DETERMINE IF THE VECTOR FIELDF=Y x+22,2Y2IS
CoNserVATIVE. IF IT Is, FIND A POTENTIAL FUNCTION.

DeTerMINE IF THE VECTOR FIELD F = (¥, X + 22, 2¥Z) 1S CONSERVATIVE. IF IT IS, FIND A POTENTIAL FUNCTION.

INTRODUCTION

(UNDERSTANDING WHETHER A VECTOR FIELD IS CONSERVATIVE IS A FUNDAMENTAL QUESTION IN VECTOR CALCULUS, WITH
APPLICATIONS SPANNING PHYSICS, ENGINEERING, AND MATHEMATICS. A CONSERVATIVE VECTOR FIELD IS ONE IN WHICH THE LINE
INTEGRAL BETWEEN ANY TWO POINTS IS PATH-INDEPENDENT , MEANING THE W ORK DONE BY A FORCE FIELD IN MOVING ALONG A
PATH DEPENDS ONLY ON THE ENDPOINTS, NOT THE ROUTE TAKEN. SUCH FIELDS ARE CLOSELY ASSOCIATED WITH POTENTIAL
FUNCTIONS, SCALAR FUNCTIONS WHOSE GRADIENT YIELDS THE VECTOR FIELD IN QUESTION.

IN THIS ARTICLE, WE WILL ANALYZE THE VECTOR FIELD F= (Y, X+ 22, 2YZ> TO DETERMINE WHETHER IT IS CONSERVATIVE. |F IT

IS, WE WILL PROCEED TO FIND AN EXPLICIT POTENTIAL FUNCTION. THE PROCESS INVOLVES EXAMINING PROPERTIES SUCH AS
CURL, DIVERGENCE, AND THE DOMAIN OF THE FIELD, ALONG WITH SOLVING RELEVANT PARTIAL DIFFERENTIAL EQUATIONS.

UNDERSTANDING THE VECTOR FIELD F

THE GIVEN VECTOR FIELD IS:
\[ \MATHBr{F}(x, ¥, 2) =(F_1,F_2,F 3)=(v,x+2"2,2v2)\]

EACH COMPONENT DEPENDS ON THE VARIABLES X, Y, AND Z:

-\(F_1=vy\)
-\(F. 2=x+2"2\)
-\(F.3=2vz)\)

BEFORE ASSESSING IF F IS CONSERVATIVE, IT IS ESSENTIAL TO RECALL THE CRITERIA AND PROPERTIES THAT CHARACTERIZE
CONSERVATIVE VECTOR FIELDS.

CRITERIA FOR A VECTOR FIELD TO BE CONSERVATIVE

A VECTOR FIELD IN THREE-DIMENSIONAL SPACE IS CONSERVATIVE IF IT SATISFIES ANY OF THE FOLLOWING EQUIVALENT
CONDITIONS:

1. CuUrL oF THE FIELD IS ZERO

\[ \naBLA \TiMeS \MATHBF{F} = \MaTHBF{O]} \]

IF THE CURL OF THE VECTOR FIELD IS ZERO EVERYWHERE IN A SIMPLY CONNECTED DOMAIN, THEN THE FIELD IS CONSERVATIVE.

2. EXISTENCE OF A POTENTIAL FUNCTION

A scALAR FUNCTION \(\PHI(X, ¥, 2)\) EXISTS SUCH THAT:
\[ \NaBLA \PHI = \MATHBF{F} \]
WHICH IMPLIES:

\l

\rrAC{\PARTIAL \PHI}{\PARTIAL X} =F_T, \QuAD



\rrAC{\PARTIAL \PHI}{\PARTIAL Y} =F_2, \QuAD
\rrAC{\PARTIAL \PHI}{\PARTIAL Z} =F 3

\]

3. PATH INDEPENDENCE OF LINE INTEGRALS

IF THE LINE INTEGRAL OF \(\MATHBF{F}\) BETWEEN ANY TWO POINTS IS INDEPENDENT OF THE PATH, THEN \(\MATHBF{F}\) IS
CONSERVATIVE.

