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IN MATHEMATICAL ANALYSIS, UNDERSTANDING THE BEHAVIOR OF FUNCTIONS AROUND SPECIFIC POINTS IS FUNDAMENTAL. X/ HEN
\WORKING WITH A FUNCTION F(X)I PARTICULAR INTEREST OFTEN LIES IN IDENTIFYING THE LARGEST OPEN INTERVAL CENTERED AT
A POINT C WHERE THE FUNCTION EXHIBITS CERTAIN DESIRABLE PROPERTIES—SUCH AS CONTINUITY, DIFFERENTIABILITY, OR
BOUNDEDNESS. THIS PROCESS INVOLVES ANALYZING THE FUNCTION'S CHARACTERISTICS IN RELATION TO PARAMETERS L, C/ AND
POSITIVE VALUES GREATER THAN ZERO, WHICH OFTEN SERVE AS BOUNDS OR THRESHOLDS IN THE CONTEXT OF LIMITS,
DERIVATIVES, OR INTEGRABILITY.

THIS ARTICLE AIMS TO EXPLORE THE METHODOLOGY FOR DETERMINING THE LARGEST OPEN INTERVAL AROUND A POINT C FOR A
GIVEN FUNCTION F(X), CONSIDERING PARAMETERS L, C, AND > 0. WE WILL DELVE INTO FOUNDATIONAL CONCEPTS SUCH AS
CONTINUITY, THE DEFINITION OF OPEN INTERVALS, AND HOW THESE RELATE TO THE PROPERTIES OF THE FUNCTION.
ADDITIONALLY, WE WILL EXAMINE COMMON SCENARIOS WHERE SUCH INTERVALS ARE CRITICAL—LIKE THE APPLICATION OF THE
EPSILON-DELTA DEFINITION OF LIMITS, THE MeAN V ALUE THEOREM, AND TAYLOR'S THEOREM—ALONG WITH PRACTICAL
EXAMPLES AND STRATEGIES FOR CALCULATING THESE INTERVALS.

UNDERSTANDING THE Core CONCEPTS

WHAT Is AN OPEN INTERVAL?

AN OPEN INTERVAL (A, B) IS A SET OF REAL NUMBERS BETWEEN A AND B, EXCLUDING THE ENDPOINTS. IT IS WRITTEN AS:

e (A, B) WHERE A < B

IN THE CONTEXT OF FUNCTIONS, AN OPEN INTERVAL AROUND A POINT C IS A SET OF POINTS WITHIN A CERTAIN DISTANCE FROM
C, WHERE THE BEHAVIOR OF THE FUNCTION CAN BE ANALYZED LOCALLY.

IMPORTANCE OF THE LARGEST OPEN INTERVAL

DETERMINING THE LARGEST OPEN INTERVAL AROUND A POINT C WHERE A FUNCTION F(X) MAINTAINS CERTAIN PROPERTIES IS
CRUCIAL FOR SEVERAL REASONS:

1. STUDYING LOCAL BEHAVIOR AND PROPERTIES SUCH AS CONTINUITY AND DIFFERENTIABILITY.

2. APPLYING THEOREMS THAT REQUIRE FUNCTIONS TO BE DEFINED AND WELL-BEHAVED WITHIN CERTAIN NEIGHRORHOODS OF
C.



3. ESTABLISHING BOUNDS AND LIMITS NECESSARY FOR APPROXIMATION AND NUMERICAL ANALYSIS.

ANALYZING THE FUNCTION F(X) IN THE ConTEXT oF L, C, AND > O

RoLe oF THE PARAMETERS L, C, AND > O

BEFORE DELVING INTO THE PROCESS OF FINDING THE INTERVAL, IT IS ESSENTIAL TO UNDERSTAND THE SIGNIFICANCE OF THE
PARAMETERS:

o C: THE CENTER POINT AROUND WHICH THE INTERVAL IS SOUGHT. OFTEN A POINT OF INTEREST, SUCH AS A POINT \WHERE
THE FUNCTION'S BEHAVIOR IS EXAMINED.

e L: A BOUND OR LIPSCHITZ CONSTANT, WHICH MAY BE RELATED TO THE FUNCTION'S RATE OF CHANGE OR A THRESHOLD
FOR CERTAIN PROPERTIES.

e > 0: INDICATES THE POSITIVITY REQUIREMENT FOR THE INTERVAL'S RADIUS OR OTHER PARAMETERS, ENSURING THE
INTERVAL IS NON-DEGENERATE.

