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TOPIC-2 ELECTRIC CHARGE

Q.1 What is electric charge? Write a short note on its history [origin]?

A. According to William Gilbert, charge is something possessed by material objects that makes
It possible for them to exert electrical forces and to respond to electrical forces.

But : charge can be defined as:

When two substances are rubbed against each other, there can be exchange of electric charge. The process by
ich a substance or an object acquires electric charge is called electrification.

The electric charge on an object can be measured and hence electric charge is a physical quantity.
Electric charge is a scalar quantity. Notes—
SI derived unit of charge is coulomb and denoted by C. E <95 onit— stat coulom bﬂ
Dimensional formula of charge :
Electric charge, q = It, where I is electric current and ¢ is time.
~. Dimensional formula of electric charge = [AT],
where A = ampere, symbol of SI unit of electric carrent.

History of charge:

1.Around 600BC In Greece Thales of Miletus discovers that Amber rubbed with wool or silk attracts light objects

2. The name electricity is coined from the Greek word electron meaning Amber.

3. Static charge can be developed on a body or two by rubbing them with each other.

4. The positive and negative form of charges was given by Benjamin Franklin.

5. The bodies like glass, pléstic rod, silk, fur or pith balls suggested that on rubbing they get electrified, or they acquire an
electric charge on rubbing.

6. Various experiments shows that a) like charge repel & b) unlike charge attracts.

7. NOTE. The charges acquired after rubbing are lost when the charged bodies are brought in contact (when the body has
no charge it is said to be neutral.
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NCERT IN TEXT FOR FRICTIONAL ELECTRICITY  \\WIWWIWIWL

. It was observed that if two glass rods
rubbed with wool or silk cloth are
brought close to each other, they repel

| _each other [Fig. 1.1(a)]. The two strands
of wool or two pieces of silk cloth, with

| FIGURE 1.1 Rods and pith balls: like charges repel and

unlike charges attract eachf other. e which the rods were rubbed, also repel
| e each other. However, the glass rod and
wool attracted each other. Similarly, two plastic rods rubbed with cat’s .
fur repelled each other [Fig. 1.1(b)] but attracted the fur. On the other
hand, the plastic rod attracts the glass rod [Fig. 1.1(c)] and repel the silk
or wool with which the glass rod is rubbed. The glass rod repels the fur.
If a plastic rod rubbed with fur is made to touch two small pith balls -
[now -a-days we can use polystyrene balls) suspended by silk or nylon
thread, then the balls repel each other [Fig. 1.1(d)] and are also repelled
by the rod. A similar effect is found if the pith balls-are touched with a
glass rod rubbed with silk [Fig. 1.1(e)]. A dramatic observation is that a
pith ball touched with glass rod attracts another pith ball touched with
plastic rod [Fig. 1.1(f)]. ,
These seemingly simple facts were established from years of efforts
and careful experiments and their analyses. It was concluded, after many
- careful studies by different scientists, that there were only two kinds of
- an entity which is called the electric charge. We say that the bodies like
glass or plastic rods, silk, fur and pith balls are electrified. They acquire
“an electric charge on rubbing. The experiments on pith balls suggested
'rﬁ p es °F —_— that there are two kinds of electrification and we find that (i) like charges
Po laxity o C"\O"fa»e— . repel and (ii) unlike charges attract each other. The experiments also
" demonstrated that the charges are transferred from the rods to the pith
balls on contact. It is said that the pith balls are electrified or are charged
by contact. The property which differentiates the two kinds of charges is
" called the polarity of charge.
When a glass rod is rubbed with silk, the rod acqun’es one kind of
charge and the silk acquires the second kind of charge. This is true for
“any pair of objects that are rubbed to be electrified. Now if the electrified
glass rod is brought in contact with silk, with which it was rubbed, they
no longer attract each other. They also do not attract or repel other hght ',
' objects as they did on being electrified.
i Thus, the charges acquired after rubbing are lost when the charged
: bodles are brought in contact.
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ELECTROSCOPE

Q.1 Explain 2 experiments (electroscopes) for studying repulsive behavior of static charge?

A. The GOLD LEAF ELECTROSCOPE (G.L.E) & PAPER STRIP EXPERIMENT.

A simple apparatus to detect charge on a body is the gold-leaf
electroscope [Fig. 1.2(@)]. It consists of a vertical metal rod housedin a -
box, with two thin gold leaves attached to its bottom end. When a charged
object touches the metal knob at the top of the rod, charge flows on to
'the leaves and they diverge. The degree of divergance 1s an ndicator ol

'the amount of charge.

|
R

Metal knob
@4 — Metal rod

%Rubber.
v,
| /

i
®
3
Glass Gold leaves
window : ‘
; or

|
|
|

(a)

®)

FIGURE 1.2 Electroscopes: (a) The gold leaf ' — —
electroscope, (b} Schematics of a simple ) ' © '
' slectroscope. ;
‘ : FIGURE 1.3 Paper sirip
experiment.

PﬁPf}L Shyi F € "F eviment i~ — S 76 understand how the electroscope works, use
the white paper strips we used for seeing the
attraction of charged bodies. Fold the strips into half.
so that you make a mark of fold. Open the strip and
“iron it lightly with the mountain fold up, as shown
in Fig. 1.3. Hold the strip by pinching it at the fold.

You would notice that the two halves move apart.
This shows that the strip has acquired charge on ironing: When you fold
it into half, both the halves have the same charge. Hence they repel each
other. The same effect is seen in the leaf electroscope.
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PROPERTIES OF CHARGES

Q.1 What are the five Important properties of electric charge?

A. While studying charges we treat them as point charges and they posses five important properties:

1. Charge is additive in nature:
—> L Ifa system contains two point charges q, and q2
the total,ch‘afge of the system is obtained simply by ‘adding algebraicaj'lly
. g,andg,.le., charges add up like real numbers or they are scalars hke
. the mass of a body. If a system contains ncharges g,, y; 95, ---» 9y’ then
| the total charge of the system is ¢, + g, + g, + ... + Q- Charge has
magnitude but no direction, similar to mass.

2. Conservation of charge:

3. Charge of a body is independent on its velocity:

4. Like charges repel and unlike charges attracts each other due to Coulombs force of electrostatics.

Special case:
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PROPERTIES OF CHARGES

5. QUANTISATION OF CHARGE :

Experimentally it is established that all free charges are integral multiples
- of a basic unit of charge’denoted by e. Thus charge gon a body is always
- given by . : B ‘ L
 a=ne] |
where nis any integer, positive or negative. This basic unit of charge is:
- the charge that an electron or proton carries. By convention, the charge.
on an electron is taken to be negative; therefore charge on an electronis =y §= *ne
written as —e and that on a proton as +e. _ K
" The fact that electric charge is always an integral multiple of eis termed
as quantisation of charge. There are alarge number of situations in physics
where certain physical quantities are quantised. The quantisation of charge
| was first suggested by the experimental laws of electrolysis discovered by
English experimentalist Faraday. It was experimentally demonstrated by
Millikan in 1912. ) : S :
In the International System (SI) of Units, a unit of charge is called a
coulomb and is denoted by the symbol C. A coulomb is defined in terms
the unit of the electric current which you are going to learn in a
‘subsequent chapter. In terms of this definition, one coulomb'is the charge
flowing through a wire in 1 s if the currentis 1 A (ampere), (see Chapter 2
of Class XI, Physics Textbook , Part I). In this system, the value of the
. basic unit of charge is C o ‘ '
[e=1.602192 x 107 ]
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UNIFICATION OF ELECTRICITY AND MAGNETISM
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APPLICATIONS OF ELECTROSTATICS

(i) A photocopier is mainly based on the principle of electrostatics.

a‘} Electric capacitors or condensers work on the principle of electrostatics.
(iii) High electric potential source, var de Graaff generator works on the principle of electrostatics.

(iv) Energy losses can be reduced with the help of power factor correctors which work on the principle of
electrostatics.
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APPLICATIONS OF ELECTROSTATICS

(v) Pollution can be controlled with the help of electrostatic precipitator of fly ash.

(vi) Spray painting and powder coatings are done with the help of principle of electrostatics.
(vii) Sensitive instruments are protected from external electric fields with the help of electrostatic shielding.
(viii) Path of charges can be changed and the charges can be accelerated by using the principle of electrostatics.

{ix) Natural phenomena like lightning and thunder can be explained by using the knowledge of electrostatics.

{x) Atomic structure can be explained by using the principles of electrostatics.
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NCERT BACK EXERCISES

NCERT.14. (a) Explam the meaning of the statement ‘electric
‘charge of a body is quantxsed ’ C e
(b) Why can one ignore quantlsatlon of electric charge :
when' dealing with macroscoplc i.e:, large scale
e charges ?
Ans, (a) ‘Total charge on a body is equal to- mtegral multlple
' of charge on an electron (€). -
vie g = L ne, wheren-0 1 2 3,.
(b) At macroscopic level, the quantisation of charge has
no- practrcal 1mportance because the charge at-
~ Aacroscopic- level. is very large as’ compared 1o
B elementary charge ei.e. 1:6 X 10-19C. For example,
4 small charge of 1 pC has about 10'% electronic-
o Vcharges In such cases the charge may be treated as
e contintious and not quantised. . :

NCE RT 1. 5 When a glass rod is rubbed with a silk cloth, charges
- ‘appear on both. A snmllar phenomenon is observedf
~with many other pairs of bodies: Explam ‘how- thls"
"~ observation is conslstent thh the law of conservatlon ‘
| ofcharge. : - :
‘Ans. On rubbing, the electrons are transferred from one body :
- to the other. For example, when glass rod i§ rubbed with
- a piece of silk cloth, electrons from the ‘glass. rod: are
| - transferred to the plece of silk ‘cloth. ‘The glass rod'-
‘ - .+ acquires (+) charge-whereas the srlk cloth gets (&) charge ‘
| - Silk and glass are neutral before rubbmg and after
. .rubbmg the total charges on glass as Well as s1lk taken :
B together are once again zero.. Sumlar phenomeuon is.
- observed with other pairs of bodles Thus inan.isolated
o system the total charge is neither created rior destroyed,
. the charge-is simply transferred fro’m" one body to the
other. This observation i is cons1stent thh the law of
_conservation of charges. - '
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ELECTRIC CHARGE & MASS

Q.1 Compare Electric charge and Mass?

Ans Electric charge and mass, both are the inirinsic charcteristics of a particle. However, they possess different
properties. The cempamsoa of the properties of eleciric charge and mass are given in Table 1.

Eiecmc ‘Charge

. Electric charge may be positive or negative p}nszcai 1. Mass of a body is alway< a pasuwe phvszcat

1
quantity. : - quantity.
2. Charges can be added like real numbers, so they can 2. Masses are also added like real numbers and are
be treated as scalars or scalar quantities. ‘scalars or scalar quantities. ‘
3. Charge is quantized. 3. Mass of a body is mot consxdered to be quannzed
4. Charge is always conserved. N 3. Mass is not conserved as mass can be changed: mto
Vi L S ‘ energy and vxce—versa accardmﬁ 10 the relatxon
' E E = mc”. : '

L-5. Charge on a body is not affected bykthe velocity of |_~3. Mass of a body changes with velocity of the- body
. the body i.e. charge is invariant : ; ]

{ q(a[~re§t) ?(m mo%@ I where, m = mass of the moving body, i, = rest mass of
the body; v = velocity of the body and ¢ = velocity of
light in vacuum = 3 x 10°m s7. Clearly, whenv = ¢,

~ mass of moving body be’comés’iﬁﬁnite._ .

' as per relation,| m =y /[

o /6. Force between charges may be arractive (in case of | 6. Force between masses is always attractive in
| unlike charges) or repulsive (in case of like charﬁes} ‘ nature.
| 7. It plays an important role in electricity. | 7. ithasan meortant role in gravztaucm
8. The electric charge is a derived physical quantity. 2. The mass is a fundamental physical quantity.
J-2. Charge may not exist without mass. 9. Mass exists without net charge also.
10. Transfer of charge brings change in microscopic mass. | 10, Transfer of mass may not bring chang
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CONDUCTORS AND INSULATORS

Q.1 What are conductors and insulators, distinguish them on the basic of charge theory?

Also explain the process of earthing or grounding ?

Ans.  Some substances readily allow passage of electricity through them,
others do not. Those which allow electricity to pass through them easily
are called conductors. They have electric charges (electrons) that are
comparatively free to move inside the material. Metals, human and animal
;‘b‘odies ‘and earth are conductors. Most of the non-metals like glass,

' porcelain, plastic, nylon, wood offer high resistance to the passage of
, electrlt:ltv through them. They are called insulators. Most substances'

fall into one of the two classes stated above*.

| When some charge is ‘transferred to a conductor, 1t readlly gets
d1str1buted over the entire surface of the conductor. In contrast if some
charge is put on an insulator, it stays at the same place You will learn

i why this happens in the next chapter.

EARTHING!""‘

, When we br1ng a charged body in contact with the earth all the
- excess charge on the body disappears by causing a momentary current
to pass to the ground through the connecting conductor (such as our
body). This process of sharing the charges with the earth is called
‘grounding or earthing. Earthing provides a safety measure for electrical
circuits and appliances. A thick metal plate is buried deep into the earth

‘and thick wires are drawn from this plate; these are used in buildings
for the purpose of earthing near the mains supply The electric wiring in
our houses has three wires: live, neutral and earth.

