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UNDERSTANDING HOW TO FIND THE ABSOLUTE EXTREMA (ABSOLUTE MAXIMUM AND MINIMUM VALUES) OF A FUNCTION WITHIN A
CLOSED INTERVAL IS A FUNDAMENTAL SKILL IN CALCULUS. THIS PROCESS INVOLVES ANALYZING THE BEHAVIOR OF THE FUNCTION
THROUGHOUT THE INTERVAL, IDENTIFYING CRITICAL POINTS WHERE THE DERIVATIVE IS ZERO OR UNDEFINED, AND EVALUATING THE
FUNCTION AT THESE POINTS AND THE ENDPOINTS OF THE INTERVAL. IN THIS COMPREHENSIVE GUIDE, WE WILL EXPLORE HOW TO
LOCATE THE ABSOLUTE EXTREMA OF THE SPECIFIC FUNCTION F(x) = x*3 12x over THE INTERVAL [0, 3].

INTRODUCTION TO ABSOLUTE EXTREMA AND THE GIVEN FUNCTION

WHAT ARE ABSOLUTE EXTREMA?P

ABSOLUTE EXTREMA REFER TO THE HIGHEST AND LOWEST POINTS THAT A FUNCTION ATTAINS OVER A SPECIFIED INTERVAL.
THESE ARE ALSO CALLED GLOBAL EXTREMA. FOR A CONTINUOUS FUNCTION ON A CLOSED INTERVAL, THE EXTREME V ALUE
THEOREM GUARANTEES THE EXISTENCE OF BOTH AN ABSOLUTE MAXIMUM AND AN ABSOLUTE MINIMUM WITHIN THAT INTERVAL.

UNDERSTANDING THE FUNCTION F(X) = x*3 12x

THE FUNCTION IN QUESTION CAN BE SIMPLIFIED FOR EASIER ANALYSIS:

- ORIGINAL FUNCTION: F(x) = X3 12x
- SIMPLIFY: F(x) = 12x74

THIS SIMPLIFICATION MAKES IT STRAIGHTFORWARD TO ANALYZE, AS IT'S A POLYNOMIAL FUNCTION WITH A CLEAR STRUCTURE.

STEP-BY-STEP METHOD TO FIND ABSOLUTE EXTREMA

To LOCATE THE ABSOLUTE EXTREMA OF F(x) = 12x"4 on [0,3], FOLLOW THESE STEPS:

1. ConFIRM CONTINUITY AND DIFFERENTIABILITY

- F(x) = 12x"4 IS A POLYNOMIAL, WHICH IS CONTINUOUS AND DIFFERENTIABLE EVERY WHERE.
- THEREFORE, THE EXTREME V ALUE THEOREM APPLIES.



2. Fino CriTICAL POINTS

- CRITICAL POINTS OCCUR WHERE THE DERIVATIVE IS ZERO OR UNDEFINED.

3. EVALUATE THE FUNCTION AT CRITICAL POINTS AND ENDPOINTS

- THESE EVALUATIONS IDENTIFY POTENTIAL CANDIDATES FOR ABSOLUTE EXTREMA.

4. CoMPARE FUNCTION VALUES TO DETERMINE ABSOLUTE EXTREMA

DeTAILED ANALYSIS AND CALCULATIONS

STEP 1: DERIVE THE FUNCTION

- DerivaTIVE F'(x) = b/px [12x"4] = 48x"3

STeP 2: FIND CRITICAL POINTS

- SET DERIVATIVE EQUAL TO ZERO:

48x"3=0

- SINCE POLYNOMIAL DERIVATIVES ARE DEFINED EVERY\WHERE, NO POINTS ARE UNDEFINED DERIVATIVES.

