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Chapter 01

Electrostatics

1. Electric Charge
1.1 Definition

Charge is the property associated with matter due to which it
produces and experiences electrical and magnetic effects.

1.2 Type

There exists two types of charges in nature

(i) Positive charge

(ii) Negative charge
Charges with the same electrical sign repel each other, and
charges with opposite electrical sign attract each other.

—® &— &— ——0

Fig 1.1: Types of Charges

1.3 Unit and dimensional formula
S.1. unit of charge is coulomb (C),

(1mc =10"°C,1uC=10°C, ;C=10"°C)

C.G.S. unit of charge ise.s.u. 1C =3 x 10°e.s.u.
Dimensional formula [Q] = [AT].

1.4 Point Charge

Whose spatial size is negligible as compared to other
distances.

1.5 Properties of charge

(i) Charge is a Scalar Quantity: Charges can be
added or subtracted algebraically.

(ii) Charge is transferable: If a charged body is
put in contact with an uncharged body, uncharged
body becomes charged due to transfer of electrons from
one body to the other.

(iii) Charge is always associated with mass,

i.e., charge can not exist without mass though mass
can exist without charge.

(iv) Charge is conserved: Charge can neither be
created nor be destroyed.

(v) Invariance of charge: The numerical value of an
elementary charge is independent of velocity.
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(vi) Charge produces electric field and magnetic field:
A charged particle at rest produces only electric
field in the space surrounding it. However, if the charged
particle is in non accelerated motion it produces both
electric and magnetic fields. And if the motion of
charged particle is accelerated it not only produces
electric and magnetic fields but also radiates energy in
the space surrounding the charge in the form of
electromagnetic waves.

(vii) Charge resides on the surface of conductor:
Charge resides on the outer surface of a conductor
because like charges repel and try to get as far away as
possible from one another and stay at the farthest
distance from each other which is outer surface of the
conductor. This is why a solid and hollow conducting
sphere of same outer radius will hold maximum equal
charge and a soap bubble expands on charging.

(viii) Quantization of charge: When a physical quantity can

have only discrete values rather than any value, the
quantity is said to be quantized. The smallest charge that
can exist in nature is the charge of an electron. If the

charge of an electron "e":(—l.6><10’19C) is taken as

elementary unit i.e. quanta of charge the charge on any
body will be some integral multiple of e i.e., Q =+ ne
with n =0,1,2,3 ...... Charge on a body can never be

0.5¢e, +17.2 e or +107° ¢ etc.

1.6 Comparison of Charge and Mass
We are familiar with role of mass in gravitation, and we
have just studied some features of electric charge. We can
compare the two as shown below:

Charge Mass
1. Electric charge can 1. | Mass of a body is a

be positive, negative . .
positive quantity.

or zero.

2. .

Charge carriedbya | 2. | Mass of a body

body does not increases with its
velocity as
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depend upon m,

velocity of the body m= 2/
V1-v

where c is velocity
of light in vacuum,
m is the mass of the
velocity v and m, is

rest mass of the
body.

The quantization of
mass is yet to be
established.

3. Charge is quantized. | 3.

Mass is not
conserved as mass
can be converted

4. Electric charge is 4,
always conserved.

into energy
5. Force between 5. | The gravitational
charges can be force
attractive or between two
repulsive masses is

always attractive.

1.7 Methods of Charging

A body can be charged by following methods:

(i) By friction: In friction when two bodies are rubbed
together, electrons are transferred from one body to the
other. As a result of this one body becomes positively
charged while the other negatively charged, e.g., when
a glass rod is rubbed with silk, the rod becomes
positively charged while the silk becomes negatively
charged. However, ebonite on rubbing with wool
becomes negatively charged making the wool positively
charged. Clouds also become charged by friction. In
charging by friction in accordance with conservation of
charge, both positive and negative charges in equal
amounts appear simultaneously due to transfer of
electrons from one body to the other.

(if) By electrostatic induction: If a charged body is
brought near an uncharged body, the charged body will
attract opposite charge and repel similar charge present
in the uncharged body. As a result of this one side of
neutral body (closer to charged body) becomes

oppositely charged while the other is similarly charged.
This process is called electrostatic induction.

NOTE:

Inducting body neither gains nor loses charge.

(iii)  Charging by conduction: Charging by conduction
involves the contact of a charged object to a neutral
object. Hence when an uncharged conductor is
brought in contact with a charged conductor, charge
is shared between the two conductors and hence the
uncharged conductor gets charged.

NOTE:

Inducting body neither gains nor loses charge.

A truck carrying explosives has a metal chain touching the
ground, to conduct away the charge produced by friction.
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1.8 Electroscope

It is a simple apparatus with which the presence of electric
charge on a body is detected. When metal knob is touched
with a charged body, some charge is transferred to the gold
leaves, which then diverges due to repulsion. The
separation gives a rough idea of the amount of charge on the
body. If a charged body is brought near a charged
electroscope the leaves will also diverge as the charge on
body is similar to that on electroscope and will usually
converge if opposite. If the induction effect is strong enough,
leaves after converging may again diverge.

In case of uncharged electroscope, if the charged body is
brought is contact, the electroscope gets charged and the
leaves diverge. when a charged body is brought near
electroscope (but not is contact), different charges appear on
different parts of electroscope resulting in divergence of
leaves.

(1) Uncharged electroscope

Charging by conduction Charging by induefion

Fig 1.4
(2) Charged electroscope

Fig 1.5

2. Coulomb’s Law

If two stationary and point charges g, and g, are kept at a
distance r, then it is found that force of attraction or repulsion
between them is proportional to the product of the two
charges and inversely proportional to the square of the
distance between them. Mathematically, Coulomb’s law can
be written as

Electrostatics

L, 00z
F— kr—z

where k is a proportionality constant.
In SI units k has the value, k = 8.988 x 10° N m?/C?
9.0 x 10° N m?%/C?

Q, Q,
O S ©
Fig 1.6

(a) The direction of force is always along the line joining the
two charges.

(b) The force is repulsive if the charges have the same sign
and attractive if their signs are opposite.

(c) This force is conservative in nature.

(d) This is also called inverse square law.

2.1 Variation of k

Constant k depends upon system of units and medium
between the two charges.

2.1.1 Effect of units

(@ InC.G.S. forairk=1, F= &ZQZ Dyne
r

(b) In S.1. for air

_m?2 1
_gx10? N=M ,F=—.Q1—?2
C? ey 1

1
4me,

k =

Newton (1 Newton = 10° Dyne)
NOTE:

e  Absolute permittivity of air or free space

c (. Farad)

- 8.85x10‘12—(

N —m? m
Dimension is LM‘lL‘3T4A2J

e g relates with absolute magnetic permeability
(1o) and velacity of light (c) according to the

1
VHogo

following relation C =

2.1.2[1 Effect of medium
(a) When a dielectric medium is completely filled in
between charges rearrangement of the charges inside the
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dielectric medium takes place and the net force between the

AY s
same two charges, decreases by a factor of K known as e
dielectric constant. K is also called relative permittivity &, el
of the medium (relative means with respect to free space). n-r
N o]
SN
Q-] QZ F) 4 F:l
< r > >
O Lol X
Fig 1.7
- g - Z
Hence in the presence of medium Fig 1.8
- zi ZL.quz Force is a vector, so in vector form the Coulomb’s law is
K dngK  r? written as
— — = 1 S
K =¢g¢, =¢ F21=4 Q1QZ3(r2_r1)
o . Ty |F, — 1
Here (permittivity of medium) %~
; y A
Medium K t, o O
Vacuum/air 1 o(;l' v
Water 80 > X
Mica 6 Fig 1.9
Glass 5-10 where T}, is a unit vector directed toward q, from g,
Metal © fip =Ty
= 1 g, .,
R, = 2 122 P
ey F
2.2 Vector form of Coulomb’s law
. i . Eoo L 9%, _ 1 94 (~h)
It is helpful to adopt a convention for subscript 27 aney, 12 P Ame, 12 2
notation.
— 1 SPLSH [ r:
F,, = force on 1 due to 2, F,, = force on 2 due to 1 4ne, r2 2
Suppose the position vectors of two charges g, and g, are r, o r, |
and T,, then electric force on charge g, due to charge |
a, s, from from
E 1 a9 . - 0 o
F12:4 n ag(rl_rZ) R
Ty [f~T Remember convention for T .
Similarly, electric force on g, due to charge g, is Here g, and q, are to be substituted with sign.

Position vector of charges g, and ¢, are | = xlf+y1]+21I2
and T, =x2i+y2]+22f< respectively, where (x,, y,, z,) and
(x,, y,» z,) are the co-ordinates of charges g, and q,.

Electrostatics
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2.3 Principle of superposition

According to the principle of superposition, total force acting
on a given charge due to number of charges is the vector sum
of the individual forces acting on that charge due to all the
charges.

Consider number of charge Q,, Q,, Q,...are applying force on
acharge Q

Net force on Q will be

Fig 1.10

The magnitude of the resultant of two electric forces is given

by F = \/Flz +F2+2FF,cos0 and the force direction is given

by tan a:FZs—ine
R +F,cos0
Fig 1.11
3. Electric Field

A positive charge or a negative charge is said to create its field
around itself. Thus space around a charge in which another
charged particle experiences a force is said to have electric
field in it.

3.1 Electric Field Intensity (E)

The electric field intensity at any point is defined as the force
experienced by a unit positive charge placed at that point.

F
Qo

E:
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Where (y — 0 so that presence of this charge may not affect

the source charge Q and its electric field is not changed,
therefore expression for electric field intensity can be better

. F
written as E= lim —
qoaO q0

e Unit and Dimensional formula: Its S.I. unit —
Newton volt Joule

= = and
coulomb meter coulomb x meter

C.G.S. unit = Dyne/stat coulomb.
Dimension: [E] = [MLT—3 A]

. Direction of electric field: Electric field (intensity) E
is a vector quantity. Electric field due to a positive
charge is always directed away from the charge and that
due to a negative charge is always directed towards the

charge
—>>
Q0o --------- —>»F
—
-Q O-----«=—F

3.2 Relation between Electric Force and
Electric field

In an electric field E a charge (Q) experiences a force
F= QE. If charge is positive then force is directed in the

direction of field while if charge is negative force acts on it in
the opposite direction of field

E E
> _
+QOo——> ¢ «—0-Q
F
Fig 1.13

3.3 Superposition of Electric Field

The resultant electric field at any point is equal to the vector
sum of electric fields at that point due to various charges.

E—E +E,+E;+.

The magnitude of the resultant of two electric fields are given
by
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Fig 1.14

E= JEf +E5 +2E,E, cos® and the direction is given by

E,sin0®

tano = —=——
E, +E, cos0

3.4 Point Charge

Point charge produces its electric field at a point P which is
distance r from it given by

Ep = Magnitude

P 47csor2 (Mag )
®-----—---- °
Q s p

. For + ve point charge, E is directed away from it.
. For — ve point charge, E is directed towards it.

3.5 Continuous Charge Distributions

There are infinite number of ways in which we can spread a
continuous charge distribution over a region of space. Mainly
three types of charge distributions will be used. We define
three different charge densities.

Symbol Definition Sl units
(lambda) A = Charge per unit length C/m
(sigma) o = Charge per unit area C/m2

. f
(rho) p = Charge per unit volume | C/m? g

If a total charge q is distributed along a line of length ¢, over

a surface area A or throughout a volume V, we can calculate
charge densities from.

7\,:—, =—, = —
APtV

3.6 Properties of Electric Field Lines

e Electric field lines originate from a positive charge &
terminate on a negative charge.

ﬂo -

e The number of field lines originating/terminating on a
charge is proportional to the magnitude of the charge.

Fig 1.16

e The number of field lines passing through
perpendicular unit area will be proportional to the
magnitude of electric field there.

e  Tangentto a Field line at any point gives the direction
of electric field at that point. This will be instantaneous
path charge will take if kept there.

Fig 1.17

. Two or more field lines can never intersect each other.
[they cannot have multiple directions].

. Uniform field lines are straight, parallel & uniformly
placed

. Field lines cannot form a loop.

4. Electric Flux
4.1 Definition

Electric flux is measure of the field lines crossing a surface.

It is scalar quantity with Sl unit% -m2or V-m

“The number of field lines passing through perpendicular unit
area will be proportional to the magnitude of Electric Field
there” (Theory of Field Lines)

N E=N«EA,
A

Electrostatics
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Electric Flux, ®, =EA,

Acos0=A
> | A
E . (s)
" |
g " Asin®
Fig 1.18

As 6 increases, flux through area A decreases. If we draw a
vector of magnitude A along the positive normal, it is called

the area vector, A corresponding to the area A.

»
L

A

. I
L 4

v

<>

v

e

v

Fig 1.19

Electric Flux, ®, = EAcosf =E . A

(Assuming Electric Field is uniform over whole area)

NOTE:

If Electric field is not constant over the area of

cross section, then @ = [E.dA

4.2 Unit and Dimension

Flux is a scalar quantity.

2

S.1. unit: (volt x m) or
it’s dimensional formula: (ML*T °A™)

4.3 Types of Flux

For a closed body outward flux is taken to be positive, while
inward flux is taken to be negative.

N

—>) Body («—

AN

Negative-flux

Positive-flux
(A) (B)

Fig 1.20
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5. Gauss’'s Law
5.1 Definition

According to Gauss’s law, total electric flux through a closed

. 1 .
surface enclosing a charge is — times the magnitude of the
€g

charge enclosed.

e g =— (Q.)
€

0

Qe

ie. . gSE.dA: .

NOTE:

Gauss’s law is only applicable for a closed surface.

5.2 Gaussian Surface

The closed surface on which Gauss law is applicable is
defined as a Gaussian surface.

NOTE:

e Gaussian surface can be of any shape & size, only
condition is that it should be closed.

e Gaussian surface is hypothetical in nature. It does
not have a physical existence.

5.3 Deriving Gauss’s law from Coulomb’s
law

Fig 1.21

Lets take a spherical gaussian surface with charge ‘+Q’ kept
at the centre.

We know field lines for a +ve charge are always radially
outward.

