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Continue… 

KEY FEATURES 

About the 
chapter 

‘About the Chapter’ is a short 
introduction designed to stimulate
students’ appetite for the topic. 

Reading between the lines provides 
elaboration or missing fragments of 
concept which is essential for 
complete understanding of the 
concept. 

Reading 
between
the lines 

Strategy
Strategy provides a step-by-step
process to break a complex
numerical problem into simpler
parts. 

Caution helps students to be
watchful against commonly made
mistakes. 

Caution

NCERT Corner covers information
from NCERT textbook relevant to
topic. 

Connections enable students to
interlink concepts covered in
different chapters. 

QR code provides:  
i. Access to a video/PDF in order to

boost understanding of a concept
or activity 

ii. Solutions to Numericals for Practice
iii. Solution to Board Question Paper

of February 2023 
iv. Model Question Paper with solution

Connections 

QR Codes 

NCERT  
Corner 



 
 
 

 

 

 

 

 

  

KEY FEATURES 

Enrich Your Knowledge presents
fascinating information about the
concept covered. 

Enrich 
Your 

Knowledge

Gyan Guru illustrates real life
applications or examples related to
the concept discussed. 

GG-Gyan 
 Guru 

Apply Your Knowledge includes
challenging questions. 

Apply  
Your  

Knowledge

Quick review includes tables/ flow
chart to summarize the key points in
chapter. 

Quick  
Review 

Important Formulae includes all of the
key formulae in the chapter. 

Important 
Formulae 

Competitive Corner includes selective
questions from prominent
[NEET (UG), JEE (Main), NEET
(ODISHA), MHT CET] competitive
exams based entirely on the syllabus
covered in the chapter. 

Competitive 
Corner 

Includes selective and relevant Board
questions from March 2013 to July 2022 

Board 
Questions 



 
 

 

 There will be single question paper of 70 Marks and practical examination of 30 Marks in Physics.  
 Duration of the question paper will be 3 hours.  
 
 Section A:               (18 Marks) 

This section will contain Multiple Choice Questions and Very Short Answer (VSA) type of 
questions. 

  There will be 10 MCQs and 8 VSA type of questions, each carrying one mark. 
  Students will have to attempt all these questions.  
 
 Section B:       (16 Marks) 
  This section will contain 12 Short Answer (SA-I) type of questions, each carrying 2 marks.  
  Students will have to attempt any 8 questions. 
 
 Section C:       (24 Marks) 
  This section will contain 12 Short Answer (SA-II) type of questions, each carrying 3 marks.  
  Students will have to attempt any 8 questions.  
 
 Section D:       (12 Marks) 
  This section will contain 5 Long Answer (LA) type of questions, each carrying 4 marks.  
  Students will have to attempt any 3 questions. 
 

Distribution of Marks According to the Type of Questions   
Type of Questions 

MCQ 1 Mark each 10 Marks 
VSA 1 Mark each 8 Marks 
SA - I 2 Marks each 16 Marks 
SA - II 3 Marks each 24 Marks 
LA 4 Marks each 12 Marks 

 
 
 
 

 

  

Percentage wise distribution of marks 
Theory 63% 

Numerical 37% 
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Pune. Every care has been taken in the publication of this reference book by the Authors while creating the contents. The Authors and the Publishers 
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any third party on the point of view expressed in the reference book.   
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Q.1. Can you recall? (Textbook page no. 186) 
i.  What are conservative forces?         [2 Marks] 
Ans:  
a. If work done by or against a force is 

independent of the actual path, the force is said 
to be a conservative force. 

b. During work done by a conservative force, the 
mechanical energy is conserved. 

c. Work done is completely recoverable. 
 Example: gravitational force, magnetic force etc.  
ii.  What is potential energy?            [1 Mark] 
Ans: Potential energy is the work done against 

conservative force (or forces) in achieving a 
certain position or configuration of a given system.  

iii.  What is Gauss’ law and what is a Gaussian 
surface?                     [3 Marks] 

Ans: Gauss’ law: The flux of the net electric field 
through a closed surface equals the net charge 
enclosed by the surface divided by ε0. 

 E ds
 

  = 
0

q
ε

 

 where q is the total charge within the surface.  
 Mathematically, 

 
0

qE ds
 

   
  

 where is the total flux coming out of a closed 
surface and q is the total charge inside the 
closed surface. 

 Gaussian surface: All the lines of force 
originating from a point charge penetrate an 
imaginary three dimensional surface. The total 
flux E = q/ε0. The same number of lines of 
force will cross the surface of any shape. The 
total flux through both the surfaces is the same. 

Calculating flux involves calculating E ds
 

 , 

hence it is convenient to consider a regular 
surface surrounding the given charge 
distribution. A surface enclosing the given 
charge distribution and symmetric about it is a 

8.1 Introduction

8 Electrostatics 

A 

B 

M 
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50 kV 
DC 
supply 

About the chapter…   
 The chapter can be divided into three parts. First part introduces 
students to the application of the Gauss’ law of electrostatic to the different 
symmetrical charge distributions. Second part of the chapter deals with the 
electric potential and potential energy of system of charges. The chapter 
further on continues to the study the electric polarisation and introduces 
concept of capacitors. 
 Chapter is allotted weightage of 6 marks with option and 4 marks 
without option. Concepts and computation together form the backbone of this 
chapter. Therefore, equal emphasis should be given to both theory questions 
as well as numericals of this chapter. The chapter is important from MCQ’s 
point of view. 

