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\WHAT Is THe VALUE OF X WHeN THe FuncTion F(x)=2x"2 + 8x + 12 Has A SLope OF 4?

UNDERSTANDING HOW TO FIND THE VALUE OF X WHEN A FUNCTION'S SLOPE REACHES A SPECIFIC VALUE IS A FUNDAMENTAL
CONCEPT IN CALCULUS. IN THIS ARTICLE, WE WILL EXPLORE HOW TO DETERMINE THE VALUE OF X FOR THE FUNCTION F(X) =
2x"2 + 8x + 12 WHEN ITS SLOPE IS EQUAL TO 4. W/HETHER YOU'RE A STUDENT STUDYING DERIVATIVES FOR THE FIRST TIME
OR SOMEONE BRUSHING UP ON CALCULUS PRINCIPLES, THIS GUIDE AIMS TO CLARIFY THE PROCESS WITH DETAILED EXPLANATIONS
AND STEP-BY-STEP INSTRUCTIONS.

FUNDAMENTALS OF DERIVATIVES AND SLOPE

WHAT |s THE DErIVATIVE OF A FUNCTION?

THE DERIVATIVE OF A FUNCTION PROVIDES US WITH THE RATE AT WHICH THE FUNCTION'S VALUE CHANGES CONCERNING X. IN
GEOMETRIC TERMS, THE DERIVATIVE AT A POINT GIVES THE SLOPE OF THE TANGENT LINE TO THE CURVE AT THAT SPECIFIC
POINT.

WHY |s THE DERIVATIVE IMPORTANT FOR FINDING SLOPE?

KNOWING THE DERIVATIVE OF A FUNCTION ALLOWS US TO DETERMINE THE SLOPE OF THE FUNCTION AT ANY GIVEN X-VALUE. IF
WE WANT TO FIND WHERE THE SLOPE EQUALS A PARTICULAR VALUE (SUCH AS 4 IN THIS CASE), \WE NEED TO FIRST FIND THE
DERIVATIVE AND THEN SOLVE FOR THE X-VALUES THAT SATISFY THE SLOPE CONDITION.

CALCULATING THE DERIVATIVE OF F(x)=2x"2 + 8x + 12

STEP-BY-STEP DERIVATIVE CALCULATION

GIVEN THE FUNCTION:

F(x)=2x"2 + 8x+ 12

THE DERIVATIVE, DENOTED AS F'(X), IS CALCULATED AS FOLLOWS:
- DERIVATIVE OF 2x"2: 2 2% = 4x

- DerIVATIVE OF 8x: 8

- DerivATIVE OF 12: O (SINCE IT'S A CONSTANT)

THus,

F(x)=4x + 8

INTERPRETING THE DERIVATIVE

THIS DERIVATIVE FUNCTION, FI(X) =4x + 8, REPRESENTS THE SLOPE OF THE ORIGINAL FUNCTION AT ANY POINT X. OUR GOAL
IS TO FIND THE SPECIFIC X-VALUES WHERE THIS SLOPE EQUALS 4.



FINDING THE X~V ALUES WHEN SLoPE EQUALS 4

SETTING UP THE EQUATION

TO FIND WHEN THE SLOPE IS 4, WE SET THE DERIVATIVE EQUAL TO 4:
F(x)=4
SUBSTITUTING THE DERIVATIVE EXPRESSION:

dx+8=4

SOLVING FOR X

REARRANGING THE EQUATION:
dx +8=4
SUBTRACT 8 FROM BOTH SIDES:

4x =4-8

DIVIDE BOTH SIDES BY 4:
X =-1

THIS INDICATES THAT WHEN X = -] , THE SLOPE OF THE FUNCTION IS 4.

VERIFYING THE RESULT AND UNDERSTANDING ITS SIGNIFICANCE

CONFIRMING THE SLOPE AT X = -1

PLUG X = -1 BACK INTO THE DERIVATIVE:
FG1)=4(-1)+8=-4+8=4

AS EXPECTED, THE SLOPE AT X = -1 IS INDEED 4.

CALCULATING THE FUNCTION VALUE AT X = -1

TO UNDERSTAND THE POINT ON THE CURVE WHERE THE SLOPE IS 4, compUTE F(-1):
FG-1D=2C¢-1D"2+8(-1)+ 12

=2(1)-8+12

=2-8+12

=6



THEREFORE, THE POINT ON THE GRAPH WHERE THE SLOPE IS 4 1S AT (-1, 6).

APPLICATIONS AND IMPLICATIONS OF THE CALCULATION

ReaL-\WorLD CONTEXTS
UNDERSTANDING WHERE A FUNCTION HAS A PARTICULAR SLOPE CAN BE USEFUL IN VARIOUS FIELDS:
- PHYSICSZ DETERMINING WHEN A VEHICLEIS ACCELERATION (RATE OF CHANGE OF VELOCITY) REACHES A SPECIFIC VALUE.

