WHAT IS K IN PHYSICS ELECTRICITY

UNDERSTANDING THE CONSTANT 'k’ IN PHYSICS ELECTRICITY

WHAT IS K IN PHYSICS ELECTRICITY IS A FUNDAMENTAL QUESTION FOR ANYONE DELVING INTO ELECTROMAGNETISM. THIS
SEEMINGLY SIMPLE LETTER REPRESENTS A CORNERSTONE CONSTANT, CRUCIAL FOR QUANTIFYING THE INTERACTIONS BET\WEEN
ELECTRIC CHARGES. WITHOUT IKI, CouLoMme’s LA\X/, THE VERY BEDROCK OF ELECTROSTATICS, WOULD BE INCOMPLETE,
RENDERING OUR UNDERSTANDING OF ELECTRIC FORCES VAGUE AND UNQUANTIFIABLE. THIS ARTICLE WILL DEMYSTIFY ,K/,
EXPLORING ITS ORIGINS, ITS PRECISE VALUE, ITS ROLE IN VARIOUS ELECTRICAL PHENOMENA, AND ITS SIGNIFICANCE IN BOTH
THEORETICAL PHYSICS AND PRACTICAL APPLICATIONS. \X/EILLJOURNEY FROM THE MICROSCOPIC WORLD OF CHARGED PARTICLES
TO THE MACROSCOPIC ENGINEERING MARVELS THAT RELY ON THESE PRINCIPLES, ALL WHILE KEEPING OUR FOCUS SQUARELY ON
THE UBIQUITOUS CONSTANT ‘k’. PREPARE TO GAIN A COMPREHENSIVE GRASP OF THIS VITAL PHYSICAL PARAMETER.
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THe Genesis ofF 'k’: CouLoMB’s LAw

THE CONSTANT ‘K’ FINDS ITS PRIMARY EXPRESSION IN COULOMB'S LA\X/, A FUNDAMENTAL PRINCIPLE THAT DESCRIBES THE
ELECTROSTATIC FORCE BETWEEN TWO STATIONARY POINT CHARGES. FORMULATED BY FRENCH PHYSICIST CHARLES-AUGUSTIN
pE COULOMB IN THE LATE 18TH CENTURY, THIS LAW ELEGANTLY CAPTURES THE ESSENCE OF HOW ELECTRIC CHARGES INTERACT.
|T STATES THAT THE FORCE BETWEEN TWO POINT CHARGES IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THEIR
MAGNITUDES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEM. THIS IS WHERE OUR STAR, IKII
ENTERS THE PICTURE, ACTING AS THE PROPORTIONALITY CONSTANT THAT BRIDGES THE GAP BETWEEN THE MEASURED CHARGE
AND DISTANCE AND THE RESULTING FORCE.

IMAGINE YOU HAVE TWO TINY CHARGED PARTICLES, LIKE ELECTRONS OR PROTONS. CouLoMs’s LA\X// WITH 'k’ EMBEDDED
WITHIN IT, TELLS US HOW STRONGLY THEY WILL PUSH OR PULL ON EACH OTHER. IF YOU DOUBLE THE CHARGE ON ONE OF THE
PARTICLES, THE FORCE BETWEEN THEM DOUBLES TOO. IF YOU MOVE THEM TWICE AS FAR APART, THE FORCE DROPS TO ONE-
QUARTER OF ITS ORIGINAL STRENGTH. THIS INVERSE SQUARE RELATIONSHIP IS A RECURRING THEME IN PHYSICS, APPEARING IN
PHENOMENA LIKE GRAVITY AS WELL. THE INCLUSION OF 'k’ MAKES THIS RELATIONSHIP PRECISE AND CALCULABLE, TRANSFORMING
A QUALITATIVE OBSERVATION INTO A QUANTITATIVE SCIENTIFIC LAW.

