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(UNDERSTANDING ELECTRIC FLUX AND ITS CALCULATION IS FUNDAMENTAL IN ELECTROMAGNETISM, ESPECIALLY WHEN ANALYZING
THE BEHAVIOR OF POINT CHARGES WITHIN A DEFINED BOUNDARY. W/HEN DEALING WITH TWO POINT CHARGES AND A SPHERICAL
SURFACE CENTERED AT A SPECIFIC POINT, QUESTIONS OFTEN ARISE ABOUT THE TOTAL ELECTRIC FLUX PASSING THROUGH THAT
SURFACE. IN THIS ARTICLE, WE WILL EXPLORE THE CONCEPT OF ELECTRIC FLUX, APPLY GAuUss's LA\X/, AND ANALYZE HOW THE
POSITIONS AND MAGNITUDES OF TWO POINT CHARGES INFLUENCE THE TOTAL ELECTRIC FLUX THROUGH A SPHERICAL SURFACE
CENTERED AT A GIVEN POINT.

FUNDAMENTALS OF ELECTRIC FLUX

WHAT Is ELecTrIC FLUX?

ELecTric FLUX (\(\PHI_E\)) QUANTIFIES THE NUMBER OF ELECTRIC FIELD LINES PASSING THROUGH A GIVEN SURFACE. |T
PROVIDES A MEASURE OF THE ELECTRIC FIELD'S STRENGTH AND DIRECTIONALITY RELATIVE TO THAT SURFACE.

MATHEMATICALLY, ELECTRIC FLUX IS EXPRESSED AS:

\[

\PHI_E = \inT \vec{E} \cpoT p\vec{A}

\]

WHERE:

- \(\vec{E}\) Is THE ELECTRIC FIELD VECTOR AT A POINT,

- \(\vec{A}\) IS AN INFINITESIMAL AREA ELEMENT WITH DIRECTION NORMAL TO THE SURFACE.

FoRr SIMPLE GEOMETRIES, THIS INTEGRAL SIMPLIFIES, ESPECIALLY WHEN THE ELECTRIC FIELD IS UNIFORM OR RADIALLY SYMMETRIC.

Key PRINCIPLES OF ELECTRIC FLUX

- ELECTRIC FLUX IS A SCALAR QUANTITY MEASURED IN UNITS OF \(\TEXT{N-M}"2/\TexT{C}\) (or WeBER, WB).

- THE TOTAL FLUX DEPENDS ON THE ELECTRIC FIELD'S MAGNITUDE, THE SURFACE AREA, AND THE ANGLE BETWEEN THE ELECTRIC
FIELD AND THE SURFACE'S NORMAL VECTOR.

- ELECTRIC FLUX THROUGH A CLOSED SURFACE RELATES DIRECTLY TO THE ENCLOSED CHARGE VIA GAUSS'S LAW.

GAuss’'s LAW AND ITS APPLICATION

STATEMENT ofF GAUsSs's LAW

GAUss’s LAw STATES THAT THE TOTAL ELECTRIC FLUX \(\PHI_E\) THROUGH A CLOSED SURFACE IS PROPORTIONAL TO THE
NET CHARGE \(Q_{ENC}\) ENCLOSED BY THAT SURFACE:

\l



\PHI_E = \rrac{Q_{enc}}{\varersiLon 0}

\]

WHERE:

- \(\varepsiLon_0 \approx 8.854 \TiMes 10°{-12}\) F/M (PERMITTIVITY OF FREE SPACE).

IMPLICATION FOR POINT CHARGES AND SURFACES

- THE LAW APPLIES REGARDLESS OF THE SHAPE OF THE SURFACE.
- THE FLUX DEPENDS ONLY ON THE ENCLOSED CHARGE, NOT ON THE POSITION OR DISTRIBUTION OUTSIDE THE SURFACE.
- FOR POINT CHARGES LOCATED OUTSIDE THE SURFACE, THEIR CONTRIBUTION TO FLUX PASSING THROUGH THE SURFACE IS ZERO.