8.1 Introduction 
8.2 Application of Gauss’ law 
8.3 Electric Potential and Potential Energy 
8.4 Electric Potential due to a Point Charge, a

Dipole and a System of Charges  
8.5 Equipotential Surfaces 
8.6 Electrostatic Potential Energy of Two Point

Charges and of a Dipole in an Electrostatic
Field  

8.7 Conductors and Insulators, Free Charges and
Bound Charges Inside a Conductor 

8.8 Dielectrics and Electric Polarisation 
8.9 Capacitors and Capacitance, Combination

of Capacitors in Series and Parallel 
8.10 Capacitance of a Parallel Plate Capacitor

Without and With Dielectric Medium
Between the Plates 

8.11 Displacement Current 
8.12 Energy Stored in a Capacitor 
8.13 Van de Graaff Generator 
 

CONTENTS AND CONCEPTS 
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Gaussian surface. For example, if we have a 
point charge the Gaussian surface will be a 
sphere. If the charge distribution is linear, the 
Gaussian surface would be a cylinder with the 
charges distributed along its axis. Gaussian 
surface offers convenience of calculating the 

integral E ds
 

 . A Gaussian surface is purely 

imaginary and does not exist physically. 
  
*Q.2.  Two charges of magnitudes 4Q and +2Q are 

located at points (2a, 0) and (5a, 0) 
respectively. What is the electric flux due to 
these charges through a sphere of radius 4a 
with its centre at the origin?            [2 Marks] 

Ans: 
 
 
 
 
 
 
 Given: d(OX1) = 2a 
   d(OX2) = 5a 
    Radius, r = 4a 

A Gaussian surface is of radius 4a and contains 
charge 4Q inside. 

 As the flux depends only upon charge enclosed 
by Gaussian surface, required flux according to 
Gauss’ law would be, 

  = 
0 0

q 4Q


 
 

  
Q.3. Write common steps involved in calculating 

electric field intensity by using Gauss’ 
theorem.                     [2 Marks] 

Ans: Common steps involved in calculating electric 
field intensity by using Gauss’ theorem: 

i. Identify the charge distribution as 
linear/cylindrical/spherical charge density. 

ii. Visualize a Gaussian surface justifying its 
symmetry for the given charge distribution. 

iii. Obtain the flux by Gauss’ law and mark as 
equation (1). 

iv.  With the electric field intensity E as unknown, 
obtain electric flux by calculation, using 
geometry of the structure and symmetry of the 
Gaussian surface and mark as equation (2). 

v.  Equating equation (1) and equation (2), electric 
field intensity E can be calculated.  

Q.4. State importance of Gauss’ law.      [2 Marks] 
Ans:  
i. Gauss’ law gives the relationship between the 

electric charge and its electric field.  

ii. It also provides equivalent methods for finding 
electric field intensity by relating values of the 
field at a closed surface and the total charges 
enclosed by that surface.  

iii. It is a powerful tool which can be applied for the 
calculation of the electric field when it originates 
from charge distribution of sufficient symmetry. 

 
 
Q.5. A plane area of 100 cm2 is placed in uniform 

electric field of 100 N/C such that the angle 
between area vector and electric field is 60. 
Determine the electric flux over the surface.  

[2 Marks] 
Solution: 
Given:  ds =100cm2 =100104 m2 =102 m2,  
   E = 100 N/C,  = 60 
To find:  Electric flux () 
Formula:    = Eds cos  
Calculation:  From formula, 
    = 100  102 cos 60 

    = 1  1
2

 

    = 0.5 Nm2/C 
Ans: The electric flux over the surface is 0.5 Nm2/C. 
 
 
Q.6. Obtain expression for electric field intensity 

due to uniformly charged spherical shell or 
hollow sphere.                     [4 Marks] 

Ans:  
i. Consider a sphere of radius R with its centre at 

O, charged to a uniform surface charge density 
σ  placed in a dielectric medium of permittivity  
ε (ε = ε0k). The total charge on the sphere,  
q = σ  4πR2. 

ii. To find the electric field intensity at a point P, at 
a distance r from the centre of the charged 
sphere, imagine a concentric Gaussian sphere of 
radius r passing through P as shown in the 
figure below. Let ds be a small area around the 
point P on the Gaussian surface.  

 
 
 
 
 
 
 
 
 
 

O 
4a 

4Q 
X1 X2

+2Q

SOLVED EXAMPLES 

8.2 Application of Gauss’ law 

Uniformly charged spherical shell or hollow sphere

E


R P ds


 
E


 
ds 

Guassian Surface
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Chapter 8: Electrostatics

iii. By Gauss’ theorem, the net flux through a 
closed Gaussian surface, 

  = 
0

q


(for air/vacuum k=1) ….(1) 

 where q is the total charge inside the closed 
surface. 

iv. Due to symmetry and spheres being concentric, 
the electric field at each point on the Gaussian 
surface has the same magnitude E and it is 
directed radially outward. Also, the angle 
between the direction of E and the normal to the 
surface of the sphere (ds) is zero i.e., cos θ = 1 

 E ds
 

 = E ds cosθ = E ds 
 Flux d through the area ds, d = E ds 
 Total electric flux through the Gaussian surface  

  = E ds Eds E ds
 

        

 = E 4r2  ….(2) 
v. From equations (1) and (2), 

 
0

q


= E 4πr2 

 E = 2
0

q
4 r

  ….(3) 

 Substituting q = σ × 4πR2 in equation (3), 

 E = 
2

2
0

4 R
4 r



 

 E = 
2

2
0

R
r




   

 From equation (3) it can be seen that, the 
electric field at a point outside the shell is the 
same as that due to a point charge.  

vi. Direction of electric field is outward if shell or 
sphere is positively charged and inward if it is 
negatively charged. 

vii. Thus, it can be concluded that a uniformly 
charged sphere is equivalent to a point charge at 
its centre. 

viii. Special cases: 
 Case (a): If point P lies on the surface of the 

charged sphere, r = R 

 E= 2
0

q
4 R

=
0




 

 Case (b): If point P lies inside the sphere 
 Since there are no charges inside, σ = 0 
 E = 0 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Q.7. Obtain an expression for electric field 

intensity due to an infinitely long straight 
charged wire or charged conducting cylinder. 

