COULOMBS LAW WORKSHEET PRACTICE 152

CouLoMs’s LAW WORKSHEET PRACTICE 152 1S A VITAL RESOURCE FOR STUDENTS AND EDUCATORS LOOKING TO DEEPEN
THEIR UNDERSTANDING OF ELECTROSTATICS, PARTICULARLY THE FORCES BETWEEN CHARGED PARTICLES. COULOMB'S LAWY,
FORMULATED BY CHARLES-AUGUSTIN DE COULOMB IN THE 18TH CENTURY, DESCRIBES THE ELECTROSTATIC FORCE BETWEEN
CHARGED OBJECTS. IN THIS ARTICLE, WE WILL EXPLORE THE SIGNIFICANCE OF COULOMB’S LAW, SOLVE SAMPLE PROBLEMS, AND
PROVIDE A COMPREHENSIVE GUIDE TO MASTERING THIS FUNDAMENTAL CONCEPT IN PHYSICS.

UNDERSTANDING CouLomB’s LAw

CouLoMB’s LAW CAN BE ARTICULATED AS FOLLOWS:

- THE MAGNITUDE OF THE ELECTROSTATIC FORCE \( F \) BETWEEN TWO POINT CHARGES IS DIRECTLY PROPORTIONAL TO THE
PRODUCT OF THE MAGNITUDES OF THE CHARGES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE \( R \)
BET\WEEN THEM.

THE MATHEMATICAL EXPRESSION FOR COULOMB'S LAW IS GIVEN BY:

\[
F =k \rrac{lq_1 \cooT @_2[}{r"23
\]

\W/ HERE:

- \(F\) IS THE ELECTROSTATIC FORCE BETWEEN THE CHARGES,

-\(k \)1s CouLome’s consTANT (\( 8.99 \TiMes 1079\ \TtexT{N mM}"*2/\TexT{C}"2 \)),
-\(@_1\) ano \( @_2 \) ARE THE MAGNITUDES OF THE CHARGES,

-\(r\) IS THE DISTANCE BETWEEN THE CENTERS OF THE TWO CHARGES.

CouLoMs’s LAW EMPHASIZES THAT LIKE CHARGES REPEL EACH OTHER, WHILE OPPOSITE CHARGES ATTRACT. THIS LAW IS

FOUNDATIONAL IN FIELDS RANGING FROM CHEMISTRY TO ELECTRICAL ENGINEERING AND PLAYS A CRUCIAL ROLE IN UNDERSTANDING
ATOMIC STRUCTURE AND BONDING.

ComMPoONENTS oF CouLome’s LAW

To FuLLY GrRASP CoULOMB'S LAW, IT IS ESSENTIAL TO UNDERSTAND TS COMPONENTS:
/

1. PoINT CHARGES

POINT CHARGES ARE IDEALIZED CHARGES THAT ARE CONCENTRATED AT A SINGLE POINT IN SPACE. IN PRACTICE, CHARGED OBJECTS
ARE OFTEN NOT POINT-LIKE, BUT FOR CALCULATIONS, THEY CAN BE TREATED AS POINT CHARGES IF THEY ARE SMALL RELATIVE
TO THE DISTANCE BETWEEN THEM.

2. CouLoM’s CONSTANT

CoULOMB’S CONSTANT \( K \) IS A PROPORTIONALITY FACTOR THAT QUANTIFIES THE STRENGTH OF THE ELECTROSTATIC
FORCE IN A VACUUM. ITS VALUE IS APPROXIMATELY:

\[
k \apPrOX 8.99 \TiMes 1079 \, \texT{N m}"2/\1exT{C}"2



\]

IN DIFFERENT MEDIA, THE VALUE OF \( K \) MAY VARY DUE TO THE MEDIUM’S DIELECTRIC CONSTANT.

3. DisTANCE BETWEEN CHARGES

THE DISTANCE \( R \) IS MEASURED FROM THE CENTER OF ONE CHARGE TO THE CENTER OF THE OTHER. THE GREATER THE
DISTANCE, THE WEAKER THE FORCE BETWEEN THE CHARGES, FOLLOWING THE INVERSE-SQUARE LAW.

APPLYING CouLoMB’s LAW: SAMPLE PROBLEMS

IN THE CONTEXT OF CouLOMB’S LAW \W/ ORKSHEET PRACTICE 152, STUDENTS MAY ENCOUNTER A VARIETY OF PROBLEMS
DESIGNED TO TEST THEIR UNDERSTANDING AND APPLICATION OF THE LAW. BELOW ARE A FEW SAMPLE PROBLEMS WITH STEP-BY-
STEP SOLUTIONS.

