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UNDERSTANDING ELECTROSTATIC FORCES IS FUNDAMENTAL IN PHYSICS, ESPECIALLY WHEN DEALING WITH POINT CHARGES AND
THEIR INTERACTIONS. IN THIS ARTICLE, WE WILL EXPLORE HOW TO CALCULATE THE ELECTROSTATIC FORCE BETWEEN TWO
CHARGES—SPECIFICALLY, A NEGATIVE CHARGE OF 2 COULOMBS AND A POSITIVE CHARGE OF 3 COULOMBS SEPARATED BY A
DISTANCE OF 40 METERS. WE WILL DELVE INTO COULOMB’S LA\)V, DISCUSS THE SIGNIFICANCE OF THE CHARGES AND
SEPARATION DISTANCE, AND PROVIDE STEP-BY-STEP CALCULATIONS TO DETERMINE THE MAGNITUDE OF THE FORCE. THis
COMPREHENSIVE GUIDE AIMS TO CLARIFY THE CONCEPTS AND CALCULATIONS INVOLVED IN UNDERSTANDING ELECTROSTATIC
INTERACTIONS.

WHAT |s CouLoMe’s LAw?

CouLoMe’™s LAW IS A FUNDAMENTAL PRINCIPLE IN ELECTROSTATICS THAT DESCRIBES THE FORCE BETWEEN TWO POINT CHARGES.
FORMULATED BY CHARLES-AUGUSTIN DE CouLoMB IN 1 785, IT STATES THAT THE ELECTROSTATIC FORCE OF ATTRACTION OR
REPULSION BETWEEN TWO CHARGES IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THE MAGNITUDES OF THE CHARGES AND
INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEM.

MATHEMATICAL ExPRrESSION OF COULOMB’S LAW

THE LAW IS MATHEMATICALLY EXPRESSED AS:

® F:KX|Q1XQ2|/22

\X/HERE:

- F IS THE MAGNITUDE OF THE ELECTROSTATIC FORCE (IN NEWTONS, N)

- k 1S COULOMB’S CONSTANT, APPROXIMATELY 8.988 x 1079 N-M2/C?

- Q; AND Q, ARE THE MAGNITUDES OF THE TWO POINT CHARGES (IN couLomes, C)
- R IS THE DISTANCE BETWEEN THE CHARGES (IN METERS, M)

THIS EQUATION ENABLES US TO CALCULATE THE FORCE ONCE THE CHARGES AND THEIR SEPARATION ARE KNOWN.

GiveN DATA FOR THE CALCULATION

BEFORE PROCEEDING TO THE CALCULATION, LET'S CLEARLY IDENTIFY THE PROVIDED DATA:

DeTAILS oF THE CHARGES AND DISTANCE

e NEGATIVE CHARGE, @, = -2 C



¢ POSITIVE CHARGE, Q, = +3 C

e SEPARATION DISTANCE, R = 40 M

[T 1S IMPORTANT TO NOTE THAT COULOMB’S LAW DEPENDS ON THE ABSOLUTE VALUES OF THE CHARGES FOR CALCULATING THE
FORCE MAGNITUDE, WHILE THE SIGN INDICATES THE NATURE OF THE FORCE (ATTRACTIVE OR REPULSIVE).

CALCULATING THE ELECTROSTATIC FORCE

NO\X/, LET'S PROCEED STEP-BY-STEP TO COMPUTE THE ELECTROSTATIC FORCE BETWEEN THESE TWO CHARGES.

STeP 1: Use THE MAGNITUDES oF CHARGES

SiNnce CouLoMB’s LAW USES THE ABSOLUTE VALUES, WE TAKE:

°|Q1|=2C

b4 |Q2|=3C

STEP 2: PLuG VALUES INTO CouLoMB’s LAW ForRMULA

F=(8.988x 10" N'M?/C?) x (2 Cx 3 C)/(40m)?
CALCULATING NUMERATOR:

8.988x 1079 x 6=8.988x%x10"9 %6
=(8.988 x 6) x 10”9

=53.928 x 1079

CALCULATING DENOMINATOR:

(40 M)2 = 1600 M?