B There is a third category called semiconductors, which offer resistance to the

- movement of charges which is mtermechate ‘between the conductors and
insulators.
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INTERESTING FACTS

Electrostatics

(e ectmsty +at rest)

*Electrostatic Force
*Opposites attract
Like repel
«All materials are neutral (p*=e’)
*Charging- process of removing or adding
electrons
*Conduction- direct contact
*Induction- indirect contact

*Grounding- Connection with free flow of
electrons to or from the Earth

Lightning _travelé from riegatwe to bOSItive areas.
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CHARGING BY INDUCTION

Q.1 What are the two modes of transferring charge to a conducting body ?

A.. Two modes of transferring charge are:

1. CONDUCTION:

2. INDUCTION:

To understand them refer to following questions:

Example 1.1 How can you charge a metal sphere positively without touching it? N.C.E.R.T

Ans. This can be done by the means of induction and earthing in following steps:

Consider an uncharged metallic sphere on an insulating metal stand.

Step 1.

www.massphysics.com 17 FOCUS CBSE MODULE
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CHARGING BY INDUCTION

NCERT IN TEXT QUESTION:

How to provide equal and opposite charge to identical metal spheres by the process of induction?

AnS. Let us consider two metal spheres on insulated stand , to provide them charge by induction we must follow these

steps:

» Step L

Step 2.

Step 3.

Step 4.
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FIGURE 1.4 Charging
by induction.
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IMPORTANT MCQS BASED ON CHARGES

LTIPLE CH

(Only One Option Correct)

@ When a glass rod is rubbed with -a piece of silk
cloth, the charge acqmred by glass rod is

{(a) positive
(b) negative
" (c) both positive and negative
(d) none of these.
Ans. (a). ;
2. Minimum value of charge a charged body can have is

(a) 10°1°C (b) 1-6 x 1071°C ,
() 146 X 10C - (@) 0-8 x 10°°C. @& K202
Ans. (b). :
3. Number of electrons forming 1 coulomb charge is

equal to

(@) 625 () 6-25 x 10718

() 625 x 108 (@) 625 x 10719,
' - ’ (H.P.S.E.R. 2019

Ans. (o) n.= 4 .

When a body becomes'negatively charged, its mass

{a) decreases

(b) increases

(c) remains the same

(d) first increases then decreases {r? P.S.E.B. 3018}
Ans. (b).

8. If ¢ be the charge on a body at rest, then the charge
on the body, when it is moving with speed v is

@ g ® I

(c) 29 . @

Aws. (a). Invariance of electric charge.
The cause of charging of a body is
- (a) transfer of neutrons
(b) . transfer of protons
(c) transfer of electrons
{(d) transfer of both protons and neutrons

www.massphysics.com 21

Ans. (0). -

What is the charge on a metal when one electron is
removed from it

(@ 1:6x 1079 C

(c) 16x 1079 ¢C (d) zero.  (Haryana 2015)
Ans. (@). ¢ = ne = 1 X 1-6x 1079C = 1-6x 10 C
8. The charge on the neutron is

@ ocC ‘ ®) 1-6 x 10°°C

(c) -1:6 x 10°°C (@) 1C  (H.5.E.B. 2018
Ans. (a). Neutrdnis aneutral particle. Ithas no electric charge.

() 8x101°C

The number of elecirons present is -1-6 X 10’6

Coulomb charge is .
(@) 10!
(c) 108

(b) 1012

(d) 10%.. (H.5.E.B. 2018

' ' —6
Ans. (c). q-= neorn = % ~wf9§‘
~-1-6 X 107°°C
10, The charge on an electron is
(@ 0C ® 1C
(0 -16x 107°C @16 x 10°°C.

(H.S.E.B. 2018)

= 1013,

Ans, (é). ,
i1. The charge on a proton is
@ 0C ®1C _
(c) 1:6 x 1071°C (@) -1-6 x 10715C.
{ES.E.E. 2618)
Awns, (C).

12, The existence of a negatwe charge on a body 1mphes
that it has :

" (a) lost some of its electrons
(b) lost some of its protons ,
(c) acquired some electrons from outsuie
(d} acquired some protons from outside.
Ans. (c) acquired some electrons from outside

When body acquires electrons, 1t becomes negatlvely
charged. :

(C.PMT.)

{
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ELECTROSTATICS

Q.1 What is Electrostatics and frictional electricity?

A. The branch of physics, which deals with the study of charges at rest, the forces between static charges, fields and
potentials due to these charges, is called electrostatics. It is also known as static electricity

Static electricity is produced by friction between two surfaces in contact and hence called as frictional electricity

0.2 What are the various physical quantities which describes electrostatics? Write a brief note?

AnS. There are 5 major quantities in electrostatics :

-
1. F (forces between charges )

-
2. € (Electric field intensity )

3. & (Electric field Flux,)

4. V (Electric field potential)

5. C ( Capacitance )

Note: This chapter deals with first 3 physical quantities ( ¥, E & ¢ ) while last 2 quantities (V&C)arein
NCERT chapter 2
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ABOUT COULOMB & CAVENDISH
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FORCE BETWEEN CHARGES [F]

Four form of coulombs law:

Q.1 Explain Coulombs law for force between point charges in free space? (SCALAR form)

Ans. Coulomb’s law is a quanutatlve statement about the force between two

- point charges. When the linear size of charged bodies are much smaller

. than the distance separating them, the size may be ignored and the

' charged bodies are treated as point charges. Coulomb measured the
force between two point charges and found that it varied inversely as
the square of the distance between the charges and was directly
proportional to the product of the magnitude of the two charges and
acted along the line joining the two charges. Thus, if two point charges
q,, q, are separated by a distance r in vacuum, the magmtude of the
force (F) between them is glven by

la, a,| qzl
T'

How did Coulomb arrive at this law from his expenments‘? Coulomb
used a torsion balance* for measuring the force between two charged metallic spheve-

F=k ‘(il)

| % A torsion balance is a sensitive device to measure force. It was also used later
w by Cavendish to measure the very feeble gr: av1tat10na1 force between two objects,

L tor verlfy Newton's Law of Gravitation.
|
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FORCE BETWEEN CHARGES [F]

Coulombs law:

That is, 1 C'is the charge that when placed at a
distance of 1 m from another charge of the same
“magnitude in vacuum experiences an electrical force of
“repulsion of magnitude 9 x 10° N. One coulomb is
evidently too big a unit to be used. In practice, in

electrostatics, one uses smaller units like 1 mC or 1 uC.

The constant k in Eq. (1.1) is usually put as

k= 1/4ne, for later convemence so that Coulomb s law is written as

o, q
4 ne, 17

&

(1.2)

€, is called the permlttwlty of. free Space The Value of £, in SI units is

= 8.854 x 10-12 02 N'm

www.massphysics.com
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FORCE BETWEEN CHARGES [F]

0.2 Explain Coulombs law in yector form for two point charge system?

Ans. Consider two point charges q; & qz kept in vacuum ( free space ) at distance r then two case arises:

CASE 1. ATTRACTION:

9o

%
@

—_—

Ez. =

—

F;a. =

CASE 2. REPULSION:

%
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FORCE BETWEEN CHARGES [F]

0.3 Explain Coulombs law in position vector form?

Ans. As we know we can split a displacement vector to position vectors..

i
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FORCE BETWEEN CHARGES [F]

0.4 Explain Coulombs law in superposition form? Or forces between multiple charges?

Ans. Let us consider a unit test positive charge qo surrounded by n number of charges around
it as shown below: 09,

.9

_f\t’r Force experience bx& 9 duw 1o n-ckm%g,g asstound 1t 1—

E =
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Q.1 Compare Electrostatic and Gravitational forces?

Ans.

ELECTROSTATIC FORCE & GRAVITATIONAL FORCE

The comparative study of electrostatic and gravitational forces is given in Table 4. They have many simii:

but some very important differences also.

Electrostaac Force :

Gravitational Force

N

< < o

1.

2.

3.
" the gravitational forces (i.e. F,

L4,

. charges are kept.

tis long range force.

‘ It varies mversely as the square af distance between

It may be an attractzve or a iepulszve fc)rce

It is the force between two charges.

Electrostatic force is very laz‘ge as compared to
= 103 Fp).

This force depends upon the medium in whlch the

, . . 1
interacting charges i.e. Fyo—
N r-‘

In other words; it obeys inverse square law.

It is a central force i.e. it acts along the line joining
the centres of two charges.

It is a conservative Jorce.

If work done by a force on a particlé does not depend
upon the actual path followed by the particle but
depends on the initial and final positions of the particle,
then the force is called comnservative force.

It obeys Newton’s third law.

. It is always an atiractive force.
2. It is the force between two masses.
. It is the weakest fundamental force in nature. It is

almost negligible as compared to the electrostatic force.

. This force does not depend upon the medium in which

the masses are kept.

. It is also long range force.
. It also varies inversely as the square of distance between

interacting masses i.e. F,oc—-.
¥

In other words, it obeys inverse square law.

. It is also a central force i.e. it acts along the line

joining the centres of two masses.

. It is also a conservative force.

. It also obeys Newton's third law.

www.massphysics.com
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NCERT EXAMPLE

_:ﬂmwmnc,\m animation on Coulomb’s law: ,
http: \\émggw_nm Qms%o: edu/physlet_ resources/bu_semester2/menu_semester2. rSi
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NCERT BACK EXERCISES

NCERT. 13. Check that thie ratio ke?/G m,m, is dimensionless.
.- Lookupa Tableof _P,hysj}eal'(}ons&ﬂts and determine
*.. “the value of this ratio. What does the ratio signify 7

Ans.
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NCERT EXAMPLE
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NCERT EXAMPLE
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NCcerT 1.1

NCERT. 1.2.

www.massphysics.com

NCERT BACK EXERCISES

What is the force between two small charged spheres

having charges of 2 X 107 C and 3x107C placed
30 cm apart in air ?

.1Usmg F = 9 X 109 919 ,'we get
2

9x109x02x10’6x(03x10‘6)
ST 03x03
o =6x 103 N (repulsive).

The electrostatic force on a small sphere of charge

0-4.uC due to another small sphere of charge -0-8 uC

-+ in air is 0:2 N.
.- (a)- What is the dlstance between the two spheres ? }'
C (b) What is the force on- the second sphere due to the

* first ?
@ Force on charge 1 due to charge 2 is glven by the

= o relatlon

36
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NCERT BACK EXERCISES

NCERT. 112 (@) Two insulated charged copper spheres A and B -

have their centres separated by a distance of 50
cm. What is the mutual force of electrostatic
repulsion if the charge on each is 6:5 X 10-7 C ?
The radii of A and B are negligible compared to
the distance of separation. :

(b) What is the force of repulsion if each sphere is

charged double the above amount, and the distance -

| between them is halved ?

www.massphysics.com 37
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EQUILIBRIUM OF CHARGES

Q.1 What is equilibrium of charges ? Explain its two types?

Ans. A system of charges is said to be in equilibrium if each charge experience a zero net force

due all of the charges in its vicinity.

Types of equilibrium:

1. STABLE EQUILIBRIUM

Example: \
2. UNSTABLE EQUILIBRIUM

J

1.s4able 2. Unstable

Example: eﬂu;\Tbrium equm\rﬁum,

Important Q.2 A Charge q is placed at the center of the line joining two equal two equal charges Q. Show that
the system of three charges will be in equilibrium if q= -Q/4. NEET-2016: CBSE 2015

Ans. Q q Q
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IMPORTANT QUESTION ON EQUILIBRIUM OF CHARGES

4 m\w*ﬂ ﬁj%our charges of — Q each are placed at 4 corners
L of a square and a charge ¢ is at its centre. For
equilibrium, value of ¢ should be: -

@ _%mzﬁj ®) La+242)

(@ -Las2dm @ Lar2D.

| (A.LE.EE 2004) (Bs€-2015, NEET - 2014
Ans:—
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NCERT BACK EXERCISES

NcerT, 1.32. (@ Consider an arbitrary electrostatic field
. configuration, A small test charge is placed at

‘a null point (i.e., where E = 0) of the

 configuration. Show that the equilibrium of

. the test charge is necessarily unstable.
(®) - Verify this result for the simple configuration
. of two charges of the same magnitude and
sign placed a certain distance apart.

Ang (» |

@
Ll
L]

Ans (b

©
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NCERT BACK EXERCISES

N CERT. 1.25. An oil drop of 12 excess electrons is held station-
' ary under a constant electric field of 2:55 x 104
NC-1in Millikan’s oil drop experiment. The den-
sity of the oil is 1:26 g cm~3, Estimate the radius
of the drop. (g = 9-81 ms2 ;¢ = 160 X 10-19C.)
Ans, Charge on drop, '

§=ne

ol drop —> O
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EQUILIBRIUM OF CHARGES

15, Charge on sphefe Aon cdntact with third sphere (say C)

NCERT. 113, Suppose the spheres A and B in Q 1.12 have identical

sizes. A third sphere of the same size but uncharged
is brought in contact with the first, then brought in
contact with the second, and finally removed from.
both. What is the new force of repulsion between A
and B ? ‘ ‘

having no charge is given by
_ gatgg _65x1077+0
p = AT ,
=325 x107C
When third sphere, now having charge 3-25 x 107¢C
is brought in contact with sphere B, the charge left on
sphere B is given by, »

!

- dBtac
gp = 2 ‘
65x107 +325x107 ‘
' 1 ghgi
.. New Coulomb’s force = 7~ g—’%@—
mTey r

, 9x10® x 325 10”7 X 4875x1077

= =

| (s0x107%)*
=157 % 103N,
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MCQS BASED ON PORC]E ]BETWEEN CHARGES [COULOMB 1LAWI

L a%maime electrical permittivity of free

5 % 1012 C2 N1 2
B) 385 x 102C2Nm?2
) 9 x 109 Nm2 C2
@ 9X1ONm2C2
 Ans. (@).