Angle between dA & E is zero.
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e_kQ__Q
P 4me,r?
0
Net qux:gsﬁ.dﬁzgS Q ~dA
drneyr
__Q zngAszAan:g
dneyr dne,r g

Hence Net flux = Q/g,.
NOTE:

Although we derived gauss’s law for a spherical surface
it is valid for any shape of gaussian surface and for any
charge kept anywhere inside the surface

5.4 Coulomb’s law from Gauss’s law

We choose an imaginary sphere (Gaussian surface) of radius
r centred on the charge +q. Due to symmetry, E must have the

same magnitude at any point on the surface, and E points

radially outward, parallel to dA .Hence we write the integral

in Gauss’s law as

Fig 1.23
dns =PE.dA=PEJA = EfdA =E(4r)

Qenclosed = q

Thus, E(4rcr2)=E or E=—J3 R
b 4dng,r

From the definition of the electric field, the force on a point
charge q, located at a distance r from the charge g is F = g E.

This is Coulomb’s law.

6. Applications of Gauss's Law

Using Gauss’s law to derive ‘E’ due to various charge
distributions.

6.1 Electric Field due to a Line Charge

Consider an infinite line which has a linear charge density A.
Using Gauss’s law, let us find the electric field at a distance
‘r’ from the line charge.

The cylindrical symmetry tells us that the field strength will
be the same at all points at a fixed distance r from the line.
Thus, if the charges are positive. The field lines are directed
radially outwards, perpendicular to the line charge.

. ds”
S =
. _|le—r—
Ei—ﬂ — S —»E
ds™ <+ - > ds™
=
* ds™
Fig 1.24

The appropriate choice of Gaussian surface is a cylinder of

radius r and length L. On the flat end faces, S,and S,, E is
perpendicular dé, which means flux is zero through them.

On the curved surface S,, E is parallel to dS, so that E.dS

= EdS. The charge enclosed by the cylinder is Q = AL.
Applying Gauss’s law to the curved surface, we have

Efds=E(2arL)= 2= or [E-——| -2
€ 2me,r r

NOTE:

This is the field at a distance r from the line. It is directed
away from the line if the charge is positive and towards the
line if the charge is negative.

Electrostatics
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6.2 Electric Field due to a Plane Sheet of
Charge

E 1
_..A=| ‘I
ds .

Consider a large plane sheet of charge with surface charge
density (charge per unit area) o. We have to find the electric
field E at a point P in front of the sheet.

NOTE:

If the charge is positive, the field is away from the plane.

To calculate the field E at P. Choose a cylinder of area of
cross-section A through the point P as the Gaussian surface.
The flux due to the electric field of the plane sheet of charge
passes only through the two circular caps of the cylinder.

According to Gauss law $E.dS=gq,, /

EdS+ | EdS+ [ EdS=22
I circular I circular cylindrical %o
surface surface surface
or EA+EA+0=2
€
or E= 2
2¢,
NOTE:

We see that the field is uniform and does not depend on
the distance from the charge sheet. This is true as long as
the sheet is large as compared to its distance from P.

Electrostatics

6.3 Uniformly Charged Charge
Hollow Sphere

6.3.1 Outside the Sphere
P is a point outside the sphere at a distance r from the centre.

(Gaussian
Surface

According to Gauss’s law,

qSE.d§ Qe (4mr?) _Q
€ €y
Electric field at P (Outside sphere)

1 Q oR?
drg, 17 g1

Q=0oxA
=ox4nR?

6.3.2 At the surface of sphere

out

Atsurfacer=R
1 Q o

So, E, = ==
4ne, R g,

6.3.3 Inside the sphere
Inside the sphere electric field is zero.

Oenclosed = 0
K Ein = O
Graphical variation of electric field with distance

E - r graph

Fig 1.26
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6.4 Uniform Spherical Volume Charge

Distribution

We consider a spherical uniformly charge distribution of
radius R in which total charge Q is uniformly distributed
throughout the volume.

The charge density

_total charge  Q  3Q
total volume 4 o3 4nR’

Fig 1.27

6.4.1 Outside the sphere at P (r > R)
According to Gauss’s law
qSE s=2 ok (4nr2):2

€y €

1 Q
E = =
U 4me, r?

using p =
ﬂTcR3
3
_ PR’

out — 2
3g,r

6.4.2 At the surface of sphere
Atsurfacer=R
1 Q R

T 4ne, R?* 3g,
6.4.3 Inside the sphere

At a distance r from the centre. (r <R)

3
@Ein.ds=qi= Qr3
g &R

e, (4m) - 3

+ + +

Fig 1.28

Graphical variation of electric field with distance

E - r graph

Electrostatics
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Electric Field Due to Various Uniform Charge Distribution

(i) At the centre of circular arc

E_k_Qsin(G/Z)

“R? 9/2

kQx

(RZ + X2)3/2

5
rd

N

e

(iii) At a point on the axis of disc

X

E= 2"? L1—
R (R

2+X2)

SIZJ

(iv) Hollow sphere

Forx <R
E=0
Forx > R

e Q
X

(v) Non conducting solid sphere

Forx <R

kQ

RZ

X

Electrostatics

Continued...
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(vi) Infinite thin sheet

(o3

E=—2
2g,
(vii) Infinite wire

o0

|

I

I
+
+H* 2k
H E - 2K~

X

¥ E
+ = ——
+ = X =
+
+
+

|

|
= Q0

Electrostatics




20

ELECTROSTATICS

7. Electric Potential Energy

7.1 Potential energy of 2 charges system

It is always change in potential energy that is defined as
AU=-W

conservative force — WCoqumb force

Potential energy is defined for a system of charges in a
particular configuration.

Consider a system of two charges g, and q,. Suppose, the
charge q, is fixed and the charge g, is taken from a point A to

fixed r moved o
1 1 | ~
o q J o--0---9
q, A l B
dr
I r |
I 1
r’J
| - |
I 1
Fig 1.30
The electric force on the charge g, is F= &22 f
4rgyr

The total work done as the charge g, moves from A to B is

r
W= 7 Q1Q22 dr:%Qz 11
rl 47‘[80[‘ 47T80 I’l r2

The change in potential energy U(r,) — U(r) is, therefore,

U(rz)—U(rl):—W:ﬂLi_lJ

dmgg (1, N
As the potential energy of the two-charge system is assumed
to be zero when they have infinite separation.

The potential energy when the separation is r is

u(r) = u() - U(oo):%(l_ij P

meg \ I © Amgyr

The potential energy depends essentially on the separation
between the charges and is independent of the spatial location
of the charged particles.

Above equation gives the electric potential energy of a pair
of charges.

Electrostatics

NOTE:

Electric potential energy is a scalar quantity so

in the above formula take sign of Q, and Q..

7.2 Electron volt (eV)

It is the practical unit of energy used in atomic and nuclear
physics. As electron volt is defined as “the energy acquired
by a particle having one quantum of charge, when
accelerated by 1volt” i.e.

eV :1.6><10_19C><%

=1.6x107]

=1.6x107" erg

7.3 Potential energy of a system of n

charges

In a system of n charges electric potential energy is calculated
for each pair and then all energies so obtained are added

Q1Q2 + Q2Q3 F i J

P M3

algebraically. i.e. U= ! {

8. Electric Potential

Suppose, a test charge g is moved in an electric field from a
point A to a point B while all the other charges in question
remain fixed. If the electric potential energy changes by U, —

U, due to this displacement, we define the potential
difference between the point A and the point B as
q

° -
q yd
® e

A A

Fig 1.31
q
— UB_UA — Wext [AKEZO]
q q

Conversely, if a charge g is taken through a potential
difference V-V, the electric potential energy is increased

by U,—U,=q(V,-V,).
Also W_ =q(V, -V, )IAKE = (0]
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Potential difference between two points gives us an idea
about work which has to be done in very slowly moving a
charge between those points.

8.1 Electric Potential due to a point

charge
Consider a point charge Q placed at a point A.
The potential at P is, V = g
Q . P
@ e e s ———— e
A B
Fig 1.32

(- V,, is taken as 0)

The electric potential due to a system of charges may be
obtained by finding potentials due to the individual charges
using equation and then adding them. Thus,

1 Qi

4Tl:80 I‘i

V =

Electric potential is a scalar quantity, hence sign of charges is
to be used in expression.

Electric potential is denoted by V.

8.2 Unit and dimensional formula

Joule
————— =volt
Coulomb

[V] = [ML?TAY]

S. l.unit=

8.3 Types of electric potential

According to the nature of charge, potential is of two types
(i) Positive potential : Due to positive charge.
(i) Negative potential : Due to negative charge.

NOTE:

At the centre of two equal and opposite charge
V =0but E #0.

e At the centre of the line joining two equal and similar
charge V=0, E=0.

o If left free to move,

Positive charge will always move from higher to lower

potential points.

Negative charge will always move from lower to higher
potential points.

(Because this motion will decrease potential energy of a
system)

9. Relation between Electric
Field & Potential

In an electric field rate of change of potential with distance is

known as potential gradient. It is a vector quantity and its

direction is opposite to that of electric field. Potential gradient

relates with electric field according to the following relation
av

E= —d—; This relation gives another unit of electric field
r

volt
meter
that potential decreases in the direction of electric field.

which is

. In the above relation negative sign indicates

Fig 1.33
In the space around a charge distribution we can also write
E=E,i+E j+Ek

where E_ :_‘Z_V E __v and E, __av

x ' Y dy dz

Suppose A, B and C are three points in an uniform electric
field as shown in below figure.

(i) Potential difference between point A and B is
B — —_—

Vg-Vp=-[E.dr
A

Since displacement is in the direction of electric field, hence
6=0°

Y

v

—d —

A 4

Aﬁ::;m“"--"“? B

v

Y

v

Electrostatics
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So,
B B
VB—VA=—IE.dr cosO=—jE.dr=—Ed
A A

9.1 Equipotential Surface or Lines

1.

If every point of a surface is at same potential, then it is
said to be an equipotential surface. Regarding
equipotential surface following points should be kept in
mind :

The direction of electric field is perpendicular to the
equipotential surfaces or lines.

The equipotential surfaces produced by a point charge
or a spherical charge distribution are a family of
concentric spheres.

> 2 ~
Ny, " id
A 4
Fig 1.35
v, V. V, V, V.
—>— : —>—
' : ' ' i €— Equipotential
V,>V.>V,>V,> V. surface

Fig 1.36

For a uniform electric field, the equipotential surfaces
are a family of plane perpendicular to the field lines.

A metallic surface of any shape is an equipotential
surface e.g. When a charge is given to a metallic
surface, it distributes itself in a manner such that its
every point comes at same potential even if the object is
of irregular shape and has sharp points on it.

Electrostatics

Metallic charged

Charged metallic body

sphere of irregular shape

Fig 1.37

Equipotential surfaces can never cross each other.

It is a common misconception that the path traced by a
positive test charge is a field line but actually the path
traced by a unit positive test charge represents a field
line only when it moves along a straight line.
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Electric Potential due to Various Charge Configurations

(i) Point charge

@ -eeneeeeemneeeemmaeeeemseieseesaseaeeesaesseennreeennnnaann o P
3 X v, - XQ
< r > r
v, -k
R
v. - KQ
P JRT X
v, - 29 R -]
(i) Forx <R
v. -k
R
(i) Forx=R
v. -k
R
(i) Forx>R
v, ke
X
(vi) Uniformly charged non-conducting solid | (i) For x <R
sphere KQ rap2 2
[ VP = 2R3 (3R —X )
Q% "'++ (ii) For x = R
+ +
+ k
j'/ + + + +\'w. Ve -9
o+ +) * R
'\ .
{ +‘—_|7LX———> (iii) For x > R
-Ilf_'t_j V, = Q
X

Electrostatics
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10. Electric Dipole
10.1 General information

System of two equal and opposite charges separated by a

small fixed distance is called a dipole.

(i) Dipole axis: Line joining negative charge to positive
charge of a dipole is called its axis. It may also be termed
as its longitudinal axis.

(if) Equatorial axis: Perpendicular bisector of the dipole is
called its equatorial or transverse axis as it is
perpendicular to length.

(iii) Dipole length: The distance between two charges is
known as dipole length (d)

(iv) Dipole moment: It is a quantity which gives information
about the strength of dipole. It is a vector quantity and is
directed from negative charge to positive charge along
the axis. It is denoted as p and is defined as the product

of the magnitude of either of the charge and the dipole
length (d).

i.e. |5=q(a), where d is the displacement vector

from -q to +q.

Its S.I. unit is coulomb-metre another units is Debye (1
Debye = 3.3 x 10-® C x m) and its dimensions are MCL1T*AL,

NOTE:

e A region surrounding a stationary electric dipole
has electric field only.

e When a dielectric is placed in an electric field, its
atoms or molecules are considered as tiny dipoles
and potential due to an electric dipole

(a) Electric Potential due to a dipole

q .
2 cos 0
0"
>
Fig 1.38
v, _ KD KG:0)
AP BP
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r>>d (distance ‘r’ is large as compared to d);
AP~Q'P BP~OP

2k —
_ 3p op-_t d
r 2c0s0
_ k(=0) k(+q)
Vo = dcos® | dcoso
r+ r—
2 2

E

1 1
=k(+a) dcos®O  dcosO |
r— r+
2 2
_ kgdcosO
_dz—
r> -~ cos’0
4
k(qd)cos© kpcos6 .
V, = e = > [ p=qd].
r>—=cos’0 r>——cos’0
4 4
sincer >>d
vV _kpcos® 1 pcosO
p 2 - 2

r dney, r

0 is angle with the axis of dipole ; r is distance from
centre of dipole.
(b) Electric Field due to dipole
Let the point P be at distance r from the centre of the
dipole on the side of the charge g, as shown in fig
(a). Then

9 4
Arigy (r +a)?

where P is the unit vector along the dipole axis
(from —q to ). Also

= L 0
" 4mey (r— a)?

. —— 22—
+ q
— O ©
P q -q
| >
Fig 1.39

(a) For points on the axis.
The total field at P is
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q
BB By = o {

11
(r-a)® (r+a)?

. q dar 5
4ney (r* —a?)?
Forr>>a

E= % (r>>a)..(>I)

(i) For points on the equatorial plane _
The magnitudes of the electric fields due to the two ®
charges + q and —q are given by

_q 1
dmeg 1% +a°

E.q

__19
4ney r? +a

_q and are equal.