APPLICATION IN LIMIT AND CONTINUITY ANALYSIS

IN THE CONTEXT OF LIMITS, THE PARAMETERS L AND > O ARE OFTEN USED IN EPSILON-DELTA DEFINITIONS. FOR INSTANCE, TO
PROVE THAT LIM,; F(X) =L, ONE MUST FIND A & > O SUCH THAT WHENEVER [x - C| < A, IT FoLLows THAT [F(x) - L| <E.
THIS A EFFECTIVELY DETERMINES THE SIZE OF THE OPEN INTERVAL AROUND C WHERE THE FUNCTION STAYS WITHIN A SPECIFIC
BOUND OF L.

METHODOLOGY FOR FINDING THE LARGEST OPEN INTERVAL

STeP 1: UNDERSTAND THE FUNCTION'S PROPERTIES

- DETERMINE WHETHER F(X) IS CONTINUOUS, DIFFERENTIABLE, OR POSSESSES OTHER PROPERTIES AT AND AROUND C.
- IDENTIFY ANY POINTS WHERE THE FUNCTION MIGHT BE UNDEFINED OR DISCONTINUOUS.
- ESTABLISH INITIAL BOUNDS OR CONSTRAINTS PROVIDED BY L OR THE PROBLEM CONTEXT.

STEP 2: ESTABLISH THE DESIRED PROPERTY AND CONSTRAINTS

- CLARIFY WHAT PROPERTY YOU WANT TO GUARANTEE WITHIN THE INTERVAL (E.G., [F(x) - F(O)l < g, or F(x) IS
DIFFERENTIABLE).

- USE PARAMETERS LIKE L TO DEFINE BOUNDS, SUCH AS LIPSCHITZ CONDITIONS, ENSURING [F(x) - F(¥)| < LIx - Y| WITHIN THE
INTERVAL.



STeP 3: Uste THE DEFINITION OF THE PROPERTY TO FIND A

- For CONTINUITY: GIVENE > O, FIND & > O SUCH THAT [x - C| < A IF(x) - F(Q)| <E.
- For LIPSCHITZ CONTINUITY: FIND & > O SUCH THAT FOR ALL X WITHIN & OF C, THE INEQUALITY INVOLVING L HOLDS.
- For LIMITS: DETERMINE A BASED ON E AND THE BEHAVIOR OF F(x) Near C.

STeP 4: MAXIMIZE THE INTERVAL SIzE

- THE GOAL IS TO FIND THE SUPREMUM (LEAST UPPER BOUND) OF A SUCH THAT THE PROPERTY HOLDS.
- THIS INVOLVES ANALYZING THE BEHAVIOR OF F(X) NEAR C AND IDENTIFYING THE POINTS WHERE THE PROPERTY BREAKS DOWN.
- THE LARGEST OPEN INTERVAL IS THEN (C -4, Cc+ A), WHERE A IS MAXIMIZED UNDER THE CONSTRAINTS.

STer 5: CONFIRM THE INTERVAL'S VALIDITY

- VERIFY THAT WITHIN THIS INTERVAL, ALL THE PROPERTIES HOLD.

- CHECK FOR ANY POINTS WHERE THE FUNCTION MIGHT BEHAVE UNEXPECTEDLY, SUCH AS SINGULARITIES OR POINTS OF
DISCONTINUITY.

- ADJUST A IF NECESSARY TO EXCLUDE PROBLEMATIC POINTS, ENSURING THE INTERVAL IS MAXIMAL.

ILLUSTRATIVE EXAMPLE: APPLYING THE METHOD TO A SPECIFIC FUNCTION

ExAMPLE: FIND THE LARGEST OPEN INTERVAL ABouUT C ForR F(X) =[] (x - A)

Suppost WE HAVE F(x) =[] (x - A), WHERE A < C, AND WE WANT TO FIND THE LARGEST OPEN INTERVAL AROUND C WHERE
THE FUNCTION IS CONTINUOUS AND WELL -DEFINED.