Q 2. The dlmens:onal formula of permlttmty (gg) of free
space is

|

|

(@) IML3T*A%]
(¢) IM1L2T2A] -

(®) IMIL2T2A]
(d) [M“lL‘ZT‘ZAZ]
(H.P.S.E.B. 2018)

|

2

1 q
4rmeg ,-2 A

A
b

(). F =

3 Three charges are placed at the vertices of an
equilateral triangle of side a. The force experienced
by the charge placed at vertex A in direction normal

to BC is : »
(@) QY4neya® () - Q¥4neya®
f (c) zero (d) Q*2rneya®.

A
AQ

-Qq
B

: (A 1135, 2803)
(c), The fxgure clearly indicates that the net
electrostatic force on charge at A is acting horizontally

i.e., along CB. No force is acting along a direction
normal to BC.

A

FANS,

Q' 4.. An electron is moving around a nucleus of a hydrogen
atom in a circular orbit of radius 7. The coulomb’s

%
force F between the two is : -

2

e~ — —ke? —
{a) k—é—r r
r

www.massphysics.com 43

@ =5 @ -
o) e
2 3
(where k= ﬁ) {C E. Si; PMT 2003)
0 .

Aws. (b), Charge on the hydrogen nucleus is +e and‘
charge on electron is. —e. Coulomb’s’ force between

them is attractive.
—1 . ~ ) . . ar
F o= yr— %‘5 7 (-ve sign shows that Fis
‘ 0 r . .
attractive)
L=
Since =T
. r
R e NP ol
3r = T
dn ey r P

JTwo point charges separated by a dis‘tam‘:e‘tf repel
= each other with a force of 9 N. If -the separation
between them becomes 3d, the force of repulsmn

will be :
{a) 1N (b) 3N
(c) 6N (C.P.M.T.)

(d) 27 N.

A5, (a). Fos
?'2
{66, The dielectric constant of metals is :
(@ 1 (b) greater than 1
Awns. (d) )
K = o for metals.

(c) zero- (d) infinite
o {MPCEE. ; CPMT., COM

@ Electrons temain bound to the nucleus due to which

of the following forces : :

(a) Electrostatic (b) van der Waal

ED-H 2009)

(c) Gravitation (d) Nuclear. 4.F3.C. Zé‘i?”,%
Anus, (a)
~ Electrostatic force between pucleus and electron.’
= ) - N . 1
(Q8) What are the units of K = pr
(@) CPN1m" () Nm?C2
(c) Nm?C? (d) unitless. @ﬁ; F.M.C. 2004)

Ans. ). k=2
q

Qq. In a hydrogen atom, the distance between the electron
and proton is 2-5 X 1071 m. The electrical force of

attraction between them will be :

(@ 28 x 107N (b)) 62 x 107N

(©) 37 x10'N (@ 91 x 107 N.

{Deili PMT)
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ADDITIONAL Mcqas ON COULOMBS LAW

When a soap bubble is charged

(a) it comiracts

(b) it expands

(c) it bursts

) it nelther contracts nor expands.

g
f23 ¥ f[:‘ &J
&

Size of soap bubble increases, when charged.
~ 27. Which of the following is the unit of electric charge ?
(h) newton
' (d) ampere;

(a) coulomb
(c) volt
Explanarion.
coulomb
28%. A comb runs through one’s dry hair, attracts
small bits of paper. This is due to: -
(a) comb is a good conductor .
(b) paper is-a good conducter

(c) the atoms in the paper get polarxsed by the
charged comb

|
i‘ (d) the comb possesses magnetlc properties.
|
1

P
;zw”;? wataka C.E.T.

AMATION,

kPéper is a dielectric. It gets polarised due to
frictionally charged comb. ~

o
/}’ ﬁ@ Tive balls numbered 1 to 5 are suspended using

separate threads. Pairs (1, 2), 2, 4), (4, 1) show
~ electrostatic attraction, while pairs (2, 3) and
4, 5) show repnlswn. Therefore, ball 1 must be:

(a) posmvely charged

(b) negatwely charged

(c) neutral

(d) made of metal. (NCERT;
'Exzﬁi&é’mﬁm@

Ball (1) is not charged

3. Three equal charges are placed on three corners
of a square. If the force between ¢; and ¢; is Fyp
and that between q; and g3 is Fy3, the ratio of
magnitude Fy/Fy3 is ¢

(a) 112 - ®) 2
1 " . :
—_ (M.PPET)
© 75 @ 3. ~OLPEPELS
ExplanaTion, ‘ )
By = — 9%
e

45

|
1]
|
|
|

Gt~ 44,
Ji .
% )
1 a4
Fi3 4n g 272
159

K3
(VW‘ Two spherical conductors B and C havmg equal

radii and carrying equal charges repel with a force
F. A third uncharged similar sphere is brought
in contact with B, then brought in contact with C
and finally removed away. The new force between
Band Cis:

(a) Fi4
(c) F/8

(b) 3F/4
(d) 3F/8.

S

m
oy
e
fy
B
é:;
b

Let g be initial charge on each sphere B and C

I
then, F= P
After contact, charge on uncharged conductor =—§

and charge on B =%. On its contact with C the

.
charge on each conductor becomes = 2

W

q

Thus, new force between B and C is given by

- =__1__@_@ﬂ =35,

dney 4 8
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ELECTRIC FIELD

ELecTrRIC, FIELD

ELECTRIC FIELD INTENS|ITY E.

@
q,,

www.massphysics.com

Note, ' —

9o= Unit test positive c\/\owa,e,

Lim|
(9* ‘s %1‘;03
. Ote elechde j“e_ld & Se emall

Wt 9 X can be,v\egluiuﬂ.
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ELECTRIC FIELD DUE TO A SYSTEM OF CHARGES

NCERT TE x1-Consider a system of charges q,, g,, ..., g, With position vectors r,,

T,, ..., ¥, relative to some origin O. Like the electric field at a point in
space due to a single charge, electric field at a point in space due to the
system of charges is defined to be the force experienced by a unit

‘test charge placed at that point, without disturbing the original

positions of charges q,, g, ..., 4, We can use Coulomb’s law.and the
superposition principle to determine this field at a point P denoted by
 position vectorr. ' ‘

From sopevbogitien porm op Coudombs lawss—

v qq
—_ n VAN
E = C’“o i_ Yo
4T€0 L) Xip>
(=L 82
To Coleulaly Elechte pleld C)nkns.'fg atpoint 0 g I
dua 1, system op h-clf\arge‘g. . i ¥
—_S — (i' ¥ 0
E = F |
Cl'o 2,
° ’. b 4-
n T4
9s
Yn

\XMJ 9"‘#&}@& nole (‘f“” numudeodg *— Eledsie j:wﬂ Qans;tg (% a yedtoy c7umi(la I
/"‘\ W“j/q Considie ulr digetion olong with )

/\M.&Mbudl, while sa!)uivxz, Numertseods .
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ELECTRIC DIPOLE
Q.1 What is electric dipole, give some examples?

Ans. An electric dipole is a pair of equal and opposite point charges gand -g.

Separated by a distance 2a. The line connecting the two charges defines

“a direction in space. By convention, the direction from —q to g is said to
be the direction of the dipole. The mid-point of locations of -qg and qis
- called the centre of the dipole. o : S ‘

“ The total charge of the electric dipole is obviously zero. This does not

| mean that the field of the electric dipole is zero. Since the charge g and
| —q are separated by some distance, the electric fields due to them, when
“added, do not exactly cancel out. However, at distances much larger than
the separation of the two charges forming a dipole (r >> 2a), the fields

' due to g and —q nearly cancel out. |

_.5
¢ P = q.(2a)

@-

40+ A

Q.2 What is electric dipole moment ® ?

Ans.
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ELECTRIC DIPOLE

Q.3 Find net dipole moment of given electrostatic systems?
(For wolwe Modecdr) Ho0

Ang:~

Note: there are 4 important topics in electric dipole :

1. Electric field on axial line of dipole
2.Electric field on equatorial line of dipole
3. Torque on dipole due to external electric field

4. Potential energy stored in dipole when kept in external electric field

www.massphysics.com 50
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THE FIELD OF AN ELECTRIC DIPOLE

FOR POINTS ON THE AXIAL LINE

Q.1 Find electric field at a point on the axial fine passing through electric dipole? Also explain the case of short dipole?

Ans .Consider an electric dipole having dipole moment p and a point A on its axial line , to find electric field intensity of this point

we must place a test charge g, on it as shown in the diagram below:

- — ® ; ®
_ ' S axial
% +Ci' Iine
51 FOCUS CBSE MODULE
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THE FIELD OF AN ELECTRIC DIPOLE

FOR POINTS ON THE AXIAL LINE

Condition por shovt dipole?

An%h beluseen _E>X< —f?

www.massphysics.com
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THE FIELD OF AN ELECTRIC DIPOLE
FOR POINTS ON THE EQUATORIAL LINE {PLANE}

Q.2 Find electric field at a point on the equatorial line passing through electric dipole? Also
explain the case of short dipole?

Ans .Consider an electric dipole having dipole moment p and a point A on its equatorial line , to find electric
field intensity of this point we must place a test charge g, on it as shown in the diagram below:
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THE FIELD OF AN ELECTRIC DIPOLE
FOR POINTS ON THE EQUATORIAL LINE {PLANE}

Conelition po¥ short d\"no\e.

ANalJL be‘,&uun? 2 T et equahv\‘al Uine—
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DIPOLE IN A UNIFORM EXTERNAL FIELD

Q.1 Explain the motion of dipole in a uniform electric field?
Or
Find the torque experienced by electric dipole inside external uniform electric field?

Ans. Consider an electric dipole placed by any angle inside external uniform electric field due to this field the
dipole will experience two equal and opposite forces and these forces will result in a turning effect called torque
as shown in diagram.

+

¥
i

+9

+-
S

v
i

+
\
i

\
Y v
! |

+ + + +
\
\
v ¥
{

i~
Y
v

-‘-
N 4
{
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SPECIAL CASES:

DIPOLE IN A UNIFORM EXTERNAL FIELD

1. MAXIMUM TORQUE:

2. MINIMUM TORQUE:

3. TWO TYPES OF EQUILIBRIUM FOR DIPOLE:

4. IF THE EXTERNAL FIELD IS NON-UNIFORM :
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!
| P.E OF DIPOLE IN A UNIFORM EXTERNAL FIELD

@.1 Find the potential energy stored in a dipole when kept inside external uniform electrie field?

Ans. The torque acting on dipole results in a work done to provide an angular motion from unstable state to
stable state, this work done is equivalent to potential energy stored in dipole.

Small work done by the torque to turn the dipole:
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PHYSICAL SIGNIFICANCE OF ELECTRIC DIPOLE

—A[C ERT Tézc T: In most molecules, the centres of positive charges and of negative charges®
lie at the same place. Therefore, their dipole moment is zero. CO, and
'CH, are of this type of molecules. However, they develop a dipole moment
when an electric field is applied. But in some molecules, the centres of |
‘negative charges and of positive charges do not coincide. Therefore they :
have a permanent electric dipole moment, even in the absence of an electric
field. Such molecules are called polar molecules. Water molecules, H,0,
is an example of this type. Various materials give rise to interesting
properties and important apphcatlons in the presence or absence of

\\electnc field. SR :
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NCERT EXAMPLE

Ans. .. ¥ >y a hence itis q case of shovt dibole -

(a) P poimt is axiol point pov shoyt dibele.
Ep =

(® Q point s equotorial point Fox shost clipole.

Eq =
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NCERT EXAMPLE

o

- »
= 2K% = 2axaxig X 10% N (7)

¥ (o-08)*

B poivt s axial peint Few clipole:—

o._ EB-'—"—

C  FPoint i= Qquo&on'edl point:—

.‘, Ec_ =

www.massphysics.com
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NCERT BACK EXERCISES

NCERT, 1,10. An electric dipole with dipole moment 4 X 10~ Cm |
is aligned at 30° with the direction of a uniform
electric field of magnitude 5 x 104 NC-1. Calculate
the magnitude of the torque acting on the dipole.

Ans,
NCERT " 111, A polythene piece rubbed with wool is found to have a
negative charge of 3-2 x 10-7 C.
(@) Estimate the number of electrons transferred.
(from which to which ?) ‘
(®) Is there a transfer of mass from wool to polythene?
Ans,
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NCERT BACK EXERCISES

NCERT. 1.8, Two point charges g4 = 3 pC and gz = -3 pC are
located 20 cm apart in vacuum. .
(@) What is the electric field at the midpoint O of the
line AB joining the two charges ?
(b) If a negative test charge of magnitude 1-5 x 102 C
is placed at this point, what is the force experienced
by the test charge ? . (C.B.S.E. 2003)

Ans.

+3uce s —

—

b) 6s we knew E= F
%o
—> —_—

’ F" CioE
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NCERT BACK EXERCISES

NCERT. 114, Figuré shows tracks of three charged particles in a
- uniform electrostatic field. Give the signs of the three
* charges. Which particle has the highest charge to mass

ratio? - :

;++++++++

k4

D
0

L 4
LA 4 v'

4 |

- " wa e b e e me

Ans.
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MASS PHYSICS

NCERT BACK EXERCISES

" NCERT. 1.21. A conducting sphere of radius 10 cm has an

www.massphysics.com

unknown charge. If the electric field 20 cm from
the centre of the sphere is 15 x 10° N/C and
points radially inward, what is the net charge on
the sphere ? ‘

- 9x10°(q)

. Using E=—"75"" we get
r v

Since electric field points radially inward, so-E is
‘taken as ~ve. _ g
| Er*
9x10°

q= -

(5x10%)[20x10°2)P
9x 10°

(15 x10°)(02)?
- =-6-67nC.
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ELECTRIC FIELD LINES

Q.1 What are electric field lines? Write their important properties, also explain their mapping?

