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[ELECTROSTATICS] CHAPTER NO. 12 

Electrostatics is a branch of physics that deals with study of the electric charges at rest. 
Since classical physics, it has been known that some materials such as amber attract 
lightweight particles after rubbing. The Greek word for amber, ήλεκτρον, or electron, was 
the source of the word 'electricity'. Electrostatic phenomena arise from the forces that 
electric charges exert on each other. (Source: Wikipedia) 
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ELECTROSTATICS 
“The branch of physics which deals with the study of electrical charges at rest.” 

CHARGE 
“A property of a particle by which it can apply force of attraction or repulsion on other 

charge particles.” 

Q. How A Body Gets Charged? 

An atom is completely neutral that is, it has same number of electrons and protons but in 

case an electron is removed from it so it will be having then one extra proton as compared 

to number of electrons so it will become positively charged (+1), or an electron is added to 

neutral atom then there will be an extra electron as compared to proton’s number then it 

will become negatively charged (-1). So, the charge is always due to removal or addition of 

electrons therefore the charge of electron is defined as elementary charge (e). Now as we 

know that the total charge is due to number of electron removal or addition therefore the 

total charge on a body will be given by, 

q = ne 

where ‘q’ is the total charge, ‘n’ is the number of electrons added or removed and e is the 

elementary charge that is charge of electron/proton its value is 1.6 ×−19  C. 

• Charge is a scalar quantity 

• It is usually denoted by ‘q’ 

• Its S.I unit is Coulomb (C) 

Properties of Charge: 
• Charge is an intrinsic property of a 

particle. 

• Charge is quantized. (i.e q = ne) 

• Charge is always conserved. 

COULOMB’S LAW 
Statement: 

“Two point charges exert electrostatic force on each other, the magnitude of this force is 

directly proportional to the product of magnitude of charges and inversely proportional to 

the square of the distance between there centers.” 

Mathematically, 

F ∝ q1q2 

F ∝
1

r2
 

Combining both we get 

F ∝
q1q2

r2
 

F =
kq1q2

r2
 



where ‘k’ is Coulomb’s Constant and its value is 𝐤 =
𝟏

𝟒𝛑𝛜𝐨
= 𝟗 × 𝟏𝟎𝟗𝐍𝐦𝟐/𝐂𝟐. 

Here, 𝛜𝐨 is called as permittivity of free space which has a value of 𝟖. 𝟖𝟓 × 𝟏𝟎−𝟏𝟐𝐂𝟐/𝐍𝐦𝟐. 

Effect of Medium: 

Electrostatic force between the charges depends upon the medium between the charges. 

When there is a medium other than air, called dielectric medium, present between the 

charges then the electrostatic force reduces according to the permittivity of the medium. 

The coulomb constant in this case becomes, 

k =
1

4πϵoϵr
 

where 𝛜𝐫 is the relative permittivity of the medium. 

Vector form of Coulomb’s Law: 
Force exerted by a charge q1 on q2 along the distance r12 is given as, 

�⃗�𝟏𝟐 =
𝐤𝐪𝟏𝐪𝟐

𝐫𝟏𝟐
�̂�𝟏𝟐 

ELECTRIC FIELD 
“The region around a charge particle in which it can exert force on other charge particle 

entering into it.” 

 

ELECTRIC FIELD INTENSITY 
“The force experienced by unit test charge present in the electric field of a source charge.” 

Mathematically, 

E =
F

qo
 

Its S.I unit is N/C 

ELECTRIC FIELD INTENSITY DUE TO A POINT CHARGE 
Consider a charge ‘q’ placed in space, let another unit positive test charge ‘qo’ is placed in 

the electric field of q, then force experienced by the test charge will be given as, 

F = qoE 



Or we may write it as, 

E =
F

qo
 

According to Coulomb’s law electrostatic force between these 

charges will be given as, 

F =
kqqo

r2
− − − − − −(1) 

Equation (1) becomes, 

E =
kqqo/r2

qo
 

E =
kq

r2
 

The above equation gives the electric field intensity at a distance ‘r’ from the source charge 
‘q’. 

ELECTRIC LINES OF FORCE 
“Electric lines of forces are imaginary smooth curves such that tangent at any point gives 

the direction and relative strength of the electric field intensity.” 

CHARACTERISTICS OF ELECTRIC LINES OF FORCE 
i) Field lines start from positive charges and end at negative charges. If there is a 

single charge, they may start or end at infinity. 

ii) Two field lines can never cross each other. (If they did, the field at the point of 

intersection will not have a unique direction, which is absurd.) 

iii) They are closely packed in strong electric field 

region and farther apart in weak electric field 

region. 

iv) Electric lines of force start and terminate on 
surface at right angle. 