THE MATHEMATICAL FORMULATION OF CouLoMB’s LAW

THE MATHEMATICAL EXPRESSION OF COULOMB'S LAW IS ELEGANTLY SIMPLE YET PROFOUNDLY POWERFUL. IT IS TYPICALLY



WRITTEN AS:

e $F =k \rrac{lQ_1q 2[}{r"2}$

Here, ‘F’ REPRESENTS THE MAGNITUDE OF THE ELECTROSTATIC FORCE BETWEEN THE TWO CHARGES. THE TERMS '$Q_ 1% AND
'$Q_2%’ ARE THE MAGNITUDES OF THE TWO POINT CHARGES, MEASURED IN CouLomgs (C). THE VARIABLE 'R’ DENOTES THE
DISTANCE SEPARATING THE CENTERS OF THESE TWO CHARGES, MEASURED IN METERS (M). THE STAR OF OUR DISCUSSION, ‘K, IS
THE COULOMB'S CONSTANT, WHICH WE WILL EXPLORE IN GREATER DETAIL SHORTLY. THE ABSOLUTE VALUE SIGNS AROUND THE
PRODUCT OF THE CHARGES ENSURE THAT WE ARE CALCULATING THE MAGNITUDE OF THE FORCE, AS THE DIRECTION IS DETERMINED
BY WHETHER THE CHARGES ARE LIKE (REPELLING) OR UNLIKE (ATTRACTING).

IT'S CRUCIAL TO UNDERSTAND THAT 'K’ ISNIT_JUST AN ARBITRARY NUMBER; IT'S A PHYSICAL CONSTANT THAT ENCAPSULATES
FUNDAMENTAL PROPERTIES OF THE VACUUM IN WHICH THESE CHARGES EXIST AND THE VERY NATURE OF THE ELECTRIC FORCE. IT’s
WHAT ALLOWS US TO PREDICT, WITH REMARKABLE ACCURACY, HOW THESE INVISIBLE FORCES WILL MANIFEST. W ITHOUT IK/,
WE WOULD HAVE A QUALITATIVE DESCRIPTION OF ELECTRIC FORCES, BUT THE ABILITY TO ENGINEER AND CONTROL ELECTRICAL
SYSTEMS WOULD BE SEVERELY HAMPERED.

THe Precise VALUE ofF 'k’ aND ITs UNITS

THE VALUE oF COULOMB’S CONSTANT, k', IS NOT A MATTER OF OPINION; IT'S A PRECISELY DETERMINED EXPERIMENTAL AND
THEORETICAL QUANTITY. IN S| UNITS, ITS VALUE IS APPROXIMATELY 8.9875517873681764 x 10™9 NEWTON-METER
SQUARED PER CouLOoMB SQUARED (N'M?/C2). FOR MOST PRACTICAL CALCULATIONS AND INTRODUCTORY PHYSICS COURSES,
THIS VALUE IS OFTEN ROUNDED TO 9 X 1079 N'M2/C2 FOR SIMPLICITY, WITHOUT SIGNIFICANT LOSS OF ACCURACY IN MANY
SCENARIOS.

THE UNITS OF 'k’ ARE JUST AS IMPORTANT AS ITS NUMERICAL VALUE. THE N'M2/C?2 UNIT ARISES DIRECTLY FROM THE
STRUCTURE of CouLoMe’s Law. IF 'F’is iIn NewTons (N), ‘$Q_1$" anD ‘$q_2%" Are IN CouLomes (C), AND 'R” IS IN
METERS (M), THEN FOR THE EQUATION TO BALANCE DIMENSIONALLY, 'k’ MUST HAVE THESE SPECIFIC UNITS. THIS UNIT ANALYSIS
CONFIRMS THAT 'k’ INDEED ACTS AS A SCALING FACTOR, ENSURING THAT THE FORCE CALCULATED HAS THE CORRECT PHYSICAL
DIMENSIONS.