A. Definition:

\ AR NN

_The picture of field lines was invented by Faraday to develop an /f \ q>0
intuitive non-mathematical way of visualising electric fields around )
- charged configurations. Faraday called them lines of force. This term s
- somewhat misleading, especially in case of magnetic fields. The more
appropriate term is field lines (electric or magnetic) that we have
adopted in this book. = SRR . TR :
Electric field lines are thus a way of pictorially mapping the electric \\\

(a)

[ield around a configuration of charges. An el’ectrio field line is, in general, . :

we place a small planar element of area AS
normal to E at a point, the number of field lines
crossing it is proportional* to E AS. Now
- suppose we tilt the area element by angle 6.
Clearly, the number of field lines crossing the
area element will be smaller. The projection of
the area element normal to Eis AS cos8. Thus,
the number of field lines crossing AS is
proportional to E AS cos6. When 6 = 90°, field
lines will be parallel to AS and will not cross it
at all (Fig. 1.18). -

of ) Region of
s weak field
0-(&(\ D“”> ' \)
W ; ~ lesspe.ofp Lines q
Region o
strong field
‘ / 2
€
r,= OP, TN
\ «
a %’v “

FIGURE 1.16 Dependence of
electric field strength on the
distance and its relation to the

number of field lines. - @

FIGURE 1.17 Field 1

| some simple charge coniig
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1. hypethetical property:

2. tangent:

3. No. of field lines:

4. Loop property:

5.Intersection property:

6. Perpendicular property:

MAPING OF FIELD LINES:

www.massphysics.com

ELECTRIC FIELD LINES

Properties of electric field lines:
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NCERT BACK EXERCISES

NCERT. 1,26, Which among the curves shown in figure cannot Ans—
. possibly represent electrostatic field lines ?

www.massphysics.com 69

FOCUS CBSE MODULE




MASS PHYSICS

FOCUS NCERT/CBSE MODULE

NCERT BACK EXERCISES

NCERT. 1.6. Four point charges g5 = 2 pC, gg = -5 pC, or 4¢
=-2uCandgqp = -5 uC are located at the corners ’
of a square ABCD of side 10 cm. What is the force
on a charge of 1 uC placed at the centre of the

- Square?

Ans. The symmetry of the figure clearly mdlcates that 1 pC
charge will experience equal and opposite forces due to
equal charges of 2 pC placed at A and C. Similarly, 1
uC charge will experience equal and opposite forces

i due to -5 pC charges placed at D and B.

] —SHC‘D

NCERT 1.7. (@) An electrostatic field line is a continuous curve.
| That is, a field line cannot have sudden breaks.
Why not ? :
() Explain why two field lines never cross each
other at any point ?

Ans. (@) An electrostatic field line starts from a positive
charge and ends at a negative charge. The tangent
to this line at any point represents the direction of
the field at that point. Since electric field is continuous
so the field line has to be continuous.

" (b) If two field lines cross each other, then at the point
of intersection, there will be two tangents showing
that at the point of  intersection, there are two
directions of .a given electric field. This is not
possible. Hence, two field lines cannot cross each
other. .
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PHYSICAL SIGNIFICANCE OF ELECTRIC FIELD

" The true physical significance of the concept of electric field, however,
emerges only when we go beyond electrostatics and deal with time-
“dependent electromagnetic phenomena. Suppose we consider the force
between two distant charges q;, g, in accelerated motion. Now the greatest
speed with which a signal or information can go from one point to another |
is ¢, the speed of hght Thus, the effect of any motlon of q, 0n g, cannot

"':arlse instantaneously. There will be some tlme delay between the effect
* ‘_(force on g,) and the causxe { otion of g)). It is precisely here that the

notum of electric field {stri electromagnetlc field) is natural and very

ropagate with the speed

\ useful The field picture is this: the accelerated motion of charge q,

produces electromagnetic waves, which then |
¢, reach g, and cause a force ong,. Th © 1d elegantly accounts
% for the tlme selelay Thus, even though ctric and magnetic fields can be
! dete by their effects (forces) on harges, they are regarded as ‘
llphysmal entlt s, not mer»eiy athematical constructs. They have an
|

independent dynamlcsof their own, i.e., they evolve according to laws -
of their own. ‘They can a o transport energr Thus, a source of time-
| dependen Jectromagn: ields, turned on for a short interval of time
' and then switched off, leaves behind propagating electromagnetic fields
| ansportmg energy. The concept of field was first introduced by Faraday

E and is }aéw among the central ooncepts in physics.
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NCERT. 19.

www.massphysics.com

NCERT BACK EXERCISES

A system has two chargé; gy =2'5% 1077 Cand g
- =-2+5 x 10-7 C located at points A : (0, 0, -15 cm)
and B : (0, 0, + 15 cm), respectively. What are the

total charge and electic dipole moment of the system? -

_Ans. Clearly, the given points are lying on z-axis.

Distance between charges, 2/

gpt (0,0, 15cm) -

g ©, 0, -15 cm)

=15+15=30cm =03m

Total charge :

= (2:5 X 10°7) - (2:5 X 10 =0
Dipole moment

=g x2=25x%107 x 03

= 7-5 x 10-8 C m along negative z-axis.

72

FOCUS CBSE MODULE




MASS PHYSICS

FOCUS NCERT/CBSE MODULE

NCERT BACK EXERCISES

‘NCERT. 131. Itisnow believed that protons and neutrdil_s (Whiéh

l
Ang ;-

www.massphysics.com

constitute nuclei of ordinary matter) are themselves -
build out of more elementary units called quarks..
A proton and a neutron consist of thrée.quarks’eaqh.
Two types of quarks, the so called ‘up’ quark
(denoted by u) of charge + (2/3)e, and the ‘down’
quark (denoted by d) of charge (~1/3)e, together with
electrons build up ordinary matter. (Quarks of other
types have also been found which give rise to
different unusual varieties of matter.) Suggest a
possible quark composition of a proton and neutron.) .
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NCERT BACK EXERCISES

NCERT. 4,27, In a certain region of space, electric field is
along the z-direction throughout. The magnitude
of electric field is, however, not constant but
increases uniformly along the positive z-direction,

" at the rate of 105 N C-1 per metre. What are the
force and torque experienced by a system having
a total dipole moment equal to 10~7 C m in the
; ~ negative z-direction ?
\Ams. Suppose the dipole is along z-axis.

Z

‘ Then dipole moment, ~ p, = ~107 m

oE
— =10°NC m’!
0z

; R OB OB
Here F = Px'é;ery?;;erz_é;
=0+ 0-107 x 10°
= -10"2N.

Torque,t = pE sin 6 = pE sin 180° =0
[~ pand E are opposite to each other]
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NCEeRT. 1.33.. A particle of mass m and charge (-¢) enters the -
" region between the two charged plates initially
moving along x-axis with speed o,, (like partiéle’ 1
in figure.) The length of plate is L and an uniform
“electric field E is maintained between the plates.
Show that the vertical deflection of the particle at -

 the far edge of the plate is gEL2/(2m k).

- Compare this motion with motion of a-projecfile o
1 in.gravitational field discussed in Section 4.10. of -
“ Class XI Textbook of Physics. B

Ans: - L 7
. LAY . 28
i 2
Co
J 7
! 7
1 > 2
: £ 17
o e w w2 v
1 1 o 2
R R et IR IS IONU SN TR 7
O I 4 C X
i ’ 72N
- ! ‘Screen
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NCERT ADDITIONAL EXERCISES & NCERT TEXT

NCERT. ‘- 1.34. ‘ Suppose that the particlein Q 1.33is an electlron
projected with velocity v, = 2+0 X 106 ms~1. If

E-between the plates separated by 6-5 cm is 9-1

x 102 N/C, where will the electron strike the

“upper plate ? (Je| = 1:6 x 101 C, m, = 91

x 10-31 kg.) ,
Aus, Using y = 2,weget
- 2mvy
0-5x1072  (16x107%)91x10%)(1*)
2 2x91x107 x2x10° x2x10°
' 2 4
] 12 = —x10
Le. L - 6
ie L =112 x 102 = 112 cm.

v
OJ:C..{K : ‘

v /’<(’(’ ~ You know that all matter is made up of atoms and /or molecules.
\ " Although normally the materials are electrically neutral,” they do contain
charges; but their charges are exactly balanced. Forces that hold the
molecules together, forces that hold atoms together in a solid, the adhesive
force of glue, forces associated with surface tension, all are basically
electrical in nature, arising from the forces between charged particles.
Thus the electric force is all pervasive and it encompasses almost each
and every field associated with our life. It is therefore essential that we

learn more about such a force. : f
- To electrify a neutral body, we need to add or remove one kind of
charge. When we say that a body is charged, we always refer to this
excess charge or deficit of charge. In solids, some of the electrons, being
less tightly bound in the atom, are the charges which are transferred
from one body to the other. A body can thus be charged positively by
losing some of its electrons. Similarly, a body can be charged negatively

by gajhfn% or elechong .
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MCQS BASED ON ELECTRIC FIELD

4. S.I unit of electric field intensity is

! (@ NC () N C?
(¢) NC! (@) N1cC.
s (Bifwr 2013, UK
"F< i

Ans, (C E
©- 2"

2. Force acting on a stationary point ’char,gé_fq in an
, o :
electric field E is

(a)f# ® qB
(©) qZE @ %. .
Awns. (b). | o

3. Electric field due to a- source charge Q at the location

‘of .test charge-gqq . is E What is the electric field
due to- this source charge if test charge is replaced

. by —qo ?
@ -aF ®) j@—
. . (©) Zero (d) - E

Anz. (d). Blectric field of a source charge is mdependent !
of test charge ,

4. Electric field mten51ty due to a source charge Q ata
distance r varies as

(@ r NGO

(C) r1 (d) r"z_ {(M.P. Bo
B pi = 1 -Q—
FRES. (d). E an = r2

- 8. What is the electric field intensity at the centre of a

 square havmg charges at its comers as shown m v

figure ?
-Q

Q

www.massphysics.com 77

-(Only One Option Correct)

1 4Q : —‘Q_
(a) 4n g 02 (b) 4n60 az
1 Q
© dmey 2a% (d) zero.
Ans. (d).

6. Electric field lines emanating from a charge q are
shown in figure. What is the sign of the charge q ?

(a) positive
(b) negative
(¢) neither positive nor negative
(d) may be positive or negative.

#Ans. (@). Electric field lines start from. positive charge
and end on negative charge.

©7. Dimensional formula of electric field is

(@ MLT3AY
() ML*TAM

(© MLTA™

@ - IMLTA?%.

A F
Ars.(@.E=Flg= ¢

8. A stationary charge produces
(@) an electric field only
‘(b) a magnetic field only
(¢) both (@) and (b)
{d) none of these.

An3. (g). A stationary electric charge produces an electric
field only.
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ELECTRIC FLUX
7/%; B | f Degrro. L1~
— — |

E .W X j
— TR, T
:__.._m__ 3&‘—@‘ _ _________ “_—9 E
— AS |—+ w-m———-—-w\m—-—-s» " Dep.Ne.2%—
P, s e : .
e e —— T &
——— Mm T— P

FIGURE 1.18 Dependence of flux on the
inclination @ between E and 5.

’

S.T unite o plux,—

N
Avxea \ecloxy M

FIGURE 1.19
Convention for
defining normal

fiand AS.
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CONTINUOUS CHARGE DISTRIBUTION

Q.1 What is continuous charge distribution C.C.D , explain its various forms?
Ans.

We have so far dealt with charge configurations involving discrete charges
Gy 9y -0 Ay One reason why we restricted to discrete charges is that the
- mathematical freatment is simpler and does not involve calculus. For
many purposes, however, it is impractical to work in terms of discrete
charges and we need to work with continuous charge distributions. For
example, on the surface of a charged conductor, it is impractical to specify
the charge distribution in terms of the locations of the microscopic charged
constituents, It is more feasible to consider an area element AS (Fig. 1 .24)
on the surface of the conductor (which is very small on the macroscopic
scale but big enough to include a very large number of electrons) and
specify the charge AQ on that element. We then define a surface charge

_density o at the area element by
AQ sy o= d9 3 2 SN
Surface charge AQ = o‘AS‘ '~ We can do this at different points on the conductor and thus arrive at

a continuous function o, called the surface charge density. The surface

‘charge density ¢ so defined ignores the quantisation of charge and the
discontiriuity iri charge distribution at the microscopic level*. ¢ represents

macroscopic surface charge density, which in a sense, is.a smoothed out

average of the microscopic charge density over an area element AS which,

‘as said before, is large microscopically but small macroscopically. The
units for o are C/m>. A Coe '

Similar considerations apply for a line charge distribution and avolume

Volume charge AQ=PAV

FIGURE 1.24 charge distribution. The linear charge density A of a wire is defined by -
Definition of linear, N - ' , : .'

surface and volume A= AQ- > A= c-\l—l Units = Cr! , - (1.24)
charge densities. ‘ Al a ' :

In each case, the  where Alis a small line element of wire on'the macroscopic scale that,
element (Al AS, AV) however, includes a large number of microscopic charged constituents,
chosen is small on  and AQ is the charge contained in that line element. The units for A are

- the macroscopic _C/m. The volume charge density (sometimes simply called charge density)
- scale but contains g defined in a similar manner: ‘ o

a very large number e o o : .
. Lo, A — . =
of microscopic o= AQ | f= _2& v - Units— ‘C‘m 3 -, (1.25)

constituents. AV

~ where AQ is the charge induded in the macroscdpiéally small volume
element AV that includes a large number of microscopic charged
constituents. The units for p are C/ mst ‘
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GAUSS’S THEORM

John Carl Friedrich Gauss, a German scientist gave a relationship between flux through a closed
surface and the charge enclosed by the surface. This relationship is known as Gauss’s Law

USE OF ELECTRIC FLUX AND AREA VECTORS
Q. 1 State and explain Gauss theorem for electrostatic?

