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What you already know

• Scalars and vectors
• Kinematics
• Newtons laws of motion
• Origin of charge
• Properties of charge
• Charge and mass

• Coulomb’s law
• Electrostatic forces
• Numericals
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COULOMB’S LAW

4𝑅 −2 2 𝐹 ?

𝑟 Force Relation𝑞1 𝑞2

Scientific laws are established based
on the observations of phenomenon
in all possible conditions.

Consider an experiment to establish
the relation between charges, force
experienced by them and the
distance of separation.

Two charges are held in two
force measuring machines as
shown in the figure. The
magnitude of charge and
distance between them is
changed and force observed is
recorded in each case.

𝟐𝟏



COULOMB’S LAW: Experimental result

4𝑅 −2 2 𝐹 ?

4𝑅 −2 4 2𝐹 𝐹 ∝ 𝑞2

4𝑅 −1 4 𝐹

2𝑅 −1 4 4𝐹

𝐹 ∝ 𝑞1

𝐹 ∝ 1/𝑟2

𝑟 Force Relation𝑞1 𝑞2

𝟐𝟏

4𝑅

𝟐𝟏

4𝑅

𝟐𝟏

2𝑅



COULOMB’S LAW

4𝑅 −2 2 𝐹 ?

4𝑅 −2 4 2𝐹 𝐹 ∝ 𝑞2

4𝑅 −1 4 𝐹

2𝑅 −1 4 4𝐹

𝐹 ∝ 𝑞1

𝐹 ∝ 1/𝑟2

𝑟 Force Relation𝑞1 𝑞2

Observations of experiment are
recorded in adjacent table.

From the experimental data, it is
concluded that,

𝐹 ∝ 𝑞2

𝐹 ∝ 𝑞1

𝐹 ∝ 1/𝑟2

More observations of experiment:

The force is always along the
line joining the charges.

Magnitude of force is equal
on both the charges.

𝟐𝟏

2𝑅



COULOMB’S LAW

The magnitude of electrostatic force between two-point charges is
directly proportional to the product of charges and inversely
proportional to the square of the distance between them.

Ԧ𝐹12 =
𝑘 𝑞1𝑞2
𝑟2

=
𝑞1𝑞2

4𝜋𝜀0𝑟
2

Where,

𝜀0 = permittivity of free space

𝜀0 = 8.85 × 10−12 𝐶2/𝑁𝑚2

𝐹 ∝ 𝑞2

𝐹 ∝ 𝑞1

𝐹 ∝ 1/𝑟2

𝑘 =
1

4𝜋𝜀0
= 9 × 109 𝑁𝑚2/𝐶2

−𝒒𝟏 +𝒒𝟐

𝑟

Statement:

As the force experienced by two different
bodies is in opposite directions, it can be
considered as action-rection pair.



Which of the following two cases is correct representation of electrostatic force
acting on two different charged bodies?

+𝒒𝟐+𝒒𝟏

𝐹12 𝐹21

Case 2

+𝒒𝟐+𝒒𝟏

𝐹12

𝐹21

Case 1

Ԧ𝐹12 =
𝑘 𝑞1𝑞2
𝑟2

In case 1, the forces are action-reaction pair,
but the force is not directed along line joining
two charges. Hence this is not a correct
representation of electrostatic force.

In case 2, the forces are action-reaction pair,
also directed along line joining two charges.
Hence this is a correct representation of
electrostatic force.

The forces directed along the line joining two bodies are known as central forces.

Solution



Ԧ𝐹12 =
𝑘 𝑞1𝑞2
𝑟2

Electrostatic force Ԧ𝐹12 = Ԧ𝐹21

Characteristics of electrostatics force 



Electrostatic force of interaction between two charges is 
independent of presence or absence of other charges.

COULOMB’S LAW

Consider three charges as shown in the figure. The
electrostatic force between a pair of charges remains the
same even if any charge is added or removed from their
surrounding.

Example

Electrostatic force is a conservative force field.

Thus, the work done by this force is independent of
path followed.



Two unknown charges 𝑞1 and 𝑞2 are kept at a fixed distance 𝑟. Find
the minimum force (𝐹𝑚𝑖𝑛) possible between these charges.