ST1ep 1: CoMPuTE THE CURL OF F

THE CURL IS GIVEN BY:

\[

\NaBLA \TiMES \MATHBF{F} =

\BEGIN{ VMATRIX}

\MaTHRF(1} & \MATHBF{)} & \MaTHBF{K]} \\

\rrAac{\ParTIALI{\PARTIAL x} & \FrRAC{\PArRTIAL} \PARTIAL Y} & \FrRAC{\PARTIAL}{\PARTIAL Z} \\
F16F 26F 3

\eno{vMATRIX}

CALCULATING EACH COMPONENT:

= X~COMPONENT!

\[

(\NaBLA \TiMes \MATHBF{F}) x = \rrac{\PArRTIAL F_3}{\PArTIAL Y} - \FrrRAC{\PARTIAL F_2}{\PARTIAL 7}

\]

-~ Y~-COMPONENT:

\[

(\naBLA \TiMes \MATHBF{F}) ¥ = \rrac{\PARTIAL F_1}\PARTIAL 7} - \rRAC{\PARTIAL F_3}{\PARTIAL X}

\]

= Z-COMPONENT:

\[

(\NnaBLA \TiMes \MATHBF{F}) z = \rrac{\PArTIAL F_2}{\PARTIAL X} - \FRAC{\PARTIAL F_T1}{\PARTIAL Y}

\]
LET'S COMPUTE EACH:

CompuTE \((\NaABLA \TIMES \MATHBF{F}) x\):

\l

\rrAc{\PARTIAL F_3}{\PArTIAL Y} = \FrRAC{\PARTIAL (2 Y 2)H{\PARTIAL Y} =2z
\]
\[

\rrac{\ParTIAL F_23}{\PArTIAL 2} = \rRAC{\PARTIAL (x + 2" 2)}{\PARTIAL 2} = 22

\]

THus,

\[
(\NaBLA \TiMes \MATHBF{F}) x=2z-22=0

\]



CompuTe \((\naBLA \TiMES \MATHBF{F})_¥\):

\l

\rrac{\PArRTIAL F_T13}{\PArTIAL 2} = \rrAC{\PARTIAL Y}{\PARTIAL 2} = O
\]
\[

\rrac{\PARTIAL F_3}{\PArTIAL X} = \FRAC{\PARTIAL (2 Y 2)}{\PARTIAL x} =0

\]

Hence,

\[
(\naBLA \TiMes \MATHBF{F}) Yy=0-0=0

\]

CompuTe \((\NaBLA \TIMES \MATHBF{F}) Z\):

\l

\rrAc{\PARTIAL F_2}{\PArTIAL X} = \FRAC{\PARTIAL (x + 2" 2)}{\PARTIAL X} = 1
\]
\[

\rrac{\PArRTIAL F_T3}{\PArTIAL Y} = \FRAC{\PARTIAL Y}{\PARTIAL Y} =1

\]
So,

\[
(\naBLA \TiMES \MATHBF{F}) z=1-1=0

\]

RESULT:

\[
\nagLA \TiMes \MaTHEF{F} = (0, O, 0)
\]

Since THE cURL ofF \(\MATHBF{F}\) Is zerO EvErRYWHERE, \(\MATHBF{F}\) IS CURL-FREE.

STeP 2: DoMAIN CONSIDERATIONS

FOR A VECTOR FIELD TO BE CONSERVATIVE BASED ON CURL, THE DOMAIN MUST BE SIMPLY CONNECTED. T YPICALLY,
\(\MATHBR{R}"3\) (OR ANY DOMAIN WITHOUT HOLES) SATISFIES THIS CONDITION.

AssuMiNg THE DOMAIN oF \(\MATHBF{F}\) 15 \(\MATHEB{R}"3\) OR A SIMPLY CONNECTED SUBSET, THE ZERO CURL INDICATES
\(\MATH&F{F}\) IS CONSERVATIVE.

Step 3: FiND THE PoTeNTIAL FuncTion \(\PHi\)

Since \(\MATHBF{F} = \NABLA \PHI\), THE POTENTIAL FUNCTION MUST SATISFY:

\[

\rrac{\parTIAL \PHI}{\PARTIAL X} =¥

\]

\[

\rrAac{\ParTIAL \PHI}{\PARTIAL Y} =x + 22
\]

\[

\rrAac{\ParTIAL \PHI}{\PARTIALZ} =2 ¥ Z



\]

WEe wiLL DETERMINE \(\PHI\) STEP-BY-STEP BY INTEGRATING THESE PARTIAL DERIVATIVES.

CaLcuLATING \(\PHI\) FroM \(\PARTIAL \PHI / \PARTIAL X = Y\)

INTEGRATE WITH RESPECT To \(x\):

\[
\PHI(X, ¥, 2) =\INT ¥\, Dx = v x + C_1(v, 2)

\]

wHere \(C_1(¥, 2)\) 1S AN ARBITRARY FUNCTION OF \(Y, z\).