Ans.

FIGURE 1.25 Flux
through a sphere
enclosing a point

| charge g at its centre.
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GAUSS’S LAW

hysics including including
iber theory, algebra, statistics,
sis, diffe entlal geometry, geodesy
physics, mechanics, electrostatics,

astronomy, matrix theory, and optics.
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RELATION BETWEEN GAUSS’S LAW & COULOMB’S LAW

Important Q.1 Deduce Coulomb’s law from Gauss's law
Or

Deduce Gauss’s law from Coulomb’s law

Ans:- Couombs law gyom Gauss's law i—

Hy pothetical

CaugSioan
S‘u'vpac_e,-
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RELATION BETWEEN GAUSS’S LAW & COULOMB'’S LAW
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NCERT IN TEXT POINTS ABOUT GAUSS’S LAW

note some important points regarding this law: \

(i) Gauss’slaw is true for any closed surface, no matter what its shape
or size. ~ i

(i) The term g on the right side of Gauss’s law, Eq. (1.31), includes the
sum of all charges enclosed by the surface. The charges may be located ‘
anywhere inside the surface. =

(iii) In the situation when the surface is so chosen that there are some

. charges inside and some outside, the electric field [whose flux appears
on the left side of Eq. (1.31)] is due to all the charges, both inside and

\ outside S. The term g on the right side of Gauss’s law, however,

_represents only the total charge inside S.

(iv) The surface that we choose for the application of Gauss’s law is called \,
- the Gaussian surface. You may. choose any Gaussian surface and
‘\ - “apply Gauss’s law. However, take care not to let the Gaussian surface

pass through any discrete charge. This is because electric field due

‘to a system of discrete charges is not well defined at the location of

any charge. (As you go close to the charge, the field grows without

any bound.) However, the Gaussian surface can pass through a
 continuous charge distribution. ' .
1(v] Gauss’s law is often useful towards a much easierrcalculation of the

electrostatic field when the system has some symmetry. This is
\\l facilitated by the choice of a suitable Gaussian surface.

|

\(vi) Finally, Gauss’s law is based on the inverse square dependence on
“distance contained in the Coulomb’s law. Any violation of Gauss’s
law will indicate departure from the inverse square law. \

AN T 4T Y ST
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8
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Ans.
(ay,

)

(d)
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NCERT EXAMPLE
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NCERT BACK EXERCISES

NCERT, ‘LIS. Consider a uniform electric field E
: =3 x 103 i NIC.
(a) What is the flux of this field through a square of

- 10 cm on a side whose plane is parallel totheyz

plane ?
(b) ‘What i the flux through the same square if the
" normial to its plane makes a 60° angle with the x-

A i ‘  aXlS ?
ns.
(@)
" - 3
> E=3xI0N
—_— ___% /Y\‘
&
o
'Vq\o
\\
(b
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Nce RT 1 16. What is the net flux of the uniform electric field
of Problem 1,15 through a cube of side 20 cm
" oriented so that its faces are parallel to the co-
- ordinate planes? .
Ans.. Zero, because number of : field 1ines entering the
. cubeis equal to the number cf field lines coming out
of the cube,

surface of a black box indicates that the net outward

N¢ TRT L17. Careful measurement of. the electric field at the

- fux through the surface of the box is 8:0 X 103
CNmHC.
(a) What is the net charge msnde the box ?
(b) If the net outward flux through the surface of |
- the box were Zero, could you conclude that
there were no charges inside the box ? Why or
. whynot? :
© Ans. (@ Using ¢ = qleg, we get g = b €
B = (8 x 10%) (8854 X 1072)
= 2708 x 109 C = 0:07 uC ,
" () No,itcannotbe said so because there may be equal '
L umber of positive and negative elementary chages
inside the box. It can ‘only be said that net charge :
nxslde the box is zero.
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NCERT BACK EXERCISES

NCERT " 1 18.- A point charge +10 uC is a distance 5 cm directly
~. . ‘above the centre of a square of side 10 cm, as
e shown in the given figure. What is the magnitude

- -of the electric ﬂux through the square ?

[Hint Thmk of the square as one factofa cube with edge 10 cm.]

Ang.

+touc

7
/%/ g 0“{1
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NCe RT 1 19 A pomt charge of 2:0 uCis at the centre of a cubic
Gaussran surface. 9-0'cm on edge. What is the net ‘

' electrrc flux’ through the surface ?

Ang.

Nce R"" 120, A pomt charge causes. an electric flux of 10 X -
103 Nmle to pass through a spherical Gaussian

surface of 10+0 cm radius centred on the charge.
e A(a) If the radlus of the Gaussian surface were
*doubled, how much flux would pass through
o cthe surface ?
S (b) What is the value of the pomt charge ?
Ans,
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NCERT BACK EXERCISES

Nce RT 1.2. A umformly charged conductmg sphere.of 2:4m"
“diameter has a. surface charge densxty of- 80- 4

pC/m2
(@) Find the charge on’ the sphere

o o What is the. total electric flix leavmg the ~

surface of the sphere ? (C.B.S.E. 2009 C)
Ans (a) Charge on the sphere i is given by
‘ g=0Xx 41:R2 '
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APPLICATIONS OF GAUSS’S LAW

By using Gauss’s law we can find electric field due to continuous charge distribution.

According to the shape and distribution of charge we have 4 Applications of Gauss’s law

APPLICATION NO.1 EDUE TO AN INFINITELY L ONG STRAIGHT UNIFORMLY CHARGED THIN WIRE

Q. 1 Find electric field due to an infinitely long straight uniformly charged wire by using
Gauss’s law?

Ans. Consider an infinite and very thin straight uniformly charged wire having linear charge density )\

To calculate the electric field intensity E at a point P, distance r from the line, draw hypothetical cylindrical
Gaussian surface of radius r and length 1 around the charged line as shown in the diagram

el
K

T +***++++++v++++

-y
U
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ELECTRIC FIELD DUE TO UNIFORMLY CHARGED INFINITE STRAIGHT WIRE

STTNANT AT N s NTeY
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NCERT BACK EXERCISES

NCERT. 1.23. An infinite line charge produces a field of

9 x 104 N/ C at a distance of 2 cm. Calculate the‘ ~
linear charge density.

Ans.
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APPLICATION NO.2 E DUE. TO UNIFORMLY CHARGED INFINITE PLANE SHEET

Q.1 Find Electric field due to a uniformly charged infinite plane sheet by using Gauss’s law?

Ans.

N
\.\ v
x \
(/*\] .
|
PR
\ 4/
&\ +
_____ N/
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ELECTRIC FIELD DUE TO UNIFORMLY CHARGED INFINITE PLANE SHEET
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NCERT BACK EXERCISES

NCERT. 1,24, Two large, thin metal plates are parallel and close.
to each other. On their inner faces, the plates have
- surface charge densities of opposite signs and of

magnitude 170 X 10-22 C/m2. What is E :

I

Rl

P Q

(@ in the outer region of the first plate,
- () .in the outer region of the second plate, and.
" () between the plates ? '

Ang:-

»

(o

()

Q)
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}j%e plater ave
clese 1o eoch otheyr
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dfetonee between
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APPLICATION N0.3 E DUE TO UNIFORMLY CHARGED HOLLOW SPHERE

Q.1 Find Electric field due to a uniformly charged thin spherical shell by using Gauss’s law?

Ans. Consider a positive charge q distributed uniformly on the surface of a spherical shell of radius r. let us
consider a point outside the shell at a distance R from the center of the shell (R>r), where Electric field is to
be calculated. Draw a hypothetical Gaussian surface in the form of a sphere of radius Rwith O as the center
as shown in the diagram
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ELECTRIC FIELD DUE TO UNIFORMLY CHARGED HOLLOW SPHERE

SbPeciaL CAsSes —

9 \When CGausstan suvpace {s oudsids +he. spheve: R > Y

B When Caussian Suxgace is On the suvpact og CL\O\’YSQ& Spheve R=7Y

) When CGoussian Suvpace 1% Insiche +Hhe c.kcn-ﬁeoﬁ hellew shheve R LY

FaR S P N Y shatal
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appLicaToNN04 E DUE TO UNIFORMLY CHARGED DENSE SPHERE

Q.1 Find Electric field due to a uniformly charged solid(dense) sphere by using Gauss’s law?

Ans. Consider a positive charge q distributed uniformly inside a spherical dense sphere of radius r. let us
consider a point outside the shell at a distance R from the center of the shell (R>1), where Electric field is to
be calculated. Draw a hypothetical Gaussian surface in the form of a sphere of radius R with O as the center
as shown in the diagram
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E DUE TO UNIFORMLY CHARGED DENSE SPHERE

SPeciAlL ¢Ases:.—
o) When Gaussion surpawe (8 oudside +he c'r\o\wrc(;fe_d\ spheve. R >7%
E =

Ly Lwen Caussion swypace s on +he surface op dense ckm%{oﬂ shherve R=Y

E-=

¢)\When Gowssian suvpace 1S ingrde the dense C"\Q’”U@g Spheve R<Y

E-
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ELECTRIC FIELD DUE TO HOLLOW & DENSE CHARGED SPHERE

IMPORTANT QUESTION:

Q i Plot the graph showing the variations of electric field w.r.t distance R from the center

of:

1. Hollow charged sphere.

2. Dense charged sphere.

Ans.
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NCERT BACK EXERCISES

NCERT 1.29. A hollow charged conductor has a tiny hole cut

Ans

www.massphysics.com

into its surface. Show that the electric field in the
hole is (c/2¢g) /i, Where 7 is the unit vector in
the outward normal direction, and o is the surface
charge density near the hole.

109
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NCERT BACK EXERCISES

NCERT 128. (a) A conductor A with a cavity as shown in

[

|
|

www.massphysics.com

®

©

figure (a) is given a charge Q. Show that the
entire charge must appear on the outer surface
of the conductor. ‘ .
Another conductor B with charge ¢ is inserted
into the cavity keeping B insulated from A.
Show that the total charge on the outside
- surface of A is Q + g [Figure (b)].
A sensitive instrument is to be shielded from
the strong electrostatic fields in its environment.
Suggest a possible way.

Q Q+9

@

| Aps. Select a Gaussian surface lying wholly inside the

conductor but very near to the surface of the conductor.

@

®)

©

There is no electric field inside the conductor so
electric flux through Gaussian surface is zero or
in other words, net charge inside the Gaussian
surface is zero. Then it can be said that the

charge lies outside the Gaussian surface i.e. on

the. outer surface of the conductor.

Charge ¢ inside the cavity will induce a charge
-q on the inner side of cavity and thus +¢ will
appear on outer surface. Thus total charge will
be (g + Q).

The instrument should be enclosed in a metallic
shell so that the effect of electrostatic field is

* cancelled out.

110
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NCERT BACK EXERCISES

NCEeRT. 1,30, Obtain the formula for the electric field due to a
long thin wire of uniform linear charge density A
without using Gauss’s law.

[Hint, Use Coulomb’s law directly and
evaluate the necessary integral.]

Ans,
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MCQS BASED ON GAUSS LAW
Note 3 ;ﬁde?ehdem of the size of the (@) 36w x 10* Nm%/C )36 n x 10 NmZ/C
) ‘ 6 N2
: 10° Nm“/C 36 © X 1075 Nm%/C.
‘intensity due to an infinitely long straight ©36m x m @36 m

aly ‘charged wire at a distance r from the (Bihar 20

saries as » q 9 6
o) rt Aws. (@). = C~ =4n X9 x 107X 10 x 10
) @, r2. P : o ;
5. E= —— 2~ [-.~-1;=4n >'<9><10931Unit}
dney 1 ; . €0
24 .Electnc field intensity due to umformly charged thin : = 36r X 10% Nm2/C.
] infinite non-conducting plané sheet of surface charge . . .
i . density o at.a distance r is é. Dimensions of electric flux are
! . o (@) MIL3T3A () ML2T?A™T
‘ (a). ‘5_0 : ()] E ; (¢) ML3T?A2 (d) ML2T3A-1
- - | - #SEB. 2018
(c) > @ 26 o Axs. (q). o
2r 0 ¥
Ans. (). Qo QQ. Eight dipoles of charges of magmtude + e are placed
Which of the following graphs represent the variation inside a cube. What will be the total flux coming
of electric field intensity E(r) due to a charged out of the cube ?
; spherical shell of radius R w1th distance 7 from its (@) 0 » (®)
| . centre : (¢) e d -e (M.P.P.MT
1 ) X

E@® E(r) .
: : Asns. (@) Total flux coming out of the cube,

\ ' : Zq +8e-8¢ _
L @ ()] . ¢ = P zZero
| Ot — , W@ Shown below is distribution of

E() charges :

=
‘ E(® The flux of electric field to
) these charges through the
© o @ surface S is :
c) .
| oK @ 2 ® <
- Aws. (0). » 0 0
\1&? 2. Which of the following graphs represent the variation q- . . ,

— of electric field intensity E() due to a charged |  (©) E;; (@) zero. (AIIMS 2603)
insulating solid sphere of radius R with distance r | C o o ’
from its centre. .+ Ans, (d) Flux through a closed surface = .‘LﬂgL

EP E(r) . . ; S
~ : Since gpe; = +9 — ¢ = 0 and and the charge outside
(@ ®) the surface does not contribute to the electric ﬂux
. therefore flux through the surface = (. . ‘
VO - ) T W A charge Q is enclosed by a Gaussian spherical surface
E() B0 of radius R. If the radius is doubled, then the outward

electric flux will
(@) be reduced to half

© K @ 2 | |
! L/ (b) remain the same
r

0 o R 7 (c) be doubled -
f%, ns, (d). . o L ‘
5. The electric flux over the surface of a sphere if it is | (@) increase four times. (C.BSE. 2000

charged with 10 pC is Awxs, (b) Electric flux is indepéndent of the size of the -
' : Gaussian surface.
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QUESTIONS FROM CBSE BOARD EXAMS

hether ¥ How solid 7 Give ress
YOUr 8aSWer. (C.B.S.E. 2017)
Awns. No, because charge resides on the surface of a
metallic conductor.