[4 Marks] 
Ans:  
i. Consider a uniformly charged wire of infinite 

length having a constant linear charge density  
(charge per unit length), kept in a medium of 
permittivity ( = 0k). 

ii. To find the electric field intensity at P, at a 
distance r from the axis of the charged wire, 
imagine a coaxial Gaussian cylinder of length l 
and radius r (closed at each end by plane caps 
normal to the axis) passing through the point P 
as shown in the figure. Consider a very small 
area ds at the point P on the Gaussian surface. 

 
 
 
 
 
 
 
 
 
 
iii. By Gauss’ theorem, the net flux through a 

closed surface, 

  = 
0

q


(for air/vacuum k = 1) ….(1) 

 where q is the total charge inside the closed 
surface. 

iv. By symmetry, the magnitude of the electric field 
will be the same at all the points on the curved 
surface of the cylinder and will be directed 
radially outward. The angle between the 

direction of E


 and the normal to the curved 

surface of the cylinder ds
 

 
 

 is zero. Similarly 

the angle is (/2) for the flat surface of the 
cylinder.  

 i.e., cos  =1 (for curved surface)  
 or cos  = 0 (for flat surface) 

E


 
ds


 

Guassian Surface

P 

ds 

R 

r 

Infinitely long straight charged wire
(cylinder) 

l 

If charged object is placed in any medium other
than air or vacuum, 0 in expression for electric
field intensity will change to k0 where k is
dielectric constant of that medium. 

! 

READING BETWEEN THE LINES

 Points (i) to (v) of the above answer are 
presented as per sequence of common steps 
described in Q.3. 
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iii. By Gauss’ theorem, the net flux through a
closed surface

 =
0

q


(for air/vacuum k = 1) ….(1) 

where q is the total charge inside the closed 
surface. 

iv. By symmetry electric field is perpendicular to
plane sheet and directed outwards, having same
magnitude at a given distance on either sides of
the sheet. The electric field is at right angles to
the end caps and away from the plane. Its
magnitude is the same at P and P. The flux
passing through the curved surface is zero as the
electric field is tangential to this surface.

 The total flux through the closed Gaussian
surface is given by,

 = 
P P curved surface

Eds Eds Eds


               
= EA + EA 

….     θ = 0 for ends P and P ; cos θ = 1
and θ = 90  for curved surface; cos  = 0

 
   



  = 2EA  ….(2) 
v. From equations (1) and (2),

0

q


= 2EA

 
0

A


= 2EA …. q
A

   
 


 E =
02




This is the required expression. 
vi. Direction of electric field is outward if sheet is

positively charged and inward if it is negatively
charged.

+Q.11. A sphere of radius 10 cm carries a charge of
1 µC. Calculate the electric field 

i. at a distance of 30 cm from the centre of the
sphere

ii. at the surface of the sphere and
iii. at a distance of 5 cm from the centre of the

sphere.
(Example 8.1 of Textbook page no. 187)

[3 Marks] 
Solution: 

 Given: q = 1 µC = 1 × 106 C  
R = 10 cm
0 = 8.85  10–12 C2/Nm2


0

1
4

 = 9  109 Nm2/C2

To find: Electric Field (E) 

Formula: E = 2
0

1 q
4 r

Calculation:  
i. For r = 30 cm = 0.3 m

From formula,

E = 
9 6

2

9 10 10
0.3

 

 = 
9 6

2

9 10
9 10








 = 105 N/C 

ii. r = R=10 cm = 0.10 m
From formula,

E = 
9 6

2

9 10 10
0.1

   = 9 × 109 – 6 + 2 

= 9 × 105 N/C 
iii. r = 5 cm = 0.05 m
⸪   r < R, electric field inside the sphere is zero

i.e., E = 0
Ans:  i. Electric field at a distance of 30 cm from 

the centre of the sphere is 105 N/C.
ii. Electric field at surface is 9 × 105 N/C.
iii. Electric field at 5 cm from centre is 0.

SOLVED EXAMPLES

READING BETWEEN THE LINES

 Points (i) to (v) of the above answer are
presented as per sequence of common steps
described in Q.3.

 Linear charge density,  = q
l

Surface charge density,  = q
A

Volume charge density,  = q
V

 Value of permittivity of free space is
0 = 8.85  10–12 C2/Nm2

 
0

1
4

 = 9  109 Nm2/C2

Hence, in calculations 
0

1
4

is retained for 

easier substitutional value. 

ENRICH YOUR KNOWLEDGE 
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The discharging due to lightning passes to the 
ground through the metallic body of the car 
thereby keeping person sitting inside safe. 

Q.63.  Define free charges and bound charges.
[2 Marks] 

Ans: Free charges: In metallic conductors, the 
electrons in the outermost shells of the atoms 
are loosely bound to the nucleus and hence can 
easily get detached and move freely inside the 
metal. When an external electric field is applied, 
they drift in a direction opposite to the direction 
of the applied electric field. These charges are 
called free charges. 
Bound charges: The nucleus, which consist of 
the positive ions and the electrons of the inner 
shells, remain held in their fixed positions. 
These immobile charges are called bound 
charges. 

Q.64. State reason for restricted movements of
charge carriers in electrolytic conductors. 

[1 Mark] 
Ans: In electrolytic conductors, positive and negative 

ions act as charge carriers but their movements 
are restricted by the electrostatic force between 
them and the external electric field. 