 

 

 

 

 

 

 

 

 

 



ELECTRIC FLUX 
“The number of electric lines of force passing through a given area is called electric flux.” 

It is denoted by 𝛟 or 𝛟𝐄 

It’s a scalar quantity 

Its unit is 𝐍𝐦𝟐/𝐂 

“Electric flux is also defined as the dot product 

between Electric field intensity and area vectors.” 

Mathematically, 

ϕ = E⃗⃗⃗. A⃗⃗⃗ 

ϕ = EAcosθ 

i) Maximum Flux: 

When electric lines of force are parallel to the area vector, i.e. 

maximum lines piercing the given area, then angle between 

these both vectors is 0o, the flux would be maximum 

ϕ = EAcos0o 

ϕ = EA(1) 

ϕ = EA 

ii) Zero Flux: 

When electric lines of force are perpendicular to the 

area vector i.e. lines are unable to pierce the given area 

then the angle between both vectors is 900, the flux 

would be zero. 

ϕ = EAcos90o 

ϕ = 0 

iii) Negative Flux: 

When electric lines of force are antiparallel to the 

area vector as given in diagram then the angle 

between these both vectors will be 1800, the flux 

would be negative. 

ϕ = EAcos180o 

ϕ = EA(−1) 

ϕ = −EA 

ELECTRIC FLUX DENSITY: 
“The number of electric lines of force passing through a unit area is called electric flux 

density.” 

Electric flux density =  
No. of electric lines of force

Area
 

E =
ϕ

A
 

Its unit is N/C. 

�⃗⃗⃗� �̂� 

𝜽 = 𝟏𝟖𝟎𝟎 



Its dimension is same as that of electric field intensity therefore it is analogous to electric 

field intensity. 

ELECTRIC FLUX DUE TO A POINT CHARGE THROUGH A 

SPHERE 
Consider a sphere of radius ‘r’ which has a point charge ‘q’ at its center. The whole surface 

of the sphere is divided into number of small segments of area “∆A”. 

The flux produced by the charge moves radially 

outward and the flux coming out from one segment can 

be written as, 

ϕ1 = E⃗⃗⃗. ∆A⃗⃗⃗1 

ϕ1 = E∆A1cos00 

ϕ1 = E∆A1 

Similarly, for other segments the angle will be 𝟎𝐨, 

therefore, the flux can be written as, 

ϕ2 = E∆A2 

ϕ3 = E∆A3 

. 

. 

. 

ϕN = E∆AN 

Since flux is a scalar quantity therefore total flux coming out of the whole spherical surface 

is simple sum of all such fluxes hence, 

ϕ = ϕ1 + ϕ2 + ϕ3 + ⋯ + ϕN 

ϕ = E∆A1 + E∆A2 + E∆A3 + ⋯ + E∆AN 

ϕ = E(∆A1 + ∆A2 + ∆A3 + ⋯ + ∆AN) 

ϕ = E(∑∆A) 

Here, ∑∆𝐀 = 𝐓𝐨𝐭𝐚𝐥 𝐬𝐮𝐫𝐟𝐚𝐜𝐞 𝐚𝐫𝐞𝐚 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐩𝐡𝐞𝐫𝐞 = 𝟒𝛑𝐫𝟐 

ϕ = E(4πr2) 

For a point charge, we already know that 𝐄 =
𝐤𝐪

𝐫𝟐  

ϕ =
kq

r2
(4πr2) 

Since 𝐤 =
𝟏

𝟒𝛑𝛜𝟎
 

ϕ =
1

4πϵ0

q

r2
 (4πr2) 

ϕ =
q

ϵ0
 

Since, ‘q’ was enclosed in the sphere so we may also write, 

ϕ =
q(ENCLOSED)

r2
 

i.e. Gauss’ Law. 



GAUSS’ LAW 
“The net electric flux through a closed surface is equal to 1/ϵo  times charge enclosed by the 

surface.” 
Mathematically, 

ϕ =
1

ϵo
× (Charge enclosed) 

Or, 

ϕ =
1

ϵo
× (QENCLOSED) 

EXPLANATION OR PROOF: 
Consider a closed surface of arbitrary shape, let 

some charge q1, q2, q3, … qN are enclosed in it. The 

total flux coming out of the surface will be sum of a 

flux produced by all charges. 