Determine \(C_1(y, 2)\) usinG \(\PARTIAL \PHI / \PARTIAL Y\)

DiFrerenTIATE \(\PHI\):

\l

\rRAC{\PARTIAL \PHI}{\PARTIAL Y} = x + \FRAc{\PARTIAL C_1(v, 2)}{\PARTIAL Y}

\]

GIVEN THAT:

\l

\rrac{\parTIAL \PHI}{\PARTIAL Y} =X + 2”2

\]

COMPARE:

\l

x + \FrrRac{\PArRTIAL C_1(v, 2)H\PARTIAL Y} = x + 272

\]

SuBTRACTING \(x\) FROM BOTH SIDES:

\l

\rrac{\PArTIAL C_1(y, 2)}{\PARTIAL Y} = 2"2

\]

INTEGRATE WITH RESPECT To \(v\):

\[
C Wy, 2)=vz"2+C 2()
\]

wHere \(C_2(2)\) I1s AN ARBITRARY FUNCTION OF \(Z\).

THUS, THE POTENTIAL FUNCTION SO FAR:

\[
\pHi(x, ¥, 2) =y x+ v 22+ C_2(2)

\]



DeTerMINE \(C_2(2)\) usiNGg \(\PARTIAL \PHI / \PARTIAL Z\)

DiFrerenTIATE \(\PHI\):

\l

\rrac{\PArTIAL \PHI}{\PARTIAL 2} = ¥ \cpOT O + v \cpoT 2 z + \rrac{p C_2(2)Xbz} = 2 v z + \rrac{p C_2(2)}{pbz}

\]

GIVEN THAT:

\l

\rrAC{\PARTIAL \PHI}{\PARTIALZ} =2 Y 2z

\]

SET EQUAL:

\[
2vz+\rrac{p C_2(2)Hpz}=2vz
\]

SueTrACT \(2 ¥ Z\):

\[
\rrac{p C_2(z)}{bz} =0
\]

INTEGRATE:

\[
C_2(z) = \text{consTanT} = C

\]

FINAL POTENTIAL FUNCTION:

\[
\soxen{
\PHI(X, ¥, 2) =x ¥ +

FREQUENTLY AskeD QUESTIONS

\YW/HAT IS THE FIRST STEP TO DETERMINE IF THE VECTOR FIELD F = (Y, X + 22, 2y2) Is
CONSERVATIVE?

THE FIRST STEP IS TO VERIFY WHETHER THE VECTOR FIELD IS DEFINED ON A SIMPLY CONNECTED DOMAIN AND CHECK IF ITS CURL IS
ZERO.

How DO YOU COMPUTE THE CURL OF THE VECTOR FIELD F = (Y, X + 22, 2Y2)?

YOU COMPUTE THE CURL BY TAKING THE CROSS PRODUCT OF THE DEL OPERATOR WITH F/ I.E., X F/ CALCULATING THE
PARTIAL DERIVATIVES ACCORDINGLY.

\WHAT DOES IT INDICATE IF THE CURL OF F = (Y, X + 22, 2YZ) IS ZERO EVERYWHERE?

|F THE CURL IS ZERO EVERYWHERE AND THE DOMAIN IS SIMPLY CONNECTED, THEN THE VECTOR FIELD IS CONSERVATIVE.



How CAN WE VERIFY IF THE DOMAIN OF THE VECTOR FIELD IS SIMPLY CONNECTED?

TYPICALLY, THE DOMAIN 1S R® OR A SUBSET WITHOUT HOLES, IF THE DOMAIN IS ALL OF R® or SIMILAR, IT IS SIMPLY
CONNECTED. |F THERE ARE OBSTACLES OR HOLES, IT MAY NOT BE SIMPLY CONNECTED.

\W/HAT IS THE PROCESS TO FIND A POTENTIAL FUNCTION FOR A CONSERVATIVE VECTOR
FIELD?

TO FIND THE POTENTIAL FUNCTION ®, INTEGRATE THE COMPONENTS OF F WITH RESPECT TO THEIR RESPECTIVE VARIABLES,
ENSURING THE DERIVATIVES MATCH F'S COMPONENTS.

CAN YOU DEMONSTRATE HOW TO FIND THE POTENTIAL FUNCTION FOR F = (v, x + 22,
2y2)?