Now, THE FORCE:

F=53.928x10%9/ 1600
F=(53.928/1600) x 109
F~0.033705 x 1079

F~3.3705x 10"7 N



STeP 3: INTERPRET THE RESULT

THE MAGNITUDE OF THE ELECTROSTATIC FORCE IS APPROXIMATELY 33.7 MILLION NEwTONS (N).

SINCE THE CHARGES ARE OF OPPOSITE SIGNS (NEGATIVE AND POSITIVE), THE FORCE IS ATTRACTIVE, MEANING THE CHARGES
EXERT A FORCE PULLING THEM TOWARD EACH OTHER.

UNDERSTANDING THE SIGNIFICANCE OF THE FORCE CALCULATION

CALCULATING THE ELECTROSTATIC FORCE BETWEEN CHARGES HELPS IN NUMEROUS FIELDS, INCLUDING PHYSICS, ENGINEERING, AND
ELECTRONICS. |T PROVIDES INSIGHTS INTO HOW CHARGED PARTICLES INTERACT, WHICH IS VITAL IN DESIGNING ELECTRONIC
COMPONENTS, UNDERSTANDING ATOMIC STRUCTURES, AND EXPLORING PHENOMENA IN FIELDS LIKE ELECTROMAGNETISM AND
ELECTROCHEMISTRY.

FACTORS INFLUENCING ELECTROSTATIC FORCE

© MAGNITUDE OF CHARGES: L ARGER CHARGES PRODUCE STRONGER FORCES.

o DiSTANCE BETWEEN CHARGES: INCREASING THE SEPARATION DISTANCE DECREASES THE FORCE EXPONENTIALLY (INVERSE
SQUARE LAW ).

¢ MeDIUM BETWEEN CHARGES: THE PRESENCE OF MATERIALS LIKE INSULATORS OR CONDUCTORS CAN INFLUENCE THE
FORCE’'S MAGNITUDE THROUGH DIELECTRIC PROPERTIES.

ReaL-W orLD APPLICATIONS oF CouLoMB’s LAW

UNDERSTANDING ELECTROSTATIC FORCES HAS PRACTICAL IMPLICATIONS IN VARIOUS TECHNOLOGIES AND SCIENTIFIC RESEARCH.
HERE ARE SOME NOTABLE APPLICATIONS:

1. DESIGNING ELECTRONIC COMPONENTS

ENGINEERS USE COULOMB’S LAW TO PREDICT FORCES BETWEEN CHARGED PARTS IN CIRCUITS, ENSURING STABILITY AND
PREVENTING UNINTENDED DISCHARGES.

2. PARTICLE PHYSICS AND ATOMIC MODELS

THE BEHAVIOR OF ELECTRONS AND PROTONS WITHIN ATOMS IS GOVERNED BY ELECTROSTATIC FORCES, WHICH INFLUENCE
ATOMIC STABILITY AND CHEMICAL REACTIONS.

3. ELECTROSTATIC PRECIPITATORS

THESE DEVICES USE ELECTROSTATIC ATTRACTION TO REMOVE PARTICLES FROM EXHAUST GASES IN INDUSTRIAL PROCESSES,



IMPROVING AIR QUALITY.

LiIMITATIONS AND CONSIDERATIONS IN CoULOMB’S LAW

WHILE CouLoMe’s LAw IS FUNDAMENTAL, IT HAS LIMITATIONS AND CONSIDERATIONS TO KEEP IN MIND:

1. PoINT CHARGES ASSUMPTION

THE LAW ASSUMES CHARGES ARE POINT-LIKE AND STATIONARY. REAL-WORLD CHARGES HAVE SIZE AND MAY MOVE, AFFECTING
INTERACTIONS.

2. MepiuM EFFECTS

IN MATERIALS OTHER THAN VACUUM, THE DIELECTRIC CONSTANT INFLUENCES FORCE MAGNITUDE. CouLoMB’s LAW MUST BE
ADJUSTED ACCORDINGLY:

-F =1/ (4nege_R)) X |@; X Q| / R?