ϕ = ϕ1 + ϕ2 + ϕ3 + ⋯ + ϕN 

But we know that for a point charge enclosed ϕ = q/ϵo, so that the above equation 

becomes, 

ϕ =
q1

ϵo
+

q2

ϵo
+

q3

ϵo
+ ⋯ +

qN

ϵo
 

ϕ =
1

ϵo
× (q1 + q2 + q3 + ⋯ + qN) 

Or we may also write, 

ϕ =
1

ϵo
× (QENCLOSED) 

APPLICATIONS OF GAUSS’ LAW 
CASE 1: ELECTRIC INTENSITY DUE TO UNIFORM CHARGE DISTRIBUTION 

ON SPHERICAL SURFACE 
Consider a spherical surface of radius ‘a’ on which positive charge is uniformly distributed. 

Consider a point ‘P’ outside the sphere at a distance ‘r’ from the center of charged spherical 

body. 

To find Electric Field Intensity at that point let us apply Gauss’ 

Law here, 

Consider a Gaussian surface in the form of a sphere of radius ‘r’ 

containing the point ‘p’. We divide whole Gaussian surface into 

number of small segments of area ‘∆A’. 

The flux produced by the charge moves radially outward and 

the flux coming out from one segment can be written as, 

ϕ1 = E⃗⃗⃗. ∆A⃗⃗⃗1 

ϕ1 = E∆A1cos00 

ϕ1 = E∆A1 

r 

a 



Similarly, for other segments the angle will be 𝟎𝐨, therefore, the flux can be written as, 

ϕ2 = E∆A2 

ϕ3 = E∆A3 

. 

. 

. 

ϕN = E∆AN 

Since flux is a scalar quantity therefore total flux coming out of the whole spherical surface 

is simple sum of all such fluxes hence, 

ϕ = ϕ1 + ϕ2 + ϕ3 + ⋯ + ϕN 

ϕ = E∆A1 + E∆A2 + E∆A3 + ⋯ + E∆AN 

ϕ = E(∆A1 + ∆A2 + ∆A3 + ⋯ + ∆AN) 

ϕ = E(∑∆A) 

Here, ∑∆𝐀 = 𝐓𝐨𝐭𝐚𝐥 𝐬𝐮𝐫𝐟𝐚𝐜𝐞 𝐚𝐫𝐞𝐚 𝐨𝐟 𝐭𝐡𝐞 𝐬𝐩𝐡𝐞𝐫𝐞 = 𝟒𝛑𝐫𝟐 

ϕ = E(4πr2) − − − − − (1) 

Now as we know that according to Gauss’ Law net electric flux coming out of the enclosed 

surface is, 

ϕ =
QENCLOSED

ϵo
− − − − − (2) 

Equating both equations, we get, 

E(4πr2) =
QENCLOSED

ϵo
 

E =
QENCLOSED

4πr2ϵo
 

E =
1

4πϵo

QENCLOSED

r2
 

The equation above is similar to the intensity of a point charge. 

SPECIAL CASES: 
a) Electric Field Intensity at the Surface of the Charged Sphere 

At the surface of the sphere, 𝐫 = 𝐚 

Therefore, 

E =
1

4πϵo

QENCLOSED

a2
 

b) Electric Field Intensity at some point inside the Charged Sphere 

As we can see there is no charge enclosed inside the sphere, 

Therefore, 

QENCLOSED = 0 

Hence, 

E = 0 
 



CASE 2: ELECTRIC FIELD INTENSITY DUE TO A UNIFORMLY 

DISTRIBUTED CHARGE ON A THIN SHEET 
Consider a charge sheet of infinite area having uniform distribution of positive charge on 

either side of the sheet. 

To find electric field intensity at a point on one side of the surface let us apply Gauss’ Law 

here, 

Consider a Gaussian surface in the form of a cylinder passing through the sheet containing 

point ‘P’ at a distance ‘x’ from the sheet. 

The whole surface of the cylinder can be divided into three surfaces 

i) The right end cap 

ii) The left end cap 

iii) The curved surface 

We’ll find electric flux passing through all these three surfaces and will add them, therefore 

we may write 

ϕ = ϕRIGHT END CAP + ϕLEFT END CAP + ϕCURVE SURFACE − − − − − (1) 

Flux through Right End Cap: 

ϕRIGHT END CAP = E⃗⃗⃗. A⃗⃗⃗1 

= EA1cos0o  

= EA1(1) 

= EA1 

Flux through Left End Cap: 

ϕLEFT END CAP = E⃗⃗⃗. A⃗⃗⃗2 

= EA2cos0o 

= EA2(1) 