(C.B.S.E. 2010)

Ams, According to Gauss's law,
electric flux through the surface,

9. +2q-q _ 4

: ¢=€o S €

25&

shell :  (C.B:S.E. 2018)

Ansg' -
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IMPORTANT TOPICS WITH FORMULAS FOR NUMERICALS

TOPIC 1 FORCE [COULOMBS LAW]

- 1 3% (scolas pevm

. i" UR€ ¥* CA f )

2, F. = L 99 %2 (Necloy fowm
2 LRG 32

—_— - 2
8 Faz L %% T (Posinon
URG \—?:— _ =, \3 \echoy

) N Powm)
4‘?02 % qu: zfo G‘u\ou\;os;}{o}

UunG Yy Towm,

5. K= Foruw tonstant = |
Urreg
K=aqax qu Ny*c-2
€o = abselule permi’divi\”\J oF
Free Space= 8+8S X107'%

TOPIC-2 CHARGE AND CONTINUOUS CHARGE
DISTRIBUTION
1. Ckmf%e 9= ¥ne
2, L¢'D A= qr/l.
3. 8¢p o= #A
4, VD P = 3/N
—
5. Dipele Moment P = 9 C20)

TOPIC-3 FLUX AND GAUSS’S LAW
—_— A
! Aveoa Nedex ds = dan

2., Elechre glux Cdbé)
§Eds = EACesO

3. Goauss's lauw.

b §25 -2

Unmt oe ¢ = Nectm™

TOPIC 4 ELECTRIC FIELD [E]
1 duwe ~siv\alvz charge
E-=

2, duiw 4o system of ckavﬁe&.
E-=

11, Relodion behuseen E & N
E-=

—D

19 . ReSoXion behoen E & B
E =

www.massphysics.com
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2.
3.

2

® @S A e

IMPORTANT SELF PRACTICE TEST FOR BOARD EXAM

 Total Marks : 50

.-Two point charges q1 and ¢, are such that q;g» < 0. What is the nature of force between two charges ?

State conservation of charge.

Define 1 coulomb of charge.

What is the least possxble value of electric .charge ?

Define SI unit of electric intensity.

What is the force acting ona charge Q placed in electric field i—?t 2
Sketch electric lines due to a + ¢ charge:

" Can electric lines appear as closed loops ?

1

1

1

1

1

1

1

1

‘What does q; + g, = O signify ? 1
State Gauss’ law in electrostatics. 1
Is Coulon'ib"s“jlaw a universal law ? Why ? ; 2
Why is repuISidn a surer test for electrification ? ' ‘ 2
' 2

2

2

2

2

2

2

. Explain superposition theorem for multiple-charges.
. Plastic is rubbed with wool. Which of these will acquire negative charge and’ why 7 K

What is an ideal dlpole ? What is the physical sxgmﬁcance of a dipole ?
Why do two electric lines not cross each other ? . ,
Define electric dipole moment, give its chrectzon and S.I. unit.

. Give an electric field sketch for a dipole.

What is electric flux ? Write its S.I. unit.

. A balloon of radius r has inward electric flux ¢. What will be the electric ﬂux if radius of the

balloon is doubled ? Explain. . » : 2

. Calculate the force of electrostatic attraction between a proton and an eIectron separated by a dxstance

of 8 X 10~ m. What would be the nature and magnitude of the electric force if proton is replaced

~ with an electron ? . 3

22,

finad
]

24,

28.
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.Compare'charge”and'mass‘ as well as electrical force and gravitational force. What is the magnitude of

electric field intensity that will balance the wexght of an electron ? Given, e = 1-6-X_ 10‘19 C and
=9 x 103 kg. .3

. '(a) Calculate torque actmg on a dipole havmg dipole moments 4 x 10° C m ahgned at 30° with electric

field of 5 x 10* N C-L.
(&) An electric dipole consisting of a pair of equal and opposzte charges each of magnitude 5uC has dipole

‘moment of 5 X 107 C m. Find the length of the dipole. . 3

Two charges of + 25 X 10 C and -25 x 107 C are placed 6.m apart. Find-electric ﬁeld at a point
4 m on axial line from the centre of the dipole. . ' -3

. Specific charges (i.e., e/m ratio) of a sprayed fundamental particle is to be found out. Length I of the
‘oppositely charged plates producing uniform electric field E between them is given along with veloclty v

of the particle. Is this data sufficient to calculate the specific charge ? ~ ©3

(@) Using Gauss' theorem, derive an expression for the electric ﬁeld of an mﬁmtely long line of charge
having a uniform charge den31ty A. :

() A point charge of 1077C is situated at the centre of acube of'1 m s1de Calculate the electric flux
through its surface. - , : E 5

& & & o
@ oo e ve e
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OBJECTIVE QUESTION BANK
MULTIPLE CHOICE QUESTIONS -

(Only one option correct)

Based on Quantization of charge, coulomb’s force, dipole rﬁoment and electric field

1. The law of force that governs the force between two electric charges was discovered by :

(a) Ampere (b) Faraday {c) Ohm {d) Coulomb.
2. The electrostatic force between the electrons separated by a distance r varies as :

@ 7 ®rt @r @ r.
3. The existence of a negative charge on a body implies that it has :

(a) lost some of its eleci_:rons; 4 (b) lost some of its neutrons

(c) acquired some electrons from outside (d) acquired some protons from outside.

4, Two point charges separated by a distance d repel each other with a force of 9N. If the
separation between them becomes 3d, the force of repulsion will be : '

(@ 1N M)3N €)6N @ 2N
5. The dielectric constant K of a metal is :
@1 ‘ (b) finite and greater than 1
{c) zero \ (d) infinite.
6. Electrons remain bound to the nucleus due to which of the following forces :
(o) Electrostatic (b) van der Waal  {c) Gravitation (d) Nuclear.
7. The S.I. units of k = are
dneg
(@ C*N'1m™  HNmC? (o) N m? C? (d) none of these.
8. The unit of permittivity of free space, g9 is |
(@) coulomb/newton metre (B newton metre?/coulomb?
(¢) coulomb®/newton metre? (d) coulomb?H{newton metre).
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10.

11.

12.

13.

4.

15.

16.

Two positive ions, eacll caz@i§'§rgﬂepqﬁ Mxl e! 5}9}§tance d. If ¥ is the force of

repulsion between the ions, the number of electrons missing from each ion will be (e is the
charge on an electron and & is the absolute permittivity.

4 & Fd* [4x e Fe? ) dr e Fd®
@ ZE2 (g il ELA ) Iff,fﬁ;ﬁ‘l. @ el
e V d* e
How many electrons must be removed from an electrically neutral plate to give it a positive charge

of 1 x 1677C?
(@ 625 x 1011 ) 645 x 1083 (0 625 x 101 @ 645 x 10713,

In a hydrogen atom, the distance between the electron and proton is 2:5 x 101! m. The electrical
force of attraction between them will be

@ 28 x 10°"N ®»62x 10N (937 x 10N ‘ @ 91 x 107N,

Two charged spheres separated by a distance d exert some force F on each other. If they are
immersed in a liquid of dielectric constant 2, then the force exerted by them, when all other
conditions remain same is :

(@ 4F o 2F oF ' @ Fi2.

A charge ¢ is placed at the centre of the line joining two exactly equal positive charges each naving
charge Q. The system of three charges will be in equilibrium if ¢ is equal to

@ -Q/4 G+ Q ©-Q - @ Qn.
Dimensions of electric field intensity when mass is (M), time is (T) (a) length is (L) and charge is
(Q) can be given as

(@ MIAT2Q! G MLT-2Q 1 © M2LT-2Q1 , @ MLZT‘ZQ.
If a glass rod is rubbed with silk,"the glass rod acquires a positive;charge because :

{a) protons are added to it (b) protons are removed from it

(c) electrons are added to it (d) electrons are removed from it.

A comb when run through dry hair attracts small bits of paper. This is due to :

17.

18.

(@) comb is a good conductor

(b) paper is a good conductor

{c) the paper get polarised by the charged comb
(d) the comb possesses magnetic properties.

Two charges of equal magnitudes kept at a distance r from each other exert a force F on each other.
If the charges are halved and distance between them is doubled, then the new force acting on each
chargeis : ‘

¥

_F _ F 3
@ 5 ® (© 4F @ 1¢-
An infinite number of charges, each of charge 1 1C are placed at different points on the x-axis with
coordinatesx = 1,2,4, 8, ...... o0 . If a charge of 1C is kept at the origin, then the net force acting
on 1C charge is,
ay 9000N &) 12000 N (c) 24000 N {h 3600N.
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Figure shows electric field lines due to two charges ¢; and g,. Find out sign
of charges.

{a) both negative

{b) upper positive and lower negative

(c) both positive ,

(@ upper negative and lower positive.

I L
The insulation property of air breakdown is E = 3 x 105 volt per metre. The maximum
charge in coulomb that can be given to a sphere of diameter 5 metre is approximately :

@2 x10?% C B2 x 10°C (@2 x 104C . @2x e
The spatial distribution of the electric field due to two charges (A, B) is shown in figure.
Which one of the following statements is correct ?

4

@ Ais +ve and Bis -ve and |A| = |B]

@ Ais-veand B is +ve and |A] = |B|

(¢) Bothare +vebut A > B
(@ Both are negative but A > B.

The point charges Q 2Q) are placed some distance apart. If the electric field at the location of
Q is E, then electric field at the location of <2Q will be \

E ‘ 3E :
@ -3 B - ey (¢} -E @ -2E.

The electric field required to keep a water drop of massm just to remain suspended, when charged
with one electron of charge e (take g as acceleration due to gravity) is:

@ me o "= (©) emg @ =

Two small charged spheres A and B have charges 10 uC and 40 pC respectively and are held at a
separation of 90 cm from each other. At what distance from A, electric field intensity would be zero ?
(@ 22:5cm ()18 cm ()30 cm @ 36cm

What is the angle between the electric dipole moment and the electric field strength due to it
on the equatorial line ? _

o - (b) 90° (c)180° , (d) None of these.

An electric dipole of moment p is lying along 2 uniform electric field E. The work done in
rotating the dipole by 90° is : :

@ pE 0) VT 05 (@ 2E.

. Three point charges + ¢, - 2 ¢ and + ¢ are placed at point x = 0,y = 4, 1 = 0), (x = 0,

y=0z=0andx=a,y=0,z= 0) respectively. The magnitude and direction of the dipole
moment vector of this assembly are : -

(@ 7 ga along + x direction (5) J7 qa along + y direction
(¢) /7 qa along the line joining points (x=0,y=0,z=0and x=6y=627 0)
{d) qa along the line joining points x=0y=0z=0) and x=0,y=0,2= 0).
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A dipole of dipole moment i') is placed in uniform electric field E_ then torque acting on it is
given by ¢

22 - 2 = - =
@ 1= P.E (b)) 1=PxE {t=P+ E @i=pP-E.

Two equal and opposite charges of 2 x 10-10 C are placed at a distance of 1 cm forming a dipole and
are placed in an electric field of 2 x 10° N C-1. The maximum torque on dipole is :

(@ 242 x 106N m 58 x 10°Nm (04 x 10°Nm (@ 4%x107Nm

Which one out of the following is not a property of electric field lines :

(@) Field lines are continuous curves without any breaks.

(0) Two field lines cannot cross each other.
(¢) Field lines start at a positive charge and end at a negative charge.
{d) Field lines form closed loops.