2

ée !
[rtm

a P 3

| 7

Fig 1.40

(p is the dipole moment vector of magnitude p =g
x 2a and directed from —q to Q).
The directions of E., and E  areas shown in fig. (b).

Clearly, the components normal to the dipole axis (in
cancel away. The components along the cﬁpole axis add

up. The total electric field is opposite to . We have
p

= 2ga R

E=- (E+q + Efq) cose =-— q 37 P

4rgy (r? +a?)
At large distances (r >> a), this reduces to

E__ 20a _
eyl

B (r >> a)...(ii)

From Eqgs. (i) and (ii), it is clear that the dipole field at
large distances does not involve g and a separately ; it
depends on the product ga. In terms of p, the electric
field of a dipole at large distances takes simple forms :

At a point on the dipole axis

E= 2p 3 :zk—p(r»a)
4negr r

At a point on the equatorial plane

E_ —1@3 —kp(
4mepr r

r>>a)

10.2 Electric Dipole in uniform electric

field

Force and Torque: If adipole is placed in a uniform
field such that dipole (i.e.p ) makes an angle 6 with

direction of field, then two equal and opposite force
act on dipole and constitute a couple whose tendency
is to rotate the dipole. Hence a torque is developed in
it and dipole tries to align it self in the direction of
field. Consider an electric dipole in placed in a

uniform electric field such that dipole (i.e. f)) makes
an angle 6 with the direction of electric field as shown

e 3|
Il

WV WowW VW W VW VY
|
£

vV W VV VvV VY

Fig 1.41

(a) Net force on electric dipole Ry =0
(b) Torque = pE sind (% =pxE)

Work: From the above discussion it is clear that in
an uniform electric field dipole tries to align itself in
the direction of electric field (i.e. equilibrium
position). To change it’s angular position some work
has to be done.

Suppose an electric dipole is kept in an uniform
electric field by making an angle 6, with the field, if
it is again turn so that it makes an angle 6, with the

field, work done in this process is given by the
formula

Electrostatics
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> S > ¥ electrostatic field at the surface of a charged conductor
> \y/ > must be normal to the surface at every point. (For a
> /ﬁ 0_\ 0, > conductor without any surface charge density, field is
> > zero even at the surface).
i Te i The charge kept in the material of a conductor will
4 qe 4 come to its outermost surface.
g Fig 1.42 - We know electric field at all points inside the material
g of a conductor is zero. This means ‘E’ at all points on
W =pE(cosf; —cos6,) the Gaussian surface is zero.

Potential energy: In case of a dipole (in a uniform Gaussian surface

field), potential energy of dipole is defined as work

done in rotating a dipole from a direction

perpendicular to the field to the given direction i.e. if

01 =900 and 6, = 0 then _
: ’M? : E’ . Conductor
: E B P) : Fig 1.44
> Al > [EdA-9= —E—0 =
~. "'i LY 80
> — i > Charge cannot remain inside so it comes outside
> > dotted surface.

Fig 1.43
wW=AU=U,-U,.=-pEcos0 + + + Q
= U, =—pE cosb +
°) = - BE +
[U (90%) = 0] or |U=-p.E| 3
n.El ics of T
. Electrostatics o Fig 1.45

Conductors

11.1 Properties of Conductors

Inside a conductor, electrostatic field is zero

Consider a conductor, neutral or charged. There may
also be an external electrostatic field. In the static
situation the electric field is zero everywhere inside the
conductor. As long as electric field is not zero, the free
charge carriers would experience force and drift. In the
static situation, the free charges have so distributed
themselves that the electric field is zero everywhere
inside. Electrostatic field is zero inside a conductor.

At the surface of a charged conductor, electrostatic
field must be normal to the surface at every point

If E were not normal to the surface, it would have some
non-zero component along the surface. Free charges on
the surface of the conductor would then experience
force and move. In the static situation, therefore, E
should have no tangential component. Thus

Electrostatics

Electrostatic potential is constant throughout the
volume of the conductor and has the same value (as
inside) on its surface

This follows from results 1 and 2 above. Since E =0
inside the conductor and has no tangential component
on the surface, no work is done in moving a small test
charge within the conductor and on its surface. That is,
there is no potential difference between any two points
inside or on the surface of the conductor. Hence, the
result. If the conductor is charged, electric field normal
to the surface exists; this means potential will be
different for the surface and a point just outside the
surface.

In a system of conductors of arbitrary size, shape and
charge configuration, each conductor is characterized
by a constant value of potential, but this constant may
differ from one conductor to the other.

Electric field just outside the surface of a charged
conductor
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E_94 11.3 Cases of Earthing a Conductor
€
where o is the surface charge density and fis a unit
vector normal to the surface in the outward direction.
For o > 0, electric field is normal to the surface outward
; for 6 <0, electric field is normal to the surface inward. FQ,
Fig 1.49
. Firstly do charge distribution before earthing.
s . After charge distribution, assume some ‘x’ charge
-1 flown to ground (after earthing).
€o . Do re-distribution of charge.
. Take a point on the conductor (which is earthed) & do

Fig 1.46

11.2 Cases of Concentric Shells Initially

(s

V, = +
rl r2 r2
v k@ k(-Q) | k(Qu+Q)
’ r.2 rZ rZ

net potential of it equals 0. Calculate x.

Fig 1.51

Charge is flown from outer surface because as long as Q,

remains on inner shell, ‘— Q,” will be induced on inner shell.

+Q+Q

Net charge should be
conserved (isolated system)

Electrostatics




ELECTROSTATICS

rl I'-2 rZ
Q-x (Q-%) Q+Q,-x_
+ =0
rl rZ rZ

NOTE:

As it can be seen not all charge on the surface flows to
ground. When the outermost conductor is earthed then
the charge residing on the outermost surface of outer
conductor will flow to ground.

11.4 Connection of Charged conductors

Steps

. Do charge distribution before connection.

. Assume ‘x’ charge flows from one conductor to
another.

. Do redistribution of charges.

. Equate net potential of conductor (1) equal to net

potential of conductor (2).

do ba,

Fig 1.53

Assumption: Distance between them is very large.

+  + Ql + +Q:-
+ + + +
+ + + +
+ +
* + * +

Electrostatics

Final charges

©, +Q)y Q + Q)

n+1 n+n

Fig 1.55

Final common potential = k . L

Q1+Q2J

L+

Fig 1.56

V, =V,

V. :k(Ql_X)+k_(Q1_X) k(Q1+Q2)

P r r, r,
Ly MR (@) Ko,

V=V,
- k(Ql—X):k(Ql—x) = (@) 11,

rl rZ ' r‘l rZ

= X=Q,

This indicates that all the charge on shell (1) will flow
to shell (2).

12. Self Energy of Charged
Sphere

Consider a uniformly charged sphere of radius R having a
total charge Q. The electric potential energy of this sphere
is equal to the work done in bringing the charges from
infinity to assemble the sphere.

_
20me R
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The energy stored per unit volume around a point in an
electric field is given by u, = U =180E2 . If in place
Volume 2

of vacuum some medium of dielectric constant K is present

1
then u, = > Ke,E?.

13. Plate Theory

13.1 Charged Conducting Plate

Q. onr’

€ €y

Net Flux =

(cylindrical Gaussian surface)

2
» _omnr

€y
+
—>
Conductor + ]
/ 1
SV
+

Enr

Fig 1.57
E=2
)

Net electric field at point P, near a conducting surface, having

surface charge distribution ‘G’ is given by [o/g,].

13.2 Parallel Plate Theory

To find charge distribution on each surface of plates

Q Q,

A AV
-
/ /

Conductor Conductor
Fig 1.58

Two conducting plates having area ‘A’ (area is large as
compared to distance, so that field is uniform) and the
thickness of plates is small so that charge only appears on
parallel faces.

1 Q
Q-9 i q X ‘L Qrx®

i

4

(1)

+ + + +

fmmmems s —————
~—
[&]
!

v
1
H
1

&

=

wn

7

=

=]

=1

wn

E

=

(]

Le7]

Fig 1.59

Since the field lines are parallel, the net flux through the
gaussian surface will be zero, surface (1) & (2) be inside the
material of the conductor.

Hence it can be said that net charge enclosed will be zero
which implies the charges appearing on the facing surfaces
are equal & opposite to each other.

1 Q,
Q- J' +q —(q l Q)

+/+ —/+
+/+j :/+
(1)+/J£') (3)_/+(4)
Hop |t Jlr |t

Fig 1.60
Net electric field at any point ‘P” or ‘R’ has to be zero.
(E.dp =0

net:

There are 4 distributions, the net field at P should be zero.

(B), == () =279,

C2g, 2A¢,
(), = (<)
(B =55 ()
(E), = ()
= |(Ex )| +[(Ex )s| =[(Ex ), | +(E),|
This shows 21=9 9 q_,Q+d

2Ag, 2Ag, :2As0 2Ag,

Electrostatics
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— c
q= % so final distributions would be Thus, E, =E, = 26
0
Q-Q,) Q-Qy) To find force, imagine charged part XY (having charge ¢ dA
( 3 J 7( 2 J placed in the cavity MN having field E,). Thus force dF =
Q1 +0Qs B D +Q 2
( 2 ] HR /[ ( 2 J (cdA)E, or dF =——dA . The force per unit area or electric
+ / + - / + 2g,
s - oS _
pressure is P = A 26 (Electrostatic pressure)
Fig 1.61 %o
The force is always outwards as (+ o)’ is positive i.e., whether
NOTE: Y (+o)isp

When charged conducting plates are placed parallel to
each other, the two outermost surfaces get equal charges
and the facing surfaces get equal and opposite charges.

14. Force on a charged
conductor

To find force on a charged conductor (due to repulsion of like
charges) imagine a small part XY to be cut and just separated
from the rest of the conductor MLN. The field in the cavity
due to the rest of the conductor is E,, while field due to small

partis E,. Then

Fig 1.62

Inside the conductor
E=E —-E,=00rE, =E,

Outside the conductor E=E, +E, = 9.
€9

Electrostatics

charged positively or negatively, this force will try to expand
the charged body.
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NCERT Corner

Important Points to Remember

1.

From simple experiments on frictional electricity, one
can infer that there are two types of charges in nature;
and that like charges repel and unlike charges attract.
By convention, the charge on a glass rod rubbed with
silk is positive; that on a plastic rod rubbed with fur is
then negative.

Charge is not only a scalar (or invariant) under rotation;
it is also invariant for frames of reference in relative
motion. This is not always true for every scalar. For
example, kinetic energy is a scalar under rotation, but
is not invariant for frames of reference in relative
motion.

Conductors allow movement of electric charge through
them, insulators do not. In metals, the mobile charges
are electrons; in electrolytes both positive and negative
ions are mobile.

Coulomb’s Law: The mutual electrostatic force
between two point charges i and ¢ is proportional to
the product gig2 and inversely proportional to the
square of the distance ry:1 separating them.

k(9:9,)

Fa1 =forceonqgzdueto g, = ———>ra

21
A

where 121 is a unit vector in the direction from gs to gz

and k =

is the constant of proportionality.
4me,

In SI units, the unit of charge is coulomb. The
experimental value of the constant &g is

g, =8.854x10?C*N'm~
The approximate value of k is
k=9x10°N m?C?

The ratio of electric force and gravitational force
between a proton and an electron is

ke?
G m,m,

~2.4x10%*

Superposition Principle: The principle is based on the
property that the forces with which two charges attract
or repel each other are not affected by the presence of
a third (or more) additional charge(s). For an assembly
of charges s, g, 03, ..., the force on any charge, say qz,
is the vector sum of the force on @ due to gz, the force

10.

11.

12.

13.

on q: due to gs, and so on. For each pair, the force is
given by the Coulomb’s law for two charges stated
earlier.

An electric field line is a curve drawn in such a way
that the tangent at each point on the curve gives the
direction of electric field at that point. The relative
closeness of field lines indicates the relative strength of
electric field at different points; they crowd near each
other in regions of strong electric field and are far apart
where the electric field is weak. In regions of constant
electric field, the field lines are uniformly spaced
parallel straight lines.

Some of the important properties of field lines are: (i)
Field lines are continuous curves without any breaks.
(i) Two field lines cannot cross each other. (iii)
Electrostatic field lines start at positive charges and end
at negative charges (iv) They cannot form closed loops.

The flux Ao of electric field E through a small area
element AS is given by

Ap =E. AS
The vector area element AS =AS n

Where AS is the magnitude of the aera element and n
is normal to the area element, which can be considered
planar for sufficiently small AS.

For an area element of a closed surface, n is taken to
be the direction of outward normal, by convention.

Gauss’s law: The flux of electric field through any
closed surface S is 1/go times the total charge enclosed
by S. The law is especially useful in determining
electric field E, when the source distribution has simple
symmetry.

The electric field due to a discrete charge configuration
is not defined at the locations of the discrete charges.
For continuous volume charge distribution, it is defined
at any point in the distribution.

An electric dipole is a pair of equal and opposite
charges q and —q separated by some distance 2a. Its
dipole moment vector p has magnitude 2qa and is in the
direction of the dipole axis from —q to g.

Field of an electric dipole in its equatorial plane (i.e.,
the plane perpendicular to its axis and passing through
its centre) at a distance r from the centre:

Electrostatics
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P 1
4re, (o +1r?)*?
=——. forr>>a
4me v
Dipole electric field on the axis at a distance r from the
centre:
B 2pr
4ne, (r* —a®)®
2
= 5 for r>>a
4me,r
The 1/r® dependence of dipole electric fields should be
noted in contrast to the 1/r? dependence of electric field
due to a point charge.
14. In a uniform electric field E, a dipole experiences a
torque t given by
t=pxE
but experiences no net force.
15.  Electrostatics field E is zero in the interior of a

conductor; just outside the surface of a charged
conductor, E is normal to the surface given by E =

gﬁn where n is the unit vector along the outward
0

normal to the surface and o is the surface charge

density. Charges in a conductor can reside only at its

surface. Potential is constant within and on the surface

of a conductor. In a cavity within a conductor (with no

charges), the electric field is zero.

Electrostatics
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Solved Example

Example 1

Sol.

