(i)

Sanjiv*

Class-12 (Part-1)

For the Students of Rajasthan Board of Secondary Education

By
I
I | |
Dr. Shyam Prakash Pareek Amit Agrawal Dr. Meenal Bafna
Associate Professor M.Sc. Head of the Department,
Department of Physics Department of Physics
S.S. Jain Subodh P.G. College, Jaipur Agrawal P.G. College, Jaipur

Price : ¥ 480/-

Sanjiv Prakashan, Jaipur




(ii)

® Publisher:

Sanjiv Prakashan

Dhamani Market, Chaura Rasta,

Jaipur-3

email : sanjeevprakashanjaipur@gmail.com
website : www.sanjivprakashan.com

e © Publisher

Laser Typesetting :
Sanjiv Prakashan (DTP Department), Jaipur

Printer :
Punjabi Press, Jaipur
2.8.8.0.8.0.8.¢

Every effort has been made to remove the mistakes and omissions in this book. In case of any suggestion or any error found, send an
email or posta lettertous at the following address :

Email . sanjeevprakashanjaipur@gmail.com
PostalAddress : Publication Department
Sanjiv Prakashan,

Dhamani Market, Chaura Rasta,
Jaipur-302003
Your suggestions shall be taken care of in our next edition.
Though all the precautions have been taken in publishing this book yet for any mistake the author, publisher or printer is not liable. All
disputes are subjected to Jaipur Jurisdiction only.
© Rights are reserved. No part of this publication may be produced in any form, by photocopy, microfilm, xerography, recording or

otherwise without the prior written permission of the publisher. Any breach will entail legal action and prosecution without further
notice.




(iii)

9

_

cce

We are extremely pleased to present this book according to latest syllabus of
NCERT. The book has been written in easy and simple language so that students
may assimilate the subject easily. We hope that students will get benefitted from it
and teachers will appreciate our efforts. In comparison to other books available in
market, this book has many such features which make it a unique book :

1. Theoretical subject-material is given in adequate and accurate
description along with pictures.

2. Thelatest syllabus of NCERT is followed thoroughly.

3. Complete solutions of all the questions given at the end of the chapter in
the textbook are given in easy language.

4. Topic wise summary is also given in each chapter for the revision of the
chapter.

5. In every chapter, all types of questions that can be asked in the exam
(Objective, Fill in the blanks, Very short, Short, Numerical and Long
answer type questions) are given.

6. At the end of every chapter, multiple choice questions asked in various
competitive exams are also given with solutions.

Valuable suggestions received from subject experts, teachers and students
have alsobeen given appropriate place in the book.

We wholeheartedly bow to the Almighty God, whose continuous inspiration
and blessings have made the writing of this book possible.

We express our heartfelt gratitude to the publisher — Mr. Pradeep Mittal and
Manoj Mittal of Sanjiv Prakashan, all their staff, laser type center and printer for
publishing this book in an attractive format on time and making it reach the hands
of the students.

Although utmost care has been taken in publishing the book, human errors
are still possible, hence, valuable suggestions are always welcome to make the
book more useful.
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Static electricity is that branch of physics in which the
interaction between stationary charges and the fields gener-
ated by charges is studied. In this chapter, we will discuss

charge and its properties, electric field, electric force and
electric potential and in addition to it, we will study about the
concept of electric dipole and its applications in detail.

00 (12FdctricCharge) )%

About 600 years before Christ, Thales, a famous
Greek philosopher, observed that when a substance called
amber was rubbed with flannel, silk or cat's skin, it
develops an ability to attract light particles like small
pieces of paper, towards itself. After Thales, scientists did
not pay any attention to this discovery for about 2000
vears. In 1600 AD, Queen Elizabeth's physician Dr.
Gilbert proved this through his experiments that like amber,
glass, leather, e¢bonite, sulphur, lac etc. are also such
substances which when rubbed have the power to attract
light objects towards themselves. It is clear that this
special quality of attraction in these substances is due to
friction. This charge generated due to friction is called
Frictional Electricity. After friction, when objects acquire
the property of attracting lighter objects, the rubbed
objects are called clectrified. In daily experience also, we
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can see that after combing the dry hair, hair-comb starts
attracting small pieces of paper. In fact, in this process the
hair-comb becomes electrified. This characteristic property
of an electrical substance is called electric charge. Electric
substance is also called charged substance.