An electric dipole is placed at an angle of 30° to a non-uniform electric field. The dipole will
experience : ’

{a) atorque only

(b) a translational force only in the direction of field

{c) a translational force only in a direction normal to the direction of field
{d) a torque as well as a translational force. ‘

Eight dipeles of charges of magnitude + e are placed inside a cube. The total flux coming out
of the cube is,

{a) O (D) o (c)e {d) ~e.
33,

If Q is situated at the centre of a cube, then the electric flux through one of the faces of the cube is

Y & 2q ©4q 6

A charge g is placed at the centre of a cube with side L. The electric flux linked with cubical
surface is : ‘ '

g g -

{a) 612 < ®) 12 c ‘_(c) < {d) zero.
The given figure shows distribution of charges. The flux of electric =
field due to these charges through the surface Siis :

3¢ 2q
a : -
@ 3, - ® G,
{o — @ zero.
€
In case of infinite long wire, electric field is proportional to :
PR 3 PR 1 i d
a r by 3 © 7 @ —.
@) ® 3 © J @ 7

A charge Q is enclosed by a Gaussian spherical surface of radius R. If the radius is doubled, then

* the outward electric flux will

(@ be reduced to half (h) remain the same
{¢) be doubled {@ increase four times.
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Three infinitely long charged sheets having charge densx!xege, -20, and © are plaéed as

shown. The electric Tield at point P is S Y S
2c 4 40 %
% 29 . «p
@ <, | O L
i e =~ —>X-axis
2o § 40 ¢ -5 .
-—k -—k - Z=-a
() < @ o
Three nonconducting large parallel plates have surface charge densities o, ~20 and 4o respectively
as shown in figure. The electric field at the point P is : ¢ -20 4¢
30 ' 3o
2 . )
P
G 1 (
o S5
Gl @ 7o

An imaginary, closed spherical surface S of radius R is centered on the korigikn. A positive
charge -+¢ is originally at the origin and electric flux through the surface is ¢g. Three

R R
additional charges are now added along the x axis : -3gat x = y + Sgatx = 3 and 4dq

atx = -%;}— The flux through S is now :
@ 3¢g ®) Yr () 64g @ Téu

A sphere of radius R has a uniform distribution of electric charge in its volume. At a distance x
from its centre for x < R, the electric field is directly proportional to :

@ oy - @ @ 2

The charged spherical shell of radius 1m does not produce an electric field at any :

(@) interior point (b) point beyond 2 m (c) point beyond 10 m  (d) none of these

The electric field E due to a uniformly charged nen-conducting sphere of radius R as a
function of distance r from its centre is represented by :

UR —

E% /1

i
g1
7 i

>X

ANSWERS

@ 2. (d) 3. (0 4. {0 5 @ 6
(@ 11. © 12. () 13. @ uH o 15
(@) 20, (b) 21. () 2. @) 3. » A
3
4

N (7)Y A () 8 9 (0
L@ 160 1. 18. O

© 25 26.@ 2.0
@ Mo B(D K @
L@ B0

(4] 29. (@ W@ 3N @ 2. {a)
) . (© M@ 4 @ 41. (©
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HINTS AND EXPLANATIONS

2. Fo—.

3. When body acquires electrons, it becomes negatively charged.

1

4. Foo—r.
I'Z

k = oo for metals.
Electrostatic force between nucleus and electron.

[

&

7. K«FLZ.
q

! i_. :
2,..6@—-

8 F= dreg r

5 = unit of g; = coulomb?/newton metre?,

4xkr

)
9, F= 1 &
4;:&04’2

Sinee g =ne ;

0. q=tne ;

, 1 9k (16x107193 f
1, Pa il o P RO N

dreq r? (2-5%10711)2
12. F, = =S
13. The systemof charges will be in equilibrium if net force acting on charge Q is zero.
L, 1 & | 0 6 4
- » Qlorg = -2 I g
Le o M?}g - =0 or 4Qg¢ = -Q*oryg e R =
4. F=¢E '
or E=—
q
[MLT™] o
{E] = *MWME ~[ML’Ji Q ]
15 A body becomes positively charged by losing electrons (i.e., negative charges).
16. Paper is a dielectric. It gets polarised due to frictionally charged comb.
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1x1x10% 1 1.2, 9 % 109 6| L }
= " 12 22 42 - l=0x 107X 1 X 10 4 16

Electric field lines terminate on negative charge.
: o 1
Electric field on the surface of the sphere is given by, E = pr —{%

Using the given data,

| . 1875 » _
3 % 108)=(9x 10%) 1 _ e g=-2"0 =208x107 =2X10 3¢
( 4 (2-5)* 1 9 % 10° : , .

. Field lines start from +ve charge and end on ~ve charge and number of field lines are directly proportional

to the magnitude of charge.
Electric field at the location of Q is due to the charge ~2Q

1 -2 . . ‘ .
E = ————— : Lk 2 l
pr— 0
. . . 1 Q
Electric field at the location of -2Q is due to the charge Q . E = pr ;7 (1))
. Using equations (i) and (i), we get ) or E = -5
Drop will remain suspended if force on drop due to electric field = weight of drop
i.e. eE= nég . E= %&.
‘Let at a distance x from A, electric field E = 0
1 q 1 ¢ 10 40
R e e OF e T st
dmegx?  4m e (90-x) K O0-x) 5 P
or 90-x=2 or x =30cm
-
~ T -

4?{% {?2 I g}:%;:z

In this case, directions of electric dipole moment and the electric field strength are opposite 10
each other.

‘Work done, W= - pE (cos 8, - cos 6;)= - pE (cos 90° - cos 0°) = pE.

The system can be considered as consisting of two dipoles one along + x axis and another along
+ y axis.

Dipole moment along x~axis, py = ¢a Y
Dipole moment along y-axis, py = ga |

. ¢{0,a, 0
. Resultant dipole moment p = P+ pf
' — {  4a,0,0)
=2 qa-. ©, 0,0)
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28. ©=PE sin 0, where 0 is angle between p and 5 of T-PxE
2. tux =pE=(gx2DE=2x 100X 102 x2 X 10°=4 x 107 Nm ,
31. In this case, non-uniform eleciric field will tend to rotate as well as translate the dipole.
32. Net flux dueto a dipole inside a cube is zero. Therefore, total flux coming out of the cube due to 8 dipoles
~is zero.
Q. . _4_Q
33. Electric flux through a cube, ¢ = —; Electric flux through one face of cube = ==~
S : €0
M o= 4. (Gauss's theorem)
€

35. Flux through a closed surface = ‘“g‘ét‘ .

Since gue. = +4q - g =0 and the charge outside the surface does not contributc to the electric flux,

therefore net flux thmugh the surface = 0.
3. E= a2 .

' neyr
37. Electric flux is independent of the size of the Gaussian surface.
g =200 (-0\r 4o A 20 A
38. Net electric field = ——(%) +{ )k +( )k = (k) =—(k),
2g 2 2 2ep <
-2 4 3
® B=-Lp M0 0
2¢g 25 2g 2§
. : 9
40. Initial electric flux, ¢g = =
-3g+5 Al .
Final electric flux, ¢'g = W 3q% +4q
, ’ €9
< 0. _‘
- 41. Electric field at a point inside a solid sphere at a distance x from the centre of the sphere is given by,
i qx '
T dmeg RS
-~ 42. Electric field inside a spherical shell = zero.

43. For a point inside a non-conducting charged sphere the electric field E o r whereas at any point

outside the sphere it is given by, E »««% .
r
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MULTIPLE RESPONSE QUESTIONS

{More than one correct option)

4. A few electric field lines for a system of two charges Q; and Q; fixed at two different

points on the X-axis are shown in the Fig. These lines suggest that : HiT, 2016}
@ Q| > |Qs] . s J
@ Qi < 1Qd - {?; k" > < ool : ”&Q

(c) at a finite distance to the left of Q;, the electric field is zero
(d) at a finite distance to the right of Q;, the electric field is zero.

15. A positively charged thin metal ring of radius R is fixed in the XY-
plane with its centre at the origin O. A negatively charged particle
P is released from rest at the point (0, 0, zo) where zg > 0. Then,
the motion of P is :
(a) periodic for all the values of z¢ satisfying 0 < zg <o

() simple harmonic for all the values of zq satisfying 0 < z< R

(c) approximately simple harmonic provided zg <<R
(d) such that P crosses O and continues to move along the negative Z-axis towardsz = —.

46. A non-conducting solid sphere of radius R is uniformly charged. The magnitude of the electric
field due to the sphere at a distance r from its centre :

(a) increases as r increases, for r < R {b) decreases as r increases, for § < r <
- (¢} decreases as rincreases, for R < r < oo {d}is discontinuous at r = R.
47. Under the influence of the Coulomb field of charge +g, a charge -¢ is moving around it in an

elliptical orbit. Find out the correct statement(s). : UIT, 2069

(@) The angular momentum of the charge ~¢ is constant
() The linéar momentum of the charge -q is constant’
(c) The angular velocity of the charge -¢ is constant
(d) The linear speed of the charge ~¢ is constant.
48. A cubical region of side a has its centre at the origin. It encloses three fixed point charges -¢ at
(0, +a/4, 0) [Fig.]. Choose the correct option(s). : [T, 2012}

(@) The net electric flux crossing the plane x = +al2 is
equal to the net electric flux crossing the plane x = -al.

(b) The net electric flux crossing the plane y =+¢/2 is more than
the net electric flux crosing the plane y = ~a/2.

(¢) The net electric flux crossing the entire region is ¢/€g.

(@ The net electric flux crossing the plane z = +a/2is | ~
equal to the net electric flux crossing the plane x = +af2. K
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HINTS AND EXPLANATIONS
44. Number of electric field lines is directly proportional to the magnitude of charge. Therefore,

‘ 1 : )
[Q1]> |Q2], Ex - Charge Q, is positive and charge Q, is negative. At any point to the right

) — i 1 9}.;_1 Q;_);
Slde,gf Qz, EE-}."E? '4?[80 732 4']13&0 ,:22

. , . " 1 Qz
45. Electric field due to charged ring at Zg is given by £ = ——n =0
gatLois g y ~ Une, ® +z§)§

—p ~F i
.~ Force oncharge (~g)atP, F = —gE =
ge (~q) q T

The force acts towards the centre of the ring.

W?

Thus, motion of particle is periodic for 0 < Zg < o

For Zy <<R, Fo "20;6. Somotion of particle is S.H.M. .
46. For a charged solid sphere of radius R, ‘

1 Q 19 0
= ———rforr<R or Exr ; Forr>R,E= - ~orEoc— .
4mey R drey r° re

47. When charge -g moves in a central force field, no torque (t) acts on the particle.

i |
Now 7 = ¢t =00r 1 =constant. or Iw = constant.
z .

When particle is near to +g¢, its M.1. decreases and hence angular velocity increases.

The direction of motion of charge -q changes continuously, so iis linear velocity and hence {inear
momentum charges. '

48. (a) Since charges are symmetrically placed about x =+ g— and x = w;— planes, so electric flux

crossing these planes is same.

(¢) Netenclosed charge, g = ~g-¢ + 3¢ = q 5o b = 4 {(Gauss’s law).

(d) Since charges are symmetrically placed about 7 = + g ,and 75 = -—g—planes so electric flux

crossing these planes is same.
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FILL IN THE BLANKS WITH APPROPRIATE ANSWERS

Like charges ...... ... each other and unlike charges ........... each other.
Lightning in the sky is an example of ........... through air.
Charges were named as positive and negative by ........... .
- A device used to detect charge on a body is known as ...«
The process of sharing the charges with earth is called ............ .

The process of charging a metal sphere positively without touching it with a negatively charged
body is called ............ .

Insulators are also called ........... .
The total charge on a body having n; electrons and ny protons is equal 10 .oesviiiins o
The value of electrostatic force constant in free space (in S.L)is ......oovin

BARR gapgRres

The value of permittivity of free SPACE 1S wvvverrenns

Force experiened by a charge g in eleciric field E is voccovenn -
S.I unit of electric field is ......... o
Electric field due to charge Q ata pointis ........... of test charge at that point.

Repss

Electric field due to a charge at a point in the space 1s the ......ooeee. experienced by a ............ at
that point.

The concept of electric field was introduced

Electrostatic field line do not form any closed ............ .

Electric flux through a closed surface enclosing electric charge g 18 sommmmbiifinfics

Electric flux through a Gaussian surface is ............ of the size of the surface.

S.1. unit of electric dipole FROMENL IS +vvs s coes

The electric field intensity due to an electric dipole varies inversely as .visvii.n... Of the distance of
the point. ‘

The net electric charge of an electric dipole is ....oooeeees

When an electric dipole is placed in an uniform electric field, the net force acting on the electric
dipole is woiooieeien

71. An electric dipole experiences 10 ............, when the electric dipole moment of the electric dipole
is in the direction of the applied electric field.

1. Electric field due to a uniformly charged infinite plane sheet having charge density o at a distance r is

BARRED

28

AHEGSRE BT AR F

ANSWERS

repel, attract 50, electric discharge S1. Franklin Benjamin 52. Electroscope

49,

'83. earthing or grounding 84, induction 88, dielectrics 86. (my - ny)e
57. 9 x 10°Nm?C2, 58,8854 x 107°CN'm2. 0. ¢E

60.

N 61. independent 62. force, unit positive charge
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63. Faraday 64. loops 66. independent
5‘0
67. Coulomb-metre {Cm). 68. cube 69, zero 70. zero
71. torque 7. -2
' 2g,

~ 73. In the phenomenon of electrification by friction, the law of conservation of charge is violated.
74. The electric force experienced by a charge moving in an electric field depends on its velocity.
75. Two electric lines of force do not intersect with each other.

76. An electric charge +1pC experiences a force of magnitude F due to the electric charge +5uC
placed at a distance r. The magnitude of the force experienced bv +5uC charge due to +1uC
charged placed at the same position is SF.

The value of Coulomb’s force constant in SI is 9 X 109 Nm2C-2,

The electric field due to a charge configuration with total charge zero is zero.

The electric field due to a charge is independent of the space coordinate o

g & #H

 The electric field due to a positive charge at a point is radially inwards towards the charge.

&R
oot

. The electric field lines start from a positive charge and end on negative charge.