YEes. For EXAMPLE, INTEGRATE Y WITH RESPECT TO X (\X/HICH GIVES ¢ = XY + G(Y,Z)), THEN DIFFERENTIATE THIS WITH
RESPECT TO Y AND SET EQUAL TO THE SECOND COMPONENT TO FIND G(Y,Z), AND SIMILARLY PROCEED FOR THE THIRD
COMPONENT.

\WHAT IS THE POTENTIAL FUNCTION ¢ FOR THE VECTOR FIELD F = (Y, X + 22, 2v2)?

THE POTENTIAL FUNCTION IS 0(X, v, 2) = XY + ¥2z2 + C, wHERE C IS A CONSTANT.

NWHY IS IT IMPORTANT TO VERIFY BOTH THE CURL AND THE DOMAIN WHEN DETERMINING
IF A VECTOR FIELD IS CONSERVATIVE?

BECAUSE A ZERO CURL GUARANTEES A CONSERVATIVE FIELD ONLY IF THE DOMAIN IS SIMPLY CONNECTED, OTHERWISE, THE FIELD
MAY NOT BE CONSERVATIVE DESPITE A ZERO CURL.

ADDITIONAL RESOURCES

DETERMINE |F THE VECTOR FIELD F = v 1+ (X +2"2) )+ 2 v Z k 1S CONSERVATIVE IS A FUNDAMENTAL PROBLEM IN VECTOR
CALCULUS, ESPECIALLY WHEN ANALYZING THE NATURE OF VECTOR FIELDS AND THEIR POTENTIAL FUNCTIONS. \WHETHER A
VECTOR FIELD IS CONSERVATIVE HAS SIGNIFICANT IMPLICATIONS IN PHYSICS AND ENGINEERING, SUCH AS UNDERST ANDING
WHETHER A FORCE FIELD IS DERIVABLE FROM A POTENTIAL ENERGY FUNCTION. THIS ARTICLE PROVIDES A COMPREHENSIVE
EXPLORATION OF THE CRITERIA USED TO DETERMINE IF A VECTOR FIELD IS CONSERVATIVE, ALONG WITH DETAILED STEPS TO FIND
A POTENTIAL FUNCTION IF IT EXISTS.

UNDERSTANDING CONSERVATIVE VECTOR FIELDS

WHAT Is A CoNserVATIVE VECTOR FIELD?

A VECTOR FIELD F IN THREE-DIMENSIONAL SPACE IS SAID TO BE CONSERVATIVE IF THERE EXISTS A SCALAR POTENTIAL FUNCTION
o(X, Y, Z) SUCH THAT:

\[ \MaTHBF{F} = \naBLA \PHi = \LErT( \FrRAC{\PARTIAL \PHi}{\PARTIAL X}, \FRAC{\PARTIAL \PHI}{\PARTIAL Y},
\rrac{\ParTIAL \PHI}{\PARTIAL 2} \RIGHT) \]

THIS MEANS THAT F CAN BE EXPRESSED AS THE GRADIENT OF SOME SCALAR FUNCTION, IMPLYING THAT THE WORK DONE BY THE



FIELD IN MOVING A PARTICLE BETWEEN TWO POINTS IS PATH-INDEPENDENT.

KEY FEATURES OF CONSERVATIVE FIELDS:

- PATH INDEPENDENCE OF LINE INTEGRALS.

- ZERO CURL IN SIMPLY CONNECTED REGIONS.
- EXISTENCE OF POTENTIAL FUNCTIONS.

APPLICATIONS:
- GRAVITATIONAL AND ELECTROSTATIC FIELDS.
- FORCE FIELDS DERIVED FROM POTENTIAL ENERGY.

GIveN VecTor FieLp F

THE VECTOR FIELD PROVIDED IS:

\[

\MATHBF{F} = v\, \MATHBr{1} + (x + 2" 2)\, \MATHBF{)} + 2 v 7\, \MATHBF{K}
\]

EXPRESSED COMPONENT-W/ISE:

\[

F x=v\QuabF_y=x+2"2\QuabF z=2 vz

\]

THE GOAL IS TO DETERMINE WHETHER F IS CONSERVATIVE, AND IF SO, TO FIND A POTENTIAL FUNCTION (X, Y, Z) SUCH THAT:
\[

\NABLA \PHI = \MATHBF{F}

\]