\WHERE E_R IS THE RELATIVE PERMITTIVITY OF THE MEDIUM.

3. QUANTUM AND RELATIVISTIC EFFECTS

AT VERY SMALL SCALES OR HIGH VELOCITIES, CLASSICAL CouLoMB’s LAW MAY NEED MODIFICATIONS BASED ON QUANTUM
MECHANICS OR RELATIVITY.

CoNcLUSION

CALCULATING THE ELECTROSTATIC FORCE BETWEEN A NEGATIVE CHARGE OF 2 C AND A POSITIVE CHARGE OF 3 C SEPARATED
BY 40 METERS REVEALS A FORCE OF APPROXIMATELY 33.7 MILLION NEWTONS. THIS IMMENSE FORCE UNDERSCORES THE
STRENGTH OF ELECTROSTATIC INTERACTIONS, ESPECIALLY WHEN CHARGES ARE LARGE AND CLOSE. COULOMB’S L AW PROVIDES A
STRAIGHTFORWARD YET POWERFUL TOOL TO QUANTIFY THESE INTERACTIONS, ESSENTIAL FOR UNDERSTANDING PHENOMENA
ACROSS PHYSICS AND ENGINEERING DISCIPLINES. W/HETHER DESIGNING ELECTRONIC DEVICES, EXPLORING ATOMIC STRUCTURES, OR
DEVELOPING INDUSTRIAL PROCESSES, GRASPING HOW CHARGES INFLUENCE EACH OTHER THROUGH ELECTROSTATIC FORCES IS
FUNDAMENTAL TO ADVANCING TECHNOLOGY AND SCIENTIFIC KNOWLEDGE.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE ELECTROSTATIC FORCE BETWEEN A NEGATIVE 2 C CHARGE AND A

POSITIVE 3 C CHARGE SEPARATED BY 40 METERS?
Using CouLoms’s Law: F =k |Q, Q,l / R?, wHERE K & 9 X 107 NM2/C2, @, =-2C,Q,=3C,r=40M.F=9x 10°

I(-2) 3] / (40)2=9 x 10° 6 / 1600 = 33.75 % 10° N. THE FORCE MAGNITUDE IS 33.7 5 MILLION NEWTONS, DIRECTED
ATTRACTIVE DUE TO OPPOSITE CHARGES.



How poes CoULOMB'S LAW APPLY TO CALCULATING THE FORCE BETWEEN TWO
POINT CHARGES?

CouLoMs’s LAW STATES THAT THE ELECTROSTATIC FORCE BETWEEN TWO POINT CHARGES IS PROPORTIONAL TO THE
PRODUCT OF THEIR MAGNITUDES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEM: F = k |Q1 Q2|
/ R2. |T HELPS DETERMINE THE MAGNITUDE AND DIRECTION OF THE FORCE.

\WHAT FACTORS INFLUENCE THE MAGNITUDE OF ELECTROSTATIC FORCE BETWEEN TWO
CHARGES?

THE MAGNITUDE DEPENDS ON THREE FACTORS: THE MAGNITUDES OF THE CHARGES (LARGEE CHARGES PRODUCE STRONGER
FORCES)/ THE DISTANCE BETWEEN THEM (GREATER DISTANCE WEAKENS THE FORCE)/ AND THE COULOMB CONSTANT (K), \WHICH
IS A FIXED VALUE IN VACUUM.

IF THE DISTANCE BETWEEN THE CHARGES INCREASES, HOW DOES IT AFFECT THE
ELECTROSTATIC FORCE?

INCREASING THE DISTANCE BETWEEN THE CHARGES DECREASES THE ELECTROSTATIC FORCE, SINCE THE FORCE IS INVERSELY
PROPORTIONAL TO THE SQUARE OF THE DISTANCE (F -|/R2). SO, DOUBLING THE DISTANCE REDUCES THE FORCE TO ONE-
QUARTER.

ARE THE CHARGES IN THIS SCENARIO ATTRACTING OR REPELLING EACH OTHER?