𝐹 =
𝐾𝑒2

𝑟2

The electrostatic force of interaction

between the two charges is, Ԧ𝐹12 =
𝑘 𝑞1𝑞2

𝑟2

Here, the values of K (proportionality
constant) and r (distance between charges)
are constant. Thus, the force will be minimum
when charges are smallest.

We know that the smallest possible charge is
the charge on an electron. Thus, the minimum
possible force is given by,

Solution

𝒒𝟐𝒒𝟏

𝑟



A system of two bodies 𝐴 and 𝐵 of mass 2 𝑘𝑔 and 4 𝑘𝑔 respectively,
have equal charge 2 𝐶 on them. Find the speed of 𝐴 at 𝑡 seconds if
the speed of 𝐵 is 20 𝑚/𝑠 at that instant.
(Take the system to be at rest initially)

𝑨 𝑩

2 𝑘𝑔 4 𝑘𝑔

2 𝐶 2 𝐶

Released at 𝑡 = 0

20 𝑚/𝑠

𝑡 = 𝑡𝑡 = 𝑡

𝑣𝐴

Solution

As the net force acting on the system
is zero, linear momentum must be
conserved.

Initial momentum = Final momentum

(As the system is at rest initially, its initial momentum is zero.)

𝑣𝐴 = −40 𝑚/𝑠 (The negative sign refers that the velocity of 𝐴 is opposite to that of 𝐵)



A system of two bodies 𝐴 and 𝐵 of mass 2 𝑘𝑔 and 4 𝑘𝑔 respectively,
have equal charge 2 𝐶 on them. Find the distance travelled by 𝐴 at 𝑡 = 𝑡
if the distance travelled by 𝐵 is 10 𝑚 at that instant.
(Take the system to be at rest initially)

𝑨 𝑩

2 𝑘𝑔 4 𝑘𝑔

2 𝐶 2 𝐶

Released at 𝑡 = 0

10 𝑚

𝑡 = 𝑡𝑡 = 𝑡

𝑑𝐴

Solution

As the net force acting on the system
and initial momentum is zero, center of
mass of the system is at rest.

Thus,

𝑑𝐴 = 20𝑚



Four bodies of equal charge 𝑞 are placed at the corners of a square
of side 𝑎 as shown. Find the force exerted on any one charge by
other charges.

Solution

Number the charges from 1 to 4 as shown in the figure.

+𝒒

+𝒒 +𝒒

+𝒒

𝑎 𝑎

𝑎

𝑎

Let  𝐹41, 𝐹42 and 𝐹43 be the forces acting on charge 4 due 
to individual charges 1, 2 and 3 respectively.

Force due to charge 1:

Force due to charge 2:

Force due to charge 3:

Now, lets find the force on charge 4.



+𝒒

+𝒒 +𝒒

+𝒒

𝑎 𝑎

𝑎

𝑎
The forces on charge 4 in terms of F are shown in the 
figure below.

Thus, the net force is,

The resultant of horizontal and vertical forces (𝐹) is 2𝐹
as the angle between these forces is 90°.

4

4

𝐹𝑛𝑒𝑡 =
𝑘𝑞2

𝑎2
1

2
+ 2



Four bodies of equal charge 𝑞 are placed at the corners of a square of
side 𝑎 and one charge at the centre of the square as shown. Find the
force exerted on the charge placed at the centre by other charges.

Solution

The values of charges are same. Also, the distance 
between central and all corner charges is same.

Thus, all corner charges exert equal force on central 
charge as shown in the figure.

As the directions of forces are opposite, they cancel the 
other force and net force becomes zero.

𝐹𝑛𝑒𝑡 = 0



Four bodies of charge 𝑞 are placed at the corners of a square of side 𝑎
and one charge at the centre of the square as shown. Find the force
exerted on the charge placed at the centre by other charges.

Solution

Here, the magnitudes of charges are same but their 
signs are different.

As we know that like charges attract each other, the 
yellow colored charges will exert force on central 
charge towards themselves.

Similarly, blue colored charges repel the central charge 
as they have same sign.

Directions of the forces is shown by the respective 
colors in the diagram.