Q.65. Explain concept of electric polarisation.
[2 Marks] 

Ans:  
i. Certain substances when are placed in an

external field, their positive and negative
charges get displaced in opposite directions and
the molecules develop a net dipole moment.
This is called polarization of the material.

ii. The dipole moment per unit volume is called

polarization and is denoted by P


. For linear

isotropic dielectrics eP E
 

  . 

 Where, e is a constant called electric 
susceptibility of the dielectric medium. 

iii. Examples: Dielectrics substances show electric
polarisation.

Q.66. What is electric susceptibility of dielectric
medium?    [2 Marks] 

Ans: 
i. A quantity that describes electrical behaviour of

a dielectric is called as electric susceptibility of
dielectric medium.

ii. It is denoted by e.
iii. It is constant for a dielectric but has different

values for different dielectrics.
iv. For vacuum e = 0.

NCERT Corner 

Electrostatic shielding due to cavity in 
conductor: 
Whatever be the charge and field configuration
outside, any cavity in a conductor remains shielded
from outside electric influence, the field inside the
cavity is always zero. This is known as
electrostatic shielding. 

E 

E 

E 
> 0

< 0

< 0

> 0
Conducting

body 
+ + + +

+

++ + + +

E = 0 
 = 0, V = V0 

E 

––
– 
––

– ––– – – 

8.8 Dielectrics and Electric Polarisation 

In every atom there is a positively charged nucleus 
and there are negatively charged electrons 
surrounding it. The negative charges form an 
electron cloud around the positive charge. These 
two oppositely charged regions have their own 
centres of charge (where the effective charge is 
located). The centre of negative charge is the 
centre of mass of negatively charged electrons and 
that of positive charge is the centre of mass of 
positively charged protons in the nucleus. 

ENRICH YOUR KNOWLEDGE 
Elevators can act as 
unintended Faraday cages, 
shielding cell phones and 
radios from signal from 
outside.  
This is the precise reason
why upon entering an
elevator mobile phones
become unfunctional 

GG - Gyan Guru
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QUICK REVIEW 

Q.125. Internet my friend.  (Textbook page no.211)
i. https://en.m.wikipedia.org/wiki/Electrostatics

ii. http://hyperphysics.phy-astr.gsu.edu/hbase/index.html

iii. https://www.britannica.com/browse/Science

iv. https://www.khanacademy.org/science/in-in-class-12th-physics-india

[Students can use links given above as reference and collect information about Electrostatics.]

Electrostatics 
The study of 
electricity/electric 
charges at rest 

Charge 
gives rise to 

Electric field Electrostatic 
force 

Electric  
potential 

Electric 
potential 
energy 

Electric 
potential: 

V = 
0

W
q

Potential 
difference: 
V = VB – VA

V = AB

0

W
q

Relation between 
electric field 
intensity and 
pontential difference: 

E = – dV
dx

Electrostatic 
potential due 
to a point 
charge: 

V = 
0

1 q
4 r

Electric 
potential due to 
system of 
charges: 

V = 
n

i

i 10 i

1 q
4 r




Electric potential at any 
point due to electric 
dipole: 

V =  2 2 2
0

1 pcos
4 r a cos


  

Gauss’ theorem 

 
0

qE ds
 

 


 Electric field due to a:
i. Circular closed cylinder:

E = /20r

ii. Infinite planesheet: E =
02




iii. Infinite plane sheet having

uniform thickness: E = 
02




iv. Spherical shell (for r  R):

 E = 2
0

q
4 r 

v. Spherical shell (for r<R): E=0 

Van de Graaff generator

 Electric potential energy
of a point charge:

U = 
0

1
4 k

0qq
r

 Electric potential energy
of a system of two point
charges:

U = W = 1 2

0 12

q q
4 r

 Electric potential energy
of an electric dipole in
uniform electric field:

U = p E
 

  =  pE cos 

Dielectrics 
 Polar dielectrics: It has permanent

electric dipole moment even if the
electric field is absent.
Example: HCl, water, alcohol, NH3

 Non polar dielectrics: Every molecule
has zero dipole moment in its normal
state.
Examples: H2, N2, O2, CO2, benzene,
methane

+– +–+–
+– +–

–
++

–
+ –

– 
+– + +

– 
++

–
–– 
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1. Charge per unit length (Linear charge

density):  = q
l

2. Charge per unit surface area (Surface charge

density):  = q
A

3. Electric flux:

i.  = E ds





= Eds cos   

ii.  =
0

q


iii.  =
0

q
k

4. Dielectric constant of a medium: k =
0




5. Electric intensity:  E =
0

1
4πkε 2

q
r

6. Electric intensity at a point outside a charged
spherical conductor:

i. Emedium  = 2
0

q
4πk ε r

 =
2

2
0

σR
kε r

 ….(r > R) 

ii.  Evacuum = 2
0

q
4πε r

=
2

2
0

σR
ε r

  ….(r > R) 

 where,  = 2

q
4 R

iii. Einside = 0  ….(r < R) 

IMPORTANT FORMULAE

 Energy:

U = 
2

21 Q 1 1QV CV
2 C 2 2

 

Capacitors

 Capacitance:
The ability of
a conductor
to store
charge.