ProBLEM 1: CALCULATING THE FOrRCE BETWEEN Two CHARGES

PROBLEM STATEMENT:

CALCULATE THE ELECTROSTATIC FORCE BETWEEN TWO POINT CHARGES, \( @_1=15.0\, \Mu C \) (MicrkocouLomss) anD \(
Q 2=-3.0\,\MuC\), separRATED BY A DISTANCE OF \( 0.1\, M \).

SOLUTION:

1. CONVERT MICROCOULOMBS TO COULOMBS:
-\(@_1=5.0\,\MuC=5.0\mimes 10*{-6}\,C\)
-\(@_2=-3.0\,\MuC=-3.0\1Mes 10*{-63}\, C\)

2. Use CouLoMB’s LAW FORMULA:

\[
F =k \rrac{lq_1 \cooT @_2|}{r"2}
\]

SUBSTITUTING THE VALUES:

\[
F=8.99 \1iMes 10"9 \rrac{|5.0 \TiMes 107{-6} \cpoT -3.0 \T1iMes 10"{-633{(0.1)"23

\]

3. CALCULATE THE FORCE:

\[
F=8.99 \1iMes 10"9 \rrac{15.0 \Times 107°{-123}{0.01}

\]
\l

F=28.99 \TiMes 1079 \7iMes 1.5 \Times 10°{-9} = 13.485 \,N
\]

THE FORCE IS ATTRACTIVE BECAUSE THE CHARGES ARE OPPOSITE.



ProBLEM 2: FOrRCE BETWEEN Like CHARGES

PROBLEM STATEMENT:

FIND THE FORCE BETWEEN TWO POSITIVE CHARGES \(Q_1=2.0\,\MuC\) ano \(@_2=2.0\, \Mu C\) THAT ARE \(
0.2\,m\) APART.

SOLUTION:

1. CONVERT THE CHARGES TO COULOMBS:

\[
Q 1=q@ 2=20\,\muC=20\mimMes 10™{-6}\, C
\]

2. AppLY CouLoMg’s Law:

\[
F =k \rrac{lq_1 \cooT @_2[}{r"23
\]

SUBSTITUTING THE VALUES:

\[
F=28.99 \1iMmes 1079 \rrac{(2.0 \TiMes 10"{-63)"23{(0.2)"23

\]

3. CALCULATE THE FORCE:

\[
F=8.99 \1iMes 10"9 \rrac{4.0 \TiMes 10"{-123}3}{0.04}

\]

\[
F=8.99\1iMes 10"9 \1imes 1.0 \TiMes 10"{-10} = 0.899 \,N

\]

THE FORCE IS REPULSIVE SINCE BOTH CHARGES ARE POSITIVE.

PRACTICE PROBLEMS FOR STUDENTS

T O FURTHER ENHANCE UNDERSTANDING, HERE ARE SOME PRACTICE PROBLEMS THAT CAN BE INCLUDED IN A \WWORKSHEET:

1. CALCULATE THE FORCE BETWEEN TWO CHARGES \(@_1=1.0\,\MuC\) a0 \(@_2=-4.0\, \mu C ) serArATED
sy \( 0.3\, m\).

2. IF THE DISTANCE BETWEEN TWO CHARGES IS HALVED, WHAT HAPPENS TO THE ELECTROSTATIC FORCE BETWEEN THEM?

3. Two cHArGes, \(@_1=3.0\,\MmuC\) ano\(@_2=3.0\,\MuC\), Are \( 0.5\, M \) APART. DETERMINE THE
TOTAL FORCE ACTING ON EACH CHARGE.

4. A cHarGeE oF \(-5.0\, \Mu C \)1spLacep \( 0.15 \, M \) AwAY FroM A cHARGE OF \( 2.0 \, \Mu C \). WHAT IS THE
FORCE ON THE NEGATIVE CHARGE?

CoNcLUSION

CouLoMs’s LAW IS A CORNERSTONE OF ELECTROSTATICS AND UNDERSTANDING IT IS CRUCIAL FOR STUDENTS PURSUING



PHYSICS. CoULOMB’'S LAW W ORKSHEET PRACTICE 152 OFFERS AN EFFECTIVE WAY TO PRACTICE AND APPLY THESE CONCEPTS
THROUGH VARIOUS PROBLEMS. BY ENGAGING WITH THESE EXERCISES, STUDENTS CAN DEVELOP A DEEPER COMPREHENSION OF
HOW CHARGED OBJECTS INTERACT, LAYING THE GROUNDWORK FOR MORE ADVANCED STUDIES IN ELECTRICITY AND MAGNETISM.
MAsSTERY oF COULOMB'S LAW NOT ONLY ENHANCES PROBLEM-SOLVING SKILLS BUT ALSO FOSTERS CRITICAL THINKING
ESSENTIAL FOR SCIENTIFIC INQUIRY.