1.2.1 Positive and Negative Charges

After a few years of experiments, scientists observed
that different types of charges are obtained by rubbing.
These charges attract and repel each other under particular
cirumstances. To demonstration this phenomenon we do the
following experiments :

For this, a glass rod is rubbed with a silk cloth and
attached to a stable base with a thread as shown in the
Fig. I. Now we take another glass rod. If we rub it with a
silk cloth and bring it near the suspended rod, we see that it
repels.

Thread of silk
Negative charged
Attraction  p

= plastic scale

Positive) charged glass rod

(b) Attraction between
unlike charges

Fig. I

Similarly, if we repeat the above experiment with the
help of two plastic scales and a woollen cloth, we see that
there is repulsion in the charged plastic scales also. As
shown in Fig. II (a). Now we bring a charged glass rod near
the charged plastic scale and we see that there is an attraction
between the plastic scale and the glass rod. As shown in
Fig. IT (b).

It is clear from the above experiments that the
electricity generated on rubbing a glass rod with a silk cloth
is of different nature from the electricity generated when a
plastic is rubbed with a woollen cloth. Therefore, charged
objects are divided into two parts :

(1) The first type is those charged objects in which
electricity is generated like a glass rod rubbed with silk cloth.
In this way charged objects are said to be charged with
positive charge.

(2) The second type includes those objects in which
clectrical properties similar to plastic scale rubbed with
woollen cloth or fur are produced. Such charged objects are
said to be charged with negative electricity.

It is clear from the above experiments that :

(1) There is repulsion between similar charges.

(i1) There is attraction between dissimilar charges.
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The experiment here concludes that the objects to be
rubbed and the object with which it is rubbed simul-
taneously have equal and opposite charges.

We will further study that in the atoms of each
substance there are equal amounts of positive charge and
negative charge. Basically negative charge is present in
electrons and positive charge is present in protons. Due to
this, every atom is electrically neutral. When we rub a
glass rod with a silk cloth, some electrons (negative
charge) from the glass rod get transferred to the silk cloth.
Due to this, there is an abundance of positive charges in
the glass rod and there is an abundance of negative
charges in the silk cloth.

1.2.2 Electron Theory of Electric Charge

According to this theory, every substance is made up
of small particles, which we call atoms. The entire weight
of an atom is concentrated in its central part, which is
called nucleus. There are two types of physical particles in
the nucleus—(1) Proton (2) Neutron. The proton has a
positive charge while the neutron is neutral. The electrons
around the nucleus have a negative charge. The negative
charge on each electron is equal in magnitude to the
positive charge on cach proton. Apart from this, the
number of protons in each atom is equal to the number of
electrons. Therefore, despite the presence of two
oppositely charged particles in the atom, the atom is
clectrically neutral.

If one or more electrons are somehow removed from
an atom, then the amount of positive charge on it increases
and it is called positively charged. When an atom somehow
acquires one or more ¢lectrons from outside, then the
amount of negative charge on it increases and it is called
negatively charged because every object has innumerable
atoms. “Therefore, the positive charge of an object reflects
the lack of electrons in its atoms and its negative charge
reflects the dominance of electrons.”

Because the process of an object becoming
positively or negatively charged can be explained only by
the transfer of electron and the electron can also be easily
separated from the atom, not the proton. Therefore, for an
object to be charged, only electrons are responsible, not
protons.

Important facts : (1) An object being positively
charged means that there is a lack of eclectrons on the
object in its normal state and the objects being negatively
charged means that there is an excess of electrons on the
object in its normal state.

(2) Electrons are responsible for electrification of
any object, not protons, because electrons remain outside
the nucleus, it is easy to separate them, whereas protons

remain held inside the nucleus by strong forces, hence it is
difficult to remove protons from the nucleus.