SINCE ONE CHARGE IS NEGATIVE AND THE OTHER POSITIVE, THEY ATTRACT EACH OTHER DUE TO OPPOSITE CHARGES, RESULTING
IN AN ATTRACTIVE ELECTROSTATIC FORCE.

ADDITIONAL RESOURCES

A NeGATIVE CHARGE OF 2 C AND A PosiTive CHARGE OF 3 C ARe SEPARATED BY A DisTANCE OF 40M. WHAT Is THE
ForCE?

UNDERSTANDING THE FORCES BETWEEN CHARGED PARTICLES IS FUNDAMENTAL IN PHYSICS, REVEALING THE INVISIBLE YET
POWERFUL INTERACTIONS THAT GOVERN EVERY THING FROM ATOMIC STRUCTURES TO LARGE-SCALE ELECTRICAL PHENOMENA. IN
THIS ARTICLE, WE DELVE INTO A SPECIFIC SCENARIO INVOLVING TWO POINT CHARGES—ONE NEGATIVE, ONE POSITIVE—AND
ANALYZE THE ELECTROSTATIC FORCE ACTING BETWEEN THEM. Using CouLoMB’s |_A\X// WE'LL CALCULATE THE MAGNITUDE OF
THIS FORCE, INTERPRET ITS SIGNIFICANCE, AND EXPLORE RELATED CONCEPTS IN ELECTROSTATICS.

INTRODUCTION TO ELECTROSTATICS AND CouLoMB's LAW

ELECTROSTATICS IS THE BRANCH OF PHYSICS THAT STUDIES STATIONARY ELECTRIC CHARGES AND THE FORCES THEY EXERT ON
EACH OTHER. AT THE CORE OF THIS DISCIPLINE LIES COULOMB'S |_A\X// FORMULATED BY CHARLES-AUGUSTIN DE COULOMB IN
THE 18TH CENTURY, WHICH QUANTIFIES THE MAGNITUDE OF THE ELECTROSTATIC FORCE BETWEEN TWO POINT CHARGES.

CouLoMB’s LAW STATEMENT:

THE MAGNITUDE OF THE ELECTROSTATIC FORCE \( F \) BETWEEN Two POINT cHARGES \(Q_1\) anp \(Q_2 \) sepArRATED
BY A DISTANCE \( R \) IS GIVEN BY:

\[
F=k\rrac{lo_1 q_2[}{r"2}



\]

X/ HERE:

- \(F\) Is THE FORCE MAGNITUDE (IN NEwTONS, N)

-\(k \) 1s CouLoM’s CoNSTANT, APPROXIMATELY \( 8.988 \TiMes 1079 \, \texT{Nm}"*2/\texT{C}"2 \)
-\(@_1\) a0 \(Q_2\) ARE THE MAGNITUDES OF THE CHARGES (IN CouLomes, C)

- \(r \) IS THE DISTANCE BETWEEN THE CHARGES (IN METERS, M)

THE LAW INDICATES THAT THE FORCE IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THE MAGNITUDES OF THE CHARGES AND
INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE SEPARATING THEM.

APPLYING CouLoMB’s LAW To THE GIVEN SCENARIO

GIven DATA:

- NecATIVE cHARGE \( @_1 =-2\, \TexT{C} )
- PosiTive cHArGe \((@_2 = +3\, \TexT{C} \)
- SepaRATION DISTANCE \( R = 40\, \TexT{M} \)

BEFORE PROCEEDING WITH CALCULATIONS, NOTE THAT THE SIGN OF THE CHARGES AFFECTS THE DIRECTION OF THE FORCE BUT
NOT ITS MAGNITUDE. THE ABSOLUTE VALUES ARE USED WHEN CALCULATING THE FORCE MAGNITUDE.