C = Q
V

 Types of capacitor:
i. Parallel plate capacitor:

a. C = 0k A
d


b. Cm = k Cair 

ii. Spherical capacitor:

C = 4k0
ab

b a
 
  

iii. Cylindrical capacitor:

C = 02 k
b2.303log
a

 
 
 
 

l

Combinations 
i. Capacitors in series:

S

1
C

= 
1

1
C

+ 
2

1
C

+ 

3

1
C

ii. Capacitors in parallel:

 CP = C1 + C2 + C3 

Energy stored

+Q Q +Q Q +Q Q 

V1 V2 V3

V 

()
K+ 

C1 C2 C3 

Q Q
+ + + + + + +
      

+ +
+
+

++
+
+

+

+

b a

+
+
+
+
+

+
+
+
+
+

b a

l 
+ 

V K 

C1 

C2 

C3 

+Q1

+Q2

+Q3

Q1

Q2

Q3

Q Q 
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7. Electric intensity at a point outside a charged
cylindrical conductor:

i. Cylinder in any medium,

E = 
2 r



 = 
02 k r


 

 = 
0

R
k r



 ….(r > R)

ii. Cylinder in free space or vacuum,

 E = 
02 r




 = 
0

1 2
4 r




….(r > R) 

iii. Einside = 0 ….(r < R) 

8. Electric intensity at short distance from a
charged conductor of any shape:

i. E =
0k




ii. Conductor in free space or air or vacuum,

 E0 = 
0




= kE 

9. Electric intensity at a point outside a
uniformly charged infinite plane sheet:

E = 
2



10. Work done:
i. W = qV ii. W = q(VB VA)

11. Torque on a dipole:

i.


= p E
 

 ii.  = pE sin 
iii. For  = 90, max = pE iv. For  = 0, min = 0

12. Work done by the external torque on dipole:

 W =  ext
0 0

d pE sin d
 

 

        

 = pE  0cos cos    

13. Potential energy of electric dipole in external
electric field:
U() – U(0) = pE(cos0 – cos)

14. Capacity of condenser:  C = Q
V

15. Parallel plate condenser:
i. Intensity between the plates,

 E = 
0 0

Q Q
A k Ak

 
  

   

ii. Potential difference between the plates,
V = Ed

iii. Capacity between the plates,

C = Aε
d

= k C0

iv. Capacity of vacuum, C0 = 0Aε
d

16. Capacitance of capacitor with dielectric:

Cd = C0
0

d

E
E

 where, C0 is original capacitance 
E0 is original electric field 
Ed is electric field with dielectric 

17. Energy stored in a charged capacitor:

U = 1
2

2Q
C

= 1
2

CV2 = 1
2

QV

18. Series combination of ‘n’ condensers:
i.  V = V1 + V2 + V3 ……+ Vn 
ii. Q = Q1 = Q2 = Q3 = …… = Qn 

iii. 
1 2 3 n

1 1 1 1 1.....
C C C C C
    

19. Parallel combination of ‘n’ condensers:
i. Q = Q1 + Q2 + ….. + Qn 
ii. V = V1 = V2 = V3 = ….. = Vn 
iii. C = C1 + C2 + C3 + …… + Cn 

8.1 Introduction 

1. Give importance of Gauss’ law.  [2 Marks] 
Ans: Refer Q.4. 
8.2 Application of Gauss’ law 

2. What will be the electric field intensity at a
point P inside a charged sphere?           [1 Mark]

Ans: Zero  
3. Derive an expression for electric field intensity

due to uniformly charged spherical shell or
hollow sphere.                     [4 Marks]

Ans: Refer Q.6.  
4. State the formula for electric field intensity at a

point outside an infinitely long charged
cylindrical conductor.     [1 Mark] [July 18, 22]

Ans: Formula for electric field intensity at a point 
outside an infinitely long charged cylindrical 

conductor is, E =
02 k r


 

5. Obtain an expression for electric field intensity
at a point outside uniformly charged thin plane
sheet.                  [4 Marks] [July 17]

Ans: Refer Q.10.  
8.3 Electric Potential and Potential Energy 

6. Write a short note on electrostatic potential
energy.                     [2 Marks]

Ans: Refer Q.17. 

EXERCISE

  Theory Questions for Practice
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28. Define
i. free charges ii. bound charges

[2 Marks] 
Ans: Refer Q.63. 

8.8 Dielectrics and Electric Polarisation 

29. What is electric polarisation?   [2 Marks] 
Ans: Refer Q.65.

30. Write a short note on dielectrics.   [2 Marks] 
Ans: Refer Q.67.

31. What are polar dielectrics and non-polar
dielectrics?                          [2 Marks] [Mar 22]

Ans: Refer Q.68. 

32. With the help of neat diagram, explain how
non-polar dielectric material is polarised in
external electric field of increasing intensity.

[3 Marks] [Oct 15] 
Ans: Refer Q.69. 

8.9  Capacitors and Capacitance, Combination of 
Capacitors in Series and Parallel 

33. What is the principle of a capacitor?      [3 Marks]
Ans: Refer Q.74.

34. Obtain an expression for the effective
capacitance of three parallel plate capacitors
connected in series.                       [4 Marks]

Ans: Refer Q.78.  
35. Obtain an expression for effective capacitance

of three capacitors connected in parallel.
[4 Marks] 

Ans: Refer Q.79.  
8.10 Capacitance of a Parallel Plate Capacitor 

Without and With Dielectric Medium 
Between the Plates 

36. Draw neat, labelled diagram of a parallel plate
capacitor with a dielectric slab between the
plates.     [2 Marks] [July 22]

Ans: Refer Q.94 (Diagram only) 

37. Discuss the capacitance of a parallel plate
capacitor when the capacitor is filled with
i. dielectric of constant k
ii. conducting slab

[2 Marks] 
Ans: Refer Q.96.  
 8.11 Displacement current 

38. Explain origin of Displacement current.
[3 Marks] 

Ans: Refer Q.106. 

39. Obtain relation between conduction current and
displacement current.           [2 Marks]

Ans: Refer Q.107. 

8.12 Energy Stored in a Capacitor 

40. Obtain an expression for energy stored in a
capacitor.                           [3 Marks]

Ans: Refer Q.109. 