- THE FUNCTION IS DEFINED FOR X > A.

- THe POINT C MUST SATISFY C > A FOR THE INTERVAL TO INCLUDE C.

- TO FIND THE LARGEST INTERVAL AROUND C, IDENTIFY THE DOMAIN CONSTRAINTS: X > A.
- THE INTERVAL SHOULD BE SYMMETRIC AROUND C: (C - a, C + a).

CONSTRAINTS:
- SINCE F(X) 1S ONLY DEFINED FOR X > A, A MUST SATISFY C - A > A,

- THeReFoRE, & < C - A.

MAXIMIZE A:
- THe MAXIMUM & 1S C = A, WHICH GIVES THE INTERVAL (A, C + (C - A)) = (A, 2C - A).

HOWEVER, TO ENSURE THE INTERVAL IS OPEN AND CENTERED AT C:
- THe INTERVAL IS (C - A, C+ a), wiTHAa = C - A,

THUS, THE LARGEST OPEN INTERVAL AROUND C WHERE F(X) IS DEFINED IS:
- (A, 2C-A)

IF THE FUNCTION’S PROPERTIES ARE MORE COMPLEX, SIMILAR REASONING INVOLVING BOUNDS AND THE BEHAVIOR NEAR C APPLIES.



PRACTICAL APPLICATIONS AND SIGNIFICANCE

1. ENSURING CONTINUITY AND DIFFERENTIABILITY

- FINDING THE LARGEST OPEN INTERVAL ENABLES MATHEMATICIANS AND ENGINEERS TO WORK WITHIN REGIONS WHERE FUNCTIONS
BEHAVE PREDICTABLY.
- CRITICAL IN THE DESIGN OF ALGORITHMS THAT RELY ON SMOOTHNESS OR CONTINUOUS BEHAVIOR.

2. LiMmT CALCULATIONS AND APPROXIMATIONS

- ACCURATE ESTIMATION OF LIMITS REQUIRES UNDERSTANDING THE MAXIMAL NEIGHBORHOODS WHERE THE BEHAVIOR IS WELL-
UNDERSTOOD.
- USED IN NUMERICAL METHODS LIKE NE\X/TON‘RAPHSON, WHERE CONVERGENCE RELIES ON FUNCTION SMOOTHNESS NEAR A POINT.

3. OpTIMIZATION AND CONTROL SYSTEMS

- ENSURING FUNCTIONS ADHERE TO BOUNDS WITHIN SPECIFIC INTERVALS INFLUENCES CONTROL SYSTEM STABILITY AND
OPTIMIZATION PROCEDURES.

CONCLUSION

DETERMINING THE LARGEST OPEN INTERVAL ABOUT A POINT C FOR A GIVEN FUNCTION F(X), CONSIDERING PARAMETERS |_, C, AND
> O, IS A FUNDAMENTAL TASK IN ANALYSIS. T COMBINES UNDERSTANDING THE FUNCTION'S PROPERTIES, APPLYING THE
DEFINITIONS OF LIMITS AND CONTINUITY, AND LEVERAGING BOUNDS SUCH AS LIPSCHITZ CONSTANTS. BY SYSTEMATICALLY
ANALYZING THE DOMAIN, BEHAVIOR NEAR C/ AND THE CONSTRAINTS IMPOSED BY PARAMETERS, ONE CAN PRECISELY IDENTIFY THE
MAXIMAL REGION WHERE THE FUNCTION MAINTAINS DESIRED PROPERTIES.

THIS PROCESS IS VITAL ACROSS VARIOUS FIELDS—™MATHEMATICS, ENGINEERING, COMPUTER SCIENCE—WHERE LOCAL BEHAVIOR
DICTATES GLOBAL UNDERSTANDING AND PERFORMANCE. MASTERY OF THESE TECHNIQUES ENSURES ROBUST ANALYSIS, ACCURATE
APPROXIMATIONS, AND EFFECTIVE PROBLEM-SOLVING IN BOTH THEORETICAL AND APPLIED CONTEXTS.

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE SIGNIFICANCE OF FINDING THE LARGEST OPEN INTERVAL ABOUT C FOR THE
FUNCTION F(x)?