= EA2 

Flux through the Curved Surface: 

ϕCURVE SURFACE = E⃗⃗⃗. A⃗⃗⃗3 

= EA3cos90o 

= EA3(0) 

= 0 

Now equation (1) can be written as, 

ϕ = ϕRIGHT END CAP + ϕLEFT END CAP + ϕCURVE SURFACE 

ϕ = EA1 + EA2 + 0 

Since cylinder is symmetrical, then 𝐀𝟏 = 𝐀𝟐 = 𝐀 

ϕ = EA + EA 

ϕ = 2EA 

Now as we know that according to Gauss’ Law net electric flux coming out of the enclosed 

surface is, 

ϕ =
QENCLOSED

ϵo
 

Equating both equations, we get, 



2EA =
QENCLOSED

ϵo
 

Since charge is distributed on the surface therefore, we may introduce surface charge 

density here, i.e. 𝐐 = 𝛔𝐀 

2EA =
σA

ϵo
 

2E =
σ

ϵo
 

E =
σ

2ϵo
 

We may conclude this above equation as, for an infinite charge sheet electric field intensity 

is constant and independent of distance 

CASE 3: Electric Field Intensity Between Two Oppositely Charged Plates: 
Consider two plates held parallel to each other at some distance. Let opposite charges are 

distributed on the two plates with uniform surface charge density ‘σ’. Let a point ‘P’ 

between the plates where electric field is required. Since electric lines of force point from 

positive plate to negative plate therefore the two electric fields (i.e. due to positive and 

negative charge) will be in the same direction and the net electric 

field will be the simple sum of the two fields hence, 

E = E1 + E2 

Since we know that the field intensity due to a charged sheet is 

𝛔/𝟐𝛜𝐨, therefore, 

E =
σ

2ϵo
+

σ

2ϵo
 

E =
2σ

2ϵo
 

E =
σ

ϵo
 

 

POTENTIAL DIFFERENCE 
“The amount of work done in bringing the charge from one point other point against the 

electric field is called electric potential or voltage” 

Mathematical Form: 

Potential difference between two points in an electric field can be 

mathematically written as, 

∆V =
Work done

test charge
 

∆V =
W

qo
 

Its S.I. unit is volt (V) 



RELATION BETWEEN ELECTRIC FIELD AND POTENTIAL 

DIFFERENCE (POTENTIAL GRADIENT) 
Consider a positive test charge ‘qo’ placed in a uniform external electric field ‘E’. The charge 

is displaced ‘∆d’ against the electric field between two specified points by an external force 

‘F’. Hence to the definition of potential difference we can write, 

∆V =
∆W

qo
 

But we know that ∆W = F∆d therefore, 

∆V = −
F∆d

qo
 

But F is the force experienced by the test charge in an electric field, therefore, 

∆V = −
qoE∆d

qo
 

∆V = −E∆d 

Result: The above result shows that if the distance is kept constant the electric field E is 

directly proportional to the electric potential V. 

CAPACITOR 
“Capacitor is a device which stores electric charge and electrical potential energy.” 

Explanation: 

Normally, the basic operation of capacitor can be understood with the type called parallel 

plate capacitor. A parallel plate capacitor consists of two metallic plates of certain area A 

having separation d between them. When these two plates are connected with the battery, 

then battery does work and the two plates are now oppositely charged. The charges will 

continue to store on the battery until or unless the potential difference between the plates 

just become equal to the potential difference of the battery. 

Experimentally it is found that, 

Q ∝ V 

Q = CV 
Where C is a constant called capacitance of the capacitor. 

CAPACITANCE 
“The ability of a capacitor to store charge per unit potential difference between the plates 

of the capacitor is called capacitance.” 

Mathematically, 

C =
Q

V
 

Its S.I. unit is Farad (f) 

 



PARALLEL PLATE CAPACITOR 
Construction: 
It is the simplest type of capacitor. It consists of two metallic parallel plate having certain 

area ‘A’ and separation ‘d’ between them. The space between the plates is filled with air or 

some insulating material called dielectric. These two plates are connected to the source of 

potential V. 

Working (Charging): 
Due to the action of battery opposite charges are stored on the 

two plates of the capacitor, until potential difference between 

the plates becomes equal to the potential difference of the 

battery. 