- EconoMics: FINDING THE LEVEL OF OUTPUT WHERE THE RATE OF PROFIT CHANGE MATCHES A TARGET.
- ENGINEERING: LOCATING POINTS ON A CURVE WHERE THE RATE OF CHANGE MEETS DESIGN SPECIFICATIONS.

DEesIGNING AND OPTIMIZING FUNCTIONS

KNOWING THE X-VALUES CORRESPONDING TO CERTAIN SLOPES HELPS IN OPTIMIZING FUNCTIONS, SUCH AS MAXIMIZING PROFIT OR
MINIMIZING COST, BY ANALYZING THE SLOPES AT CRITICAL POINTS.

SUMMARY AND KEY T AKEAWAYS

o THE DERIVATIVE OF THE FUNCTION F(X) = 2x"2 + 8x + 12 1s F'(x) = 4x + 8.

SETTING FI(X) EQUAL TO 4 ALLOWS US TO FIND THE X-VALUE WHERE THE SLOPE IS 4.

SOLVING 4x + 8 =4 vieLds X = - 1.

AT X = -1, THE FUNCTION VALUE IS F(-1) = 6, AND THE SLOPE IS CONFIRMED TO BE 4.

CoNcLUSION

DETERMINING THE VALUE OF X WHEN A FUNCTION'S SLOPE REACHES A SPECIFIC VALUE IS A FUNDAMENTAL CALCULUS SKILL. BY
CALCULATING THE DERIVATIVE AND SOLVING THE RESULTING EQUATION, WE FIND THAT FOR THE FUNCTION F(X) =2x"2 + 8x
+ 1 2, THE SLOPE IS 4 AT X = - 1. UNDERSTANDING THIS PROCESS ENHANCES YOUR ABILITY TO ANALYZE THE BEHAVIOR OF
FUNCTIONS AND THEIR RATES OF CHANGE, WHICH IS ESSENTIAL ACROSS MANY SCIENTIFIC AND ENGINEERING DISCIPLINES.

IF YOU WANT TO DEEPEN YOUR UNDERSTANDING OF DERIVATIVES, SLOPES, AND QUADRATIC FUNCTIONS, CONSIDER EXPLORING

ADDITIONAL TOPICS SUCH AS CRITICAL POINTS, CONCAVITY, AND OPTIMIZATION TECHNIQUES. MASTERING THESE CONCEPTS
PROVIDES A STRONG FOUNDATION FOR ADVANCED CALCULUS AND MATHEMATICAL PROBLEM-SOLVING.

FREQUENTLY AsSkeD QUESTIONS

\WHAT IS THE FUNCTION F(X) GIVEN IN THE PROBLEM?

THE FUNCTION IS F(X) = 2x™2 + 8x + 12.



How DO YOU FIND THE SLOPE OF THE FUNCTION F(X)?

THE SLOPE IS GIVEN BY THE DERIVATIVE OF F(X), WHICH FOR A QUADRATIC FUNCTION IS F,(X).

\W/HAT IS THE DERIVATIVE OF F(X) = 2x"2 + 8x + 12?

THe DERIVATIVE IS F'(X) = 4x + 8.

How DO YOU DETERMINE THE VALUE OF X WHEN THE SLOPE IS 4°?

SET THE DERIVATIVE EQUAL TO 4 AND SOLVE FOR X: 4x + 8 = 4.

\WHAT IS THE SOLUTION TO 4x + 8 = 4°

SUBTRACT 8 FROM BOTH SIDES: 4X = -4, THEN DIVIDE BOTH SIDES BY 4: X = - 1.

W/HAT DOES THE VALUE X = -1 REPRESENT IN THIS CONTEXT?

[T IS THE X-VALUE AT WHICH THE SLOPE OF THE FUNCTION F(X) Is 4.

IS THE VALUE OF X = -1 THE ONLY POINT WHERE THE SLOPE IS 4?

YES, SINCE THE DERIVATIVE IS LINEAR AND EQUAL TO 4x + 8, IT EQUALS 4 AT ONLY X = - 1.

CAN YOU VERIFY THAT THE SLOPE AT X = -1 IS INDEED 4?

YEes, sSUBSTITUTE X = -1 INTO F'(x): 4(-1) + 8 = -4 + 8 = 4, CONFIRMING THE SLOPE.

\W/HAT IS THE SIGNIFICANCE OF FINDING X WHEN THE SLOPE IS 4 IN THE FUNCTION?

|T HELPS IDENTIFY THE POINT ON THE CURVE WHERE THE RATE OF CHANGE (SLOPE) IS EXACTLY 4, WHICH IS USEFUL IN TANGENT
LINE CALCULATIONS AND UNDERSTANDING THE FUNCTION'S BEHAVIOR.