Step 3: EVALUATE F(x) AT CRITICAL POINTS AND ENDPOINTS

- ENDPOINTS: X = 0 AND X = 3
- CrITICAL POINT: X =0

CALCULATE F(X) AT THESE POINTS:

-F(0)=12(0)"4 =0
-F(3)=12(3)"4=1281=972

ANALYZING RESULTS AND IDENTIFYING EXTREMA

BASED ON THE EVALUATIONS:



| PoinT | X | F(x) = 12x™4 |
oo |

| EnoPoINT | O] O |
| EnoPoINT | 3] 972 |
SINce F(0) =0 anD F(3) = 972:

- THE ABSOLUTE MAXIMUM VALUE oN [0,3] 1s 972 AT x=3.
- THE ABSOLUTE MINIMUM VALUE oN [0,3]1s O AT x=0.

CoNcLusIoN; ABSOLUTE EXTREMA OF THE FUNCTION

THe FUNCTION F(x) = 12x™4 oN THE INTERVAL [0,3] ATTAINS ITS:

- ABSOLUTE MAXIMUM AT X=3, WITH A VALUE OF 972.
- ABSOLUTE MINIMUM AT x=0, WITH A VALUE oF O.

ADDITIONAL INSIGHTS AND PRACTICAL APPLICATIONS

(UNDERSTANDING HOW TO LOCATE ABSOLUTE EXTREMA IS CRUCIAL IN VARIOUS FIELDS SUCH AS PHYSICS, ENGINEERING,
ECONOMICS, AND OPTIMIZATION PROBLEMS. FOR EXAMPLE:

- PHYsICS: DETERMINING MAXIMUM OR MINIMUM POTENTIAL ENERGY CONFIGURATIONS.
- ECONOMICS: FINDING OPTIMAL PROFIT OR COST POINTS.
- ENGINEERING: ENSURING STRUCTURES ARE DESIGNED WITHIN SAFE STRESS LIMITS.

BY MASTERING THE PROCESS OUTLINED ABOVE, YOU CAN ANALYZE A WIDE RANGE OF FUNCTIONS BEYOND SIMPLE POLYNOMIALS.

SUMMARY

- THe FUNCTION F(x) = 12x"4 IS CONTINUOUS AND DIFFERENTIABLE OVER [0,3].
- CRITICAL POINT FOUND AT X=0.

- ENDPOINTS AT X=0 AND X=3.

- F(0)=0, F(3)=972.

- ABSOLUTE MAXIMUM: 972 AT x=3.

- ABsoLUTE MINIMUM: O AT x=0.

PRACTICE PROBLEMS FOR FURTHER LEARNING

1. FIND THE ABSOLUTE EXTREMA OF THE FUNCTION G(x) = X2 - 4x + 5 ON THE INTERVAL [ 1,4].
2. DETERMINE THE MAXIMUM AND MINIMUM VALUES ofF H(x) = x"3 - 6x"2 + 9x over [0, 3].



3. ANALYZE THE FUNCTION K(x) = (1/x) on [1,5] TO FIND ITS ABSOLUTE EXTREMA.

PRACTICING THESE PROBLEMS WILL SOLIDIFY YOUR UNDERSTANDING OF THE PROCESS AND PREPARE YOU FOR MORE COMPLEX
SCENARIOS.

FINAL REMARKS

LOCATING THE ABSOLUTE EXTREMA OF A FUNCTION INVOLVES A SYSTEMATIC APPROACH: ANALYZING DERIVATIVES TO FIND
CRITICAL POINTS, EVALUATING THE FUNCTION AT THESE POINTS AND AT THE INTERVAL'S BOUNDARIES, AND COMPARING THESE
VALUES. FOR THE SPECIFIC FUNCTION F(x)=12x"4 over [0,3], THE PROCESS IS STRAIGHTFORW ARD DUE TO ITS POLYNOMIAL
NATURE. MASTERY OF THESE TECHNIQUES ENHANCES YOUR PROBLEM-SOLVING TOOLKIT IN CALCULUS AND APPLIED
MATHEMATICS.

REMEMBER: ALWAYS VERIFY THE CONTINUITY OF YOUR FUNCTION OVER THE INTERVAL AND CAREFULLY EVALUATE ALL CRITICAL
POINTS AND ENDPOINTS TO ACCURATELY DETERMINE THE ABSOLUTE EXTREMA.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE MAIN GOAL WHEN FINDING THE ABSOLUTE EXTREMA OF THE FUNCTION
F(x)=x"3 - 12x on[0,3]?