\WHICH IMPLIES:

\[
\rrAC{\PARTIAL \PHI}{\PARTIAL X} = ¥,\QUAD \FRAC{\PARTIAL \PHI}{\PARTIAL Y} = x + 2"2 \QUAD \FRAC{\PARTIAL
\pri}{\PARTIAL Z} = 2 v 7

\]

STeP 1: CHeck THE CURrL oF THE VECTOR FIELD

ONE OF THE PRIMARY CRITERIA FOR A VECTOR FIELD TO BE CONSERVATIVE IN A SIMPLY CONNECTED DOMAIN IS THAT ITS CURL
MUST BE ZERO:

\l

\naBLA \TiMES \MATHBF{F} = \MATHBF{O}

\]

CALCULATE THE CURL:

\[



\NaBLA \TiMES \MATHBF{F} =
\BeGIN{VMATRIX}

\MaTHRF(1} & \MATHBF{)} & \MaTHBF{K]} \\
\PARTIAL_x & \PARTIAL_Y & \PARTIAL 7 \\
Fx§F YyqgF z

\enp{VMATRIX}

\]

WHICH EXPANDS TO:

\[

\naBLA \TIMES \MATHBF{F} = \LerT( \FrAC{\PARTIAL F_z}\PARTIAL Y} - \rRAC{\PARTIAL F_Y}\PARTIAL 7} \RIGHT)
\MATHBF{I}

- \LerT( \rRAC{\PARTIAL F_z}{\PARTIAL X} - \FrRAC{\PARTIAL F_x}{\PARTIAL 2} \RIGHT) \MATHBF{J}

+ \LerT( \rRAC{\PARTIAL F_Y}{\PARTIAL x} - \rRAC{\PARTIAL F_x}{\PARTIAL Y} \RIGHT) \MATHBF{K}

\]

CALCULATE EACH COMPONENT:

-\(\rrac{\ParTIAL F_z}\PARTIAL Y} = \rRAC{\PARTIAL (2 ¥ 2)}{\PARTIAL Y} =212 ))

- \(\rrAc{\PArTIAL F_v}{\PARTIAL 7} = \FrRAC{\PARTIAL (x + 2" 2)}{\PARTIAL Z} =22 \)
- \(C\rrAc{\ParTIAL F_z}{\PArTIAL x} = \rRAC{\PARTIAL (2 ¥ 2)}{\PARTIAL X} =0 \)
-\(\rrac{\ParTIAL F_x}{\PArTIAL 2} = \rRAC{\PARTIAL Y}{\PARTIAL Z} =0 \)

- \(\rrac{\ParTIAL F_v}{\PArTIAL X} = \FRAC{\PARTIAL (x + 2" 2)}{\PARTIAL X} = T \)

- \(\rrAc{\PArTIAL F_x}{\PARTIAL Y} = \rrac{\PArRTIAL Y}{\PARTIAL Y} = 1)
Now , COMPUTE EACH CURL COMPONENT:

- \(1 \)-coMPONENT:

\[

2z-2z=0

\]

-\(J \)-comPoNENT:
\[

-(0-0)=0

\]

- \(k \)-coMPONENT:
\[

1-1=0

\]

Hence,

\[

\naBLA \TiMES \MATHBF{F} = \MATHBF{O}
\]

SINCE THE CURL IS ZERO EVERYWHERE AND THE DOMAIN (ALL oF \(\MATHBE{R}"3\)) IS SIMPLY CONNECTED, F IS
CONSERVATIVE.



Step 2: FIND THE POTENTIAL FUNCTION ¢(X, ¥, Z)

GIVEN THAT F IS CONSERVATIVE, WE CAN FIND ® BY INTEGRATING THE COMPONENTS.
METHOD:

- INTEGRATE \(F_x = v\) wiTH respecT To \(x\):

\[
\pHi(x, v, 2) = \INT ¥\, DX = v x + H(Y,z)

\]

wHERE \(H(¥,2)\) I1s AN ARBITRARY FUNCTION OF \(¥\) AND \(z\) (SINCE PARTIAL DIFFERENTIATION WITH RESPECT TO \(x\)
TReATS \(v, z\) AS CONSTANTS).