APPLICATION TO Two PoINT CHARGES AND A SPHERICAL SURFACE

\WHEN ANALYZING TWO POINT CHARGES RELATIVE TO A SPHERICAL SURFACE:

- IF A CHARGE IS INSIDE THE SPHERE, IT CONTRIBUTES TO THE ENCLOSED CHARGE \(Q_{enc}\).
- IF A CHARGE IS OUTSIDE, IT DOES NOT CONTRIBUTE TO THE NET FLUX THROUGH THE SURFACE.
- THE TOTAL FLUX IS GIVEN BY:

\l

\Pui_{TtoTaL} = \rrAc{Q_{insiDE}}{\vAREPSILON_(O}

\]

ANALYZING THE SCENARIO: Two PoINT CHARGES AND A CENTERED
SPHERICAL SURFACE

SeTUP DESCRIPTION

SUPPOSE WE HAVE:

- Two poINT cHARGES, \(Q_1\) anp \(q@_2\),

- A SPHERICAL SURFACE CENTERED AT A POINT \(O)),

- THe posiTions ofF \(Q_1\) anp \(@_2\) reLaTIVE TO \(O\) ARE KNOWN.

THE QUESTION: WHAT IS THE TOTAL ELECTRIC FLUX PASSING THROUGH THIS SPHERICAL SURFACE?

TO ANSWER THIS, WE'LL EXAMINE VARIOUS CONFIGURATIONS:
- BOTH CHARGES INSIDE THE SPHERE,

- ONE CHARGE INSIDE AND ONE OUTSIDE,

- BOTH OUTSIDE THE SPHERE.

CAsE 1: BoTH CHARGES INSIDE THE SPHERE

IFsoTH \(Q_T\) anD \(Q_2\) ARE LOCATED INSIDE THE SPHERICAL SURFACE:
- THE TOTAL ENCLOSED CHARGE:

\[

Q {encl=qQ 1+ 2

\]

- APPLYING GAUSS's LAW:

\[

\Pui_{TtoTaL} = \rrac{Q_1+ qQ_23}{\vArersiLon_0}
\]

- THE ELECTRIC FLUX IS INDEPENDENT OF THE CHARGES' POSITIONS WITHIN THE SPHERE, ASSUMING THEY ARE ENTIRELY ENCLOSED.



Case 2: ONe CHARGE INsIDE, ONE OUTSIDE

[F:
-\(Q_1\) IS INSIDE THE SPHERE,
-\(Q_2\) IS OUTSIDE THE SPHERE,

THEN:

- ENCLOSED CHARGE:

\[

Q {encl=q 1

\]

- TOTAL FLUX:

\[

\Pri_{ToTaL} = \rrac{q_1}{\vArepsiLon_0}
\]

SINCE THE EXTERNAL CHARGE \(Q_Q\) DOES NOT CONTRIBUTE TO THE FLUX THROUGH THE SURFACE.

CasEk 3: BoTH CHARGES OUTSIDE THE SPHERE

IN THIS SCENARIO:
- NO CHARGE IS ENCLOSED,
- TOTAL FLUX:

\[
\Pui_{TtoTAL}=0
\]

BECAUSE EXTERNAL CHARGES DO NOT INFLUENCE THE FLUX PASSING THROUGH THE SURFACE.

FACTORS AFFECTING ELECTRIC FLUX THROUGH THE SPHERICAL SURFACE

PosiTioN oF CHARGES RELATIVE TO THE SPHERE

- CHARGES INSIDE THE SPHERE CONTRIBUTE DIRECTLY TO THE ENCLOSED CHARGE.
- CHARGES OUTSIDE DO NOT AFFECT THE FLUX, REGARDLESS OF THEIR MAGNITUDE OR PROXIMITY.

MAGNITUDE OF THE CHARGES

- THE LARGER THE MAGNITUDE OF AN ENCLOSED CHARGE, THE GREATER THE ELECTRIC FLUX.
- SIGN OF THE CHARGE (POSITIVE OR NEGATIVE) INFLUENCES THE DIRECTION OF THE ELECTRIC FIELD BUT NOT THE MAGNITUDE OF
FLUX THROUGH A CLOSED SURFACE.

SURFACE GEOMETRY AND POSITIONING

- FOR A PERFECT SPHERE CENTERED AT A POINT \(O\), SYMMETRY SIMPLIFIES CALCULATIONS.
- FOR NON-SPHERICAL SURFACES OR OFF-CENTER POSITIONS, THE ELECTRIC FIELD'S NON-UNIFORMITY MUST BE CONSIDERED, BUT
GAUss’'s LAW STILL APPLIES.