ADDITIONAL RESOURCES
WHAT Is THe VALUE OF X WHEN THE FUNCTION F(x) = 2x*2 + 8x + 12, HAS A SLope OF 4?

INTRODUCTION

\UNDERSTANDING THE RELATIONSHIP BETWEEN A FUNCTION AND ITS SLOPE IS FUNDAMENTAL IN CALCULUS, WITH WIDE-RANGING
APPLICATIONS IN PHYSICS, ENGINEERING, ECONOMICS, AND BEYOND. ONE COMMON QUESTION POSED IN MATHEMATICAL ANALYSIS
INVOLVES DETERMINING THE SPECIFIC VALUE(S) OF THE VARIABLE \(X\) AT WHICH A GIVEN FUNCTION EXHIBITS A PARTICULAR
SLOPE. IN THIS COMPREHENSIVE INVESTIGATION, WE WILL EXPLORE THE PROBLEM:

> WHAT IS THE VALUE of \(x\) wHen THE FUNCTION \(F(x) = 2x"2 + 8x + 12\) HAS A SLOPE OF 4?
THIS QUESTION REQUIRES AN UNDERSTANDING OF DERIVATIVES, AS THEY PROVIDE THE SLOPE OF THE TANGENT LINE TO THE

FUNCTION AT ANY POINT. WE WILL METHODICALLY DISSECT THE PROBLEM, STARTING WITH THE FUNDAMENTALS OF
DERIVATIVES, THEN APPLY THEM STEP BY STEP TO FIND THE SPECIFIC \(X\) VALUES THAT SATISFY THE GIVEN CONDITION.



BAckGrROUND: THe RoLE OF DERIVATIVES IN FINDING SLOPES

IN CALCULUS, THE DERIVATIVE oF A FUNCTION \(F(x)\), benoTep as \(F'(x)\) or \(\rrac{pF}{px}\), MEASURES THE
INSTANTANEOUS RATE OF CHANGE OF THE FUNCTION AT A POINT \(x\). GEOMETRICALLY, THIS IS THE SLOPE OF THE TANGENT
LINE TO THE CURVE AT THAT POINT.

KeY POINTS:

- THE DERIVATIVE PROVIDES THE SLOPE AT ANY POINT \(X\).
- TO FIND WHERE THE FUNCTION HAS A CERTAIN SLOPE \(M\), WE SoLVE THE EQUATION \(F'(x) = m\).

IN oUR cASE, THE FUNCTION \(F(x) = 2x"2 + 8x + 12\) IS QUADRATIC, AND ITS DERIVATIVE WILL BE A LINEAR FUNCTION,
MAKING THE PROCESS STRAIGHTFORW ARD.

Step 1: CALCULATING THE DerivaTive of \(FG)\)

GIVEN:

\[
F(x)=2x"2+8x+ 12
\]

THe DERIVATIVE, USING BASIC DIFFERENTIATION RULES, IS:

\[
F'(x) = \rrac{p}{bx} (2x"2) + \rrac{pXbx} (8x) + \rrac{p}{px} (12)
\]

APPLYING THE POowER RULE (\(\FrAc{D}{DX} XN =N x"{N-T13\)):

\[
F'(x) =2 \1iMes 2x™{2-1} + 8 \TiMes 1+ 0 = 4x + 8
\]

THUS, THE DERIVATIVE, WHICH REPRESENTS THE SLOPE AT ANY POINT \(X\)/ IS:

\[
F(x)=4x+8
\]

STEP 2: SETTING THE DERIVATIVE EQUAL TO THE GIVEN SLOPE
THE PROBLEM STATES:
> \W/HEN THE SLOPE OF THE FUNCTION IS 4, WHAT IS THE CORRESPONDING \(x\)?

MATHEMATICALLY, WE SOLVE:

\[
F(x)=4
\]

SUBSTITUTING THE DERIVATIVE:

\[



4x +8=4
\]

Step 3: SoLving For \(x\)

IsoLaTING \(x\):

\[
4x=4-8
\]

\[

4dx =-4
\]

\[
x=-1
\]
RESULT:

\[
\BOXED{
x=-1

}

\]

THIS INDICATES THAT AT \(x = -1\), THe FUNCTION \(F(x)\) HAS A SLoPE OF 4.

Deep DIVE: VERIFYING AND INTERPRETING THE RESULT
CONFIRMING THE CALCULATION
- THe perIVATIVE \(F'(x) = 4x + 8\) Is LINEAR.