FINDING THE LARGEST OPEN INTERVAL ABOUT C HELPS IDENTIFY THE MAXIMAL DOMAIN AROUND C WHERE THE FUNCTION F(X)
MAINTAINS CERTAIN PROPERTIES, SUCH AS CONTINUITY OR DIFFERENTIABILITY, WHICH IS ESSENTIAL FOR ANALYSIS AND
APPLICATIONS.

How po THE VALUES OF L ’ C , AND THE POSITIVE PARAMETER AFFECT THE
DETERMINATION OF THE INTERVAL?

THE VALUES OF L (POSSIBLY A LIPSCHITZ CONSTANT), C (CENTER POINT), AND THE POSITIVE PARAMETER (LIKE EPSILON OR



DELTA) INFLUENCE THE SIZE OF THE INTERV AL BY DEFINING BOUNDS WITHIN WHICH THE FUNCTION EXHIBITS DESIRED BEHAVIOR,
SUCH AS UNIFORM CONTINUITY OR BOUNDED DERIVATIVES.

\X/HAT ROLE DOES THE LIPSCHITZ CONSTANT L PLAY IN ESTABLISHING THE INTERVAL
AROUND C?P
THE LIPSCHITZ CONSTANT L QUANTIFIES THE MAXIMUM RATE AT WHICH F(X) CAN CHANGE; A SMALLER L OFTEN ALLOWS FOR A

LARGER INTERVAL AROUND C WHERE THE FUNCTION REMAINS WELL-BEHAVED, ENSURING CONTROL OVER F(X) VARIATIONS
WITHIN THAT INTERVAL.

CAN YOU EXPLAIN HOW TO COMPUTE THE LARGEST OPEN INTERVAL AROUND C FOR
F(x) Given L, C, anD > 0?

TYPICALLY, YOU DETERMINE THE INTERVAL BY SETTING BOUNDS BASED ON THE LIPSCHITZ CONDITION AND THE DESIRED
ACCURACY > O, OFTEN RESULTING IN AN INTERVAL (C -~ DELTA, Cc+ DELTA) WHERE DELTA IS CALCULATED CONSIDERING L AND
> 0 TO ENSURE THE FUNCTION'S PROPERTIES HOLD WITHIN THIS RANGE.

\W/HY IS THE CONCEPT OF THE LARGEST OPEN INTERVAL IMPORTANT IN THE CONTEXT OF
FUNCTION ANALYSIS?

[T HELPS IDENTIFY THE DOMAIN REGION WHERE THE FUNCTION BEHAVES PREDICTABLY, ENABLING PRECISE APPROXIMATION,
STABILITY ANALYSIS, AND ENSURING THE VALIDITY OF CALCULUS OPERATIONS LIKE DIFFERENTIATION WITHIN THAT INTERVAL.

How DoES THE VALUE OF > O INFLUENCE THE SIZE OF THE INTERVAL ABoUT C?

THE PARAMETER > O OFTEN REPRESENTS A TOLERANCE OR MARGIN FOR THE FUNCTION'S DEVIATION, AND CHOOSING A SMALLER >
O TYPICALLY RESULTS IN A SMALLER INTERVAL, WHEREAS A LARGER > O ALLOWS FOR A LARGER INTERVAL WHERE THE
FUNCTION'S PROPERTIES REMAIN CONTROLLED.

IN WHAT TYPES OF PROBLEMS IS FINDING THE LARGEST OPEN INTERVAL ABOUT C
PARTICULARLY USEFUL?

THIS IS ESPECIALLY USEFUL IN PROBLEMS INVOLVING CONTINUITY, DIFFERENTIABILITY, LIPSCHITZ CONDITIONS, AND IN THE
APPLICATION OF THE INVERSE FUNCTION THEOREM, WHERE UNDERSTANDING THE MAXIMAL DOMAIN OF RELIABLE BEHAVIOR AROUND
A POINT C IS CRUCIAL.