  8.13 Van de Graaff Generator 

41. What is the principle of Van de Graaff
generator?                     [2 Marks]

Ans: Refer Q.118. 

42. Explain the construction of a Van de Graaff
generator.                     [4 Marks]

Ans: Refer Q.119.(Construction and diagram only)

43. How does a Van de Graaff generator work?
[3 Marks] 

Ans: Refer Q.119 (Working only) 

44. State any four applications of Van de Graaff
generator.                     [2 Marks]

Ans: Refer Q.120.(Any four uses) 

8.1 Introduction 

1. A point charge of 10 C is situated at the centre
of a sphere of radius 10 cm. Calculate the
electric flux through its surface.          [2 Marks]

Ans: 1.13  106 Nm2/C 

2. The electric intensity on the surface of a charged
conductor of area 0.5 m2 is 200 V/m. If the
electric flux is found to be 86.6 Nm2/C, find the
angle between the normal drawn to the surface
and the electric intensity.                    [2 Marks]

Ans: 30 

8.2 Application of Gauss’ law 

3. A metal sphere of radius 10 cm is situated in air
and carries a charge of 44 C. Calculate intensity
of electric field at a point close to its surface.

[2 Marks] 
Ans: 3.96  107 N/C 

4. A metal cylinder of radius 10 cm has a surface
charge density 2  105 C/m2. Find the intensity
of electric field at a distance of 1 metre along a
line perpendicular to its axis.          [2 Marks]

Ans: 2.26  105 N/C  

Numericals for Practice
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21. Connect three capacitors of  capacity 3 F, 3 F
and 6 F such that their equivalent capacitance
is 5 F.    [3 Marks] 

Ans: Series combination of 3 F and 6 F is to be 
connected in parallel with 3 F 

22. A parallel plate capacitor has a capacity of 4 F
and a charge of 5  103 C is deposited on its
plate. Find the p.d. across the capacitor. If the
distance between the two plates is 1 mm, Find
the intensity of electric field between the two
plates of capacitor.            [3 Marks]

Ans:  1250 V, 1.25  106 N/C    
23. Two capacitors having capacities 1 pF and 2 pF

are connected in parallel and a battery of e.m.f
30 V is connected across the combination.
Calculate the resultant capacity of the
combination and the charge deposited on the
plate of each capacitor.       [3 Marks] 

Ans:   3 pF, 9  1011 C  
8.10 Capacitance of a Parallel Plate Capacitor 

Without and With Dielectric Medium 
Between the Plates 

24. A parallel plate capacitor filled with air has an
area of 6 cm2 and plate separation of a 3 mm.
Calculate its capacitance.    [3 Marks] [Mar 22]

Ans: 1.77 pF  
25. A parallel plate capacitor has the area of each

plate 500 cm2, the distance between the plates is
0.1 mm. Calculate its capacity when the medium
between the plates is (i) air (ii) medium of
dielectric constant 4.                     [3 Marks]

Ans:  i.  4.425  103 F   ii. 17.7  103F  
26. A parallel plate air condenser has a capacity of

15 F. What will be the new capacity if a marble 
slab of dielectric constant 6 is introduced between 
the two plates such that entire space between 
plates is filled by marble slab?                [1 Mark]     

Ans: 90 F  
27. A parallel plate capacitor has two plates, each of

area 100 cm2. The distance between the plates is
0.5  104 cm and the dielectric constant of the
medium between the plates is 4. Find the
capacitance of the capacitor.             [2 Marks]

Ans: 0.708 F  
8.12 Energy Stored in a Capacitor  
28. Two condensers of capacitances C1 = 3 F and

C2 = 6 F arranged in series are connected in
parallel with a third condenser C3 = 4 F. The
arrangement is connected to a 6.0 V battery.
Calculate the total energy stored in the
condenser.                     [3 Marks]

Ans: 1.08  104 J 

29. The capacity of a parallel plate air capacitor is
10 F and it is given a charge of 40 C.
Determine the electrical energy stored in the
capacitor.                     [2 Marks]

Ans: 8  105 J 

30. Two capacitors each of capacity 5 F and a
battery of e.m.f 180 V are given to you. Which
combination gives the maximum energy? What
is its value? Also find the charge on each
capacitor of that combination.           [4 Marks]

Ans: Parallel combination, 16.2 102 J, Charge on
each capacitor of parallel arrangement
= 900 C.

[1 Mark Each] 

1. Gauss’ law helps in
(A) determination of electric field due to

symmetric charge distribution.
(B) determination of electric potential due to

symmetric charge distribution.
(C) determination of electric flux.
(D) situations where Coulomb’s law fails.

2. Electric intensity at a point near a charged
sphere of charge q is given by

(A) E = 2
0

1 q
4 k r

(B) E = 
0

1 q
2 k r

(C) E =
0k



(D) E = 
0

1 q
4πε r

3. The electric intensity due to a charged sphere at
a point outside the sphere increases with
increase in
(A) dielectric constant .
(B) distance from the centre of sphere.
(C) charge on sphere.
(D) square of distance from the centre of

sphere.

4. Intensity of electric field at a point close and
outside a charged conducting cylinder is
proportional to _______.
(r is the distance of a point from the axis of
cylinder)              [Mar 14]

(A) 1
r

 (B) 2

1
r

 (C) 3

1
r

(D) r3 

 MULTIPLE CHOICE QUESTIONS 

Scan the given Q. R. Code in 
Quill - The Padhai App to view 
the solutions of the Numericals 
for practice. 
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5. Condenser is a device used to store
(A) large potential at low charge.
(B) low potential at low charge.
(C) large charge at low potential.
(D) large charge at large potential.