PrACTICAL ExAMPLES AND CALCULATIONS

ExAMPLE 1: BoTH CHARGES INSIDE THE SPHERE

SUPPOSE:

-\(@_1=+2\,\mu CV),

-\(@_2=-3\,\mu CV),

- THE SPHERICAL SURFACE ENCLOSES BOTH CHARGES.

CALCULATION:

\[

Q {enc}=+2\\MuC+ (-3\\Mu C) =-1\\mu C
\]

FLux:

\[

\PHi_{TtoTAL} = \rrRAc{-1 \TiMes 10"{-6}\ \TexT{C}}{8.854 \TiMes 10"{- 123\ \TexT{F/M}} \aPPrOX -1.13 \TIMES
10753\ \text{\We}

\]

THE NEGATIVE SIGN INDICATES THE NET FLUX IS INWARD.

ExAMPLE 2: ONE CHARGE INSIDE, ONE OUTSIDE

SUPPOSE:

-\(@_1=+5\\mu C\) Insip,
-\(@_2 = +4\ \mu C\) ouTsipDE,
- THE FLUX:

\[
\PHi_{roTtaL} = \rrac{+5\,\Mu C}{\varepsiLon_0} \approx 5.65 \TiMes 10"{53\ \texT{\Wg}

\]

ExAMPLE 3: BoTH CHARGES OUTSIDE

- SINCE NEITHER CHARGE IS ENCLOSED:

\[

Q {enc}=0

\]

- TOTAL FLUX:

\[
\PHi_{ToTAL}=0
\]

ADDITIONAL CONSIDERATIONS AND ADVANCED TOPICS

INFLUENCE oF CHARGE DISTANCE AND FIELD LINES

WHILE GAUSS’S LAW SIMPLIFIES THE CALCULATION OF NET FLUX, THE DISTRIBUTION OF ELECTRIC FIELD LINES AND THEIR
DENSITY DEPEND ON THE CHARGES' DISTANCES FROM THE SURFACE. CLOSER CHARGES PRODUCE STRONGER LOCAL FIELDS, BUT
THE NET FLUX DEPENDS SOLELY ON ENCLOSED CHARGES.



NoN-UNIFOrRM FIELDS AND NON-SPHERICAL SURFACES

- ForR NON-SPHERICAL SURFACES, CALCULATING FLUX MIGHT INVOLVE INTEGRATING THE ELECTRIC FIELD OVER THE SURFACE.
- THE SYMMETRY PRESENT IN SPHERICAL SURFACES SIMPLIFIES THE CALCULATION, ESPECIALLY WHEN CHARGES ARE
SYMMETRICALLY LOCATED.

IMPACT oF EXTERNAL FIELDS AND INDUCED CHARGES

- EXTERNAL ELECTRIC FIELDS OR INDUCED CHARGES ON THE SURFACE CAN ALTER LOCAL FIELD DISTRIBUTIONS.
- HO\X/EVER, GAUSS's LAW REMAINS VALID, AND THE ENCLOSED CHARGE STILL DETERMINES THE NET FLUX.

SUMMARY AND KEY T AKEAWAYS

- THE TOTAL ELECTRIC FLUX PASSING THROUGH A SPHERICAL SURFACE CENTERED AT A POINT DEPENDS SOLELY ON THE NET
CHARGE ENCLOSED WITHIN THAT SURFACE, ACCORDING TO GAUSS'S LAW.

- For Two POINT cHARGES, THE FLUX IS \(\FRAC{Q_{enc}}{\varepsiLon_03}\), wHere \(Q_{enc}\) 1s THE SUM OF ALL
CHARGES INSIDE THE SPHERE.

- EXTERNAL CHARGES DO NOT CONTRIBUTE TO THE NET FLUX THROUGH THE SURFACE.

- THE MAGNITUDE AND SIGN OF THE CHARGES INFLUENCE THE FLUX, BUT THEIR POSITIONS OUTSIDE THE SURFACE DO NOT AFFECT
THE TOTAL FLUX.

- UNDERSTANDING THE PLACEMENT OF CHARGES RELATIVE TO THE SURFACE IS CRUCIAL FOR ACCURATE FLUX CALCULATIONS.