THE INTERPLAY BETWEEN 'k’ AND THE PERMITTIVITY OF FREE SPACE

\WHILE WE OFTEN REFER TO 'k’ AS CoULOMB'S CONSTANT, ITS TRUE PHYSICAL SIGNIFICANCE IS REVEALED WHEN WE CONSIDER
ITS RELATIONSHIP WITH ANOTHER FUNDAMENTAL CONSTANT: THE PERMITTIVITY OF FREE SPACE, DENOTED BY THE GREEK LETTER
EPSILON ($\EPSILON_O$). THE PERMITTIVITY OF FREE SPACE REPRESENTS A MEASURE OF HOW AN ELECTRIC FIELD AFFECTS, AND
IS AFFECTED BY, A VACUUM. ESSENTIALLY, IT QUANTIFIES THE VACUUM'S RESISTANCE TO THE FORMATION OF AN ELECTRIC FIELD
WITHIN IT.

THE RELATIONSHIP BETWEEN 'k” AND $\epsiLoN_O$ IS INVERSE:

o $k = \rrac{ 14 \pPi\ersiLon_0}%

IN THIS EQUATION, $\PI$ IS THE MATHEMATICAL CONSTANT PI. THE VALUE OF $\ePsiLON_0$ IS APPROXIMATELY 8.854 x

107-12 CouLoMB SQUARED PER NEW TON-METER SQUARED (C?/N'M?). WHEN YOU PLUG THIS VALUE INTO THE EQUATION,
YOU'LL FIND THAT IT YIELDS THE FAMILIAR VALUE OF ‘k’. THIS RELATIONSHIP IS PROFOUND BECAUSE IT CONNECTS THE FORCE
BETWEEN CHARGES DIRECTLY TO THE FUNDAMENTAL ELECTRICAL PROPERTIES OF THE VACUUM ITSELF. |T TELLS US THAT THE

STRENGTH OF THE ELECTRIC FORCE IS INTRINSICALLY LINKED TO THE ABILITY OF THE VACUUM TO PERMIT ELECTRIC FIELDS.



‘k” IN RELATION TO PERMITTIVITY

UNDERSTANDING THE PERMITTIVITY OF FREE SPACE ($\EPSILON_O$) IS KEY TO TRULY APPRECIATING WHAT 'k’ REPRESENTS.
PERMITTIVITY IS A FUNDAMENTAL PROPERTY OF A MEDIUM THAT DESCRIBES HOW IT INFLUENCES AN ELECTRIC FIELD. IN ESSENCE,
IT'S A MEASURE OF HOW EASILY ELECTRIC FIELD LINES CAN PASS THROUGH A MATERIAL. A MATERIAL WITH HIGH PERMITTIVITY
“ALLOWS"” ELECTRIC FIELDS MORE READILY THAN A MATERIAL WITH LOW PERMITTIVITY.

W/HEN CHARGES ARE PLACED IN A VACUUM, THEY INTERACT WITH A STRENGTH GOVERNED BY /KI, WHICH IS DIRECTLY TIED TO
$\EPSILON_O$. HO\X/EVER/ WHEN CHARGES ARE IMMERSED IN A DIFFERENT MEDIUM, SUCH AS WATER OR OIL, THE SITUATION
CHANGES. THESE MATERIALS POSSESS THEIR OWN PERMITTIVITY VALUES, OFTEN DENOTED AS $\EPSILON$, WHICH ARE
TYPICALLY GREATER THAN $\EPSILON_O$. THE PRESENCE OF THE MEDIUM MODIFIES THE ELECTRIC FIELD, EFFECTIVELY REDUCING
THE FORCE BETWEEN THE CHARGES COMPARED TO WHAT IT WOULD BE IN A VACUUM. THIS REDUCTION IS ACCOUNTED FOR BY
THE RELATIVE PERMITTIVITY, OR DIELECTRIC CONSTANT, OF THE MEDIUM, WHICH IS THE RATIO $\EPSILON/\EPSILON_O$.