6. When a capacitor is connected to a battery,
(A) an alternating current flows in the circuit.
(B) no current flows at all.
(C) a current flows for some time and finally

it decreases to zero. 
(D) current keeps on increasing and reaches

maximum after some time.

7. If the air surrounding a charged conductor is
changed by other insulating medium, its
(A) capacity increases.
(B) capacity decreases.
(C) capacity does not change.
(D) capacity becomes zero.

8. The energy of a charged capacitor resides in
(A) the electric field only.
(B) the magnetic field only.
(C) both the electric and magnetic fields.
(D) neither in the electric nor in the magnetic

field.

9. The relation between electric charge, electric
potential and capacity is
(A) C = Q/V (B) C = V/Q

 (C) V = QC (D) all of these

10. Four coulomb charge is uniformly distributed on
2 km long wire. Its linear charge density is
(A) 2 C/m (B) 4 C/m
(C) 4  103 C/m (D) 2  103 C/m

11. Two capacitors of capacity C1 and C2 are
connected in series. Their combined capacity C
is given by
(A) C1 + C2 (B) C1 C2

(C) 
 

1 2

1 2

C C
C + C

(D)  1 2

1 2

C + C
C C

12. Two capacitor of capacities C1 and C2 are
connected in parallel. Then the equivalent
capacitance is
(A) C1 + C2
(B) C1 C2/C1 + C2
(C) C2/ C1
(D) C1 /C2

13. Van de Graaff generator produces _________.
(A) zero potential
(B) high potential
(C) breakdown voltage
(D) low potential

14. If the charge on the condenser of 10 F is
doubled, then the energy stored in it becomes
______.                                                 [Mar 17]
(A) zero
(B) twice that of initial energy
(C) half the initial energy
(D) four times the initial energy

15. _______ of conductors and insulators can be
understood on the basis of free and bound
charges.
(A) The mechanical properties
(B) The electrical behaviour
(C) The magnetic behaviour
(D) The dielectric behaviour

16. The _______ dielectrics develop net dipole
moment in presence of an electric field.
(A)  polar
(B)  non-polar
(C) polar and non-polar
(D)  solid

17. Dielectric constant of metals is _______.
(A) 0 (B) 1
(C) –1 (D) ∞

18. Match the two columns in correct sequence.

Common units of 
capacitance Their values 

i. 1 pF a. 10–6 F 
ii. 1 F b. 10–12 F 
iii. 1 nF c. 10–9 F 

(A) (i – b), (ii – c), (iii – a)
(B) (i – c), (ii – b), (iii – a)
(C) (i – b), (ii – a), (iii – c)
(D) (i – a), (ii – b), (iii – c)

*19. A parallel plate capacitor is charged and then
isolated. The effect of increasing the plate 
separation on charge, potential, capacitance 
respectively is 
(A) Constant, decreases, decreases
(B) Increases, decreases, decreases
(C) Constant, decreases, increases
(D) Constant, increases, decreases

Scan the adjacent QR Code to know
more about our “Board Questions
with solution” book for Std. XII
(Sci.) and Learn about the types of
questions that are asked in the XII
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33. The angle at which maximum torque is exerted
by the external uniform electric field on the
electric dipole is _______.              [Mar 22]
(A) 0 (B) 30
(C) 45 (D) 90

1. (A) 2. (A) 3. (C) 4. (A)
5. (C) 6. (C) 7. (A) 8. (A)
9. (A) 10. (D) 11. (C) 12. (A)
13. (B) 14. (D) 15. (B) 16. (C)
17. (D) 18. (C) 19. (D) 20. (D)
21. (A) 22. (A) 23. (A) 24. (B)
25. (D) 26. (C) 27. (C) 28. (B)
29. (A) 30. (C) 31. (C) 32. (B)
33. (D)

19. For a parallel plate capacitor:
Charge is conserved. Hence, remains constant.

i. C = 0A
d
  C 

1
d

ii. V = Ed  V  d

20. Without slab, capacitance C = 0A
d


With slab capacitance, C = 0A
1d t 1
k


   
 

 C = 0A
3 1d d 1
4 k


   
 

= 0A
d 3d
4 4k





    = 0A
d 31
4 k


  
 

= 0A 4k
d k 3

 
  

22. For circular plates, A = r2 = (0.08)2 m2

Charge Q = CV

 = 0A
d


V 

 =  2 12

3

0.08 8.85 10
10





  
 100 

 = 1.78  108 C 

23. Work done WCD = Q(VD VC)
Where, VD is net electric potential at D and

VC is net electric potential at C.
Here, VC = 0

 WCD = QVD 

= Q  
0 0

qq
4 3L 4 L
 

   

= 
0

qQ
6 L



24. Dielectric constant of medium

 k = 
0




= 
12

12

26.55 10
8.85 10








 = 3 

27. Total flux is independent of shape and radius.

29. E =
0

F
q

= 3000
3

= 1000 N/C 

 V = 
0

1 q
4 r

= 2
0

1 q r
4 r




= E  r 

 = 1000  0.01        ( r = 1 cm = 0.01 m) 

     = 10 V 

1. Three concentric metal shells A, B and C of
respective radii a, b and c (a < b < c) have
surface charge densities +,  and +
respectively. The potential of shell B is:

[JEE (Main) 2018] 

 (A) 
2 2

0

b c a
b

  
   

 (B) 
2 2

0

b c a
c

  
   

 (C) 
2 2

0

a b c
a

  
   

(D) 
2 2

0

a b c
b

  
   

Hint: Potential of shell B will be equal to sum of 
potentials due to charges present on all the three 
shells. 