The electrostatic force on a small sphere of charge 0.4
MC due to another small sphere of charge —0.8 puC in air
is 0.2 N. (a) What is the distance between the two
spheres? (b) What is the force on the second sphere due
to the first [NCERT]

Charge of the first sphere is, g = 0.4 nC = 0.4 x 10°C
Charge of the second sphere is, g2 = -0.8uC
=-0.8 x 105C

We have the electrostatic force given by Coulomb’s law
as,

F — 1 ql?Z
dng, r

—r= |99
4me F

Substituting the given values in the above equation, we
get,

[ \/0.4><1O_6 x8x107° x9x10°
0.2

=r= ,/144>< 10™*

r=0.12m

Therefore, we found the distance between charged
sphere to ber=0.12 m.

(b) What is the force on the second sphere due to the
first?

Ans. From Newton’s third law of motion, we
know that every action has an equal and
opposite reaction.

Thus, we could say that the given two spheres would
attract each other with the same force.

So, the force on the second sphere due to the first sphere
will be 0.2N

Example 2

Sol.

(a) Explain the meaning of the statement ‘electric
charge of a body is quantised’.

(b) Why can one ignore quantisation of electric charge
when dealing with macroscopic i.e., large scale
charges? [NCERT]

The given statement ‘Electric charge of a body is
quantized’ means that only integral number (1, 2,3,...,
n) of electrons can be transferred from one body to
another. That is, charges cannot be transferred from one
body to another in fraction.

(b) On a macroscopic scale or large-scale, the number
of charges is as large asthe magnitude of an electric
charge.

So, quantization is considered insignificant at a
macroscopic scale for anelectric charge and electric
charges are considered continuous.

Example 3

Sol.

Four point charges ga =2 UC, gg = -5 UC, gc = 2 UC,
and go = -5 UC are located at the corners of a square
ABCD of side 10 cm. What is the force on a charge of
1 pC placed at the centre of the square? [NCERT]

Consider the square of side length 10cm given below
with four charges at its corners and let O be its centre.

q,=-5uC D c

q,=2uC

q,=2uC dp=-5pC

A B

From the figure we find the diagonals to be,
AC=BD=10+2cm

=A0=0C=D0O=0B=5+2cm
Now the repulsive force at O due to charge at A.

_k (+2uC)(112uC) ()
(5v2)

0.4
=k
A0 T oA?

And the repulsive force at O due to charge at D,

FBo =k Qg% =k (_SHC)(]-“C) (3)

0 (o)
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And the attractive force of O due to charge at C,
9% Kk (=5uC)(1uC)

o =kl )
oC (542)

We find that (1) and (2) are of same magnitude but they
act in the opposite direction and hence they cancel out
each other. Similarly, (3) and (4) are of the same
magnitude but in the opposite direction and hence they
cancel out each other too. Hence, the net force on
charge at centre O is found to be zero.

Example 4

Sol.

Two point charges ga =3 uC and gg = - 3 uC 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 10° C
is placed at this point, what is the force experienced by
the test charge? [NCERT]

The situation could be represented in the following
figure. Let O be the midpoint of line AB.

A B
L L
+3uC @] -3uC
We are given :
AB =20cm

AO=0B=10cm
Take E to be the electric field at point O, then,

The electric field at point O due to charge +3uC would
be,

3x107° 3x107°

= > = —— NC™along OB
4ne,(AO)°  4me,(10x107)

The electric field at point O due to charge — 3 uC would
be,

3x10° | 3x10°
e, (OB)?|  4me,(10x107%)?

E,= |4 NC™along OB

The net electric field,

=E=E+E;

9x10°x3x107°

E=2
=TS T 10x102)

= E=5.4x10°NC*

Therefore, the electric field at mid-point O is E =
5.4x108 NC* along OB.

(b) We have a test charge of magnitude 1.5 x 10 C placed
at midpoint O and we found the electric field at this
point to be E =5.4 x 108 NC™. So, the force experienced
by the test charge would be F,
=F=qE
=F=15x10°x5.4 x 10°
=F=81x103%N
This force will be directed along OA since like charges
repel and unlike charges attract.

Example 5
An electric dipole with dipole moment 4 x 10°C m is
aligned at 30° with the direction of a uniform electric
field of magnitude 5 x 10* NC?. Calculate the
magnitude of the torque acting on the dipole.

[NCERT]

Sol. We are given the following:

>
Electric dipole moment, p =4 x 10°Cm

5
Angle made by P with uniform electric fields, 6 = 30°

Electric field, E =5x 10* NC?
Torque acting on the dipole is given by
T =pE sind

Substituting the given values we get,

=1=4x10%x%x 5 x 10% x sin 30°
1
=1=20x10°x —
2
o 1=10*Nm

Thus, the magnitude of the torque acting on the dipole
is found to be 104 Nm.
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Example 6

Sol.

Figure 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? [NCERT]

From the known properties of charges, we know
that the unlike charges attract and like charges repel
each other.

So, the particles 1 and 2 that move towards the
positively charged plate while repelling away from
the negatively charged plate would be negatively
charged and the particle 3 that moves towards the
negatively charged plate while repellingaway from
the positively charged plate would be positively
charged.

Now, we know that the charge to mass ratio (which
is generally known as emf) is directly proportional
to the displacement or the amount of deflection for a
givenvelocity.

Since the deflection of particle 3 is found to be
maximum among the three, it would have the
highest charge to mass ratio.

Example 7

Sol.

A point charge +10 uC is a distance 5 cm directly above
the centre of a square of side 10 cm, as shown in Fig.
What is the magnitude of the electric flux through the
square? (Hint: Think of the square as one face of a cube
with edge 10 cm.) [NCERT]

TS cm

10 cm

Consider the square as one face of a cube of edge
length 10cm with acharge q at its centre, according
to Gauss's theorem for a cube, total electric flux is

through all its six faces.

¢total = &
€

0
The electric flux through one face of the cube

6

could be now given by, (I) =

1q
==
6 ¢,
€0 = 8.854 x 10°?N1C°m2 = Permittivity of free
space
The net charge enclosed would be, g = 10uC = 10
x 10 C
Substituting the values given in the question, we
get,
1 10x10°
¢=—x P
6 8.854x10°
-0 =1.88 x 105 Nm?C*!

Example 8

Sol.

A point charge causes an electric flux of 1.0 x 103
Nm?/C to pass through a spherical Gaussian surface of
10.0 cm radius centred on the charge. (a) If the radius
of the Gaussian surface were doubled, how much flux
would pass through the surface? (b) What is the value
of the point charge? [NCERT]

We are given:
Electric flux due to the given point charge, ¢ = - 1.0 x
108 Nm?/C

Radius of the Gaussian surface enclosing the point
charge,r =10.0cm

Electric flux piercing out through a surface depends
on the net charge enclosed by the surface according to
Gauss’s law and is independent of the dimensions of
the arbitrary surface assumed to enclose this charge.

Hence, if the radius of the Gaussian surface is doubled,
then the flux passing through the surface remains the
same i.e., -10° Nm?/C.

(b) Electric flux could be given by the relation,

¢total = —
€9

Where, q = net charge enclosed by the spherical surface
€0 = 8.854 x 10°2N-1C?m2 = Permittivity of free space
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=Qq= (1)80
Substituting the given values,
= =-1.0x 10° x 8.854 x 1012 =-8.854 x 10° C

=(0=-8.854nC

Example 9

A conducting sphere of radius 10 cm has an unknown
charge. If the electric field 20 cm from the centre of the
sphere is 1.5 x 10° N/C and points radially inward, what
is the net charge on the sphere? [NCERT]

Sol.We have the relation for electric field intensity E at a

distance (d) from the centre of a sphere containing net
charge q is given by,

_ ﬁodz (D)
Where,
Net Charge, g = 1.5 x 10° N/C
Distance from the centre,d =20 cm = 0.2 m
€0 = 8.884 x 10°*2 N1 C?m2 = Permittivity of free space

1

4ne,

=9x10° Nm?C™

From (1), the unknown charge would be,
q = E(4neo)d?
Substituting the given values we get,

_ 15x10°x(0.2)°

5 =6.67x107°C
9x10
=0=6.67nC

Therefore, the net charge on the sphere is found to be
6.67 nC.

Example 10

A uniformly charged conducting sphere of 2.4 m
diameter has a surface charge density of 80.0 pC/m?2. (a)
Find the charge on the sphere. (b) What is the total
electric flux leaving the surface of the sphere?

[NCERT]

24m

(a) Given that,

Diameter of the sphere, d = 2.4 m.

Radius of the sphere, r=1.2 m.

Surface charge density,

o =80.0pC/m? = 80 x 10%/m?

Total charge on the surface of the sphere,

= Q=0 x4n?=80x 10° x 4 x 3.14 x (1.2)?
= Q=1447x103C

Therefore, the charge on the sphere is found to be 1.447
x 107°C.

(o) Total electric flux (¢total) leaving out the surface
containing net charge is given by Gauss’s law as,

Where, permittivity of free space,

g0 = 8.854 x 102 N'1C?m™2.

We found the charge on the sphere to be,
Q =1.447 x 103C

Substituting these in (1), we get,

1.447x10°°

Pou = 5 o852 %10 2

= Orotal = 1.63 x 108 NCm?

Therefore, the total electric flux leaving the surface of
the sphere is found to be 1.63 x 108 NC! m?
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Example 11

Sol.

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
17.0 x 10722 C/m?. What is E: (a) in the outer region of
the first plate, (b) in the outer region of the second plate,
and (c) between the plates? [NCERT]

The given nature of metal plates is represented in the
figure below:

Here, A and B are two parallel plates kept close to
each other. The outer regionof plate A is denoted as
|, outer region of plate B is denoted as I1l , and the
region between the plates, A and B, is denoted as |II.

It is given that:

Charge density of plate A, 6=17.0x10722C/ m?

Charge density of plate B, 6 =-17.0x107%2C / m?

In the regions 1 and Il1, electric field E is zero. This is
because the charge is not enclosed within the respective
plates.

Now, the electric field E in the region Il is given by

(@)
e_lol
€p

Where,
Permittivity of free space go = 8.854 x 102 N-2C?m-
Clearly,

_ 17.0x10%

—W =E=192x10N/C
. X

Thus, the electric field between the plates is 1.92 x 10
0 N/C.

Example 12

Sol.

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 NC* per metre.
What are the force and torque experienced by a system
having a total dipole moment equal to 107 Cm in the
negative z-direction? [NCERT]

We know that the dipole moment of the system, P = g x
dl =-107 Cm. Also, the rate of increase of electric field
per unit length is given as

d4E =10°NC™
dl

Now, the force (F) experienced by the system is given
by F=qE

dE
F=qExdl
T

:>F:PE
dl

=F=-107x 10°
= F=-102N

Clearly, the force is equal to -102 N in the negative z —
direction i.e., it is opposite to the direction of electric
field.

Thus, the angle between electric field and dipole
moment is equal to 180°. Now, the torque is given by t
= PE sin6

t=PEsin180°=0

Therefore, it can be concluded that the torque
experienced by the system is zero.

Example 13

Sol.

Two charges 5 x 108 C and -3 x 10 C are located 16
cm apart. At what point(s) on the line joining the two
charges is the electric potential zero? Take the
potential at infinity to be zero. [NCERT]

It is provided that, First charge, q=5x10-3C
Second charge, g2 =-3x108C

Distance between the two given charges,
d=16cm=0.16 m
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Case 1. When point P is inside the system of two
charges.

Consider a point named P on the line connecting the
two charges.

q, * ®q,
T P

r is the distance of point P from qz.

Potential at point P will be,

vt o 9
4re,r  4Ame,(d-r)

Where, ¢, is the Permittivity of free space

ButV =0 so,
0= g, + 9,
4ne,r  4ne (d-r)
N 4 __ Q,
4re r 4me (d—r)
- G__ %
r (d=r)
5x107® —3x10°®
= =—
r (0.16-r)
0.16 8
===
r 5
We get,
r=0.1m =10cm

Therefore, the potential is zero at 10 cm distance
from the positive charge. Case 2. When point P is
outside the system of two charges.

d s-d

q, e =qq A%

S
Potential at point P will be,

V — ql + q2
4ne s 4dme,(s—d)

Where, &, is the Permittivity of free space

But V =0 so,

o=t , G
4me,s  4ne,(s—d)

- 4 _ _ 9,

4re S 4me, (s—d)
IR

S (s—d)

5x107° -3x10°®
— _

s (s-0.16)
0.16 8
S 5
We get,

$s=04m=40cm

Therefore, the potential is zero at 40 cm distance
from the positive charge.

Example 14

A spherical conductor of radius 12 cm has a charge
of 1.6 x 10°7C distributed uniformly on its surface.
What is the Electric field [NCERT]

(a) inside the sphere
(b) just outside the sphere

(c) at a point 18 cm from the centre of the sphere?

Sol. (@) Itis provided that,

Spherical conductor’s radius, r =12cm=0.12m
The charge is evenly distributed across the
conductor. The electric field within aspherical
conductor is zero because the total net charge within
a conductor is zero.

(b) Just outside the conductor, Electric field E is
given by

S
4me I

Where, ¢, is the Permittivity of free space

Value of =9x10° NC?m™

4ne,

_ 1.6x107 x9x10°

B (0.12)?
= E=10°NC™*
Clearly, the electric field just outside the sphere is
105 NC™
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(c) Let electric field at a given point which is 18 cm
from the sphere centre = E;
The formula for electric field is given by,

q

L 4re d°

Where, ¢, is the Permittivity of free space

Value of =9x10°NC?m™

4ne,

E_ 1.6x107 x9x10°
(0.18)2
= E =4.4x10*NC™*
Therefore, the electric field at a given point 18 cm
from the sphere centre is 4.4 x 10* NC™,

Example 15

Sol.

A spherical conducting shell of inner radius r; and
outer radius r2 has a charge Q.

(@) A charge q is placed at the centre of the shell.
What is the surface charge density on the inner and
outer surfaces of the shell?

(b) Is the electric field inside a cavity (with no
charge) zero, even if the shell is not spherical, but
has any irregular shape? Explain. [NCERT]

Provided that,

Charge located at the centre of shell is +q. Hence, a
charge of magnitude -q will be induced to the inner
surface of the shell. Therefore, net charge on the
shell’s inner surface is -q.