- DIFFERENTIATE ¢ WITH ReSPECT To \(v\):

\[

\rrAC{\PARTIAL \PHI}{\PARTIAL Y} = x + \FRAC{\PARTIAL H(Y,z)}{\PARTIAL Y}
\]

BUT FROM THE GIVEN VECTOR FIELD:

\[

\rrAc{\PARTIAL \PHIH{\PARTIAL Y} =F vy =x +2"2
\]

SET EQUAL:

\[

x + \rRAC{\PARTIAL H(Y,2)}{\PARTIAL Y} = x + 22
\]

WHICH IMPLIES:

\[

\rrAC{\PARTIAL H(Y,2)H{\PARTIAL Y} = 22

\]

- INTEGRATE WITH RESPECT To \(Y\):

\[

H(v,2) = v 2”2 + 6(2)

\]

wHERE \(G(2)\) 1s AN ARBITRARY FUNCTION oF \(Z\).

- Now, DIFFERENTIATE & WITH RESPECT To \(z\):

\l

\rrac{\parTIAL \PHI}{\PARTIAL 7} = \FRAC{\PARTIAL}{\PARTIAL Z}(x ¥ + Y 22 + G(2)) = ¥ \cpoT O + ¥ \cpoT 2 7 +
@)=2vz+c6 (@)

\]

FROM THE VECTOR FIELD:

\l

\rrac{\PARTIAL \PHI}{\PARTIAL Z} =F z=2 Yz



\]

SET EQUAL:

\[
2vz+c6(2)=2vz
\]

WHICH IMPLIES:

\[

¢'(2)=0

\]

THus, \(6(2)\) 15 A consTANT (saY, \(C\)), WHICH CAN BE IGNORED IN THE POTENTIAL FUNCTION AS IT ADDS A CONSTANT.

FINAL POTENTIAL FUNCTION

COMBINING ALL PARTS, THE POTENTIAL FUNCTION IS:

\l

\BOXED{

\PHI(X, ¥, 2) =Xy +v "2+ C
}

\]

wHERE \(C\) IS AN ARBITRARY CONSTANT.

SUMMARY AND CONCLUSION

- THe vecTor FIELD \(\MATHBF{F} = ¥\, \MATHBF{1} + (x + 2" 2)\, \MATHEF{)} + 2 ¥ 2\, \MATHBF{K}\) IS CONSERVATIVE
BECAUSE ITS CURL IS ZERO ACROSS ITS DOMAIN.
- THE POTENTIAL FUNCTION FOR \(\MATHBF{F}\) IS:

\l

\soxen{

\PHI(X, ¥, 2) =xY+vz"2+C
}

\]

- THis POTENTIAL FUNCTION SATISFIES \(\NABLA \PHI = \MATHBF{F}\), CONFIRMING THE FIELD'S CONSERVATIVE NATURE.

FEATURES AND IMPLICATIONS

Pros ofF REcoGNizING CONSERVATIVE FIELDS:
- SIMPLIFIES CALCULATIONS OF WORK AND ENERGY IN PHYSICS.



- ENSURES PATH-INDEPENDENT LINE INTEGRALS.
- FACILITATES SOLVING DIFFERENTIAL EQUATIONS INVOLVING THE FIELD.

CoNs or LIMITATIONS:
- THE REGION MUST BE SIMPLY CONNECTED; OTHERW/ISE, CURL ZERO DOES NOT GUARANTEE CONSERVATIVENESS.
- NOT ALL VECTOR FIELDS WITH ZERO CURL ARE GLOBALLY CONSERVATIVE IF THE DOMAIN ISN'T SIMPLY CONNECTED.

ADDITIONAL NOTES:

- THE METHOD DEMONSTRATED HERE, INTEGRATING COMPONENTS STEPWISE, IS STANDARD BUT REQUIRES CAREFUL CHECKING OF
COMPATIBILITY CONDITIONS.

- \W/HEN A VECTOR FIELD ISN'T CONSERVATIVE, ALTERNATIVE METHODS SUCH AS VECTOR POTENTIAL OR NUMERICAL
APPROACHES ARE NECESSARY.

IN CONCLUSION, BY VERIFYING THE CURL CONDITION AND INTEGRATING COMPONENT-W/ISE, WE ESTABLISHED THAT THE VECTOR
FIELD \(AMATHBF{F}\) IS CONSERVATIVE AND SUCCESSFULLY DERIVED ITS POTENTIAL FUNCTION. THIS PROCESS UNDERSCORES
THE IMPORTANCE OF FUNDAMENTAL VECTOR CALCULUS TOOLS IN ANALYZING PHYSICAL AND MATHEMATICAL SYSTEMS.
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