F(x)\) I1s
UNBOUNDED OR HAS CERTAIN PROPERTIES.

THE sUBTRACTION of \(x\)



- THIS LINEAR TERM INTRODUCES A TENDENCY FOR \(G\) TO DECREASE OR INCREASE DEPENDING ON THE BEHAVIOR OF
\(\sIN(F(x))\). IT ALSO PLAYS A CRITICAL ROLE IN FIXED POINT ANALYSIS, AS THE EQUATION \(G(x) = 0\) BECOMES:

\[\sin(F(x)) = x \]

WHICH RELATES THE SINE ofF \(F(x)\) pirecTLY To \(X\).

CONTINUITY AND DIFFERENTIABILITY OF G

CoNTINUITY

- BoTtH \(\sin(F(x))\) AND THE LINEAR FUNCTION \(X\) ARE CONTINUOUS.

- Since \(F\) 1s piFFerenTIABLE (AND THUS conTinuous) on \((O, \rrac{\Pri}{5})\),

- \(\sIN(F(x))\) IS CONTINUOUS ON THIS INTERVAL.

- ConseQUENTLY, THE coMposiTIoN \(\siN(F(x))\) IS conTINuoUS.

- THE SUBTRACTION OF \(x\) PRESERVES CONTINUITY, SO \(G(x) = \sIN(F(x)) - x\) 1s conTinuous on \((O,

\rrAac{\PHI}{5D\).

DIFFERENTIABILITY

- \(F\) geING DIFFERENTIABLE IMPLIES THAT \(\SIN(F(x))\) IS DIFFERENTIABLE, OWING TO THE CHAIN RULE:

\[
\rrAc{p}{px3 \sIN(F(x)) = \cos(F(x)) \cpoT F'(x)
\]

- THE LINEAR FUNCTION \(-x\) IS DIFFERENTIABLE EVERYWHERE, WITH DERIVATIVE \(- T\).
- Trererore, \(G\) 1s piFrerenTiABLE ON \((O, \FRAC{\PHI}{E])\), WiTH:

\[
G'(x) = \cos(F(x)) \cooT F'(x) - 1
\]

ANALYZING THE DerivaTiVE \(G'(X)\)

UNDERSTANDING THE DERIVATIVE \(G'(x)\) IS CRUCIAL FOR FIXED POINT ANALYSIS, MONOTONICITY, AND THE APPLICATION OF
THE INTERMEDIATE V ALUE THEOREM OR FIXED POINT THEOREMS.

ExpressioN For \(G'(x)\)

\[
G'(x) = \cos(F(x)) \cooT F'(x) - 1
\]



- Bounpeoness oF \(\cos(F(x))\): Since \(\cos\) 1s sounpep seTween \(-1\) anp \(1\), THe TerM \(\cos(F(x)) \cooT

F'O\) 15 Bounpep BY \(JF'G)I\).
- IMPACT oF \(F'(x)\): THe BeHAVIor of \(G'(x)\) HEAVILY DEPENDS ON THE MAGNITUDE AND SIGN ofF \(F'(x)\):

- IF \(F'(x)\) 1s LARrGE, THE INFLUENCE oF \(\cos(F(x))\) Is AMPLIFIED.
- THe sieN oF \(F'(x)\) arrecTs wHETHER \(G'(x)\) IS INCREASING OR DECREASING.

COoNDITIONS FOR MONOTONICITY

- \(G\) 1s sTrICTLY DECREASING IF \(G'(X) < O\):

\[
\cos(F(x)) \cpoT F'(x) < 1

\]

-\(G\) 1s sTrICTLY INcrEASING IF \(G'(x) > 0\):
\[
\cos(r(x)) \cooT F'(x) > 1

\]

- Since \(\cos(F(x)) \in[-1,1]\), THE BounDS For \(F'(x)\) CAN BE DEDUCED FOR PARTICULAR MONOTONICITY BEHAVIORS.

Fixep PoINTs ofF G: SoLuTions To \(G(x) =0\)

INTERPRETATION OF FIXED POINTS

- FIXED POINTS ARE SOLUTIONS TO:

\[
G(x) = \siN(F(x)) - x = 0 \Quap \RiGHTARROW \QUAD \sIN(F(X)) = X

\]

- THESE POINTS INDICATE WHERE THE SINE OF \(F(x)\) coincipes wiTH \(x\), IMPLYING A POTENTIAL EQUILIBRIUM OR
INTERSECTION POINT BETWEEN THE GRAPH OF \(G\) AND THE X-AXIS.

ExiSTENCE OF FIXED POINTS

- THe INTERMEDIATE VALUE THEOREM (IVT) PROVIDES CRITERIA FOR EXISTENCE:

- IF \(G\) 1s conTinuous on AN INTERVAL \([A, B]\) anD \(G(A) \cooT G(g) < 0\), THEN THERE EXISTS AT LEAST one \(c
\In (A, B)\) sucH THAT \(G(c) = 0\).

- To APPLY IV T, ANALYZE THE BEHAVIOR OF \(G\) AT SPECIFIC POINTS:

- As \(x \to 0"+\), \(G(0"+) = \sIn(F(0"+))\), proviped \(F\) Is Derined AT \(O™+\). Since \(F\) IS ONLY DEFINED ON
\((0, \rrAC{\PHI}{53)\), WE MAY CONSIDER LIMITS APPROACHING O.



- For LARGE \(x\), THE BEHAVIOR OF \(G\) DEPENDS ON THE ASYMPTOTIC BEHAVIOR OF \(\SIN(F(x))\).

UNIQUENESS AND MULTIPLE FIXED POINTS

- THE BANACH Fixep PoINT THEOREM coULD BE INVOKED IF \(G\) IS A CONTRACTION, I.E., THERE EXISTS \(O <k < 1\) sucH
THAT:

\[

IG(x) - G(¥)I \LeQ k |x - ¥| \QuUAD \FORALL X, ¥
\]

- CONDITIONS FOR CONTRACTION:

IG'(x)l = \cos(r(x)) \cooT F'(x) - 1| < 1

\]

- |F SUCH CONDITIONS HOLD, THEN A UNIQUE FIXED POINT EXISTS.

- OTHER\X/ISEI MULTIPLE FIXED POINTS OR NONE MAY BE PRESENT, CONTINGENT ON THE STRUCTURE OF \(F\)

APPLICATIONS AND DEEPER INSIGHTS

Fixep PoINT ITERATION FOR SoLving \(G(x) = 0\)

- THE ITERATIVE PROCESS:

\[
x_{N+1} = \sin(r(x_N))
\]

- OR, MORE GENERALLY, FIXED POINT ITERATION BASED ON \(G\):

\[
x_{N+1} = x_~N+ \LaMeDA G(X_N)
\]

FOR SOME RELAXATION PARAMETER \(\LAMBDA\).

- CONVERGENCE DEPENDS ON THE PROPERTIES OF \(G\), PARTICULARLY WHETHER IT IS A CONTRACTION.

STABILITY ANALYSIS

- Fixep poinTs ARE sTABLE IF \(|G'(X)] < 1\) AT THAT POINT.

- THE STABILITY OF SOLUTIONS INVOLVES ANALYZING THE DERIVATIVE:

\[
IG'(x)| = \cos(F(x)) \cooT F'(x) - 1|



\]

= WHeN \(|G'(x)| < T\), SMALL PERTURBATIONS AROUND THE FIXED POINT TEND TO DECAY, INDICATING STABILITY.

POTENTIAL FOR OSCILLATORY BEHAVIOR

- DUE TO THE SINE COMPONENT AND THE LINEAR SUBTRACTION
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