FREQUENTLY ASkeD QUESTIONS

WHAT 1s CouLoMB’s LAW AND HOW IS IT REPRESENTED MATHEMATICALLY?

CouLoMs’s LAW DESCRIBES THE ELECTROSTATIC FORCE BETWEEN TWO CHARGED OBJECTS. |T IS MATHEMATICALLY
REPRESENTED AS F =k Q1 Q2| / R"2, WHERE F IS THE FORCE, k IS COULOMB’S CONSTANT, Q1 AND Q2 ARE THE MAGNITUDES
OF THE CHARGES, AND R IS THE DISTANCE BETWEEN THE CENTERS OF THE TWO CHARGES.

\W/HAT UNITS ARE USED FOR CHARGE IN CouLoMB's LAW?

THE UNIT OF cHARGE IN CouLoMB’s Law Is THE CouLomg (C).

How DOES THE DISTANCE BETWEEN TWO CHARGES AFFECT THE FORCE ACCORDING TO
CouLomB’s LAaw?

AccorpING To CouLoMB’s LA\X/, THE FORCE BETWEEN TWO CHARGES IS INVERSELY PROPORTIONAL TO THE SQUARE OF THE
DISTANCE BETWEEN THEM. AS THE DISTANCE INCREASES, THE FORCE DECREASES RAPIDLY.

\WHAT ROLE DOES COULOMB'S CONSTANT PLAY IN THE CALCULATIONS INVOLVING
CouLomB’s LAaw?

CouLoMB’s CONSTANT (k) IS A PROPORTIONALITY FACTOR IN COULOMB'S LAW, WHICH QUANTIFIES THE STRENGTH OF THE
ELECTROSTATIC FORCE IN A VACUUM. |TS VALUE IS APPROXIMATELY 8.99 x 1079 N m?/C2.

CaN CouLoMB’s LAW BE APPLIED TO CALCULATE THE FORCE BETWEEN MORE THAN
TWO CHARGES?

YES/ CouLoMe’s LAW CAN BE APPLIED TO MULTIPLE CHARGES BY CALCULATING THE FORCE BETWEEN EACH PAIR OF CHARGES
AND THEN USING VECTOR ADDITION TO FIND THE NET FORCE ON ANY CHARGE.

\WHAT IS THE SIGNIFICANCE OF THE SIGN OF THE CHARGES IN CouLoms’s LAW?

THE SIGN OF THE CHARGES INDICATES THE NATURE OF THE FORCE: LIKE CHARGES (BOTH POSITIVE OR BOTH NEGATIVE) REPEL
EACH OTHER, WHILE UNLIKE CHARGES (ONE POSITIVE AND ONE NEGATIVE) ATTRACT EACH OTHER.

How wouLb You SeT UP A CoULOMB’S LAW WORKSHEET FOR PRACTICE?

A CoULOMB'S LAW WORKSHEET CAN INCLUDE PROBLEMS THAT REQUIRE CALCULATING THE FORCE BETWEEN TWO CHARGES,
DETERMINING THE EFFECT OF CHANGING DISTANCE, AND SOLVING FOR UNKNOWN CHARGES OR DISTANCES USING THE LAW'S
FORMULA.

\WHAT KIND OF REAL-WORLD APPLICATIONS UTILIZE CouLoMB’s LAW?

CouLoMs’s LAW IS USED IN VARIOUS APPLICATIONS INCLUDING DESIGNING CAPACITORS, UNDERSTANDING MOLECULAR
INTERACTIONS, AND IN TECHNOLOGIES SUCH AS ELECTROSTATIC PRECIPITATORS AND INKJET PRINTERS.



\WHAT KIND OF GRAPHS CAN BE DERIVED FROM CouLoMB’s LAw?

GRAPHS CAN BE CREATED TO SHOW THE RELATIONSHIP BETWEEN FORCE AND DISTANCE (INVERSE SQUARE LA\)V), AS WELL AS
FORCE VERSUS CHARGE MAGNITUDE, ILLUSTRATING HOW THESE VARIABLES AFFECT THE ELECTROSTATIC FORCE.

How CAN ONE VERIFY THE CALCULATIONS MADE USING CouLoMs’s LAw?

VERIFICATION CAN BE DONE BY CROSS-CHECKING CALCULATIONS WITH KNOWN VALUES, USING SIMULATION SOFTWARE, OR
CONDUCTING EXPERIMENTS TO MEASURE THE FORCES BETWEEN CHARGED BODIES AND COMPARING THEM WITH THEORETICAL
PREDICTIONS.
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