CoNCLUSION

THE CONCEPT OF ELECTRIC FLUX PROVIDES A POWERFUL TOOL FOR ANALYZING ELECTRIC FIELDS AND CHARGES. \W/HEN
CONSIDERING TWO POINT CHARGES AND A SPHERICAL SURFACE, GAUSS's LAW OFFERS A STRAIGHTFORW ARD METHOD TO
DETERMINE THE TOTAL FLUX: SIMPLY IDENTIFY THE CHARGES INSIDE THE SPHERE AND SUM THEIR VALUES. THIS APPROACH
UNDERSCORES A FUNDAMENTAL PRINCIPLE IN ELECTROMAGNETISM—THAT THE NET FLUX THROUGH A CLOSED SURFACE DEPENDS

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE CONCEPT OF ELECTRIC FLUX THROUGH A SPHERICAL SURFACE DUE TO
POINT CHARGES?

ELECTRIC FLUX THROUGH A SPHERICAL SURFACE DUE TO POINT CHARGES REPRESENTS THE TOTAL ELECTRIC FIELD PASSING
THROUGH THE SURFACE, CALCULATED BY INTEGRATING THE ELECTRIC FIELD OVER THE SURFACE AREA. ACCORDING TO GAUSS's
LAV, IT DEPENDS ON THE ENCLOSED CHARGES AND IS INDEPENDENT OF THE SHAPE OF THE SURFACE.

How DO YOU DETERMINE THE TOTAL ELECTRIC FLUX THROUGH A SPHERICAL SURFACE
CENTERED AT THE ORIGIN WITH TWO POINT CHARGES OUTSIDE OR INSIDEP
THE TOTAL ELECTRIC FLUX THROUGH THE SPHERICAL SURFACE IS DETERMINED BY THE NET ENCLOSED CHARGE ACCORDING TO

GAUSS'S LAW. IF BOTH CHARGES ARE INSIDE THE SPHERE, THE FLUX IS PROPORTIONAL TO THEIR SUM. IF OUTSIDE, THEY DO NOT
CONTRIBUTE TO THE FLUX THROUGH THE SURFACE.



CAN THE ELECTRIC FLUX DUE TO TWO POINT CHARGES BE CALCULATED SEPARATELY
AND THEN SUMMED FOR A SPHERICAL SURFACE?

YES, BECAUSE ELECTRIC FLUX IS A LINEAR QUANTITY, THE TOTAL FLUX THROUGH THE SPHERE CAN BE FOUND BY CALCULATING
THE FLUX DUE TO EACH CHARGE INDIVIDUALLY AND THEN SUMMING THESE CONTRIBUTIONS.

\WHAT ROLE DOES THE POSITION OF THE TWO POINT CHARGES RELATIVE TO THE
SPHERICAL SURFACE PLAY IN CALCULATING THE TOTAL FLUX?

THE POSITIONS DETERMINE WHETHER THE CHARGES ARE ENCLOSED WITHIN THE SURFACE. ONLY CHARGES INSIDE THE SPHERE
CONTRIBUTE TO THE NET ELECTRIC FLUX; CHARGES OUTSIDE HAVE NO NET CONTRIBUTION DUE TO THE SYMMETRY AND THE
NATURE OF THE ELECTRIC FIELD.

How Does GAUSS'S LAW SIMPLIFY THE CALCULATION OF ELECTRIC FLUX FROM POINT
CHARGES THROUGH A SPHERICAL SURFACE?

GAUSS'S LAW STATES THAT THE TOTAL ELECTRIC FLUX THROUGH A CLOSED SURFACE EQUALS THE NET ENCLOSED CHARGE
DIVIDED BY THE PERMITTIVITY OF FREE SPACE. THIS ALLOWS DIRECT CALCULATION OF FLUX BASED ON ENCLOSED CHARGES
WITHOUT EXPLICITLY INTEGRATING THE ELECTRIC FIELD.

IF BOTH POINT CHARGES ARE OUTSIDE THE SPHERICAL SURFACE ;, WHAT IS THE TOTAL
ELECTRIC FLUX PASSING THROUGH IT?

THE TOTAL ELECTRIC FLUX THROUGH THE SURFACE IS ZERO BECAUSE EXTERNAL CHARGES DO NOT CONTRIBUTE TO THE NET FLUX
THROUGH AN ENCLOSED SURFACE, AS THEIR FIELDS PASS IN AND OUT WITHOUT ENCLOSING ANY NET CHARGE.