The force experienced by a charge ¢ placed inside a uniformly charged spherica’ ~hell is zero.
Surface charge density is directly proportional to the surface area of the body. |

The electric field lines form closed loops.

The electric field intensity due to a charged shell varies mverseiy as the square of the distance
outside the shell.

@5&?358

ANSWERS

73. False {charge is conserved) 74. -False 75. True 76. False (;:; :,:;3;)
77, True '

. False (Electric field due to an electric dipole (net charge = 0) is non-zero) 79. False (E o« %)
B

3

80. False (radially outwards)  81. True
82. True (F = gE = 0, because E = 0 inside the charged shell) 83. False (o = g/A)
84. False 85. True
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86. Column I gives the objects and column II gives the dependence of electric field (E) due to
these objects on the distance (r) from these objects Match the entries in column I with the

enterles in column Il.

| Column L | Column i
(A) Point charge f o
| (® Electric dipole ’ | @
| (O Infinitely long straight uniformly ) r?
1 charged wire 1
l (D) Uniformly charge inifinite plane sheet i ©r
@A—-p;B>gCsrDos  WA-rBossCoqgDop
(c)A-->r Bos;Cop;D—yg @A —->p;Bo>p;C>nrnD-os.

8§7. Column I gives the physical guantities and column II gives the values of these physical
quantmes Match the physxcal quantmes given m column I with their values in column IL.

] Coiumn o
() 8854 X 10-2CN

1 @ 9% 10° Nm*c?

) 16X 10°1°C

Cﬂlumn 1

(A) Electric charge on an electron
| (B) Dielectric constant of water
| (C) Electrostatic force constant in SI

f D) Permittwny of free space (s) 81 -
@ A->rBos; CogDop  BA-s B—>r C~>q,D—>p
© A-rBos;Co>p;D>g @WA->p;B->gCorD-os
88. Match the physical quantities given in Column I with their respective expressions given in
Column IL | '
Columnl [ Columnll
pr

; (A) Electrostatic force between two charges i o ‘é’”%

g, and g separated by a distance r in free |
space 1
- (B) FElectric flux through a closed surface ] (q‘) 7ero
| enclosing a charge g 1
: o 1 49
(8] Electric field due to a uniformly charged | (D 3 tEg TR

shell at a point inside the shell .

(D) Electric field due o2 uniformiy charged {5) *g;‘

solid sphere at a point inside the sphere

@A-=>5B>rnCoqD-p (b}Awéf‘;lvB‘*—?S;C%qiD”’P
(c)A—-)r;B%s;Cvap;D-»q @ A->5;BorCop; D=4
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89. Match items in ceiunM\Agt§c0P H YS l cs

- Column I Colummn II
| (A) ST unit of electric fleld ) CN-'m
B) SI unit of electric dipole moment | @ Cm3
(C) SI unit of volumne charge density | NC!
(D) SI unit of electro static force constant | (& Cm

(@ A~—>p;8~>q;’C~>r;D-—>s
(© A—as;.Ber;Cma»p;D;—-)q

86. &)

91.

BDA->rBos;CoqgDop
@A->¢gB-p;Cos;Dor

ANSWERS

8. @ 88.(b) 8. &)

ASSERT}G‘N-REASG‘N TYPE ?Q‘UESTQGNSI

Each questmn has twe statements 1 (Assertion) and I {reason). of the fgﬂmﬂng statements, choose

the correct code if,

Statement [

Statement II
(@ A
Statement I
Statement II
@A

. Statement [

Statement 11

(@) A

Statement |

Statement II
(@ A

Fi

EE 3

www.massphysics.com

During charging by rubbing, the insulating material with lower work function
becomes positively charged.

* Electrons are negatively charged particles.

(h)B _ ©C @ D.
The Coulomb’s force is the dominating force in the universe.

Coulomb’s force is stronger than the gravitational force.

(B ©cC @ D. (AIIMS 2003)

The lightning conductor at the top of a high bui}ding has sharp pointed ends.

The surface density of charge at sharp points is very high resulting in setting
up electnc winds.

®»B ©C @) D. (ALIMS 2007)

If a metal is placed between two electric charges, the electric force between
them becomes zero.

Dielectric constant of metal is infinite.

(B ©C | @ D.
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9. Sﬁtement I
Statement I
(@ A »B € (@D

95, Statement I Electric flux through a closed surface enclosing an electric dipole is zero.
Statement 11 '

&%

'MA:ssso‘f RHachszlics another body.

Electric charge cannot be transferred partiaily.

*e

e

The net charge of electric dipole is zero.

",

9. Statementl : A charged particle free to move in an electric field always follows the
electric field line.
Statement I - The electric field lines start from a positive charge and end on a negative
charge. |
(a) A (B ©c @D
ANSWERS

9. (b) 91. (d) 92 (@ 9. (@) o, ¢ 9%5. @ 9% @

90, Material having lower work function easily loose electrons.
91. Although Coulomb’s force is very strong than the gravitational force but the dominating force in the
universe is gravitational force. ~ ~

92. Surface charge density, ¢ =--, where A is area. Charged sharp points creates a very strong

> |

electric field around it.

94, 'When a charged body placed inside a holl v conductor is connected with it, entire charge of
¢charged body is transferred to the hollow conductor. '

95, ¢ = 9en = 0, because g, = net charge on electric dipole = 0.
2

96. Only charged particle initially at rest follows electric field line.
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d Integrated Questions

TRIC CHARGES AND FIELDS.

CASE BASED/PASSAGE«BASED 3NTEGRATED QUESTIONS . .©

81 Two point charges ¢, and g, of unequal magnitude | Taking square root
are piaced as shown below. /5= 0d+x I »
e x i
(/2 - x =01
o1 o1 W2l
(V2-1) /21 V2
x=0141 +0.1 =0241'm
or x = 24.1 cm from point B.
{iv} No.
As the éiectric field lines aré-curved, and at any
point on it a test charge (+ve) will experience

(}) Determine the ratio ¢,:q,
(i) If one null point is at infinity, then where is
~another null point?
(ii)) If q; and g, areseparated by a distance of 10

acceleration but direction-of acceleration and
cm, then find the pesition ‘of a null point, velocity may not be same.
{iv) Will a positive charpe follow the electric liney | ' .
of force if free to move? » &2, An electric dipole is a system consisting of the two
' equal and opposite point charges seperated by a
Ans, (4) T 2% ,{Q%m the Namber of ﬁﬁ; Tines small and iinite distance. If dipole moment of this
4 'I -associated wilh sach charge] system is p and it is placed in a uniform electric
(i) ~: g,<q, and g, is positive and ¢, is negative, field E. '
- Null point will lie at pomt C 1o the right side | {i) Write the expression of torque experienced by
of point:B a gdipole, )
Reason: Electric field at C is invopposite direction {i5) Identify two pairs of perpendicular vectorsin
as shown. the expression.
£, 44— 2 — E, (i) Show diagrammatically the orientation of the
dipole in the field for which the torque is

Here, E, and £, are clectric fields due to electiic (@) Maximum

charges ¢, and .
) - Net ei;cmc fii: W aC=0 (%) Half the maximum value.
: {c} Zero.
B = [Ey] | aes. @ i=pxE
Ha| " kg, | or t=pEsint
(a2 (BCY here  p=2ag
Here AB=10cm=0.1m (I point charges are ¢ and ~¢g separated by @
Let BC=x S distance 2a.)
4 (ACY 2 [01+xV (#) Torque is perpendicular to dipole moment and
Py = (“{{c”) =17 ("_-;m) electric field, 1 L p and © L E

www.massphysics.com 138 FOCUS CBSE MODULE



(i#i) (a) Maximum Torque t = pE when 6 = 90° Ans. () +.10

Rtk . b
i I (G S—
-9 N ‘ ?
5 ) el
by 1= %— when, sin§ = :};f ie,8=300or 130° *

Net force on charge 4, is zero as electric field
inside a charged conducting shell is zero,

(i} Due to induction charge inside the shell is —g,
and outside the shell net charge will be (Q +¢,)
-+ Electric field due to charged sphéte at pbint

. HQ+q)
Pis p T T
x
: _ o HQ+tq)q
~. Force on charge ¢, = ¢,E = i
""""""""""" o Gt .
- B8=0°0r180° " {4i) Force on spherical shell has same maglnitude
o t=pEsin0°=0 _ HQ+4)g,
J T = minimum ; ; ¥ rotitel ﬁ: s
3. A thin conducting shell contains a charge +Q " {#v) Charge density = %@ﬁiﬁi{i@iﬁ
distributed uniformly all over it. Now a point charge 04a) : e
+g, is placed at the centre of the shell, and another 4 o o= i«wmg;&
charge +¢, is placed outside the shell. What is the ) 4ni” o
net force on ~ (v} Net electric flux through the sphere is given
1 i o,
(i) charge g, o= -—; {by Gauss’s Theorem]
€ ‘

(#) chargegq,
‘(§iiy spherical shell :
{iv) also determine charge density on the shell if “
radius of shellis R.

(¥) What is the net electric flux through the
sphere?
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FOCUS NCERT/CBSE MODULE

SELF EVALUATION TEST FOR CBSE BOARD EXAMS

_ Serr EvaLuaTion Test - 1 >

Electric Charges and Field

Maximum Marks : 30 ' Duration : 75 minutes

1 Mark Questions

1. How is the force between two charges affected when dielectric constant of the medium in which
they are placed increases ?

. Name the physical quantity whose SI unit is NC.
. What do electric lines of force represent ?
. Define electric flux.
. Is electric field intensity a scalar or a vector quantity ?
Define dielectric constant of a medium.
. What is an ideal electric dipole ?
. 8. Write the S.Tunit of electric dipole moment..
2 Marks Questions ~
9. A chargeof V2C is placed on top of your school building and another equal charge is placedon

top of your house. If the distance between the two locations is 2 km, how many kilo-newton force
1 is exerted by the charges on each other ? _

© 10. Vehicles carrying inflammable materials usually have metallic ropes touching the ground dur-

ing movement. Why ? .

11. Derive an expression for the electric field intensity ata distance ‘7’ from a point charge ‘¢’

12. Two point charges 4 pC and 2 piC are separated by a distance Imin air. At what point on theline
joining the charges is the electric field intensity zero ?

3 Marks Questions

13. (a)An electrostatic field line of force is a continuous curve. Thatis,a field line of force cannot
have sudden breaks. Why not?
(b) Explain why two field lines of force never cross each other at any point.

14. Show that in a uniform electric field, adipole experiences only a torque butno net force. Derive
an expression for the torque. ‘

15. An electric dipole of length 2 cm is placed with its axis making an angle of 60° with respect to a
uniform electric field of 10° N/C. If it experiences a torque of 8V3 Nim, calculate the

~ (i) magnitude of the charge on the dipole, and '
(ii) potential energy of the dipole.
5 Marks Question :

16. Derive the expressions for electric field intensity due to a uniformly charged non-conducting

solid sphere at : : ‘
.(i) apoint outside the solid sphere
(ii) apointon the surface of the solid sphere
(ili) a pointinside the solid sphere

- ST BN
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SELF EVALUATION TEST FOR CBSE BOARD EXAMS

Hints / Answers

1. Force between two charges when placed in the dielectric medium

pe_l @0 _F . :
e, K 12 K- where F is the force in vacuum.
‘ If dielectric constant of the medium increases, then force decreases.
. 2. Electric field intensity.
3. Direction and strength of electric field intensity.

4. Electric flux over an area in an electric field represents the total number of electric lines of force
crossing the area in a direction normal to the plane of the area. :

5. Vector quantity.

6. Dielectric constant or relative permittivity of the medium is the ratio of the electrostatic force
between two charges separated by certain distance in vacuum to the electrostatic force between
the same two charges separated by the same distance in that medium.

7. Two equal and opposite (in nature) electric point charges separated by an infinitesimally small
distance constitute an ideal dipole. ’

8. Cm.

F=—t D% _gy10° -1/—-55%_23 =45x10°N
dne, v (2x10%) .

10. Rubber tyres are insulators, hence the metallic body of the vehicles and tanks are not earthed.
Metallic chains touching the ground make them earthed, hence any frictional electricity if gets
developed does not let any sparks produced to let the inflammable liquid catch fire.

12. o x i-x o
4uC P ‘ 2uC
1 4 1 2
= 47580 x 2 47(180 (1'— X )2

= x2=2(1-x)?2=2(1-2x+x?
=xt-4x+2=0
= x = 2+V2 i.e. 2-V2 m from 4uC because 2+V2 is not possible
15. Given length of dipole, 2a = 0.02 m
6 =60°
E =10°N/C, 1=8+3 Nm
(i 1T =pEsin® =(g.2a)Esin6
~8+/3 =(g) - (0.02) 10° sin 60°
On solving, =8 x10% C=8mC.

(ii) Potential Energy =— pE cos =—8 x 103x 0.02 x 10° % =-0.08x 102] =-8].
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DEAR STUDENTS ELECTROSTATICS COVERS 7 MAJOR TOPICS

1. CHARGES AND THEIR PROPERTIES

| 2. FORCE BETWEEN CHARGES [COULOMBS LAW]

3. ELECTRIC FIELD DUE TO CHARGES AND DIPOLE

4. ELECTRIC FLUX [GAUSS LAW] (ncert chapter 1)

5. ELECTRIC POTENTIAL
6. ELECTROSTATIC POTENTIAL ENERGY
7. CAPACITANCE ( ncert chapter 2)

We cover first four topics in this chapter while next three topics are in NCERT chapter 2
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