Surface charge density at the shell’s inner surface is
given by the relation,
—q

o, =
! 4nur?

A charge of +q is induced on the outer surface of the
shell. A charge of magnitude Q is placed on the outer
surface of the shell. Therefore, total charge on the
outer surface of the shell is Q + g. Surface charge
density at the shell’s outer surface is,

__
Anur}

G,

(b) Yes, the electric field intensity is zero inside
a cavity, even if the shell is notspherical and has

any random shape. Take a closed circle such that
apart of it is inside the hole along a field line while
the rest is within the conductor. The network
performed by the field in taking a test charge over
a closed circuit is zero because the field is zero
inside the conductor. Hence, the electric field is
zero, whatever theframe is.

Example 16

Sol.

Four charges are placed on corners of a square as
shown in figure having side of 5 cm. If Q is one micro
coulomb, then electric field intensity at centre will be

A
Q® - ------- .-
Q@----nnnn- 020
D C

(a) 1.02 x 107 N/C upwards
(b) 2.04 x 107 N/C downwards
(c) 2.04 x 107 N/C upwards
(d) 1.02 x 107 N/C downwards
@)

[Ec| > |[Ea| so resultant of Ec & Ea is Eca = E¢ -
Eadirected toward Q

Also |[Eg| > |[Ep| so resultant of Eg and Ep i.e.
Egp = Eg — Ep directed toward —2Q charge

hence Net electric field at centre is

E= \/(ECA )2 +(EBD )2 (1)

By proper calculations

|E, | =9x10° x 5105 _ =0.72x 107 NIC
ﬁxlozj
|E, |=9x10 52”0_6 ~=144x10 N/C;
, \/Exlozj ]
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2%x10°° (b) For external points, whole charge acts at
9 7
|Ec [=9x10 X( c 7 =1.44x10° N/C centre, so electric field at distance x > r,.
xlOzj
V2 E(=-— 21
. ey X
|Ep [=9%10° x 10 ~=0.72x10" N/C;
5 , Example 18
—=x10
2 A system has two charges qp = 2.5 x 107 C and qg
=—2.5x 107 C located at points A = (0, 0, — 15 c¢m)
_ B _ 7 _ and B = (0, 0, + 15 cm) respectively. What are the
S0, [Ecal = [Ecl ~ Eal = 0.72x 107 NIC and [Egp| total charge and electric dipole moment of the
Ep|-|E
IEg| - [EpI system? .
= 0.72 x 107 N/C. A
L ] 5
Hence from equation — (i) T [ BR D)
E =1.02 x 107 N/C upwards.
Example 17 ———————— >V
A spherical conducting shell of inner radius rq, and
outer radius rp has a charge ‘Q’. A charge ‘q’ is
placed at the centre of the shell. X %.8:4000.-15 0o)
(a) What is the surface charge density on the \ 4
(i) inner surface (ii) outer surface of the shell? .
) . L . Sol. Givengp =25x107C,qg=-25x107C
(b) Write expression for the electric field at a point
X > ro from the centre of the shell. 21=AB=30cm=0.30m
Total charge of the system g = gA + gB
Sol. (a) Charge Q resides on outer surface of spherical q=25x107C-25x107C
conducting shell. Due to charge g placed at centre, g=0
charge induced on inner surface is —q and on outer - - Py
. . Electric dipole moment, p = (.2l
surface it is +g. So, total charge on inner surface —q
and on outer surface itis Q +q. B: 75%x10°
' cm directed along negative z-axis
p=75x10"cm(-K)
Example 19
A cube of side b has a charge q at each of its vertices.
Determine the potential and electric field due to this
charge-array at the centre of the cube.
Sol. O is the centre of cube ABCDEFGH. Charge q is

placed at each of eight corners of the cube.
Electric Potential:
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D‘

VO

Side of cube = b
Length of each diagonal

= o7 b7+ =3

Distance of each corner from centre O.
= half the diagonal

_ /3b
2
Potential at O due to charge at each corner
_ 1 q
" Ang, (\3b/2)
__1 2
4me, \f3b

Net potential at O due to all 8 charges at corners of the
cube

1 29 1 16q
4ne, \[3b  dme, 3Db
Electric Field : The electric field at O due to charges
at all corners of the cube is zero, since, electric fields

due to charges at opposite corners such as A and H,G
and D, B and E, F and C are equal and opposite.

V =8x

Example 20

Two point charges g1 = gy = 2mC are fixed at
X1 =+ 3mand X9 = —3m as shown in figure. A third
particle of mass 1 g and charge g3 =—4mC is released

from rest at y = 4.0 m. All these charges are on a
frictionless plane. Find the speed of the particle as it
reaches the origin.

Sol.

y

‘13I y=4m

q, q,

—@
X,= 3m 0]

X
X= 3m

How to proceed: Here, the charge g3 is attracted
towards g4 and g both. So, the net force on qg3 is
towards origin.

\\ql
> X

o}

By this force charge is accelerated towards origin, but
this acceleration is not constant. So, to obtain the
speed of particle at origin by kinematics we will have
to first find the acceleration at same intermediate
position and then will have to integrate with proper
limits. On the other hand, it is easy to use energy
conservation principle as the only forces are
conservative.

Let v be the speed of particle at origin. From
conservation of mechanical energy, Uj + Kj = Us + K¢

or

1 ngqz K +q2q1J L0

47.:80 (r32 )i (r31 )i (r21 )i
__1 quqz P EC TN ECH J R
4n80 (r32 )f (r31 )f (r21 )f 2

Here, (ro1)j = (r21). Substituting the proper values, we
have

(9.0x10°) {w+waloﬂ = (9.0x10°)
(0)  (5.0)

(_4) (2) + (_4) (2) Xlofu -I-EX].O% % Vz
(3.0 (3.0
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16 16) 1 Sol. Let P be a point on the equator of an electric dipole
-3 _ -3 -3 2
\ (9x107) (‘gJ =(9x107) (—?J+Ex10 XV formed of charges —q and +q at separation 2a.
The distance of point P from centre of dipole =r
2 1
-3 _ - -3 2
(9x107) (16) [EJ_ 2><10 XV AP = BP = /r2+a2
- 1
\v=6.2mis Electrostatics potential at P, V, = Li—iJ
4me, \ BP AP
Example 21 |
¢P
A long thin rod lies along the x-axis with one end at ,’:‘\
the origin. It has a uniform charge density | C/m. 2 1 8
Assuming it to infinite in length, the electric field at :
point X = — a on the x-axis will K & !
}\‘ 7\’ ’/ : \\
(@) — (0) 5 — A : :
g Teq G ) e
A 2\ < o >
© 7 (d) = - =
ol (¢) V, = 9 9 -9
drey | JrP+a’  r2+a’
: ¢/m Thus, electrostatic potential at each equatorial point of
_(_Xj'f')_ e P an electric dipole is zero.
1O
| Example 24
For infinite length (i) Two point charges 4Q and Q are separated by
Electric field at a point along axis = a distance 1 m in air. At what point on the line
dreyr joining the charges is the electric field intensity
r=a zero?
y) (ii) Also calculate the electrostatic potential
T Ar c a energy of the charges if Q =2 x 107 C.
Example 22 Sol. (i) Let x be the distance of point P from charge 4Q
Depict the equipotential surfaces for a system of two vzhereﬁelectilc field intensity is zero, then
identical positive point charges placed a distance ‘d’ E=E +E,= 0

apart.

Sol. Equipotential surfaces due to two identical charges is

shown in fig.

Example 23

Find the electrostatic potential at equatorial point of
an electric dipole.

“Q ) Q
= =

As Eq and E are oppositely directed.

In magnitude,
1 4Q 1 Q 4 1

X2 (1-x)?

:> =
dng, X*  dmg, (1-X)°

3x2=4(17x)2:>x=4_r 2(1-x)
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If we take (+) sign x =2 (1 — x).
This gives m X :é =66.7 cm

If we take (-) sign, x =—2(1 —x) = x=2m, Which
is not possible since the charges are having same
sign, the point must lie between the two charges.
Hence the answer will be only 66.7cm.

(ii) Electrostatic potential energy,

so L QQ_ 1 4

e, T 47580 r

4x(2x107)?

=1.44x 103
@

=9 x 109 x

Example 25

Three particles, each having a charge of 10micro
coulomb are placed at the corners of an equilateral
triangle of side 10cm. The electrostatic potential
energy of the system is (Given

L gx10" N—m?/CY)

Are,

(a) Zero (b) Infinite
() 271 (d) 100J

Sol. (c) Potential energy of the system,

10 pC
4 LY
’ .
’ Y
U .
L4 ‘
, LY
A Y
10cm s, 10cm
’ .
’ Y
4 Y
’, ‘
4 Ay
’ .
, .

Example 26

A point particle of mass M is attached to one end of
a massless rigid non-conducting rod of length L.
Another point particle of the same mass is attached to
other end of the rod. The two particles carry charges
+q and — g respectively. This arrangement is held in
aregion of a uniform electric field E such that the rod

makes a small angle g (say of about 5 degrees) with
the field direction (see figure). What will be the
minimum time, needed for the rod to become parallel
to the field after it is set free

+q
o oL
.q/

n | mL

t=2 / by t=2 [

@ 7t2pE ®) =226
©t="F |ML g o [2ME
2 2pE pE

Sol. (b)

In the given situation system oscillate in electric field
with maximum angular displacement q. It’s time period
of oscillation (similar to dipole)

T=2n LE where | = moment of inertia of the
\IIO

system and p = gL
Hence the minimum time needed for the rod becomes

T |
parallel to the fieldis t=—=— [—
4 2\ pE

2 2 2
Here I_M[Ej +M[£j ML

(=&MU _z ML
=3 2><qL><E 2 20E

Example 27

A regular hexagon of side 0.10 m has a charge 5 mC
at each of its vertices. Calculate the potential at the
centre of the hexagon.

Sol. The potential due to similar charges is additive.

Let O be the centre of the hexagon.
E D

A B
o«— 3=010m —3»
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In triangle OAB, all angles are 60°, so
OA=0OB=AB=a

So, in a regular hexagon distance of each corner from

centre is equal to the side of the cube

r=0A=0B=0C=0OD=0OE=0F=a=0.10m

q

4me, a

The net potential at O, V = 6x

Hereq=5mC=5x10%C,a=0.10m

-6
V=6x9x109x5x0 =27 x 105 volt
0.10

Example 28

An infinite plane with uniformly distributed positive
charge has surface charge density s. A small metallic
sphere S of mass m and charge +Q is attached to a
thread and tied to a point P on the sheet AB. The angle
which PS makes with the plane AB is given by

A

+ P
+

B
+
+

S

B

Sol.

mg

At equilibrium of Pendulum
Tsing=Fe
T cosq=mg
tand = i = E
mg mg

Qo

2g9mg

6’=tanlt Qo J

2gymg

tand =

Example 29

Two infinite plane parallel sheets separated by a
distance d have equal and opposite uniform charge
densities s. Electric field at a point between the sheets
is

(@) Zero () =
€
G 2c
© a (d) g
sol.  (b)
(0] -0

Electric field at point between the sheets

=E:1 -Ey
E_ % g _0_o0© o _o
! 2¢, . 2¢y 2¢y 2¢, €
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Example 30

Ans.

Sol.

A point charge Q is placed outside a hollow spherical
conductor of radius R, at a distance (r > R) from its
centre C. The field at C due to the induced charges on

the conductor is | k = 1
4me,

Q
(r—R)2

(a) Zero (b) k

Q

(c) k- directed towards Q
r

d) k 22 directed away from Q

r
(c)
According to the figure show below. The total field at
C must be zero. The field at C due to the point charge
iISE=

towards left k 22 . The field at C due to the induced
r

k . . .
charges must be —- towards right i.e. directed

towards Q
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EXERCISE - 1: Basic Objective Questions

Electric Charge and its Properties 7. The specific charge of a proton is 9.6 x 107 C kg *. The

A glass rod when rubbed with silk cloth acquires

(a) +ve charge and silk cloth acquires equal —ve
charge

(b) No charge

(c) —ve charge and silk cloth acquires equal +ve charge

specific charge of an alpha particle will be
() 9.6 x 107 C kg™

(b) 19.2 x 107 C kg*

(c) 48 x 107 Ckg™

(d) 2.4 x 107 C kg !

(d) +ve charge and silk cloth acquires more —ve charge 8. A comb rubbed through one’s dry hair attracts
Frictional electricity is produced on the two objects small bits of paper. This is because
due to: (a) comb is a good conductor
(a) Loss of electrons by one object (b) phaper IS a gr?od conduct(I)r_ d by the charaed
(b) Loss of protons by one object (c) Eoen?;omsmt e paper get polarized by the charge
(c) Loss of ele_ctrons by one object_ and equal number (d) the comb possesses magnetic properties
of electrons gained by the oth_er object 9. Assertion: When charges are shared between any two
(d) Loss of protons by one object and equal number of . .
; ined by the other obiect bodies, no charge is really lost, but some loss of energy
protons gained by the o e_r objec d0es oceur.
How many electrons will ‘have a charge of one Reason: Some energy disappears in the form of heat,
coulomb? .
sparking etc.
19 18
() 6.25x 10 (0) 6.25 < 10 (@) Both Assertion and Reason are true, and the
(c) 6.25 x 10%° (d) 1.6 x 10° Reason is the correct explanation of the Assertion.
A spherical conducting ball is suspended by a (b) Both Assertion and Reason are true, but the
conducting thread. A positive point charge is moved Reason is not the correct explanation of the
near the ball. The ball will Assertion.
(a) be attracted to the point charge and swing towards (c) Assertion is true, but Reason is false.
it (d) Both Assertion and Reason are false.
(b) be repelled from the point charge and swing away 10.  Assertion: Charge is invariant.
from it _ Reason: Charge does not depend on speed of frame of
(c) not be affected by the point charge reference.
d) either (a) or (b .
@ 1(9) (b) (a) Both Assertion and Reason are true, and the
When 10%¢lectrons are removed from a neutral metal Reason is the correct explanation of the Assertion.
plate, the electric charge on it is (b) Both Assertion and Reason are true, but the
(@-16C (by+16C Reason is not the correct explanation of the
(c) 10°C (d) 10C Assertion.
For the oh f ol ic inducti K (c) Assertion is true, but Reason is false.
or the phenomenon of electrostatic induction, mar (d) Both Assertion and Reason are false.
out the correct statement. ] )
11.  Assertion: There is a spark or crackle when we take

(a) The magnitude of the net induced charge is zero

(b) The magnitude of net induced charge is equal and
opposite to the inducing charge

(c) The mass of the body changes slightly

(d) Electrostatic induction is a permanent

phenomenon

off our synthetic clothes or sweater in dry weather.