Expression for Capacitance: 
Consider a parallel plate capacitor of certain area ‘A’ and 

separation ‘d’ between them. The space between the plates is 

filled with air. According to the definition of capacitance we 

can write, 

C =
Q

V
− − − − − (1) 

Potential difference ‘V’ is produced between the plates of the 

capacitor due to the electric field ‘E’ formed between the plates. Using the relation of 

electric field and potential difference between the plates we can write, 

V = Ed − − − − − (2) 

We know that the electric field between two oppositely charged plates is given by 

E =
σ

ϵo
 

where ‘σ’ is the surface charge density of the plates, substituting this value in equation (2), 

gives us, 

V =
σ

ϵo
d 

Putting this value of ‘V’ in equation (1) 

C =
Q

σd/ϵo
 

C =
Qϵo

σd
 

Since, Q = σA 

C =
σAϵo

σd
 

C =
Aϵo

d
 



CAPACITANCE WITH A DIELECTRIC MEDIUM 

BETWEEN THE PLATES: 
If a dielectric medium other than air or some insulating 

medium is placed between the plates then due to 

electrostatic induction polarization of charges occurs in 

the medium as a result of which medium generates its 

own electric field in opposite direction which reduces 

the potential difference between the plates therefore, 

more charges can be stored. In this way capacitance 

increases, it the dielectric medium fills all the space 

between the plates then capacitance can be written as, 

C′ =
Aϵrϵo

d
 

C′ = ϵr × C 
C′

C
= ϵr 

Conclusion: 

i) Capacitance increases with the increase of area of plates and decreases as we 

increase the distance between the plates. 
ii) Capacitance also depends directly on permittivity of medium. 

COMPOUND CAPACITOR 
Consider a capacitor connect to a battery of potential 

difference ‘V’. Let the space between the plates of capacitor is 

filled with both air and dielectric such that the total distance 

between the plates is ‘d’ and dielectric has a thickness ‘t’. 

Electric field intensity without dielectric: 

E1 =
σ

ϵo
 

Electric field intensity with dielectric: 

E2 =
σ

ϵoϵr
 

Since the potential different between the plates is 

V = V1 + V2 

and V = Ed then, 

V = E1d1 + E2d2 

V =
σ

ϵo

(d − t) +
σ

ϵoϵr
t 

V =
σ

ϵo
(d − t +

t

ϵr
) 

V =
σ

ϵo
(d − t (1 −

1

ϵr
)) 



Since, σ = q/A, therefore, 

V =
q

Aϵo
(d − t (1 −

1

ϵr
)) 

Also, q = CV, then, 

V =
CV

Aϵo
(d − t (1 −

1

ϵr
)) 

C =
Aϵo

(d − t (1 −
1
ϵr

))

 

COMBINATION OF CAPACITORS 
Parallel Combination: 
In this combination two or more than two capacitors are 

connected in such a way that they share the same potential 

difference. In this combination current has multiple paths to 

flow. 

Equivalent Capacitance: 
Consider ‘N’ capacitors having capacitance C1, C2, C3, … , CN 
are connected to a battery of potential difference V in 
parallel combination. 
Since all capacitors are directly joint to the battery, therefore 
their voltage will be equal to the voltage of the battery. 

V1 = V2 = V3 = ⋯ = VN = V 
Different charges are stored on each capacitor according to its capacitance and their sum 
gives the equivalent charge. If q1, q2, q3, … , qN are the charge of each respective capacitor 
then, 

q = q1 + q2 + q3 + ⋯ + qN 
But q = CV, then 

CV = C1V + C2V + C3V + ⋯ + CNV 
CV = V(C1 + C2 + C3 + ⋯ + CN) 
C = C1 + C2 + C3 + ⋯ + CN 

The equation shows that equivalent capacitance of parallel combination is equal to sum of 

all capacitance. 

Series Combination: 
When capacitors have on terminal in common and share 

different potential difference then combination is called series 

combination. In the combination current has one path to flow. 

Equivalent Capacitance: 
Consider ‘N’ capacitors having capacitance C1, C2, C3, … , CN are 

connected to a battery of potential difference V in parallel 

combination. 



Since all capacitors are connected in a row to the battery, therefore their charges will be 

same. 

q1 = q2 = q3 = ⋯ = qn = q 

Different potential differences appear across each capacitor according to its capacitance 

and their sum gives the total potential difference of the battery then we can write, 

V = V1 + V2 + V3 + ⋯ + VN 

But V = q/C, then 
q

C
=

q

C1
+

q

C2
+

q

C3
+ ⋯ +

q

CN
 

q

C
= q (

1

C1
+

1

C2
+

1

C3
+ ⋯ +

1

CN
) 

1

C
=

1

C1
+

1

C2
+

1

C3
+ ⋯ +

1

CN
 