THE GOAL IS TO DETERMINE THE MAXIMUM AND MINIMUM VALUES OF THE FUNCTION WITHIN THE INTERVAL, INCLUDING AT THE
ENDPOINTS AND ANY CRITICAL POINTS INSIDE THE INTERVAL.

How DO YOU FIND THE CRITICAL POINTS ofF F(x)=x"3 - 12x?

FIRST, COMPUTE THE DERIVATIVE F'(x) = 3x"2 - 12, THEN SET IT EQUAL TO ZERO AND SOLVE FOR X: 3x"2 - 12 =0,
LEADING TO X2 = 4,50 X = +2. SINCE THE INTERVAL 1S [0,3], ONLY X=2 IS WITHIN THE INTERVAL.

\W/HAT ARE THE VALUES OF F(X) AT THE CRITICAL POINT X=2 AND THE ENDPOINTS
x=0 AND xX=3°
AT x=0: F(0)=0"3 - 120=0; AT x=2: F(2)=8-24= -16; AT x=3: F(3)=27 - 36=-9.

\WHICH POINT PROVIDES THE ABSOLUTE MAXIMUM oF F(x) on [0,3]?

THE ABSOLUTE MAXIMUM oCCURS AT x=0 wiTH F(0)=0.

\WHICH POINT PROVIDES THE ABSOLUTE MINIMUM oF F(x) on [0,3]?

THE ABSOLUTE MINIMUM OCCURS AT X=2 wITH F(2)=-16.

WHY IS IT IMPORTANT TO EVALUATE THE FUNCTION AT BOTH CRITICAL POINTS AND
ENDPOINTS?

BECAUSE ABSOLUTE EXTREMA ON A CLOSED INTERVAL CAN OCCUR AT CRITICAL POINTS INSIDE THE INTERVAL OR AT THE



ENDPOINTS, SO ALL MUST BE CHECKED.

DOES THE FUNCTION F(X)=XA3 - 12X HAVE ANY OTHER CRITICAL POINTS WITHIN
[0,3]?

No, THE ONLY CRITICAL POINT WITHIN [0,3] 1S AT X=2, SINCE X=-2 IS OUTSIDE THE INTERVAL.

\WHAT IS THE SIGNIFICANCE OF SELECTING ‘ONE: A.’ IN THE CONTEXT OF THIS PROBLEM?

IT SUGGESTS THAT THE CORRECT ANSWER CHOICE (POSSIBLY FROM MULTIPLE OPTIONS) CORRESPONDS TO OPTION A,
INDICATING UNDERSTANDING OF WHERE THE ABSOLUTE EXTREMA OCCUR BASED ON THE ANALYSIS.

How WOULD THE ANALYSIS CHANGE IF THE INTERVAL WAS [1,3] INsTEAD oF [0, 3]?

YOU WOULD EVALUATE THE FUNCTION AT THE CRITICAL POINT X=2 (\X/HICH IS WITHIN [1,3]) AND AT THE NEW ENDPOINTS
x=1 AND X=3 TO DETERMINE THE EXTREMA WITHIN THE NEW INTERVAL.

ADDITIONAL RESOURCES

LocATE THE ABSOLUTE EXTREMA OF THE FUNCTION F(x)=x"3 - 12x ON THe CLoSED INTERVAL [0, 3]

IN THE REALM OF CALCULUS, THE DETERMINATION OF ABSOLUTE EXTREMA——NAMELY , THE ABSOLUTE MAXIMUM AND MINIMUM
VALUES—OF A REAL-VALUED FUNCTION WITHIN A SPECIFIED INTERVAL IS A FUNDAMENTAL PROBLEM WITH WIDE-RANGING
APPLICATIONS ACROSS MATHEMATICS, ENGINEERING, ECONOMICS, AND SCIENCES. THIS INVESTIGATIVE EXPLORATION DELVES
INTO THE PROCESS OF LOCATING THE ABSOLUTE EXTREMA OF THE FUNCTION \(F(x) = x*3 - 12x\) ON THE CLOSED INTERVAL
\([0,3]\), ILLUSTRATING THE SYSTEMATIC APPROACH AND UNDERLYING CALCULUS PRINCIPLES INVOLVED.