How DOES THE MAGNITUDE OF THE POINT CHARGES AFFECT THE TOTAL ELECTRIC FLUX
THROUGH THE SPHEREP

THE MAGNITUDE OF THE CHARGES DIRECTLY AFFECTS THE FLUX. L ARGER CHARGES RESULT IN A GREATER NET ENCLOSED CHARGE,
THUS INCREASING THE TOTAL ELECTRIC FLUX THROUGH THE SPHERICAL SURFACE.

IN WHAT SCENARIO WOULD THE TOTAL ELECTRIC FLUX DUE TO TWO POINT CHARGES
THROUGH A SPHERICAL SURFACE BE ZERO?

IF THE TWO CHARGES ARE EQUAL IN MAGNITUDE BUT OPPOSITE IN SIGN AND BOTH ARE INSIDE THE SPHERE, THEIR NET ENCLOSED
CHARGE COULD BE ZERO, RESULTING IN ZERO NET ELECTRIC FLUX THROUGH THE SURFACE.

How DO SYMMETRY CONSIDERATIONS HELP IN CALCULATING THE ELECTRIC FLUX FOR
THESE TWO POINT CHARGES THROUGH A SPHERICAL SURFACE?

SYMMETRY SIMPLIFIES CALCULATIONS BY ALLOWING US TO CONSIDER ONLY THE ENCLOSED CHARGES AND THEIR POSITIONS
RELATIVE TO THE SURFACE. FOR SYMMETRIC ARRANGEMENTS, THE ELECTRIC FIELD CONTRIBUTIONS CAN BE SUMMED VECTORIALLY
oRr VIA Gauss's LAY, AVOIDING COMPLEX INTEGRATIONS.

WHAT IS THE SIGNIFICANCE OF THE SPHERICAL SURFACE BEING CENTERED AT A SPECIFIC
POINT RELATIVE TO THE TWO CHARGES?
CENTERING THE SPHERICAL SURFACE AT A POINT AFFECTS WHETHER THE CHARGES ARE ENCLOSED WITHIN THE SURFACE. |F THE

SPHERE IS CENTERED AT THE MIDPOINT BETWEEN THE CHARGES, SYMMETRY CAN SIMPLIFY FLUX CALCULATIONS, ESPECIALLY IF
CHARGES ARE EQUIDISTANT FROM THE CENTER.



ADDITIONAL RESOURCES

WHAT Is THE ToTAL ELecTrIC FLUX DUE To THese Two PoINT CHARGES THROUGH A SPHERICAL SURFACE CENTERED AT

(UNDERSTANDING THE BEHAVIOR OF ELECTRIC FIELDS GENERATED BY POINT CHARGES AND HOW THEY INTERACT WITH
SURROUNDING SURFACES IS A FUNDAMENTAL CONCEPT IN ELECTROMAGNETISM. \W/HEN DEALING WITH MULTIPLE CHARGES,
ESPECIALLY IN THE VICINITY OF A SYMMETRIC SURFACE LIKE A SPHERE, QUESTIONS OFTEN ARISE ABOUT THE TOTAL ELECTRIC
FLUX PASSING THROUGH THAT SURFACE. THIS ARTICLE DELVES INTO THE PRINCIPLES UNDERLYING SUCH SCENARIOS, FOCUSING
ON THE TOTAL ELECTRIC FLUX DUE TO TWO POINT CHARGES PASSING THROUGH A SPHERICAL SURFACE CENTERED AT A SPECIFIC
POINT. WE WILL EXPLORE THE THEORETICAL FOUNDATIONS, EMPLOY GAUss's LAW, AND ANALYZE HOW THE POSITION AND
MAGNITUDE OF CHARGES INFLUENCE THE FLUX, ALL IN A CLEAR AND DETAILED MANNER SUITABLE FOR READERS WITH A BASIC
UNDERSTANDING OF PHYSICS.

UNDERSTANDING ELECTRIC FLUX: THE BASsICS

BEFORE DIVING INTO THE SPECIFICS OF THE PROBLEM, IT IS ESSENTIAL TO CLARIFY WHAT ELECTRIC FLUX REPRESENTS IN THE
CONTEXT OF ELECTROMAGNETISM.