THe DieLecTrIC CONSTANT AND ITS IMPACT ON ‘K’

THE INTRODUCTION OF A DIELECTRIC MATERIAL BETWEEN CHARGED OBJECTS HAS A TANGIBLE EFFECT ON THE ELECTROSTATIC
FORCE. THE FORCE IN A MEDIUM OTHER THAN A VACUUM IS GIVEN BY:

o $F {Meoium} = \rrac{ 1}{4\pi\ersiLon} \rrac{lQ 1 @ 2[}{r"23}$

Since $\epsiLon = \epsiLon_R \epsiLoN_0$%, WHERE $\EPSILON_R$ IS THE RELATIVE PERMITTIVITY (DIELECTRIC CONSTANT)
OF THE MEDIUM, WE CAN REWRITE THIS AS:

o $F {mepium} = \rrRAac{ 1}{\epsiLon_r} \LerT( \rrac{13}{4\pi\ersiLon_0O} \rrac{la_1 @ 2[}{r"2} \rIGHT)$

o $F {Mepium} = \rrac{ 1 \eprsiLon_r} F_{vacuum}$

THIS MEANS THE FORCE IN THE MEDIUM IS THE VACUUM FORCE DIVIDED BY THE DIELECTRIC CONSTANT. FOR INSTANCE, WATER
HAS A VERY HIGH DIELECTRIC CONSTANT (AROUND 80), SO THE ELECTROSTATIC FORCE BETWEEN CHARGES IN WATER IS ABOUT
80 TIMES WEAKER THAN IN A VACUUM. THIS CONCEPT IS CRITICAL IN UNDERSTANDING PHENOMENA LIKE THE BEHAVIOR OF IONS IN
AQUEOUS SOLUTIONS OR THE DIELECTRIC BREAKDOWN OF INSULATING MATERIALS.

APPLICATIONS AND SIGNIFICANCE OF ‘K’ IN ELECTRICITY

THE CONSTANT 'k’ IS FAR MORE THAN A THEORETICAL CONSTRUCT, IT IS A CORNERSTONE FOR A VAST ARRAY OF PRACTICAL
APPLICATIONS IN ELECTRICITY AND BEYOND. |TS PRESENCE IN COULOMB'S LAW MAKES IT INDISPENSABLE FOR CALCULATING AND
PREDICTING THE BEHAVIOR OF ELECTRIC FIELDS AND FORCES IN COUNTLESS SCENARIOS. FROM THE DESIGN OF ELECTRONIC
CIRCUITS TO THE UNDERSTANDING OF ATOMIC STRUCTURE, k' PLAYS A VITAL ROLE.

CONSIDER THE FIELD OF ELECTRICAL ENGINEERING. W/HEN ENGINEERS DESIGN CAPACITORS, THEY RELY ON THE PRINCIPLES OF
ELECTROSTATICS, WHERE ‘k’ IS ESSENTIAL FOR CALCULATING THE CHARGE STORAGE CAPACITY BASED ON PLATE AREA,
SEPARATION DISTANCE, AND THE DIELECTRIC MATERIAL USED. SIMILARLY, IN THE REALM OF SEMICONDUCTORS, UNDERSTANDING
THE FORCES BETWEEN CHARGED IONS AND ELECTRONS IS FUNDAMENTAL TO THE OPERATION OF TRANSISTORS AND INTEGRATED
CIRCUITS. WITHOUT IKI, THESE INTRICATE DESIGNS WOULD BE IMPOSSIBLE TO CONCEPTUALIZE AND IMPLEMENT EFFECTIVELY.



k" IN ELECTROMAGNETISM AND BEYOND

\WHiLE CoULOMB’S LAW IS ITS MOST FAMOUS HOME, THE PRINCIPLES UNDERLYING 'k’ EXTEND TO OTHER AREAS OF PHYSICS.
THE RELATIONSHIP BETWEEN 'k’ AND $\ePSILON_O% DIRECTLY INFLUENCES THE SPEED OF LIGHT IN A VACUUM. THE SPEED OF
ELECTROMAGNETIC WAVES, INCLUDING LIGHT, IS GIVEN BY $C = \FRAC{ 1}{\s@rT{\MU_O \epsiLon_03}}$, wHere $\mu_0$% IS
THE PERMEABILITY OF FREE SPACE. THIS EQUATION HIGHLIGHTS HOW FUNDAMENTAL ELECTRICAL AND MAGNETIC PROPERTIES OF
THE VACUUM, INTRINSICALLY LINKED TO 'k’, DETERMINE THE VERY SPEED OF LIGHT, A UNIVERSAL CONSTANT ITSELF.