Reason: Discharge of electric charges occurs through
our body, which accumulated due to rubbing of
insulating surface.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.
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12.

13.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: It is observed that if two glass rods rubbed
with silk cloth are brought close to each other, they
repel.

Reason: Electrification causes repulsion of same

polarity.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: The mass of positively charged body is
slightly less than the mass of negatively charged body.

Reason: Loosely bound electrons in a material are
transferred on rubbing.

(a) Both Assertion and Reason are true, and the Reason
is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the Reason
is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Force between charges

14.

15.

16.

The law that governs the force between electric charges

is called
(a) Ampere’s law (b) Coulomb’s law
(d) Ohm’s law

If charge and distance between two charges are
reduced to half, then force between them will be

(c) Faraday’s law

(a) remain same (b) increases four times
(d) None of the above

Two point charges +2C and +6C repel each other with
a force of 12 N. If a charge of — 2C is given to each of
these charges, the force will be

(b) 8 N (attractive)
(d) None of these

(c) reduce four times

(a) zero
(c) 8 N (repulsive)

17.

18.

19.

20.

21.

22.

23.

Charges 4Q, g and Q are placed along x-axis at

position x=0,x=1/2andx =1, respectively. Find
the value of g, so that force on charge Q is zero.

@Q (b) Q/2

(c)-Qr2 (d-Q

Two charges of 10uC and 20uC are separated by 20
cm. The ratio of force acting on them will be:

@1:1 (b)2:1

(b)1:2 d1:4

A charge g1 exerts some force on a second charge . If
a third charge qs is brought near, the force of q; exerted
on g will:

(a) increase (b) decrease

(c) remain unchanged (d) none of these

An electron is moving around the nucleus of a
hydrogen atom in a circular orbit of radius r. The
Coulomb force between the two is

e’ - e’
(a) Kr (b) Kt
r r
e’ e’ -
(c) KT (d) -K=r
r r
The distance between charges

5x10 ™ C and —2.7x10™C is 0.2 m. The distance, at

which third charge should be placed from second
charge in order that it will not experience any force
along the line joining the two charges, is

(@) 0.44m (b) 0.65m

(c) 0.556 m (d) 0.350 m

Three equal charges each +Q, placed at the corners of
an equilateral triangle of side a. What will be the force

on any charge Lk __1 J

4ne,
@ X9 (0) 2KQ
a a
© ﬁﬁEQZ (d) ﬁa'ZQZ

Three identical charges are placed at the corners of an
equilateral triangle. If the force between any two
charges is F, then the net force on each will be

(@) V2 F (b)2F
©)\3F (d)3F




ELECTROSTATICS

48
24. A charge Q is placed at each of the opposite corners (b) Both Assertion and Reason are true, but the
of a square. A charge q is placed at each of the other Reason is not the correct explanation of the
two corners. If the net electrical force on q is zero, then Assertion.
the g/Q equals (c) Assertion is true, but Reason is false.
@) 242 (b) -1 (d) Both Assertion and Reason are false.
30.  Assertion: If there is Coulomb attraction between two
(©1 (d) _% bodies, both of them may not be charged.
Reason: They will be oppositely charged.
25. A charge q is placed at the centre of the line (2) Both Assertion and Reason are true, and the
joining two exactly equal positive charges Q. Reason is the correct explanation of the
The_ .sy§tem of _ three cha.rges will be in Assertion.
equilibrium, if g is  equal  to (b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
(a) -Q/4 (b) +Q Assertion.
(c) -Q (d) Q/2 (c) Assertion is true, but Reason is false.
26.  Point charges +4q, —q and +4q are kept on the X-axis (d) Both Assertion and Reason are false.
at points x = 0, x = a and x = 2a respectively.
Electric Field
(@) Only —q is in stable equilibrium
(b) None of the charges is in equilibrium 31. Electric lines of force about a negative point charge are
(c)All the charges are in unstable equilibrium (a) Circular, anticlockwise (b) Circular, clockwise
(d) All the charges are in stable equilibrium (c) Radial, inwards (d) Radial outwards
27.  Electrical force between two point charges is 200 N. If 32. A force of 2.25 N acts on a charge of 15 x 10 C
we increase 10% charge on one of the charges and placed at point in field. Calculate the intensity of
decrease 10% charge on the other, then electrical force electric field at that point
between them for the same distance becomes
W . ! (a) 1500 NC-: (b) 150 NC-:
a) 198 N 100N
(@ (d) (c) 15000 NC™! (d) none of the above
c) 200 N 99N . . . .
© i @ 33.  Figure given here is plot of lines of force due to two
28.  Assertion: Due to Coulomb’s force charges cannot charges giand qz. The signs of the two charges are:
apply torque on each other.
Reason: Coulomb’s force is central force.
(a) Both Assertion and Reason are true, and the Reason di[1
is the correct explanation of the Assertion. q,
(b) Both Assertion and Reason are true, but the Reason 2
is not the correct explanation of the Assertion.
(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false. (a) both positive
29.  Assertion: The Coulomb force is strongest force in the (b) both negative
universe. (c) upper positive, lower negative
Reason: The Coulomb force is stronger than the (d) upper negative, lower positive
nuclear force inside nucleus. -
34. Electric lines of force

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(a) exist every where

(b) exist only in the immediate vicinity of electric
charge

(c) exist only when both positive and negative charges
are near each other

(d) are imaginary
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35.

36.

37.

38.

39.

The figure shows some of the electric field lines
corresponding to an electric field. The figure suggests

(@ E, >E, >E..
(c) E, =E.>E,

(b) E, =E, =E,
(d) E, >E. >E,4
Three charges, each of +4uC, are placed at the corners

B, C, D of a square ABCD of side 1 m. The electric
field at the centre O of the square is

A B
Im O.
C D

(@) 7.2 x 10* N towards A
(b) 7.2 x 10* N towards C
(c) 3.6 x 10* N towards A
(d) 3.6 x 10* N towards C
As clear from the diagram, this field acts towards A.

The point charges Q and —2Q are placed at some
distance apart. If the electric field at the location of Q
is E, the electric field at the location of —2Q will be:

E -
@ -5 (b) -

_E d) _2E
(© —3 (6) -

Assertion: Electric lines of force never cross each
other.

Reason: Electric fields at a point superimpose to give
one resultant electric field.

(a) Both Assertion and Reason are true, and the Reason
is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the Reason
is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: Three equal charges are situated on a circle
of radius r such that they form an equilateral triangle,
then the electric field intensity at the centre is zero.

Reason: The forces on unit positive charge at the
centre, due to three equal charges are represented by
the three sides of a triangle taken in the same order.
Therefore, electric field intensity at centre is zero.

(a) Both Assertion and Reason are true, and the Reason
is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the Reason
is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Electric field due to continuous charge
distribution

40.

41.

42.

The electric field strength due to a uniformly charged
ring of radius R at a distance x from its centre on its
axis carrying charge Q has somewhere maximum
value on the axis. This is at distance

(@ x=R (b) x=2R
(©)x =0 (d)x:%

The electric field due to a uniformly charged non-
conducting sphere of radius R as a function of the
distance from its centre is represented graphically by

t
E

(a)
0] R r—

4
E
(b)

P;U ————m—o

o —>

(©)

o —

(d)

C
-] EEEEEEE

r—»

The charge density on the surface of a conducting
sphere is 64 x 107 C/m? and the electric intensity at a




50 ELECTROSTATICS
distance of 2 m from the centre of the sphere is 4nx 10* 49. A pendulum bob of mass m carrying a charge q is at
N/C. The radius of the sphere is rest with its string making an angle 6 with the vertical
() 0.83 m (b) 0.4 m ina ur?ifor.m horizontal electric field E. The tension in
(©)0.6m (d)0.38 m the string is
43.  The number of electrons to be put on spherical () Mg o _GE_ (o) LI £
conductor of radius 0.1 m, to produce an electric field sin®  cosO cosf  sin 0
of 0.036 N/C just above its surface, is:
J ©) 9E @) M9
(a) 3.4 x 10° (b) 2.5 x 10° mg qE
(c) 3.7 x 105 (d) 4.7 x 105 50. Charge q is uniformly distributed over a thin half ring
44. The electric intensity outside a charged sphere of of radius R. The electric field at the centre of the ring
radius R at a distance r(r > R) is 1S
oR? or? q q
a) ——— b) ———
@ et (b) oK (@) 21%,R? () 4n’e, R?
or oR q q
c d) — — d
© g,R @ gl () 4ng R? () 2mg,R?
45, Ach icle is f i lectric field.
° It vf/iﬁr’?rzseﬁamc  is free to move in an electric field 51. A small sphere carrying a charge ‘q’ is hanging in
. between two parallel uncharged plates by a string of
(a) always along a line of force P ged p y g
Y . g e N length L. Time period of the pendulum is To. When the
(b) along a line of force, if its initial velocity is zero arallel plates are charaed. creates electric field E
(c) along a line of force, if it has same initial velocity P P g T
. N . . . between the plates, the time period changes to T. The
in the direction of an active angle with the line of force . .
(d) None of the above ratio T/To is equal to
46.  Forces exerted by a uniform electric field on an + + + + + + + +
electron having mass me and proton of mass m, are L
represented as Fe and F, respectively are related as m
@ F=F (b) == e o
F
p p
2
(c) E_M (d) E_ m; oF 172 32
Fp m, Fp m, g+— g
@ —" 0| —o
47. A particle of mass 2x10°kg, charge 4x10°C g 9+H
enters in an electric field of 5 V/m, then its kinetic
energy after 10 s is Y2
(@0.1J (b) 113 g q fih
(c)10J (d) 100 J (c) o € (d) None of these
m
48. An. electron r:nO\{es through a .small distanc.e i.n a 52. A semi-circular arc of radius ‘a’ is charged uniformly
uniform electric field. The magnitude of electric field and the charge per unit length is 1. The electric field
is 2 x 104 NC1- Now, if the direction of field is at the centre of this arc is
reversed keeping the magnitude same and a proton 2 A
moves through the same distance, then which of the (@) e a (b) P —
following options is correct? 0 0
(a) The time of fall will be more in case of electron ©) A (d) %
(b) The time of fall will be more in case of proton 4n’e,a 2mg,a
(c) The time of fall will be same in both cases i L i L
53. A thin conducting ring of radius R is given a charge

(d) The time of fall will be independent of charge

+Q. The electric field at the centre O of the ring due
to the charge on the part AKB of the ring is E. The
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54.

55.

56.

57.

electric field at the centre due to the charge on the part
ACDB of the ring is

A

(a) 3 E along KO (b) E along OK
(c) E along KO (d) 3 E along OK

An oil drop having a mass 4.8x10° g and charge
2.4x108C stands still between two charged
horizontal plates separated by a distance of 1 cm. If
now the polarity of the plates is changed,
instantaneous acceleration of the drop is (g =10 ms-2)

(2) 5 ms? (b) 10 ms2

(c) 15 ms? (d) 20 ms2
Assertion: If a proton and an electron are placed in the

same uniform electric field. They experience different
acceleration.

Reason: Electric force on a test charge is independent
of its mass.

(a) Both Assertion and Reason are true, and the Reason
is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the Reason
is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: A point charge is brought in an electric
field. The field at a nearby point will increase,
whatever be the nature of the charge.

Reason: The electric field is independent of the nature
of charge.

(a) Both Assertion and Reason are true, and the Reason
is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the Reason
is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.

Assertion: The graph of the intensity of electric field
(E) inside a uniformly charged non-conducting sphere
with the distance r from the centre of the sphere is a
straight line passing through the origin.

Reason: Inside a uniformly charged non-conducting
sphere, the electric field at a distance r is from the

K
centre is given by E = R—?r.
(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the

Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Gauss’s law

58.

59.

60.

61.

A plane area of 100 cm?is placed in uniform electric
field of 100 N/C such that the angle between area
vector and electric field is 60° The electric flux
through the surface is

(@) 0.5Whb (b) 5Wb

(c) 1 Wb (o

Electric flux through a surface elementdS=5i placed
in an electric field £ = 4i +4j+ 4k is

(a) 10 units (b) 20 units
(¢) 4 units (d) 16 units

A square surface of side L meters is in the plane of the

paper. A uniform electric field E (volt/m), also in the
plane of the paper, is limited only to the lower half of
the square surface, (see figure). The electric flux in Sl
units associated with the surface is

¥

@y

¥

YYYY
Y
VVVvVvV

Y

(a) EL¥2
(c) EL?