WHAT Is ELECTRIC FLUX?

ELecTric FLUX (\(\PHI_E\)) QUANTIFIES THE NUMBER OF ELECTRIC FIELD LINES PASSING THROUGH A GIVEN SURFACE.
MATHEMATICALLY, IT IS EXPRESSED AS:

\[
\Pui_E = \int_{S} \vec{E} \cooT p\vec{A}

WHERE:

- \(\vec{E}\) Is THE ELECTRIC FIELD VECTOR.

- \(0\vec{A}\) IS AN INFINITESIMAL AREA ELEMENT VECTOR ON THE SURFACE \(S\), WITH MAGNITUDE EQUAL TO THE AREA
ELEMENT AND DIRECTION NORMAL TO THE SURFACE.

IN SIMPLE TERMS, ELECTRIC FLUX MEASURES HOW MUCH THE ELECTRIC FIELD “FLOWS"” THROUGH A SURFACE.

SIGNIFICANCE OF ELECTRIC FLUX

- |T PROVIDES INSIGHT INTO THE DISTRIBUTION OF AN ELECTRIC FIELD AROUND CHARGES.

- IT PLAYS A KEY ROLE IN GAUSS'S LAW, WHICH RELATES ELECTRIC FLUX THROUGH A CLOSED SURFACE TO THE ENCLOSED
CHARGE.

GAUsS’s LAw AND ITs RoLE IN CALCULATING ELECTRIC FLUX

GAUSS'S LAW IS A CORNERSTONE OF ELECTROSTATICS, STATING:

\[
\oInT_{S} \vec{E} \cooT b\vec{A} = \rrac{Q {enc}}{\varersiLon_ 0}

WHERE:
- THE LEFT SIDE REPRESENTS THE NET ELECTRIC FLUX THROUGH A CLOSED SURFACE \(S\).

- \(Q_{enc}\) IS THE TOTAL ELECTRIC CHARGE ENCLOSED WITHIN \(S\).
- \(\varepsiLon_0\) 1s THe PErMITTIVITY OF FREE SPACE (\(\aPPrOX 8.85 \TiMes 107{-12} \, \MaTHrRM{F/M}\)).



Key PoOINT: THE TOTAL ELECTRIC FLUX THROUGH A CLOSED SURFACE DEPENDS SOLELY ON THE NET CHARGE ENCLOSED,
REGARDLESS OF THE DISTRIBUTION OF CHARGES OUTSIDE THE SURFACE.

THe SceNaArIO: Two PoINT CHARGES AND A SPHERICAL SURFACE

CONSIDER A SETUP WHERE TWO POINT CHARGES, \(Q_1\) AnD \(Q_2\), ARE LOCATED SOMEWHERE IN SPACE RELATIVE TO A
SPHERICAL SURFACE. THE SPHERE IS CENTERED AT A POINT \(O\), WHICH MAY OR MAY NOT COINCIDE WITH THE POSITIONS OF
THE CHARGES.

AsSSUMPTIONS AND CONDITIONS:

- THE SPHERE IS PERFECTLY SYMMETRICAL WITH RADIUS \(R\).

- THe cHARGES \(Q_T\) AnD \(Q_2\) ARE STATIONARY.

- THE POSITIONS OF THE CHARGES RELATIVE TO THE SPHERE ARE KNOWN.

- THE GOAL IS TO DETERMINE THE TOTAL ELECTRIC FLUX PASSING THROUGH THE SPHERICAL SURFACE DUE TO BOTH CHARGES.

ANALYZING THE ToTAL ELECTRIC FLUX

GIVEN THE PROBLEM, THE CRITICAL FACTOR IS WHETHER EACH CHARGE LIES INSIDE OR OUTSIDE THE SPHERICAL SURFACE.
Cast 1: BoTH CHARGES ARE INSIDE THE SPHERE

\W/HEN BOTH POINT CHARGES ARE ENCLOSED WITHIN THE SPHERICAL SURFACE:

- APPLICATION OF GAUSS’s LAW:
SINCE THE SURFACE IS CLOSED AND ENCLOSES BOTH CHARGES, THE TOTAL FLUX \(\PHI_{TOTAL}\) THROUGH THE SPHERE IS
GIVEN BY:

\l

\PHI_{TtoTAL} = \rrAC{Q_{ToTAL}}{\VAReEPsiLon 0} = \rrac{Q_ 1+ qQ_2}{\varersiLon 0}

\]

- IMPLICATION:
THE FLUX DEPENDS ONLY ON THE ALGEBRAIC SUM OF THE ENCLOSED CHARGES, REGARDLESS OF THEIR POSITIONS WITHIN THE
SPHERE.