STeP 1: IDENTIFY THE MAGNITUDE OF THE CHARGES.

\[
la_11= 2\, \Text{C}
\]
\[
la_2| = 3\, \texT{C}
\]

STerP 2: PLUG THE VALUES INTO COULOMB’S LAW FORMULA.

\[
F=8.988 \1iMes 109 \1iMes \rrac{(2)(3)}{(40)"2}

\]

CALCULATING NUMERATOR:

\[
(2)(3) = 6\, \TexT{C}"2
\]

CALCULATING DENOMINATOR:

\[
(40)*2 = 1600\, \TexT{mM}"2
\]

STep 3: COMPUTE THE FORCE.

\[
F=28.988 \1iMes 10”9 \1iMes \rrac{63{ 16003

\]

SIMPLIFY THE FRACTION:



\[
\rrac{63{1600} = 0.00375

\]

Now MULTIPLY:

\[
F=28.988 \Times 10"9 \TimMes 0.00375

\]

\[
F \approx 33,705,000\, \TexT{N}

\]

EXPRESSED IN SCIENTIFIC NOTATION:

\[
F\approx 3.37 \TiMes 10”7\, \TexT{N}

\]

INTERPRETING THE RESULT: MAGNITUDE AND DIRECTION

THE CALCULATED FORCE MAGNITUDE IS APPROXIMATELY 33.7 MILLION NEW TONS—AN ENORMOUS FORCE INDICATING A VERY
STRONG ELECTROSTATIC INTERACTION. TO PUT THIS INTO PERSPECTIVE:

- THE FORCE IS ENORMOUSLY LARGER THAN TYPICAL EVERYDAY FORCES, REFLECTING THE HIGH MAGNITUDE OF THE CHARGES
INVOLVED.

- SUCH LARGE QUANTITIES ARE GENERALLY THEORETICAL OR APPLIED IN SPECIALIZED SCIENTIFIC CONTEXTS, AS REAL-WORLD
CHARGES OF THIS MAGNITUDE ARE RARE AND USUALLY CONFINED WITHIN CONTROLLED ENVIRONMENTS.

DIRECTION OF THE FORCE:

- SINCE THE CHARGES ARE OPPOSITE IN SIGN—NEGATIVE AND POSITIVE—THE ELECTROSTATIC FORCE IS ATTRACTIVE, PULLING
THE TWO CHARGES TOWARD EACH OTHER.
- CONVERSELY, IF BOTH CHARGES HAD THE SAME SIGN, THE FORCE WOULD BE REPULSIVE, PUSHING THEM APART.

IMPLICATIONS AND REAL-\Y ORLD CONTEXTS

W/HILE THE CALCULATED FORCE IS ILLUSTRATIVE, REAL-WORLD APPLICATIONS SELDOM INVOLVE CHARGES OF SEVERAL
COULOMBS SEPARATED BY SUCH DISTANCES DUE TO THE IMPRACTICALITY AND SAFETY CONCERNS. HO\X/EVER, UNDERSTANDING
THESE PRINCIPLES IS VITAL IN VARIOUS FIELDS:

- ELEcTRONICS AND CIRCUIT DESIGN: SMALL CHARGES AND VOLTAGES, BUT THE PRINCIPLES OF COULOMB'S LAW UNDERPIN
ELECTROMAGNETIC INTERACTIONS.

- PARTICLE PHYSICS: STUDYING INTERACTIONS BETWEEN SUBATOMIC PARTICLES INVOLVES SIMILAR CALCULATIONS AT
QUANTUM SCALES.

- ELECTROSTATIC ENGINEERING: DESIGNING ELECTROSTATIC PRECIPITATORS, PHOTOCOPIERS, AND OTHER DEVICES RELIES ON
UNDERSTANDING CHARGE INTERACTIONS.

MOREOVER, THE MAGNITUDE OF FORCES AT MICROSCOPIC SCALES CAN BE VASTLY DIFFERENT, AND CouLoMe’s LAW REMAINS



VALID ACROSS SCALES, PROVIDED CHARGES ARE POINT-LIKE AND STATIC.