UNDERSTANDING THE PROBLEM CONTEXT

THE FUNCTION IN QUESTION IS A CUBIC POLYNOMIAL:

\[F(x) = x*3 - 12x\]

THE TASK IS TO IDENTIFY ITS ABSOLUTE MAXIMUM AND MINIMUM VALUES ON THE INTERVAL \([0,3]\). THIS INvOLVES
ANALYZING THE BEHAVIOR OF THE FUNCTION WITHIN THE INTERVAL, CONSIDERING CRITICAL POINTS, AND EVALUATING THE

FUNCTION AT BOUNDARY POINTS.

THIS PROBLEM EXEMPLIFIES A CLASSIC APPLICATION OF THE EXTREME V ALUE THEOEEM, WHICH STATES THAT ANY CONTINUOUS
FUNCTION ON A CLOSED INTERVAL ATTAINS BOTH ITS ABSOLUTE MAXIMUM AND MINIMUM SOMEWHERE WITHIN THAT
INTERVAL—EITHER AT CRITICAL POINTS WHERE THE DERIVATIVE IS ZERO OR UNDEFINED OR AT THE INTERVAL'S ENDPOINTS.

STeP 1: ANALYZE THE FUNCTION FOR CRITICAL POINTS

CRITICAL POINTS ARE POTENTIAL CANDIDATES FOR LOCAL OR ABSOLUTE EXTREMA AND ARE FOUND WHERE THE FIRST
DERIVATIVE IS ZERO OR UNDEFINED.



CALCULATING THE DERIVATIVE

DiFrereNTIATE \(FGOV):

\[
F'(x) = \rrac{o}{ox}(x"3 - 12x) = 3x"2 - 12
\]

THIS DERIVATIVE EXISTS EVERYWHERE, SO CRITICAL POINTS OCCUR WHERE:

\[
3x"2-12=0
\]

SoLve For \(x\):

\[
3x"2=12\\
x"2 =4 \\

x =\pM 2

\]
Since our INTERVAL 1S \([0,3]\), oNLY \(x=2\) IS WITHIN THE INTERVAL.

CriTicaL PoinT wiTHIN \([0,3]\):

-\(x=2\)

STEP 2: EVALUATE THE FUNCTION AT CRITICAL AND BOUNDARY POINTS

TO DETERMINE THE ABSOLUTE EXTREMA, EVALUATE \(F(x)\) AT:
- \(x=0\) (LEFT BOUNDARY)

-\(x=2\) (crITICAL POINT)
- \(x=83\) (RIGHT BOUNDARY)

FUNCTION V ALUES

1. AT \(x=0\):

\[

F(0)=0"3-12\tMmes 0 =0

\]

2. AT \(x=2\):

\[

F(2)=(2)"3-12\TMes 2=8-24=-16
\]

3. AT \(x=3\):



\[
F(3)=(3)"3-12\1Mes 3 =27-36=-9
\]

STeP 3: DETERMINE THE ABSOLUTE EXTREMA

COMPARE THE FUNCTION VALUES:

-\(F(0) =0\)
-\(F(2) =-161)
-\(F(3) =-9\)

ABSOLUTE MAXIMUM: THE HIGHEST VALUE AMONG THESE IS O, OCCURRING AT \(x=0\).

ABSOLUTE MINIMUM: THE LOWEST VALUE IS - 16, OCCURRING AT \(x=2\).

SUMMARY OF RESULTS

| PoinT | \(x\) | \(F(x)\) | DescriPTION |
| | |
| Bounpary | O | O | POSSIBLE MAXIMUM OR MINIMUM |
| CRITICAL POINT | 2 | -16 | POTENTIAL EXTREMUM |
| BounbARry | 3| -9 | CHECK FOR EXTREMUM |

THe FuncTioN \(F(x) = x*3 - 12x\) on \([0,3]\) HAs:

- AN ABSOLUTE MAXIMUM ofF O AT \(x=0\).
- AN ABSOLUTE MINIMUM OF - 16 AT \(x=2\).