Case 2: ONe CHARGE InsiDE, ONe QUTSIDE
Suppose \(Q_1\) Is INsiDE THE sPHERE, AND \(Q_2\) IS oUTSIDE:

- FLux Due To \(Q_1\):
FroM GAUSS's LAW, THE FLUX DUE To \(Q_1\) Is:

\[
\Pui_{q_ 13} = \rrac{q_1}X\varepsiLon_0}

\]

- FLux Due o \(@_2\):

Since \(Q_2\) 1S OUTSIDE THE SPHERE, IT DOES NOT CONTRIBUTE TO THE NET FLUX THROUGH THE SURFACE. THE ELECTRIC
FIELD LINES FROM \(Q_2\) PASSING THROUGH THE SPHERE ARE ENTERING OR LEAVING THE SURFACE, BUT THE NET FLUX
conTRIBUTED BY \(Q_2\) CANCELS OUT IN A CLOSED SURFACE BECAUSE THE FIELD LINES FROM EXTERNAL CHARGES PASS
THROUGH THE SURFACE IN EQUAL NUMBERS ENTERING AND LEAVING.

- ToTAL FLux:
THEREFORE, THE TOTAL FLUX IS:



\l

\Pri_{ToTaL} = \rrac{q_1}{\vArepsiLon 0}

\]

- SPECIAL NOTE: IF THE CHARGES ARE IN DIFFERENT POSITIONS, THE FLUX CALCULATION DEPENDS SOLELY ON THE ENCLOSED
CHARGES, NOT THEIR DISTANCES FROM THE SURFACE.

Cast 3: BoTH CHARGES OUTSIDE THE SPHERE

IN THIS SCENARIO, NO CHARGES ARE ENCLOSED WITHIN THE SPHERE:

\[
Q {enc}=0
\]

APPLYING GAUSS’S LAW:

\[
\Pui_{ToTAL}=0
\]

THIS INDICATES THAT THE NET ELECTRIC FLUX THROUGH THE SURFACE IS ZERO, BECAUSE THE FIELD LINES FROM EXTERNAL
CHARGES PASS THROUGH THE SURFACE IN EQUAL NUMBERS IN BOTH DIRECTIONS, CANCELING EACH OTHER OUT.

PRACTICAL EXAMPLE: QUANTITATIVE ANALYSIS
SUPPOSE:

-\ _1=+2\,\muC\)
-\M@_2=-3\,\muC\)
- THE SPHERE IS CENTERED AT A POINT \(O\) wiTH RADIUS \(R = 0.1\, M\).

SCENARIO:
-\(@_1\) 1s LocaTED AT A DISTANCE OF \(0.05\, M\) FROM THE CENTER \(O\), INSIDE THE SPHERE.
-\(@_2\) 1s LocaTeD ouTsIDE, AT A DISTANCE OF \(0.2\, M\) FrRom \(O)).

STeP 1: IDENTIFY CHARGES INSIDE OR OUTSIDE.

-\(@_1\) 1s nsipe (since \(0.05\, M < 0.1\, m\))
-\(@_2\) I1s ouTsIDE

STep 2: CALCULATE TOTAL FLUX:

\[

\Pui_{TtoTAL} = \rrac{@_1 + O3}{\varersiLon_0} = \rrac{2 \TiMes 10"{-6} \, C}{8.85 \TiMes 10°{-12} \, F/m}
\approx 2.26 \TiMes 10°{53} \, \MATHRM{V \cDoT M}

\]

THE FLUX DEPENDS ONLY ON THE ENCLOSED CHARGE, REGARDLESS OF THE CHARGE'S POSITION WITHIN THE SPHERE.