1.2.3 Explanation of Frictional Electricity

Generally we experience that a substance called amber
when rubbed with wool, it acquires the property of attracting
light objects (like small pieces of paper, light straws, etc.).
Similarly, when a glass rod is rubbed with a silk cloth and
cbonite is rubbed with a cat's skin, similar properties develop
in them. It is clear that this special quality of attraction in
these substances arises only as a result of friction. This
effect caused by friction is called friction electricity. When
a glass rod is rubbed with silk, some ¢lectrons are released
from the glass atoms and go to the silk. Due to lack of
clectrons on the glass, there is an excess of positive charge
and on the silk, there is an excess of negative charge. Hence
the glass rod becomes positively charged and the silk negatively
charged. Similarly, when an ebonite rod is rubbed with the
skin of a cat, some electrons from the skin come into the
cbonite, hence the ebonite rod becomes negatively charged
due to excess of electrons and the cat's skin becomes
positively charged due to lack of electrons. We know that the
mass of the electron is m, =9.1 x 103 kg and as the electron
is removed from the object, its mass will decrease. Although
this decrease or increase is in very small quantity i.e., very
little. But this is correct in principle. In the table given below,
due to friction, the objects in the first column acquire a
positve charge and the objects in the second column acquire
a negative charge.

Positive Charge

1. Glass rod
2. Cat's skin

Negative Charge

Silk cloth

() Ebonite rod

(i) Any rod of plastic
() Ebonite

(i) Rubber

(1) Plastic

3. Woollen cloth

The mass of a particle does not behave like charge
because at very high velocity v ~ ¢ the mass of the particle

. m
1S m= 0
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Here, m,, is the value of mass in the steady state of the
particle whereas this is not the case of charge. The main
reason for this is that charge is positive and negative but
mass is only positive. Charge is always associated with
mass, i.e., charge cannot exist without mass, whereas mass
can exist without charge. Particles whose rest mass is zero
cannot be charged. Like photon or neutrino.
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Differences between Mass and Charge

Mass

Charge

Mass is possible without charge.

Charge is not possible without mass.

2.| Mass is based on the reference frame.

Charge does not depend on the reference frame.

3. | Mass is always positive.

Charge may be positive or negative. The negatively
charged object has more mass and the positively
charged object has less mass.

4.| There is always a force of attraction between two
masses :
_ G mm,

1”2

This force does not depend on the medium.

F=

There can be attraction or repulsion between two
charges :

sz%%
2
This force depends on the medium :
k N2

F 2

~ Mediume, r

5. | Accelerated mass does not emit energy.

Accelerated charge releases energy.

%//////////////////////////////l 1.3 Conductors and Insulators %/////////////////////////////

All the substances found in nature can be divided
mainly into two parts :

(1) Conductors and

(2) Insulators.

(1) Conductors : Those substances which are used
to flow electric charges from one place to another are
called conducting substances. For example, iron, copper,
silver, aluminium, mercury, acid, alkali, salt solution etc. are
materials that conduct electricity. Silver is the best
conductor of electricity. When a charge is given to a
conductor then this charge spreads on the outer surface of
the conductor and the charge at every point inside the
conductor is zero.

(2) Insulators : The substances through which
charge (or electricity) cannot flow is called a bad
conductor or insulator. For example, glass, rubber, plastic,

ebonite etc. are insulating substances. These are also
called dielectric substances.

Free and Bound Charges : Generally, electricity is
conducted in substances by electrons (negatively charged
particles). The electrons in the atom revolve in different
orbits around the nucleus.

In some substances, due to the strong attraction of
the nucleus on the valence electrons of atoms, it is
generally not possible for their valence electrons to move
freely in the substance. Such eclectrons are called bound
clectrons and such material is called dielectric material.
When dielectric materials are placed in an external electric
field, the centre of positive charges and the centre of
negative charges in their atoms get displaced from
cach other. As a result, induced charge appears on their
surface.

%////////////////////////% 1.4 Basic Properties of Electric Charge W////%

We saw that there are two types of charges—
positive and negative. Like charges repel each other, while
unlike charges attract each other. Here we will describe
some other important properties of ¢lectric charges.

1.4.1 Additivity of Charges

“Additivity of charges is the property by which the
total charge is obtained from the algebraic sum of its various

charges in a system.” i.e., charges can be added like real
numbers or charge is a scalar quantity like mass.

If n charges in system are g, ¢», g3, ...., gy, then
the total charge of the system is g1 + ¢» + g3 + ... + g,
Like mass, charge has magnitude, not direction. The mass
of an object is always positive whereas a charge can be



	Chapter-01
	Chapter-02
	Chapter-03
	Chapter-04
	Chapter-05
	Chapter-06
	Chapter-07
	Chapter-08