ADDITIONAL FACTORS AND CONSIDERATIONS

W/HILE THE CALCULATION HERE IS STRAIGHTFORWARD, SEVERAL FACTORS INFLUENCE ELECTROSTATIC INTERACTIONS IN
PRACTICAL SCENARIOS:

- MepiuM BeTweeN CHARGES: COULOMB'S LAW ASSUMES A VACUUM OR AIR. W/HEN CHARGES ARE SEPARATED BY A DIELECTRIC
MATERIAL, THE FORCE IS REDUCED BY THE MATERIAL'S RELATIVE PERMITTIVITY (\( \VAREPSILON_R \)). THE MODIFIED LAW
BECOMES:

\[
F =\rrac{13{4\pi \varersiLon_O \varepsiLon_r} \rrRac{lq_1 @ 2[}{r"2}

\]
wHere \( \varepsiLon_0 \) i1s THe vacuum PerMITTIVITY (\( 8.854 \TiMes 10"{-12} \, \texT{F/mM} \)).

- CHARGE DISTRIBUTION: REAL CHARGES OFTEN DISTRIBUTE OVER SURFACES OR VOLUMES, COMPLICATING FORCE
CALCULATIONS.

- DYnAMIC CHARGES: MOVING CHARGES GENERATE MAGNETIC FIELDS AND ADDITIONAL FORCES, REQUIRING ELECTROMAGNETIC
ANALYSIS BeYond CouLoms’s LAw.

- LIMITATIONS OF POINT CHARGES: COULOMB'S LAW APPLIES TO IDEAL POINT CHARGES; EXTENDED CHARGES OR COMPLEX
GEOMETRIES REQUIRE MORE ADVANCED METHODS SUCH AS FINITE ELEMENT ANALYSIS.

ConcrusioN: THeE Power oF CouLoMB’s LAW IN UNDERSTANDING ELECTRIC
FORCES

THE SCENARIO OF A NEGATIVE 2 C CHARGE AND A POSITIVE 3 C CHARGE SEPARATED BY 40 METERS VIVIDLY ILLUSTRATES THE
APPLICATION oF CoULOMB'S LAW AND THE MAGNITUDE OF ELECTROSTATIC FORCES. DESPITE THE HYPOTHETICAL NATURE OF
SUCH LARGE CHARGES, THE CALCULATION DEMONSTRATES HOW FUNDAMENTAL PHYSICS PRINCIPLES QUANTIFY THE
INTERACTIONS THAT SHAPE OUR UNIVERSE.

FROM DESIGNING ELECTRONIC COMPONENTS TO UNDERSTANDING ATOMIC INTERACTIONS, CouLoMB'S LAW OFFERS A WINDOW
INTO THE INVISIBLE FORCES THAT GOVERN MATTER. RECOGNIZING THE ENORMOUS MAGNITUDE OF FORCES AT PLAY, EVEN ACROSS
SEEMINGLY VAST DISTANCES, UNDERSCORES THE IMPORTANCE OF ELECTROSTATICS IN BOTH THEORETICAL PHYSICS AND
PRACTICAL ENGINEERING.

BY MASTERING THESE CONCEPTS, SCIENTISTS AND ENGINEERS CAN BETTER PREDICT, HARNESS, AND MANIPULATE ELECTRIC FORCES,
ADVANCING TECHNOLOGY AND EXPANDING OUR UNDERSTANDING OF THE NATURAL WORLD.

SUMMARY:

- THE ELECTROSTATIC FORCE BETWEEN THE CHARGES IS APPROXIMATELY 3.37 X 10”7 N.

- THE FORCE IS ATTRACTIVE BECAUSE THE CHARGES ARE OPPOSITE.

- CouLoMB’s LAW PROVIDES A RELIABLE MEANS TO COMPUTE SUCH FORCES, ASSUMING POINT CHARGES AND IDEAL CONDITIONS.
- REAL-WORLD APPLICATIONS AND COMPLEXITIES REQUIRE CONSIDERATION OF MEDIUM, CHARGE DISTRIBUTION, AND OTHER
FACTORS.



UNDERSTANDING THE MAGNITUDE AND NATURE OF ELECTROSTATIC FORCES ALLOWS US TO APPRECIATE THE INTRICATE
INTERACTIONS THAT UNDERPIN BOTH EVERYDAY DEVICES AND THE FABRIC OF THE UNIVERSE ITSELF.
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