FURTHERMORE, IN MORE ADVANCED PHYSICS, SUCH AS QUANTUM ELECTRODYNAMICS (QED), THE FINE-STRUCTURE CONSTANT,
OFTEN DENOTED BY THE GREEK LETTER ALPHA ($\ALPHA$), IS A DIMENSIONLESS COMBINATION OF FUNDAMENTAL CONSTANTS
INCLUDING THE ELEMENTARY CHARGE, PLANCK'S CONSTANT, AND THE SPEED OF LIGHT. SINCE 'k IS DERIVED FROM $\epsiLon_0$
AND THE ELEMENTARY CHARGE, IT INDIRECTLY INFLUENCES THE VALUE OF $\ALPHA$, WHICH GOVERNS THE STRENGTH OF THE
ELECTROMAGNETIC INTERACTION AT THE QUANTUM LEVEL. THIS DEMONSTRATES THE DEEP AND FAR-REACHING IMPLICATIONS OF
THIS SEEMINGLY SIMPLE CONSTANT.

THe RoLE oF 'k’ IN DIFFERENT MEDIA

AS WE TOUCHED UPON WITH PERMITTIVITY, THE VALUE AND EFFECT OF 'K’ ARE NOT STATIC; THEY DEPEND ON THE MEDIUM IN
WHICH ELECTRIC CHARGES INTERACT. THE 'k’ WE TYPICALLY USE, 8.987 x 10"9 N'M?/C2, IS SPECIFICALLY FOR
INTERACTIONS OCCURRING IN A VACUUM. W/HEN CHARGES ARE EMBEDDED IN ANY MATERIAL SUBSTANCE, THE INTERACTION
STRENGTH CHANGES.

THIS CHANGE IS NOT DUE TO 'k’ ITSELF ALTERING, BUT RATHER THE MEDIUM’'S ABILITY TO SCREEN OR MEDIATE THE ELECTRIC
FIELD. THINK OF IT LIKE TRYING TO SHOUT THROUGH A THIN WALL VERSUS SHOUTING THROUGH A THICK BLANKET. THE BLANKET
ABSORBS AND MUFFLES THE SOUND MORE EFFECTIVELY. SIMILARLY, DIELECTRIC MATERIALS ABSORB AND REDISTRIBUTE ELECTRIC
CHARGE, WHICH IN TURN REDUCES THE EFFECTIVE ELECTRIC FIELD AND THUS THE FORCE BETWEEN THE ORIGINAL CHARGES. THE
DIELECTRIC CONSTANT ($\EPSILON_R$) QUANTIFIES THIS EFFECT.

UNDERSTANDING RELATIVE PERMITTIVITY

THE RELATIVE PERMITTIVITY, $\EPSILON_R$, IS A DIMENSIONLESS QUANTITY THAT TELLS US HOW MUCH WEAKER THE ELECTRIC
FORCE IS IN A PARTICULAR MEDIUM COMPARED TO A VACUUM. FOR A VACUUM, $\EpsiLoN_R = 1$. FOr AIR, $\EPSILON_R$ IS
VERY CLOSE TO 1, WHICH IS WHY WE OFTEN USE THE VACUUM VALUE OF 'k’ FOR CALCULATIONS INVOLVING CHARGES IN AIR.
HOWEVER, FOR OTHER MATERIALS, $\EPSILON_R$ CAN BE SIGNIFICANTLY LARGER.

W ATER: $\EPsILON_R \APPROX 80%

GLAssS: $\epsiLon_Rr \apPrOX 5-10%

Mica: $\ersiLon_r \aPPROX 3-6%

o VARIOUS PLASTICS: $\EPSILON_R$ VARIES WIDELY, FROM 2 TO 10 OR MORE.

SO, \WHEN PERFORMING CALCULATIONS INVOLVING CHARGED PARTICLES WITHIN THESE MATERIALS, ONE WOULD EFFECTIVELY USE
A MODIFIED COULOMB'S CONSTANT FOR THAT SPECIFIC MEDIUM. THIS MODIFIED CONSTANT WOULD BE $K_{MEDIUM} =
\FRAC{K}{\EPSILON_R}$. (UNDERSTANDING THIS DEPENDENCE IS CRUCIAL FOR ACCURATELY MODELING ELECTRICAL PHENOMENA IN
REAL-WORLD SCENARIOS, NOT JUST IDEALIZED VACUUM CONDITIONS.