DeePer INSIGHTS: THE NATURE OF EXTREMA AND GRAPHICAL BEHAVIOR

UNDERSTANDING THE NATURE OF THESE EXTREMA INVOLVES EXAMINING THE FUNCTION'S GRAPH AND ITS DERIVATIVE'S SIGN
CHANGES.

GRAPHICAL BEHAVIOR ANALYSIS

- For \(x \In (0,2)\):
Since \(F'(x) = 3x"2 - 12\),
-For \(O < x < 2\):

\[

3x"2 - 12 < 0 \quap \RigHTARROW \QUAD \TEXT{FUNCTION DECREASING}



\]
- For \(x \in (2,3)\):
\[

3x"2 - 12 > 0 \Quap \RiGHTARROW \QUAD \TEXT{FUNCTION INCREASING}

\]

THIS INDICATES THAT \(x=2\) IS A LOCAL MINIMUM WITHIN THE INTERVAL, WITH THE FUNCTION DECREASING BEFORE \(x=2\)
AND INCREASING AFTERWARD, CONFIRMING THE PRESENCE OF A “VALLEY” AT \(x=2\).

IMPLICATIONS AND APPLICATIONS OF THE FINDINGS

THE METHODICAL PROCESS FOR LOCATING ABSOLUTE EXTREMA, EXEMPLIFIED IN THIS CASE, IS FUNDAMENTAL IN OPTIMIZATION
PROBLEMS ACROSS VARIOUS DISCIPLINES. FOR INSTANCE:

- ENGINEERING: STRUCTURAL OPTIMIZATION, WHERE MAXIMUM STRESS OR MINIMUM MATERIAL USE IS CRITICAL.
- EconoMics: COST MINIMIZATION OR PROFIT MAXIMIZATION WITHIN CONSTRAINTS.
- PHYSICS: FINDING EQUILIBRIUM STATES BY ANALYZING POTENTIAL FUNCTIONS.

(UNDERSTANDING THE PRECISE LOCATIONS AND VALUES OF ABSOLUTE EXTREMA ENABLES DECISION-MAKERS AND ANALYSTS TO
OPTIMIZE SYSTEMS EFFECTIVELY.

CoNcLUSION: THE SIGNIFICANCE OF SYSTEMATIC ANALYSIS

THIS COMPREHENSIVE INVESTIGATION UNDERSCORES THE IMPORTANCE OF DERIVATIVE ANALYSIS, CRITICAL POINT EVALUATION,
AND BOUNDARY CONSIDERATIONS IN SOLVING EXTREMUM PROBLEMS. THE SPECIFIC cASE ofF \(F(x) = x*3 - 12x\) on
\([0,3]\) DEMONSTRATES A CLEAR APPLICATION OF CALCULUS PRINCIPLES, REINFORCING THE CRITICAL ROLE OF THE EXTREME
V ALUE THEOREM AND DERIVATIVE TESTS IN MATHEMATICAL ANALYSIS.

BY METICULOUSLY EXAMINING THE FUNCTION'S BEHAVIOR, WE IDENTIFIED:

- THE ABSOLUTE MAXIMUM VALUE of O AT \(x=0\).
- THE ABSOLUTE MINIMUM VALUE OF - 16 AT \(x=2\).

THIS PROCESS EXEMPLIFIES THE RIGOROUS APPROACH NECESSARY FOR ACCURATE AND RELIABLE OPTIMIZATION, SERVING AS A
FOUNDATIONAL TECHNIQUE IN BOTH THEORETICAL AND APPLIED CONTEXTS.

NoTE: THE QUESTION POSED WAS “SELECT ONE: A.” WHILE THE DETAILS OF OPTIONS ARE NOT PROVIDED HERE, THE ANALYSIS
ABOVE THOROUGHLY COVERS THE STEPS AND REASONING INVOLVED IN SOLVING THE PROBLEM, ENABLING THE SELECTION OF THE
CORRECT EXTREMUM POINTS BASED ON THE CALCULATED VALUES.
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