(b) zero
(d) EL%/(2¢,)

The number of lines of force passing normally through
unit area of a surface situated in an electric field is
called as:

(a) surface charge density

(b) electric flux density through that surface which is
equal to E

(c) linear density

(d) molecular density
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62. The electric flux through a closed surface area S 68. A hollow insulated conduction sphere is given a
enclosing charge Q is ¢ . If the surface area is doubled, positive charge of 10uC. What will be the electric
then the flux is field at the centre of the sphere if its radius is 2 metres?
(@) 2¢ (b) ¢/2
©) /4 (d ¢ (8) zero (b) 5pCm2
(c) 20uCm= (d) 8ucm™
63. A point charge of value 107 C is situated at the centre ) ) ) o
of cube of 1 m side. The electric flux through its total 69. A solid sphere of radius R has a uniform distribution
surface area is of electric charge in its volume. At a distance x from
its centre for x < R, the electric field is directl
(@ 113x 10°Nm%C  (b) 11.3 x 10* Nm2C ; y
proportional to
(c) 1.13 x 10* Nm?/C (d) none of these ,
. a) 1/ b) 1/
64. A charge q is located at the centre of a cube. The (&) /x (b) 1/
electric flux through any face is © x (d) x?
@) q (b) 2nq 70.  Assertion: The electric flux emanating out and
6(4me,) 6(4ns,) entering a closed surface are 8x10°vm  and
4ng d q 2 x10® VV m, respectively. The charge enclosed by
c
© 6(4ne, ) @ 6(4ne,) the surface is 0.053 uC.
65.  Consider the Gaussian surface that surrounds part of Reason: According to Gauss’s theorem in
charge distributions. Then contribution of the electric electrostatics, net flux enclosed ¢=q/«,.
field at a point A arises from charges (@) Both Assertion and Reason are true, and the
A ® q, Reason is the correct explanation of the
Assertion.
(b) Both Assertion and Reason are true, but the
@ @ Reason is not the correct explanation of the
4 4, Gaussian Assertion.
® surface (c) Assertion is true, but Reason is false.
q, (d) Both Assertion and Reason are false.
(a) giand gz only (b) giand g4 only _ _
(©) g, gzand gz only (d) all of these Electric Potential Energy
66. Gauss’s law is valid for 71.  Three charges —qg,+Q and+q are placed in a straight
(a) any closed surface line as shown. If the total potential energy of the
(b) only regular closed surfaces system is zero, then the ratio g/Q is
(c) any open surface
i - ¢ + +
(d) only irregular open surfaces ® 1 .Q (.1
67.  If the flux of the electric field through a closed ——X—e—X—>
surface is zero then
- 2 )
(a) Electric field must be zero everywhere on the @ (b) 5.5
surface 4 (d) 1.5
(b) Total charge inside the surface must be zero 72.  Three charges are placed at the vertex of an equilateral

(c) Electric field must be uniform throughout the
closed surface
(d) Charge outside the surface must be zero

triangle as shown in figure. For what value of Q, the
electrostatic potential energy of the system is zero?
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Q
a a
+q 1 +q
(@-q (b) a/2
(© 29 (d) -a/2

73.  In bringing an electron towards another electron, the

electrostatic potential energy of the system
(a) decreases (b) increases
(c) remains same (d) becomes zero

74. If a positive charge is shifted from a low potential

region to a high potential region, then electric potential
energy

(a) decreases
(b) increases
(c) remains same
(d) may increase or decrease

75. Two charges qq and qo are placed 30 cm
apart, as shown in the figure. A third charge g3 is
moved along the arc of a circle of radius 40 cm from
C to D. The change in the potential energy of the

system is q—3k, where K is

4n g,
s
Co--u..
:
o] ‘.‘
< *
¢ l|
o i
q ————t----- D
A 30 em B
(a) 8a (b) 6ay
(c) 84a2 (d) 6az

76.  Three point charges g,—2q and —2q are placed at the
vertices of an equilateral triangle of side a. The work
done by some external force to increase their
separation to 2a will be

1 2¢?
(a) 9

1 2
(b) —3
4ng, a

4me, 2a

77.

78.

79.

80.

1 8q
9 = d) zero
© 4rme, a® @

A 500 mC charge is at the centre of a square of side 10
cm. Find the work done in moving the charge of

10 pC between two diagonally opposite points on the
square.

5 1B
Q.“ i ('1 ""“
52.500uC
O™
A
(@217 (b)0J
(c) 41 (d)251J

As per the diagram, a point charge +q is placed at the
origin O. Work done in taking another point charge —
Q from the point A [coordinates (0, a)] to another

point B [coordinates (a; 0)] along the straight path AB
is:

bl
A
0 B
(a) Zero (b)L—qQ LJ %a
4me, a’
)(aQ 1) a dy[aQ_ 1
( )L4TC80 aZJ'\/f ( )[47'680 a? ) 2a

A charge of 8 mC is located at the origin. Calculate
the work done in taking a small charge of -2 x 107°
C from a point P (0, 0, 3 cm) to a point Q (0, 4 cm,
0), via a point R (0, 6 cm, 9 cm).

(@) 1.2] (b) 23
(c) 4 (d) 1
Positive and negative point charges of equal
magnitude are kept at(0,0,%Jand [0,0,_?aj

respectively. The work done by the electric field when
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another positive point charge is moved from (—a, 0, 0) (a) Both Assertion and Reason are true, and the
to (0, a, 0) is Reason is the correct explanation of the
(a) positive Assertion.
(b) negative (b) Both Assertion and Reason are true, but the
(c) zero Reason is not the correct explanation of the
. . . Assertion.
(d) depends on the path connecting the initial and final © A I _ but R i< fal
. tion Is true, but Reason Is false.
positions c) Asser ,
81. A bullet of mass 2 g is having a charge of 2uC. (d) Both Assertion and Reason are false.
Through what potential difference must it be reason is the correct explanation of the assertion.
accelerated, starting from rest, to acquire a speed of 10
m/s? Electric Potential
(a) 50 V (b) 5 KV
c) 50 KV d)5V
() (@ ) 87. Electric Potential is a:
82.  An electron of mass m and charge e is accelerated Scal it b Vect it
from rest through a potential difference V in vacuum. (a) Scalar quantity (b) Vector quantity
The final speed will be: (c) Both of the above (d) None of the above
920V 5 88. The work done on a unit positive charge in bringing it
(a) T (b) v ’E from infinity to any point in the field is called
(2) Electric potential at that point
(c) 3%\/ (d) Z%V (b) Electric intensity at that point
(c) Capacity
83. CV Erotgtn .|s aboult 18t4((j) tt;mes hetawte%r :Zérf]fan electr?nl. (d) Electric potential energy at that point
en it is accelerate a potential difference o
KV, its kinetic energy wiI)I/ beP 89.  The electrostatic potential of a uniformly charged thin
’ spherical shell of charge Q and radius R at a distance r
(a) 1840 keV (b) 1/1840 keV from the centre is
(c) 1 keV (d) 920 keV 0 Q
84. A particle of mass 2g and charge 1uC is held at a (@ 4dng,r for points outside and 4ng R for points on
distance of 1m from a fixed charge 1mC. If the particle surface of the sphere
is released it will be repelled. The speed of particle 0 S _
when it is at a distance of 10m from the fixed charge (b) o for both points inside and outside the shell
is: 0
(a) 90 m/s (b) 100 m/s (c) zero for points outside and 4Q for points
() 45 m/s (d) 55 m/s inside the shell -
85. Two charged particles having charges 1uC and —1uC o ]
and of mass 50 gm each are held at rest while their (d) zero for both points inside and outside the shell
separation is 2 meters. Find the speed of the particles 90.  Two electric charges12uC and —6uCare placed 20
when their separation is 1 meter. cm apart in air. There will be a point P on the line
() 0.20 m/s (b) 0.6 m/s joining these charges and outside the region between
(c) 0.3 m/s (d) 0.4 m/s them, at which the electric potential is zero. The
. . . distance of P from —6uC charge is
86.  Assertion: Work done in carrying + g charge from one
surface A to another surface B at the same potential is (@0.10m (b) 0.15m
zero. (c)0.20 m (d)0.25m
Reason: Work done in moving a charge is product of 91. A hollow metal sphere of radius 5 cm is charged so that

charge and potential difference.

the potential on its surface is 10 V. The potential at the
centre of the sphere is
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92.

93.

94.

95.

96.

(a) zero (b) 10V
(c) same as at a point 5 cm away from the surface
(d) same as at a point 25 cm away from the surface

A solid spherical conductor is given a charge. The
electrostatic potential of the conductor is

(a) Constant throughout the conductor
(b) Largest at the centre
(c) Largest on the surface

(d) Largest somewhere between the centre and the
surface

Two charged spheres of radii Ry and R; have equal
surface charge density. The ratio of their potential is
(@) R1/R; (b) R2/Rq

(©) (R/R)? (d) (Re/Ry)?

An arc of radius r carries charge. The linear density of
charge is A and the arc subtends an angle n/3 at the
centre. What is electric potential at the centre

A A
@ dg, (®) 8¢,

A A
© 12¢, @) 16¢,

The potential of a large liquid drop when eight liquid
drops are combined is 20 V. Then, the potential of each
single drop was

(@ 10V (b) 7.5V
)5V (d)25V

Assertion: Electrons move away from a low potential
region to high potential region.

Reason: Because electrons have negative charge.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Electric Field and Potential

97.

The electric potential at a point in free space due to a
charge Q coulomb is Q x 10! V. The electric field at
that point is

(@) 47€0 Q x 102 V/m

(b) 12760 Q x 102 V/m
(c) 4me0 Q x 10?2 V/m
(d) 1270 Q x 102 V/m

98. Inauniform electric field
(a) All points are at same potential
(b) no two points can have same potential
(c) pair of points separated by same distance must have
same difference of potential
(d) none of these

99. A conducting sphere of radius R is charged to a
potential of V volt. Then the electric field at a distance
r (> R) from the centre of the sphere would be

RV Y

@ ®) -
v R*V

©) o OR

100. Which of the following is proportional to the inverse
square of distance r.

(@) The potential at a distance r from an isolated
point charge

(b) Electric field at distance r from an isolated point
charge

(c) The force per unit length between two thin
straight charged conductors separated by distance
r

(d) Electrostatic force between two large charged
bodies kept at small separation apart.

101. Which of the following is not the property of
equipotential surfaces?

(a) They do not cross each other

(b) They are concentric spheres for uniform electric
field

(c) Rate of change of potential with distance on them
is zero

(d) They can be imaginary spheres

102. What is not true for equipotential surface for uniform
electric field?

(a) Equipotential surface is flat
(b) Equipotential surface is spherical

(c) Electric field lines are perpendicular to
equipotential

surface
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(d) Work done is zero 110: n identical mercury droplets charged to the same
103. An electric field is spread uniformly in Y-axis. potential V coalesce to form a single bigger drop. The
Consider a point A as origin point. The coordinates of potential of new drop will be
point B are equal to (0, 2) m. The coordinates of point @ V/n (b) nV
Care (2, 0) m. At points A B and C, electric potenti.als (©) nVv? (d) n¥3Vv
are V,,V, and V., respectively. From the following ) ] ) ) ]
i hich i " 111. The electric potential at any point x, y, z in metres is
OPHIONS, Which Is correct: given by V = 3x2. The electric field at a point (2, 0, 1)
(a) VA :Vc <VB (b) VA :VB :Vc is
©) Va=V, >V, d) V, =V, >V, (@) 12vm? (b) -6 Vm?
104. The work done in moving a positive charge on an (c) 6 vm (d)-12Vm*
equipotential surface is 112. The potential at a point x (measured in Wm) due to
(a) finite and positive (b) infinite some charges situated on the x-axis is given by:
(c) finite and negative (d) zero V (x) = 20/(x? — 4) volt
105. The electric field lines are closer together near an object The electric field E at x = 4m is given by
A than they are near an object B, we can conclude
(a) The potential near A is greater than near B @) gV/ um and in the —ve x direction
(b) The potential near A is less than near B
(c) The potential near A is equal to potential near B (b) gv/ um and in the +ve x direction
(d) nothing about relative potential be predicted
106. Givena metall!c l_Jniforme charged _sphere. T_he radius ©) EV/ um and the —ve x direction
of the sphere is increased keeping its potential same. 9
What is the effect on the value of the electric field
10 . S
intensity at its surface? (d) EV/ um and in the +ve X direction
a) increases b) decreases
@ ] () ] ) The value of the electric field eis positive, hence
(c) remains constant (d) nothing can be said e . L
) " fixed the electric field is in the positive x-direction.
107. From a point charge, there is a fixed-point A. At A, ) . . . .

. P g . P . 113. Consider a thin spherical shell of radius R with its
there is an electric field of 500V/m and potential tre at the oridi . it i ;
difference of 3000 V. Distance between point charge centre a e_ orgin carr_ylr_lg untform p03|_|ve surtace
and A will be: charge density. The variation of the magnitude of the

’ electric field |E (r)| and the electric potential V (r) with
(@)6m (b) 12m the distance r from the centre, is best represented by
(c)16m (d)24m which graph?
108. A particle of mass m and charge q is placed at rest in [E()] V(1)
a uniform electric field E and then released. The ~
kinetic energy attained by the particle after moving a /’ %
distance y is: @ | S
(2) qEy? (b) qE?y O R T
(c) aEy (d) o’Ey
109. There is an electric field E in x-direction. If the work [E@)] V(1)
done on moving a charge of 0.2 C through a distance e .
of 2 m along a line making an angle 60° with x-axis is (b) 1 \\
4), then what is the value of E? e
(@) 3N/C (b) 4 N/C 0 g g
(c)5N/C (d) 20 N/C
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114.

115.

116.

117.

(d) -

-

The potential of the electric field produced by point
charge at any point (x,y,z) is given by V =3x*+5,
where X, y are in metre and V is in volt. The intensity
of the electric field at (—2,1,0) is

@ +17vm™ (b) —17vm™
(C) +12Vm’1 (d) —12Vm’1

The electric potential at a point (x, y, z) is given by V
= — x%y — xz° + 4. The electric field at that point is:

E =i(2xy+2%)+jx? + k3xz?

(a) ( )
E=i2xy+]j(x*+y?)+k(3xz—y?
E_553_.5 -2

©) E=iz"+ jxyz+kz
E=i(2xy—2*)+jxy? +k3zx

Assertion: The value of V and E at the middle point of

the line joining an electron and a proton is zero.

Reason: V is a vector and E is a scalar.

() Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.

Assertion: At a point in space, the electric field points
toward north. In the region, surrounding this point the
rate of change of potential will be zero along the east
and west.

Reason: Electric field due to a charge is the space
around the charge.

(a) Both Assertion and Reason are true, and the Reason
is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the Reason
is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.