BeYoNnD ELECTROSTATICS: 'k’ IN OTHER ELeECTRICAL CONCEPTS

WHILE CouLOMB'S LAW IS THE PRIMARY DOMAIN WHERE WE ENCOUNTER ,K/, ITS UNDERLYING PRINCIPLES AND THE CONSTANTS
IT'S RELATED TO, LIKE $\EPSILON_O$, PERMEATE OTHER AREAS OF ELECTRICITY AND MAGNETISM. THESE CONCEPTS
DEMONSTRATE THE UNIVERSALITY OF ELECTROSTATIC INTERACTIONS AND THEIR FOUNDATIONAL ROLE IN MORE COMPLEX
PHENOMENA.

ONE SUCH AREA IS THE CONCEPT OF ELECTRIC POTENTIAL. ELECTRIC POTENTIAL ENERGY OF A CHARGE IN AN ELECTRIC FIELD IS
DIRECTLY RELATED TO THE WORK DONE TO MOVE THAT CHARGE AGAINST THE ELECTRIC FORCE. SINCE THE ELECTRIC FORCE IS
GOVERNED BY COULOMB'S LAW AND THUS 'k’, THE ELECTRIC POTENTIAL AT A POINT IN SPACE DUE TO A SOURCE CHARGE IS
ALSO DEPENDENT ON ‘k’. FOR A POINT CHARGE, THE ELECTRIC POTENTIAL V AT A DISTANCE R IS GIVEN BY $V =k
\rrAC{Q}{R}$. THIS EQUATION SHOWS THAT THE ELECTRIC POTENTIAL, A MEASURE OF THE ENERGY PER UNIT CHARGE, IS
DIRECTLY PROPORTIONAL TO ‘K.

CAPACITANCE AND 'k’s INDIRECT INFLUENCE

CAPACITANCE, A MEASURE OF A SYSTEM'S ABILITY TO STORE ELECTRICAL CHARGE, IS ANOTHER AREA WHERE 'k’ INDIRECTLY
PLAYS A ROLE. A PARALLEL-PLATE CAPACITOR, FOR INSTANCE, HAS A CAPACITANCE C GIVEN BY $C = \epSILON
\rRAC{A}{D}$, WHERE $\EPSILONS IS THE PERMITTIVITY OF THE DIELECTRIC MATERIAL BETWEEN THE PLATES, A IS THE AREA OF
THE PLATES, AND D IS THE DISTANCE BETWEEN THEM. SINCE $\epsiLoN = \epsiLon_r \epsiLon_0$, anD $\epsiLon_0% is
FUNDAMENTALLY LINKED TO 'k, THE CAPACITANCE CALCULATION IS INTRINSICALLY TIED TO THE CONSTANTS THAT DEFINE 'K’

A HIGHER PERMITTIVITY MATERIAL BETWEEN THE PLATES OF A CAPACITOR LEADS TO A HIGHER CAPACITANCE. THIS IS BECAUSE
THE DIELECTRIC MATERIAL REDUCES THE ELECTRIC FIELD BETWEEN THE PLATES, ALLOWING MORE CHARGE TO BE STORED FOR A
GIVEN VOLTAGE. THIS EFFECT, ROOTED IN THE FUNDAMENTAL PROPERTIES DESCRIBED BY $\EPSILON_O$ AND THUS BY EXTENSION
,KI, IS ESSENTIAL FOR THE DESIGN OF ELECTRONIC CIRCUITS FOUND IN EVERYTHING FROM SMARTPHONES TO POWER GRIDS. |T
HIGHLIGHTS HOW A SEEMINGLY SIMPLE CONSTANT IN AN ELECTROSTATIC LAW HAS PROFOUND IMPLICATIONS FOR MODERN

TECHNOLOGY.