 BV  = VA + VB + VC 
Now, as the potential is 
same inside the shell as 
that on the surface, 

VA = 
2k 4 a

b
 

VB = 
2k 4 b

b
  

VC = 
2k 4 c

c
 

 BV =      2 2 2k 4 a k 4 b k 4 c
b b c

     
 

 BV = 
2

0

a b c
b

 
    

....
0

1k
4

 
  



 BV = 
2 2

0

a b c
b

  
   

ANSWERS TO MULTIPLE CHOICE QUESTIONS 

HINTS TO MULTIPLE CHOICE QUESTIONS 
COMPETITIVE CORNER

a b 

c 

+ 
–
+ 
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(C) towards the right as its potential energy
will increase.

(D) towards the left as its potential energy
will increase.

Hint: Electric field lines in this case are closer to +q, 
hence net force on the dipole will act towards 
right side. A system always moves to decrease 
its potential energy. 

17. A capacitor of capacitance 'C', is connected
across an ac source of voltage V, given by V =
V0sinωt. The displacement current between the
plates of the capacitor, would then be given by:

[NEET (UG) 2021] 

(A) Id = 0V cos t
C




(B) Id = 0V sin t
C




(C) Id = V0ωCsinωt (D) Id = V0ωCcosωt
Hint: q = CV 

 
dq dV= C
dt dt

 Id = C (V0ωCcosωt) = V0ωCcosωt 

18. A capacitor of capacity ‘C’ has charge ‘Q’ and
energy stored is ‘E’. If the charge is increased to
3Q, the energy stored is ‘E1’, the relation
between ‘E1’ and ‘E’ is

[MHT CET 2021] 

(A) E1 = E
6

(B) E1 = 3E

(C) E1 = E
3

(D) E1 = 9E

Hint: E = 
21 Q

2 C
and E1 = 

21 (3Q)
2 2

 1E
E

= 9 

 E1= 9E 

19. Three isolated metal spheres A, B, C have radius
R, 2R, 3R respectively, and same charge Q. UA,
UB and UC be the energy density just outside the
surface of the spheres. The relation between UA,
UB and UC is                           [MHT CET 2022]
(A) UA > UB < UC
(B) UA > UB > UC
(C) UA < UB < UC
(D) UA < UB > UC 

Hint: Energy of a charged sphere 

 U = 
2

0

1 Q
2 4 a

 , where, a is radius of sphere 

For sphere A:  UA = 
2

0

1 Q
2 4 R

For sphere B: 

 UB = 
 
2

0

1 Q
2 4 2R

= 1
2

2
A

0

U1 Q
2 4 R 2

 
  

For sphere C: 

 UC = 
 
2

0

1 Q
2 4 3R

= 1
3

2
A

0

U1 Q
2 4 R 3

 
  ∴ UA > UB > UC 

Time: 1 Hour 30 Min TOPIC TEST Total Marks: 25 

 SECTION A 

Q.1.  Select and write the correct answer: [04] 
i. The dielectric constant of a conductor is _______.

(A) unity (B) zero
(C) infinite (D) non-negative integer

ii. In Van de Graaff generator, electric charge deposited on the larger sphere is due to
(A) corona discharge (pointed conductor effect). (B) friction.
(C) both friction and corona discharge. (D) electrostatic shielding.

iii. If the number of capacitors is connected in series then
(A) charge on each capacitor is same and potential is different.
(B) potential is same but charge is different.
(C) both charge and potential are same.
(D) both charge and potential are different.

iv. Electric intensity due to a charged sphere at a point outside the sphere decreases with _______.
(A) increase in charge on sphere.
(B) increase in dielectric constant.
(C) decrease in the distance from the centre of sphere.
(D) decrease in square of distance from the centre of sphere.
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Q.2.  Answer the following: [03] 
i. State formula for work done against electrostatic force while displacing charge +q0 at distance r1

towards charge +Q at distance r2.
ii. Define equipotential surface.
iii. Give two examples each of polar and non-polar molecules

SECTION B 

Attempt any Four:   [08]  
Q.3. What is electrostatic potential energy?

Q.4. Show graphical variation of electric field (or electric force) and electric potential due to a single
charge at a distance r. 

Q.5. Explain why no work is done to move a charge anywhere in the equatorial plane of electric dipole.

Q.6. An infinite line charge produces a field of 2  104 N/C at a distance of 9 cm. Calculate the linear
charge density. 

Q.7. Two identical parallel plate air capacitors are connected in series to a battery of e.m.f. ‘V’. If one of
the capacitor is completely filled with dielectric material of constant ‘k’, then determine the value of 
potential difference of the other capacitor. 

Q.8. Three capacitors of capacities 8 F, 8 F and 4 F are connected in a series and potential difference
of 100 volt is maintained across the combination. Calculate the charge on capacitor of capacity 
4 F.      

SECTION C 

Attempt any Two:   [06]  
Q.9. Derive an expression for electric potential due to a point charge.

Q.10. Derive an expression for potential energy of a system of two-point charges.

Q.11. A parallel plate air capacitor has rectangular plates, each of area 40 cm2 separated by a distance of
4 mm.  The potential difference between the plates is 800 volt.  Calculate 

i. its capacitance ii. the charge on each plate
iii. the electric field intensity between the two plates.

SECTION D 

Attempt any One:    [04]   
Q.12. i. Draw neat labelled diagram of a Van de Graaff generator. 

ii. Electrostatic energy of 5  104 J is stored in a capacitor at 1000 V. What is the charge on the
capacitor?

Q.13. i. Derive relation between conduction current and displacement current.
ii. What will happen if a parallel plate capacitor is filled with (a) dielectric of constant k

(b) conducting slab?

Scan the given Q. R. Code in Quill - The Padhai App 
to view the solutions of the Topic Test. 
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