ADDITIONAL RESOURCES

For THe Given FuncTion F(x) AnD VALUES OF L, C, AND > O FIND THe LARGEST OpeN INTERVAL AgouT C ON

UNDERSTANDING THE BEHAVIOR OF FUNCTIONS NEAR SPECIFIC POINTS IS A FUNDAMENTAL ASPECT OF CALCULUS, ESPECIALLY
WHEN DEALING WITH LIMITS, CONTINUITY, AND DIFFERENTIABILITY. ONE OF THE KEY QUESTIONS MATHEMATICIANS AND STUDENTS
ALIKE ASK IS: GIVEN A FUNCTION F(X) AND SPECIFIC VALUES OF |_, C, AND A POSITIVE NUMBER > O, HOW CAN \WE DETERMINE
THE LARGEST OPEN INTERVAL AROUND C WHERE THE FUNCTION EXHIBITS CERTAIN PROPERTIES? THIS QUESTION NOT ONLY AIDS
IN THEORETICAL UNDERSTANDING BUT ALSO HAS PRACTICAL IMPLICATIONS IN FIELDS LIKE ENGINEERING, PHYSICS, AND ECONOMICS,
\WHERE LOCAL BEHAVIOR OF FUNCTIONS OFTEN DETERMINES SYSTEM STABILITY AND RESPONSE.

IN THIS ARTICLE, WE'LL DELVE INTO THIS PROBLEM, EXPLORING THE FOUNDATIONAL CONCEPTS, THE SIGNIFICANCE OF THE
PARAMETERS INVOLVED, AND THE STEP-BY-STEP METHODOLOGY TO IDENTIFY THE LARGEST OPEN INTERVAL ABOUT A POINT C
WHERE THE FUNCTION MAINTAINS SPECIFIC PROPERTIES. WE WILL APPROACH THIS TOPIC WITH A BALANCE OF TECHNICAL RIGOR
AND ACCESSIBILITY, ENSURING THAT BOTH STUDENTS AND PROFESSIONALS CAN GAIN ACTIONABLE INSIGHTS.



UNDERSTANDING THE PROBLEM: W/HAT DoES THE QUESTION ENTAILP

BEFORE DIVING INTO THE SOLUTION, IT'S IMPORTANT TO CLARIFY WHAT EXACTLY THE QUESTION ASKS. AT ITS CORE, THE
PROBLEM INVOLVES A FUNCTION F(X), A POINT C, A CONSTANT L (\X/HICH COULD REPRESENT A LIMIT VALUE OR A BOUND), AND
A POSITIVE NUMBER > 0. THE GOAL IS TO FIND THE LARGEST OPEN INTERVAL CENTERED AT C ON WHICH CERTAIN CONDITIONS
HOLD TRUE.

KEY ELEMENTS OF THE PROBLEM:

- F(X)I THE FUNCTION UNDER CONSIDERATION. |TS PROPERTIES (CONTINUITY, DIFFERENTIABILITY, LIMITS) INFLUENCE THE
OUTCOME.

- C: THE POINT ABOUT WHICH WE ARE EXAMINING THE BEHAVIOR OF F(X).

- L: OFTEN REPRESENTS THE LIMIT VALUE OF F(X) AS X APPROACHES C, OR A TARGET VALUE RELATED TO F(x).

- > 0: A POSITIVE NUMBER REPRESENTING A TOLERANCE, MARGIN, OR DEGREE OF APPROXIMATION.

TYPICAL SCENARIO:

SUPPOSE WE'RE TOLD THAT THE LIMIT OF F(X) AS X APPROACHES C IS L, AND WE WANT TO FIND THE LARGEST INTERVAL

AROUND C WHERE F(X) STAYS WITHIN A CERTAIN BOUND (LIKE WITHIN E OF L) THIS PROBLEM IS CLOSELY RELATED TO THE
FORMAL DEFINITIONS OF LIMITS AND CONTINUITY.

FounpATIONAL CoNCePTS: LIMITS, CONTINUITY, AND OPEN INTERVALS

To APPROACH THE PROBLEM EFFECTIVELY, IT’S CRUCIAL TO UNDERSTAND SOME FUNDAMENTAL CONCEPTS IN CALCULUS:
LiMITS AND LIMIT POINTS

- LIMIT OF A FUNCTION AT A POINT:

THE VALUE L 1S SAID TO BE THE LIMIT OF F(X) AS X APPROACHES C IF, FOR EVERY E > O, THERE EXISTS A A > O SUCH THAT
WHENEVER O < |x - C| < A, IT FoLLOwS THAT [F(x) - L| <E.