CoNcCLUSION

THE CONSTANT IKI, CouLoMme’s CONSTANT, STANDS AS A SILENT BUT MIGHTY FORCE IN THE REALM OF PHYSICS. IT 1S THE
SCALING FACTOR THAT TRANSFORMS THE ABSTRACT IDEA OF ELECTRIC CHARGE INTO QUANTIFIABLE FORCES, GOVERNED BY THE
ELEGANT SIMPLICITY oF CoULOMB'S LAW. FROM ITS DIRECT APPEARANCE IN THE EQUATION DESCRIBING THE FORCE BETWEEN
STATIONARY CHARGES TO ITS INDIRECT INFLUENCE ON ELECTRIC POTENTIAL, CAPACITANCE, AND EVEN THE SPEED OF LIGHT, ' Is
A TESTAMENT TO THE INTERCONNECTEDNESS OF FUNDAMENTAL PHYSICAL PRINCIPLES. ITS VALUE, TIED INTRINSICALLY TO THE
PERMITTIVITY OF FREE SPACE, PROVIDES A UNIVERSAL BENCHMARK FOR ELECTRIC INTERACTIONS IN A VACUUM, WHILE ITS
MODIFICATION BY THE DIELECTRIC PROPERTIES OF VARIOUS MEDIA EXPLAINS A VAST RANGE OF PHENOMENA ENCOUNTERED IN
BOTH NATURE AND TECHNOLOGY.

W/HETHER YOU ARE A STUDENT GRAPPLING WITH INTRODUCTORY ELECTROSTATICS OR A SEASONED PHYSICIST EXPLORING THE
QUANTUM NATURE OF ELECTROMAGNETIC INTERACTIONS, UNDERSTANDING ‘k’ IS PARAMOUNT. IT IS A GATEWAY TO
COMPREHENDING HOW CHARGED PARTICLES INTERACT, HOW ELECTRIC FIELDS ARE ESTABLISHED, AND HOW ELECTRICAL ENERGY IS
STORED AND MANIPULATED. THE CONSTANT ‘K’ IS NOT MERELY A NUMBER; IT IS A FUNDAMENTAL CONSTANT OF NATURE THAT
UNDERPINS MUCH OF OUR MODERN TECHNOLOGICAL WORLD AND OUR UNDERSTANDING OF THE UNIVERSE ITSELF. |TS SIGNIFICANCE
CONTINUES TO RESONATE, REMINDING US OF THE PROFOUND BEAUTY AND ORDER THAT GOVERNS THE FUNDAMENTAL FORCES OF
NATURE.



FAQ

QZ \WHAT IS THE PRIMARY FUNCTION OF THE CONSTANT ‘K’ IN PHYSICS ELECTRICITY?

A: THE PRIMARY FUNCTION OF THE CONSTANT ‘K’ IN PHYSICS ELECTRICITY IS TO ACT AS THE PROPORTIONALITY CONSTANT IN
CouLoMs’s LA\X/, WHICH QUANTIFIES THE ELECTROSTATIC FORCE BETWEEN TWO POINT CHARGES. |T ENSURES THAT THE
CALCULATED FORCE HAS THE CORRECT MAGNITUDE AND UNITS, BRIDGING THE RELATIONSHIP BETWEEN CHARGE MAGNITUDES,
DISTANCE, AND THE RESULTING FORCE.

Q: WHERE DOES THE VALUE OF 'k’ COME FROM?

A: THE VALUE OF 'k’ IS DERIVED FROM EXPERIMENT AL MEASUREMENTS AND IS FUNDAMENTALLY RELATED TO THE PERMITTIVITY OF
FREE SPACE ($\epsiLON_0$%). ITS PRECISE VALUE IN S UNITS IS APPROXIMATELY 8.98755 x 10™9 N'M?/C?, OFTEN ROUNDED
To 9 x 10™9 N-M?/C2 FOR PRACTICAL CALCULATIONS.

Q: How DOES THE MEDIUM AFFECT THE VALUE OF 'k'?

