
ELECTROSTATICS

Welcome to

What you already know

• Coulomb's law
• Electrostatic equilibrium
• Electric field
• Electric potential and 

potential energy

What you will learn

S12: Relation between Electric 
field and Potential

• Properties of Electric field lines
• Relation between Electric field 

and Potential



PROPERTIES OF ELECTRIC FIELD LINES

Radially Outwards Radially Inwards

Electric field lines always begin on a positive charge and end on a negative
charge or infinity.



𝐸

Tangent at any point on electric field line gives the direction of electric field
and electric force both at that point i.e., known as electric lines of forces.

𝐸
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Electric field lines always represents net electric field.

PROPERTIES OF ELECTRIC FIELD LINES

+𝒒𝟐+𝒒𝟏

𝐸2 𝐸1

𝐸net



Two electric field lines never intersects each other because at intersection
point there are two possible direction of electric field which is not possible.

PROPERTIES OF ELECTRIC FIELD LINES



जह ाँ पर electric field lines की density ज्य द होगी, वह ां electric field की intensity ज्य द 
होगी |

𝐴

𝐵

𝐴

𝐵

Electric field intensity |𝐸𝐴| > |𝐸𝐵|.
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Electric field lines never exists in closed loop.

𝒒

PROPERTIES OF ELECTRIC FIELD LINES

If there is a closed loop, work done along the loop will be,
But as we know that work done in conservative force is zero for a closed loop,
this is not true.

If a field line originates from positive charge, it cant terminate on itself.



Number of electric field lines ∝ Magnitude of charge

𝟏𝑪 𝟐𝑪
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Recall

Electric field lines always begin from a positive charge or infinity and
terminate on a negative charge or infinity.

Two electric field lines never intersects each other because at intersection
point there are two possible direction of electric field which is not possible.

Electric field lines always represents net electric field.

If electric field line density is high, then electric field line intensity is high and
vice versa.

Electric field lines never exists in closed loop because it is a conservative force
field therefore work done in closed loop should be zero, which is not possible.

Number of electric field lines coming out and going in ∝ Magnitude of charge.

Tangent at any point on electric field line gives the direction of electric field
and electric force both at that point i.e., known as electric lines of forces.
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ELECTRIC FIELD LINES



Three similar charges are placed on an equilateral triangle. Find the
correct electric field lines diagram.

a b c d

Solution

As electric field lines never exists in closed loop, option (a) and (b) are incorrect.

As electric field lines can not begin and end at same nature of charge, option
(d) is incorrect.

Thus, option (c) is the correct answer.



Choose the correct options

a b

c d

𝑞1 = +𝑣𝑒, 𝑞2= −𝑣𝑒 𝑞1 = −𝑣𝑒, 𝑞2= +𝑣𝑒

|𝑞1| > |𝑞2| 𝑞1 < |𝑞2|

Solution

As electric field lines always begin
from a positive charge and
terminate on a negative charge,
𝑞1 is + 𝑣𝑒 and 𝑞2 is − 𝑣𝑒 . Thus, option

(a) is the correct answer.

As number of electric field lines coming out and going in ∝ Magnitude of
charge, |𝑞1| > |𝑞2|. Thus, option (c) is also correct answer.



Electric Field will be zero at __________

𝒒𝟐𝒒𝟏

Solution

We know that electric field is zero on the line joining two charges, closer to the
charge with small magnitude when the nature of charges is opposite.

Thus, the electric field will be zero on the right side of charge 𝑞2.



RELATION BETWEEN ELECTRIC FIELD AND POTNTIAL

𝐹 = −
𝑑𝑈

𝑑𝑟

For electrostatics: Ԧ𝐹 = 𝑞𝐸 𝑈 = 𝑞𝑉

Ԧ𝐹 = −
𝜕𝑈

𝜕𝑥
Ƹ𝑖 −

𝜕𝑈

𝜕𝑦
Ƹ𝑗 −

𝜕𝑈

𝜕𝑧
𝑘

When 𝐹(𝑥, 𝑦, 𝑧) is given,

When 𝑈(𝑥, 𝑦, 𝑧) is given,

For conservative force

Use the relation when𝐸

is given and 𝑉 need to
be found.

For single direction:

In general,



Variation of potential is given as 𝑈 = 𝑥2 + 2𝑦 + 𝑧 . Find out the force at
point 𝑃(1, 1, 1).

Ԧ𝐹 = −2 Ƹ𝑖 − 2 Ƹ𝑗 − 𝑘Ԧ𝐹 = −
𝜕𝑈

𝜕𝑥
Ƹ𝑖 −

𝜕𝑈

𝜕𝑦
Ƹ𝑗 −

𝜕𝑈

𝜕𝑧
𝑘

Solution

Given,𝑈 = 𝑥2 + 2𝑦 + 𝑧

We have,

Partial differentiation:

Ԧ𝐹 = −2 Ƹ𝑖 − 2 Ƹ𝑗 − 𝑘



Variation of force is given as ( Ԧ𝐹 = 𝑥2 Ƹ𝑖 + 2 Ƹ𝑗) 𝑁. If the potential energy at
point 𝑃(1, 2) is 2 𝐽 then find out the potential energy at point 𝑄 3, 4 .