INFLUENCE oF CHARGE MAGNITUDE AND POSITION

WHILE GAUSS'S LAW SIMPLIFIES THE FLUX CALCULATION TO THE SUM OF ENCLOSED CHARGES, THE POSITIONS OF CHARGES
AFFECT OTHER PROPERTIES SUCH AS:



- THE ELECTRIC FIELD DISTRIBUTION ON THE SURFACE.

- THE POTENTIAL AT DIFFERENT POINTS ON THE SPHERE.

- THE FLUX CONTRIBUTION FROM EXTERNAL CHARGES IF THE SURFACE ISN'T CLOSED OR IF CONSIDERING A NON-SPHERICAL
SURFACE.

HO\X/EVER/ FOR A PERFECT SPHERE CENTERED AT A POINT \(O\)/ THE TOTAL FLUX CALCULATION REMAINS STRAIGHTFORW ARD,
RELYING SOLELY ON THE ENCLOSED CHARGES.

BounpARY CONDITIONS AND SYMMETRY CONSIDERATIONS
THE SYMMETRY OF THE PROBLEM PLAYS A CRUCIAL ROLE:

- SPHERICAL SYMMETRY:
\W/HEN CHARGES ARE SYMMETRICALLY PLACED OR WHEN THE SURFACE ENCLOSES ALL CHARGES, CALCULATIONS ARE SIMPLIFIED.

- OFrseT CHARGES:
IF CHARGES ARE NEAR BUT NOT INSIDE THE SPHERE, THE FLUX THROUGH THE SURFACE IS UNAFFECTED BY THEIR POSITIONS, ONLY
BY WHETHER THEY ARE ENCLOSED.

- MuLTIPLE CHARGES:
THE PRINCIPLE EXTENDS TO MULTIPLE CHARGES, WHERE THE TOTAL FLUX IS THE SUM OF THE INDIVIDUAL FLUXES DUE TO EACH
ENCLOSED CHARGE.

SUMMARY: KEY TAKEAWAYS

- THE TOTAL ELECTRIC FLUX THROUGH A SPHERICAL SURFACE DEPENDS SOLELY ON THE NET CHARGE ENCLOSED WITHIN THE
SURFACE, ACCORDING TO GAUSS'S LAW.

- EXTERNAL CHARGES DO NOT CONTRIBUTE TO THE NET FLUX PASSING THROUGH THE SURFACE.

- For TWO POINT CHARGES, THE FLUX 1S sIMPLY \(\Frrac{qQ_ {1} + @_{2}}{\vArersiLon_0}\) IF BOTH ARE INSIDE THE
SPHERE.

- |F ONLY ONE IS INSIDE, ONLY THAT CHARGE'S MAGNITUDE CONTRIBUTES.

- THE POSITION OF THE CHARGES RELATIVE TO THE SPHERE INFLUENCES THE ELECTRIC FIELD DISTRIBUTION ON THE SURFACE BUT
NOT THE TOTAL FLUX, PROVIDED THE CHARGES ARE OUTSIDE OR INSIDE ACCORDINGLY.

FINAL THOUGHTS

THE STUDY OF ELECTRIC FLUX THROUGH SURFACES, ESPECIALLY IN CONFIGURATIONS INVOLVING MULTIPLE POINT CHARGES AND
SYMMETRICAL BOUNDARIES, IS FOUNDATIONAL IN ELECTROMAGNETISM. IT HIGHLIGHTS THE ELEGANCE OF GAUSS'S LAW: THE NET
FLUX DEPENDS ONLY ON THE ENCLOSED CHARGE, NOT ON THE SPECIFIC ARRANGEMENT OR THE EXTERNAL CHARGES. THIS PRINCIPLE
SIMPLIFIES COMPLEX FIELD CALCULATIONS AND ENHANCES OUR UNDERSTANDING OF ELECTRIC FIELDS IN VARIOUS PHYSICAL
SYSTEMS. WHETHER DESIGNING ELECTRICAL DEVICES, ANALYZING ELECTROMAGNETIC PHENOMENA , OR EXPLORING THEORETICAL
MODELS, MASTERING THE CONCEPTS OF ELECTRIC FLUX AND GAUSS'S LAW IS ESSENTIAL FOR PHYSICISTS AND ENGINEERS ALIKE.

What Is The Total Electric Flux Due To These Two Point
Charges Through A Spherical Surface Centered At

What Is The Total Electric Flux Due To These Two Point Charges Through A Spherical Surface
Centered At
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