−𝒒

+𝒒 +𝒒

−𝒒

𝑎 𝑎

𝑎

𝑎

+𝒒

𝐹𝑛𝑒𝑡



−𝒒

+𝒒 +𝒒

−𝒒

𝑎 𝑎

𝑎

𝑎

+𝒒

𝐹𝑛𝑒𝑡

Thus, the forces can be represented as shown in the figure below:

Force by individual charge is,

Thus, the net force,

𝐹𝑛𝑒𝑡 =
4 2𝑘𝑞2

𝑎2



Twelve charged bodies are placed at equal distances on the periphery
of a circle of radius 𝑎 and one charged body is placed at the centre of
the circle as shown. Find out the net force on the charge at the centre.

+𝒒
𝑎

+𝒒

+𝒒

+𝒒+𝒒

+𝒒

+𝒒

+𝒒

+𝒒 +𝒒

+𝒒

+𝒒

+𝒒

1 𝐶

7 𝐶
6 𝐶

5 𝐶

4 𝐶

3 𝐶

8 𝐶

10 𝐶

9 𝐶

12 𝐶
11 𝐶

2 𝐶

1 𝐶

Solution

All charges are positive. Hence, they repel the central 
charge.

𝐹1𝐶 =
𝑘 × 1 × 1

𝑎2
Force exerted by 1 𝐶 charge:

Force exerted by 7 𝐶 charge: 𝐹7𝐶 =
𝑘 × 1 × 7

𝑎2

From figure, force exerted by 7 𝐶 charge and 1 𝐶
charge are opposite in direction.

Let 𝐹 be the resultant of force applied by these 
two charges.
Thus,

𝐹 =
6𝑘

𝑎2

𝐹1𝐶

𝐹7𝐶



Similar to 1 𝐶 and 7 𝐶, charges placed diametrically opposite to central 
charge apply force in opposite direction to each other.

After adding forces in opposite direction, net forces can be
plotted as shown in adjacent figure. The forces are numbered
from 1 to 6.

Resultant of the forces 1 to 5 is,

New forces after adding forces 1 to 5 can be plotted as:

Thus, the net force,

Resultant horizontal 
component of 2 and 4

Resultant horizontal 
component of 1 and 5

𝐹𝑛𝑒𝑡 = 2 1 +
3

2
𝐹 Ƹ𝑖 − 𝐹 Ƹ𝑗

𝑥

𝑦

6



Find the net force on the charge at origin as shown.

1 𝐶 8 𝐶 27 𝐶 1000 𝐶

1 𝑚
(0,0)

2 𝑚 3 𝑚 10 𝑚

1 𝐶

Solution

The charges are cubes of numbers from 1 to 10 in ascending order.

Net force is the summation of forces exerted by all charges on the charge at origin.

𝐹𝑛𝑒𝑡 ቚ
𝑜𝑟𝑖𝑔𝑖𝑛

= 55𝑘 𝑁



Find the net force on the charge at origin as shown.

∞

−4 𝐶

4 𝑚

1 𝐶 −2 𝐶 3 𝐶

1 𝑚
(0,0)

2 𝑚 3 𝑚

1 𝐶

Solution

Net force is the summation of forces exerted by 
all charges on the charge at origin.

Expansion of logarithmic function:

𝐹𝑛𝑒𝑡 ቚ
𝑜𝑟𝑖𝑔𝑖𝑛

= 𝑘 ln 2 𝑁



If a point charge 𝑞1 is fixed and
a point charge 𝑞2 at distance 𝑟1
from 𝑞1 is released as shown,
then find the velocity of 𝑞2
when it reaches a distance 𝑟2.

𝑣
(fixed)

𝑟1

𝑟2

𝒒𝟏 𝒒𝟐

Solution

Force on the charge 𝑞2 when it is 𝑥 distance away:

Acceleration of charge 𝑞2, 𝑎 =
𝐹𝑜𝑟𝑐𝑒

𝑚𝑎𝑠𝑠
=

Acceleration from kinematics,

……..(1)

……..(2)

From equation (1) and (2),



𝑣
(fixed)

𝑟1

𝑟2

𝒒𝟏 𝒒𝟐
Integrating from initial to final position,

𝑣 =
2𝑘𝑞1𝑞2
𝑚

𝑟2 − 𝑟1
𝑟1𝑟2