- LimMiT PoINT C:

THe POINT C IS A LIMIT POINT OF THE DOMAIN OF F(X), MEANING THAT IN EVERY NEIGHBORHOOD AROUND C, THERE ARE POINTS
x # C wHere F(X) IS DEFINED.

OPEN INTERVALS

- OPEN INTERVAL CENTERED AT C:

AN INTERVAL OF THE FORM (C - A, C + A), WHERE A > 0. THE GOAL IS TO FIND THE MAXIMUM SUCH A THAT SATISFIES THE
GIVEN PROPERTY.

THE e-2 DEFINITION AND LARGEST INTERVAL

- THE CORE OF THE PROBLEM REVOLVES AROUND THE E-A DEFINITION OF LIMITS, WHICH LEADS TO THE CONCEPT OF THE LARGEST
OPEN INTERVAL AROUND C WHERE THE PROPERTY HOLDS.

CONTINUITY AND UNIFORM BEHAVIOR

- IF F(x) 1s conTINuous AT C, THEN FOR ANY E > O, THERE EXISTS A A > O sucH THAT [x - C| < a iMpLIES [F(x) - F(C)| < e
- THE “LARGEST" OPEN INTERVAL CORRESPONDS TO THE MAXIMUM A FOR WHICH THIS HOLDS.



STEP-BY-STEP APPROACH TO FINDING THE LARGEST OPEN INTERVAL

LET’'S NOW OUTLINE A SYSTEMATIC APPROACH TO SOLVING THE PROBLEM:

1. CLARIFY THE EXACT PROPERTY TO BE MAINTAINED

- Is F(x) APPROACHING L AS X APPROACHES C?

- Do we WANT [F(x) - L| < > O (soME MARGIN)?

- ARE WE DEALING WITH THE LIMIT, CONTINUITY, OR ANOTHER PROPERTY?

EXAMPLE:

SUPPOSE WE WANT TO FIND THE LARGEST A > O SUCH THAT FOR ALL X SATISFYING [x - C| < a, [F(x) - L| < & (wHere € > O IS
GIVEN).

2. UNDERSTAND THE GIVEN DATA AND CONSTRAINTS

- VaLues of L, C, AND € (IF GIVEN).

- BeHavior oF F(x) near C (E.G., Is F conTinuous AT C?).

- ANY BOUNDS OR SPECIFIC PROPERTIES OF F(x).

3. Use THE DeFINITION OF LIMIT orR CONTINUITY

- |F THE GOAL IS TO FIND THE INTERVAL WHERE |F(x) - L| < E, THEN:

- BASED ON THE LIMIT DEFINITION, FOR EACH E > O, FIND A > O SUCH THAT:
Ix-Cl<aP [F(x)-L|<E

- THE LARGEST SUCH A IS THE SUPREMUM OF ALL A SATISFYING THIS CONDITION.

4. FIND THE MAXIMUM A (THE SUPREMUM)

- TYPICALLY, THIS INVOLVES ANALYZING THE BEHAVIOR OF F(x):

- FOR FUNCTIONS WITH EXPLICIT FORMULAS, ALGEBRAIC MANIPULATION HELPS FIND THE MAXIMUM A.
- FOR MORE COMPLEX FUNCTIONS, ESTIMATION OR GRAPHICAL ANALYSIS MAY BE NEEDED.
- USE INEQUALITIES AND BOUNDS TO DETERMINE A!

- For exAMPLE, IF [F(x) - L| < M|x - C| (LIPSCHITZ CONDITION), THEN:

IF(x)-LI<ef] I|x-Cl<e/M.

- THE LARGEST A IN THIS CASE IS E / M.

5. CONFIRM THE INTERVAL IS MAXIMAL

- ENSURE NO LARGER A EXISTS THAT SATISFIES THE PROPERTY.

- CHECK POINTS APPROACHING THE BOUNDARY OF THE INTERVAL TO SEE IF THE PROPERTY STILL HOLDS.



PrRACTICAL EXAMPLES AND |LLUSTRATIONS

TO GROUND THE METHODOLOGY, CONSIDER TYPICAL SCENARIOS:

ExampLE 1: LINEAR FUNCTION

Suppose F(x) = 2x + 1, C = 3, AND WE WANT |F(x) - 7| < 0.5.