𝑈𝑓 = −
32

3
𝐽

𝑈𝑖 − 𝑈𝑓 = න Ԧ𝐹 . 𝑑 Ԧ𝑟

Solution

We have,



Electric field variation is given as 𝐸 = 2𝑥 Ƹ𝑖 + 𝑦2 Ƹ𝑗 𝑁/𝐶. If the potential at
point 𝑃(1, 1) is 10 𝑉𝑜𝑙𝑡 then find out the potential at point 𝑄 2, 3 .

𝑉𝑓 = −
5

3
𝑉𝑜𝑙𝑡

𝑉𝑖 − 𝑉𝑓 = න𝐸 . 𝑑 Ԧ𝑟

Solution

We have,



Electric field variation is given as 𝐸 = 2𝑥𝑦3 Ƹ𝑖 + 3𝑥2𝑦2 Ƹ𝑗 𝑁/𝐶. If the potential
at point 𝑃(1,1) is 10 𝑉𝑜𝑙𝑡 then find out the potential at point 𝑄 2,3 .

𝑉𝑓 = −97 𝑉𝑜𝑙𝑡

𝑉𝑖 − 𝑉𝑓 = න𝐸 . 𝑑 Ԧ𝑟

Solution

We have,

… . . (1)

Here,

Putting the limits in (1),



Variation of potential is given as 𝑉 = 𝑥2 + 3𝑦3 𝑉𝑜𝑙𝑡. Find out the electric
field at point 𝑃(1,2).

𝐸 = (−2 Ƹ𝑖 − 36 Ƹ𝑗) 𝑁/𝐶

𝐸 = −
𝜕𝑉

𝜕𝑥
Ƹ𝑖 −

𝜕𝑉

𝜕𝑦
Ƹ𝑗 −

𝜕𝑉

𝜕𝑧
𝑘

Solution

We have,

Here, 𝑉 = 𝑥2 + 3𝑦3 𝑉𝑜𝑙𝑡



a b

c d

If the electric field and the electric potential at a point are 𝐸 and 𝑉
respectively, then which of the following statement/s are incorrect?

If 𝐸 ≠ 0, 𝑉 cannot be zero.

If 𝐸 = 0, 𝑉 must be zero. If 𝑉 = 0, 𝐸 must be zero.

If 𝑉 ≠ 0, 𝐸 cannot be zero.

Solution

We have,

When 𝑉 is constant,

its derivative, i.e., 𝐸
will be zero. Thus
statement (a) is
incorrect.

Example:

When 𝑉 is zero, 𝐸
need not to be
zero. Thus
statement (b) is
incorrect.

Example:

Also, if 𝐸 ≠ 0, 𝑉 can be zero.
Thus, statement (c) is
incorrect.

If 𝑉 ≠ 0, 𝐸 can be zero. Thus,

statement (d) is incorrect.

Thus, all options are incorrect.



Find out the direction of force on charge −𝑞 when 𝑉 − 𝑥 plot is shown in
the figure.

𝑥1

−𝒒

𝑥1

𝐹

Solution

Here, slope of 𝑉 − 𝑥 is positive at given position.

𝐸 = −
𝜕𝑉

𝜕𝑥
We have,

Thus, electric field is in negative direction.

Also, force on charge,

Thus, the force is in opposite direction of
field i.e., in positive direction as shown in
figure.



Find out the direction of force on charge +𝑞 when 𝑉 − 𝑥 plot is shown in
the figure.

𝑥1

𝑥1

𝐹
+𝒒

Solution

Here, slope of 𝑉 − 𝑥 is negative at given
position.

𝐸 = −
𝜕𝑉

𝜕𝑥
We have,

Thus, electric field is in positive direction.

Also, force on charge,

Thus, the force is in direction of filed i.e., in
positive direction as shown in figure.



If the potential at origin is 𝑉(0,0) = 10 𝑉𝑜𝑙𝑡 then find out the potential
at point 𝑉(3,0).

𝑉𝑖 − 𝑉𝑓 = න𝐸 . 𝑑 Ԧ𝑥

𝑉 = −15 𝑉

2 𝑚 3 𝑚

10 𝑁/𝐶

Solution

We have,

Thus, the difference of potential between
initial and final position is the area under

curve.

𝑉𝑖 − 𝑉𝑓 =
1

2
2 + 3 × 10

= 25𝑉 0, 0 − 𝑉(3, 0)

𝑉 3, 0 = 10 − 25 = −15 𝑉



RELATION BETWEEN ELECTRIC FIELD AND POTENTIAL

𝑉𝑖 − 𝑉𝑓 = න𝐸 . 𝑑 Ԧ𝑟 𝐸 = Constant

𝐴 𝐵𝑑

Electric field lines moves from higher
potential to lower potential. 

We have,

When electric field is constant,

𝑉𝑖 − 𝑉𝑓 = 𝐸. Δ Ԧ𝑟

𝑉𝑖 − 𝑉𝑓 = 𝐸. (𝑟𝑓 − 𝑟𝑖)

Ԧ𝑟 = 𝑟𝑓 − 𝑟𝑖Displacement vector:

𝑉𝑖 − 𝑉𝑓 = 𝐸. Ԧ𝑟

In figure, 𝜃 = 0°, Ԧ𝑟 = 𝑑