- SETTING THE DERIVATIVE EQUAL To 4 YIELDs \(x =-1\).
- Prucaing \(x = -1\) Back inTo \(F'(x)\):

\[
FC-1)=4\TmMes (-1)+8=-4+8=4
\]

WHICH CONFIRMS THE CALCULATION.
GEOMETRIC INTERPRETATION
AT \(x =-1\):

- THE TANGENT LINE TO THE GRAPH OF \(F(x)\) HAS A SLoOPE OF 4.
- THE SPECIFIC POINT ON THE CURVE CAN BE FOUND BY EVALUATING \(F(- \):

\[
FG1)=2C-1)"2+8(-1)+12=2(1)-8+12=2-8+12=6
\]

So, THE POINT OF TANGENCY 1S \((-1, 6)\).



THE TANGENT LINE AT THIS POINT HAS A SLOPE OF 4/ INDICATING A RELATIVELY STEEP ASCENT AT \(X =-1 \)

BroOADER IMPLICATIONS AND RELATED CONCEPTS
CRrITICAL POINTS AND EXTREMA

\W/HILE NOT DIRECTLY ASKED, UNDERSTANDING WHERE THE SLOPE IS ZERO OR WHERE THE FUNCTION REACHES MAXIMA OR MINIMA
IS VALUABLE. FOR COMPLETENESS:

- SeT \(F'(x) = 0\):

\[

4x + 8 = 0 \RIGHTARROW X = -2

\]

- AT \(x=-2\):

\[
F(-2)=2(-2)"2+8(-2)+12=2(4)-16+12=8-16+12=4
\]

- SINCE THE SECOND DERIVATIVE \(F"'(x) = 4\) (A POSITIVE CONSTANT), THE POINT AT \(Xx = -2\) IS A LOCAL MINIMUM.
UNDERSTANDING THE FUNCTION'S BEHAVIOR
- THE FUNCTION IS QUADRATIC WITH A POSITIVE LEADING COEFFICIENT, OPENING UPW/ ARD.

/7

- THe sLore FUNCTION \(F'(x) = 4x + 8\) INCREASES LINEARLY.
- THe POINT \(x = - 1\), WHERE THE SLOPE IS 4, OCCURS TO THE RIGHT OF THE VERTEX AT \(x = -2\).

SUMMARY AND PRACTICAL APPLICATIONS

- THe vaLUE oF \(x\) AT wHicH THE FUNCTION \(F(x) = 2x"2 + 8x + 12\) HAS A sLopE oF 4 15 \(x =-T\).
- THE POINT ON THE GRAPH CORRESPONDING T THIS \(x\) 15 \((-1, 6)\).
- THE TANGENT LINE AT THIS POINT HAS AN EQUATION:

\l

\TEXT{TANGENT LINE AT } X =-T:\QuUAD Y - 6 = 4(x + 1)

\]

WHICH SIMPLIFIES TO:

\[
y=4x+ 10
\]

PRACTICAL SIGNIFICANCE:

THIS ANALYSIS CAN BE APPLIED IN PHYSICAL CONTEXTS WHERE THE RATE OF CHANGE (E.G., VELOCITY, GROWTH RATE) IS
SPECIFIED, AND THE CORRESPONDING POSITION OR STATE MUST BE DETERMINED.

FINAL REMARKS

THIS INVESTIGATION EXEMPLIFIES THE POWER OF CALCULUS IN SOLVING REAL-WORLD PROBLEMS INVOLVING RATES OF CHANGE.



BY DIFFERENTIATING A QUADRATIC FUNCTION, SETTING THE DERIVATIVE EQUAL TO A SPECIFIED VALUE, AND SOLVING FOR THE
VARIABLE, WE OBTAIN PRECISE INSIGHTS INTO THE BEHAVIOR OF THE FUNCTION AT PARTICULAR POINTS.

UNDERSTANDING THESE PRINCIPLES IS ESSENTIAL FOR PROFESSIONALS AND STUDENTS ALIKE, FOSTERING A DEEPER GRASP OF THE
INTERPLAY BETWEEN A FUNCTION'S SHAPE AND ITS RATE OF CHANGE. W/HETHER ANALYZING MOTION, OPTIMIZING SYSTEMS, OR

MODELING PHENOMENA, THE ABILITY TO CONNECT SLOPES TO SPECIFIC VALUES OF \(X\) REMAINS A CORNERSTONE OF
MATHEMATICAL LITERACY.

IN CONCLUSION:

> THe VALUE ofF \(x\) wHeN THE FUNCTION \(F(x) = 2x"2 + 8x + 12\) HAs A sLope of 4 1s \(\soxeo{-13}\).

What Is The Value Of X When The Function F X 2x 2 8x12 Has
A Slope Of 4

What Is The Value Of X When The Function F X 2x 2 8x12 Has A Slope Of 4
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