- FIND & SUCH THAT:

Ix-3l<all [(2x+1)-7]<0.5.

- SIMPLIFY:

|2x - 6| < 0.5 2lx - 3|<0.5 Ix - 3| < 0.25.

- THEREFORE, THE LARGEST OPEN INTERVAL IS (3 - 0.25, 3 + 0.25) = (2.75, 3.25).
ExAMPLE 2: NONLINEAR FUNCTION

Suppose F(x) = x"2,C=2,L =4, anD We AM FOR |F(x) - 4/ < 0.1.

- REWRITE:

Ix*2 - 4] < 0.1.

- FacToR:

[(x - 2)(x + 2)[ < 0.7.

- TOFIND A, RESTRICT X TO BE CLOSE TO 2, SAY WITHIN A, SO THAT |x - 2| < A.
-NeaRx =2, x+ 2= 4, so:

Ix + 2| ~ 4, AND THUS:

Ix"2 - 4] = 4]x - 2|.

- To eNsURE X2 - 4] < 0.1:

4x -2/ <0.10 [x-2[<0.025.

- THE LARGEST OPEN INTERVAL IS THEN (2 - 0.025, 2 + 0.025) = (1.975, 2.025).

IMPLICATIONS AND APPLICATIONS

UNDERSTANDING THE LARGEST OPEN INTERVAL AROUND A POINT WHERE A PROPERTY HOLDS IS NOT MERELY AN ACADEMIC
EXERCISE. |T HAS PROFOUND APPLICATIONS ACROSS VARIOUS DISCIPLINES:

- IN ANALYSIS:
ESTABLISHING THE DOMAIN OF CONTINUITY, DIFFERENTIABILITY, AND INTEGRABILITY.

- IN NUMERICAL METHODS:
DETERMINING CONVERGENCE REGIONS FOR ALGORITHMS THAT RELY ON FUNCTION BEHAVIOR NEAR SPECIFIC POINTS.



- IN ENGINEERING:
DESIGNING SYSTEMS THAT OPERATE WITHIN STABLE REGIONS WHERE FUNCTIONS MODELING SYSTEM RESPONSES REMAIN WITHIN
DESIRED BOUNDS.

- IN EconomMics:
ANALYZING THE STABILITY OF EQUILIBRIUM POINTS, ENSURING SMALL DEVIATIONS DO NOT LEAD TO SYSTEM INSTABILITY.

CoNcLUsION: MASTERING LocAL BEHAVIOR oF FUNCTIONS

FINDING THE LARGEST OPEN INTERVAL ABOUT A POINT C ON WHICH A FUNCTION MAINTAINS A PARTICULAR PROPERTY IS A
FUNDAMENTAL SKILL IN CALCULUS AND ANALYSIS. |T REQUIRES A CAREFUL UNDERSTANDING OF THE FUNCTION’S BEHAVIOR, THE
PRECISE PROPERTIES INVOLVED (E.G., LIMITS, CONTINUITY), AND THE ABILITY TO TRANSLATE THESE PROPERTIES INTO
INEQUALITIES THAT DEFINE THE INTERVAL.

BY SYSTEMATICALLY APPLYING THE E-A DEFINITION, ANALYZING THE FUNCTION’S BOUNDS, AND VERIFYING THE MAXIMALITY OF
THE INTERVAL, MATHEMATICIANS AND STUDENTS CAN ACHIEVE A NUANCED UNDERSTANDING OF LOCAL FUNCTION BEHAVIOR. THis
NOT ONLY DEEPENS THEORETICAL KNOWLEDGE BUT ALSO EMPOWERS PRACTICAL DECISION-MAKING IN SCIENTIFIC AND ENGINEERING
CONTEXTS.

IN ESSENCE, MASTERING THIS APPROACH ENHANCES ONE’S ABILITY TO ANALYZE FUNCTIONS WITH CONFIDENCE, ENSURING THAT

LOCAL PROPERTIES ARE WELL-UNDERSTOOD AND CORRECTLY APPLIED ACROSS DIVERSE MATHEMATICAL AND REAL-WORLD
PROBLEMS.
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