A: THE CONSTANT 'k’ ITSELF (REFERRING TO ITS VALUE IN A VACUUM) DOES NOT CHANGE WITH THE MEDIUM. HOWEVER, THE
EFFECTIVE FORCE BETWEEN CHARGES IN A MEDIUM IS ALTERED DUE TO THE MEDIUM'S PERMITTIVITY. THIS IS ACCOUNTED FOR BY
USING THE RELATIVE PERMITTIVITY (DIELECTRIC CONSTANT) OF THE MEDIUM TO MODIFY THE FORCE CALCULATION, ESSENTIALLY
USING A MEDIUM-SPECIFIC COULOMB'S CONSTANT ($k_{MeDIUM} =k / \EPSILON_R$).

Q: Is 'k’ usep IN AC cIrcuUITS As WELL As DC cIrcuITS?

A: WHILE CouLoMB’s LAW AND THUS 'k’ ARE FUNDAMENTALLY ABOUT STATIC CHARGES (ELECTROSTATICS), THE PRINCIPLES
OF ELECTRIC FIELDS AND FORCES ARE INTEGRAL TO UNDERSTANDING AC CIRCUITS. CAPACITORS AND INDUCTORS, KEY
COMPONENTS IN AC CIRCUITS, RELY ON ELECTROSTATIC AND ELECTROMAGNETIC PRINCIPLES WHERE THE UNDERLYING CONSTANTS
RELATED TO 'k’ ARE CRUCIAL FOR THEIR OPERATION.

Q: WHAT ARE THE UNITS oF 'k’ IN CouLoms’s LAW?

A: THE UNITS oF 'k’ IN CouLomB’s LAaw ARE NEw TON-METER SQUARED PER CouLoMB SQUARED (N'M2/C?2). THESE UNITS ARE
DERIVED TO ENSURE DIMENSIONAL CONSISTENCY IN THE EQUATION $F = k \rrac{lQ_1 @ _2[}{r"23}$.

Q: CAN 'k’ BE EXPRESSED IN TERMS OF OTHER FUNDAMENTAL CONSTANTS?

A: YES, 'k’ CAN BE EXPRESSED IN TERMS OF THE PERMITTIVITY OF FREE SPACE ($\epsiLon_0$) As $k =
\rrac{ 13{4\pi\ersiLon_03}%$. $\ersiLoN_0%$ ITSELF IS A FUNDAMENTAL PHYSICAL CONSTANT.

Q: WHAT IS THE SIGNIFICANCE OF THE INVERSE SQUARE RELATIONSHIP IN COULOMB’S
LAW INVOLVING ‘k’?

A: THE INVERSE SQUARE RELATIONSHIP ($1/R"2%) SIGNIFIES THAT THE ELECTROSTATIC FORCE DECREASES RAPIDLY AS THE
DISTANCE BETWEEN CHARGES INCREASES. THIS IS A COMMON FEATURE IN NATURE, SEEN IN GRAVITATIONAL FORCE AS WELL, AND
IS A FUNDAMENTAL ASPECT OF HOW POINT-LIKE INTERACTIONS DIMINISH WITH DISTANCE. 'k’ IS THE CONSTANT OF
PROPORTIONALITY THAT MAKES THIS RELATIONSHIP QUANTITATIVELY PRECISE.



Q: How DoES ‘k’ RELATE TO THE FINE-STRUCTURE CONSTANT?

A: 'k’ IS INDIRECTLY RELATED TO THE FINE-STRUCTURE CONSTANT ($\ALPHAS) BECAUSE $\ALPHA$ IS DEFINED USING
FUNDAMENTAL CONSTANTS INCLUDING THE ELEMENTARY CHARGE ($£$), PLANCK'S CONSTANT ($H$), AND THE SPEED OF LIGHT
($c$). SINCE 'k’ IS RELATED TO THE ELEMENTARY CHARGE AND THE PERMITTIVITY OF FREE SPACE, IT INFLUENCES THE VALUE OF
$\ALPHAS, WHICH QUANTIFIES THE STRENGTH OF THE ELECTROMAGNETIC INTERACTION AT THE QUANTUM LEVEL.
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