Electric Dipole

118. The electric dipole moment of an electron and a proton
4.3 nm apart is

(a) 6.88x10®C—-m
(b) 2.56x10#C*—m™
(c) 3.72x10™C-m™
(d) 1.1x10°C* —m

119. What is the angle between the electric dipole
moment and the electric field strength due to
it on the equatorial line?
(a) 0° (b) 90°
(c) 180° (d) none of these

120. Let E, be the electric field due to a dipole in
its axial plane distant | and let Eq be the field
in the equatorial plane distant |, then the
relation between E, and Eq will be:
(a) Ea = 4 E4 (b) Eq =2 E,4
(c) Ea =2 Eq (d) Eq =3 E,4

121. A charge situated at a certain distance along the axis of
an electric dipole experience a force F. If the distance

of the charge from the dipole is doubled, then the force
acting on it will become

(a) 2F ®
F F
© OF

122. Three charges are arranged on the vertices of an
equilateral triangle as shown. The dipole moment of
the combination is

(@) zero (b) 2qd
(€) V/3qd (d) 3qd
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123. A point Q lies on the perpendicular bisector of an (b) Both Assertion and Reason are true, but the
electrical dipole of dipole moment p. If the distance of Reason is not the correct explanation of the
a point from the dipole is r (much larger than the size Assertion.
of the dipole), then the electric field at that point is (c) Assertion is true, but Reason is false.
proportional to (d) Both Assertion and Reason are false.
(a) ptandr2 (b) p and r2 128. Assertion: On going away from a point charge or a
Il electric dipole, electric field decreases at the
(¢) P? ang 1 3 o |
ar.1d ' (d) pand r same rate in both the cases.
124. Three point charges +q,—2q and +q are placed at S )
oints Reason: Electric field is inversely proportional to
points (x =0,y =2,z2=0), (x=0,y=0,2=0) square of distance from the charge or an electric
and(x =a,y =0,z = 0), respectively. The dipole.
magnitude and direction of the electric dipole moment (a) Both Assertion and Reason are true, and the
vector of this charge assembly are Reason is the correct explanation of the
(@) ~/2ga along + y —direction Assertion.
L . (b) Both Assertion and Reason are true, but the
ﬁqaalong the line joining points . .
(o) 7 Ov—0.2—0)and (x —av—az0 Reason is not the correct explanation of the
(x=0yy= ’_Z__ _)"_’m (x__a,y_a,z_ ) Assertion.
(c) qa along the line joining points (c) Assertion is true, but Reason is false.
(x=0,y=0,z=0)and (x=a,y=a,z=0) (d) Both Assertion and Reason are false.
(d) v/2ga along + x —direction
125. The electric field due to an electric dipole at a distance Dipole In Electric Field
r from its centre at axial position is E. If the dipole is
rot.ated through ar_l angle of90 about- its p.erpendlcular 129. 1f a dipole of dipole moment j is placed in a
axis, the electric field at the same point will be i L. i .
E uniform electric field then torque acting on it
() E (b) 7 is given by
E (@) t=pE (b) t=pxE
© 7 (d) 28 () s=p+E (d) <=p—E
126. The electric intensity due to a dipole of length 10 cm 130. A positive charge is fixed at the origin. An electric
and having a charge of 500 pC, at a point on the axis dipole, which is free to move and rotate, is placed on
at a distance 20 cm from one of the charges in air, is the positive x—_a?us. Its _dlpole moment_ is_directed
towards the positive x-axis. The dipole will :
(a) 6.25 x 107 N/C (b) 9.28 x 107 N/C o
(a) Move towards the origin
(c) 13.1 x 10** N/C (d) 20.5 x 107 N/C o
. . . (b) Move away from the origin
127. Assertion: A point charge placed at any point on the
axis of an electric dipole at some large distance (c) Rotate by p/2
experiences a force F. The force acting on the point (d) Rotate by p
charge when its distance from the dipole is doubled is 131, An electric dipole with a dipole moment 4 x 10 Cm
E_ is aligned at 30° with the direction of a uniform
8 electric field of magnitude 5 x 10* NC™. Calculate the
1 magnitude of the torque acting on the dipole.
Reason: Coulomb’s law obeys Foc—-.
r (@) 10* Nm (b) 102 Nm
(a) Both Assertion and Reason are true, and the 4 3
Reason is the correct explanation of the (¢) 210 Nm (d) 5> 107 Nm
Assertion. 132. An electric dipole of moment ‘p’ is lying

along a uniform electric field ‘E’. The work
done in rotating the dipole by 90° is
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133.

134.

135.

136.

137.

138.

(a) pE/2 (b)2pE
(c)pE (d)V2pE
An electric dipole has the magnitude of its
charge as q and its dipole moment is p. It is
placed in uniform electric field E. If its dipole
moment is along the direction of the field, the

force on it and its potential energy are
respectively

(a) g. E and max. (b) 2 g. E and min.
(c) g. E and p.E (d) zero and min.

An electric dipole of dipole momentpis placed in

uniform electric field E. It is then rotated by an angle
of6. The work done is

(@) pE sind (b) pE cos6

(c) pE (1-cos6) (d) pE (1-sin6)

A charge q is placed at (1, 2, 1) and other charge —q is
placed at (0,1, 0) such that they form an electric dipole.
There exists a uniform electric field E = 2i+3] . What
is torque experienced by the dipole.

@) q (3i+ 2j+ k) Nm (b q(—3i+ 2j+ k) N.m

©) q(—3i+ 2j- k) Nm  (d) q(i— 2j+ k) N.m

An electric dipole consists of two opposite charges
each 0.05uC separated by 30 mm. The dipole is placed

in a uniform external electric field of 10°NC™. The
maximum torque exerted by the field on the dipole is
(@) 6x10°Nm (b) 3x10°Nm

(c) 15x10°Nm (d) 1.5x10°Nm

An electric dipole placed in a non-uniform
electric field experience:

(a) both, a torque and a net force

(b) only a force but no torque

(c) only a torque but no net force

(d) no torque and no net force

Assertion: Electric dipole in non-uniform electric
field may have translatory and rotational motion both.

Reason: Net force is always zero on dipole in non-
uniform electric field.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

139. Assertion: When a dipole is placed along the uniform
electric field it is said to be in stable equilibrium.

Reason: If dipole is along the direction of field its
potential energy is maximum.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.

Dielectrics

140. When air medium in which two charges kept apart at a
distance r is replaced by a dielectric medium of
dielectric constant K, the force between the charges is

(a) remain unchanged  (b) 1/K times
1 .
(c) Pa times (d) K2 times
Conductors And Its Properties

141. Which of the following figures cannot possibly
represent electrostatics field lines

] (i)
(i) (iv)
(@) i, i, iii, iv (b) i, ii, iii only
(c) i, iii, iv only (d) ii, iii, iv only
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142. Two concentric metallic spherical shells are given (d) Inversely proportional to the square of the radius
unequal positive charges. Then, of the sphere
(a) the outer sphere is always at a higher potential 147. A circular metal plate of radius 10 cm is given a charge
(b) the inner sphere is always at a higher potential of 20 uC on its surface. The charge density of the plate
(c) both the spheres are at the same potential is
(d) no prediction can be made about their potentials (2) 6.36 x 10 C/m? (b) 2% 10°® C/m?
unless the actual values of charges and radii are (c) 3 x 10° C/m? (d) 3.184 x 10* C/m?
known
143. The concentric spheres of radii R and r have similar 148. The surface density of charge on a conductor situated
charges with equal surface densities (c). What is the in air is 2 x 10* C/m2. The electric field intensity at a
electric potential at their common centre? point very near to its surface is
@) o (R-1) (b) o (R+T) (@) 2.2 x 10*®* N/C (b) 2.2 x 10° N/C
Eo Eo (c) 3.3x 10" N/C (d) 3.3 x 1015 N/C
© Ro ) o 149. If a conductor is electrically neutral, then
€9 €9 (a) Net charge on it should be zero
144. Identify the false statement. (b) Potential on it should be zero
(@) Inside a charged or neutral conductor, (c) Both charge and potential should be zero
electrostatic field is zero. (d) None of these may not be zero
(b) The electrostatic field at the surface of the 150. Which of the following may be discontinuous across a
charged conductor must be tangential to the charged conducting surface?
surface at any point. (a) Electric potential
(c) There is no net charge at any point inside the (b) Electric intensity
conductor. o ] ]
(d) Electrostatic potential is constant throughout the (¢) Both electric intensity and potential
volume of the conductor. (d) None of these
() Electric field at the surface of a charged 151. Assertion: Electrostatic potential is constant
conductor is proportional to the surface charge throughout the volume of the conductor and has the
density. same value as on its surface.
145. The charge given to any conductor resides on its outer Reason: Electric field inside the conductor is zero.
surface, because (a) Both Assertion and Reason are true, and the
(3) the free charge tends to be in its minimum Reason is the correct explanation of the
potential energy state Assertion.
(b) the free charge tends to be in its minimum kinetic (b) Both Assertion and Reason are true, but the
energy state Reasor_1 is not the correct explanation of the
(c) the free charge tends to be in its maximum Assertion.
potential energy state (c) Assertion is true, but Reason is false.
(d) the free charge tends to be in its maximum Kinetic (d) Both Assertion and Reason are false.
energy state 152. Consider a non-spherical conductor shown in the
146. Surface charge density on uniformly charged sphere is figure which is given a certain amount of positive

(a) Directly proportional to the radius of the sphere
(b) Inversely proportional to the radius of the sphere

(c) Directly proportional to the square of the radius of
the sphere

charge. The charge distributes itself on the surface
such that the charge densities are o1, o> and csat the
region 1, 2 and 3 respectively. Then




ELECTROSTATICS

6l

153.

154,

155.

156.

157.

@ o,>0,>0, (M) oc,>0,>0,

) o,>0,>0, () oc,>0c, >0,

Two charged metallic spheres of radii riand r» are
touched and separated. What is the ratio of their
surface charge density?

(¢ I. (o} ¢
@2=2 O
G, I G, h
I
) Z-1 d S-_Bh
o, G, n+r

A conducting sphere of radius R and carrying charge Q
is joined to an uncharged conducting sphere of radius
2R. The charge flowing between them would be

4Q
(8)2Q (b) =
2Q
©3 @Q

Two spherical conductors B and C having equal radii
and carrying equal charges in them repel each other
with a force F when kept apart at some distance. A
third spherical conductor having same radius as that of
B but uncharged is brought in contact with B, then
brought in contact with C and finally removed away
from both. The new force of repulsion between B and
Cis

i N
@ 1 (b) 1

F 3F
© 3 (d) ry

A ball with charge — 50e is placed at the centre of a
hollow spherical shell has a net charge of — 50e. What
is the charge on the shell’s outer surface?

(@)-50e (b) Zero

(c)—100e (d) +100 e

Assertion: The lightning conductor at the top of high
building has sharp pointed ends.

158.

159.

160.

Reason: The surface charge density of charge at sharp
points is very high resulting in setting up of electric
wind.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion:
conducting.

The tyres of aircrafts are slightly

Reason: If a conductor is connected to the ground, the
extra charge induced on the conductor will flow to the
ground.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: Electric field intensity within a conductor
is always zero.

Reason: Electric field lines of force can pass through
the conductor.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: During lightning, it is safe to sit inside the
car.

Reason: The hollow structure of car provides
electrostatic shielding.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.
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EXERCISE — 2: Previous Year Questions

1.

An electric dipole is placed in an uniform electric field
with the dipole axis making an angle owith the
direction of the electric field. The orientation of the
dipole for stable equilibrium is [J&K CET 2011]

() n/6 (b) /3

()0 d) ns2

The electric field at a point due to an electric dipole,
on an axis inclined at an angle 9(< 900) to the dipole
axis, is perpendicular to the dipole axis, if the angle
Ois [KCET 2011]

(a) tan*(2) (b) tan(1/2)
©) tan’l(«/i) (d) tan™ (1/J§)

Three charges, each +q, are placed at the corners of an
isosceles triangle ABC of sides BC, AC and AB. D and
E are the mid points of BC and CA. The work done in
taking a charge Q from D to E is: (Given BC = AC):
[CBSE-AIPMT 2011]

A

E
B p c
(a) zero (b) 29
4neqa
30Q qQ
c) —— d ——
© 8me,a @ 4mg,a

The electric potential V at any, point (X, y, z), in meters
in space is given by V = 4x2 volt. The electric field at
the point (1, 0, 2) in volt/meter, is

[AIPMT 2011]

(a) 16 along positive X-axis

(b) 8 along negative X-axis

(c) 8 along positive X-axis

(d) 16 along negative X-axis

A charged oil drop is suspended in uniform field of
3x10*Vm™, so that it neither falls nor rise. The

charge on the drop will be (take, the mass of the charge
9.9x10 kg and g =10 ms2)

[UP CPMT 2011]

(@) 3.3x10™C  (b) 3.2x107%C
(c) L6x10™C (d) 4.8x107°C

Charge g20f mass m revolves around a stationary charge
g: inacircular orbit of radius r. The orbital periodic time
of gowould be [J&K CET 2011]

antmr | ka,q, 1
a b) | M2
(@) { ka,q, } (b) {4n2mr3}

© {AﬁZmr4 TZ @ {4rc2mr2 TZ
kg,d,

Two identical charged spheres of material density p,
suspended from the same point by inextensible strings
of equal length make an angle ¢between the strings.
When suspended in a liquid of density o and the angle
Oremains the same. The dielectric constant K of the

liquid is [KCET 2011]
(@) —2 b =2

p—o p
© ——c¢ d X<

p+o p

A square surface of side L metre in the plane of the
paper is placed in a uniform electric field E (volt/metre)
acting along the same plane at an angle o with the
horizontal side of the square as shown in figure. The
electric flux linked to the surface in unit of Nm?C™ is

[CBSE AIPMT 2011]

/

IL——.~ E

”
4 /
7 /’
(a) EL? (b) EL? coso
(c) EL2sin6 (d) zero

A point charge Q is placed at one of the vertices of a
cubical block. The electric flux flowing through this
cube is [2011 Manipal]
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Q
® 6¢g, (b) 4g,
Q Q
(© 8¢, (d) g

10. The electric flux for Gaussian surface A that encloses
the charged particles in free is (given ¢, =-14nC,

g, =78.85nC, g, =-56nC) [MP PMT 2011]

Gaussian
surface A

Gaussian
surface B

(a)10° Nm2C™
(c)6.32x10° Nm>C™
11.  Which of the following is not true? [EAMCET 2011]

(a) For a point charge, the electrostatic potential varies
as 1r

(b)10°CN*m=
(d) 6.32x10° CN*m™

(b) For a dipole, the potential depends on the position
vector and dipole moment vector

(c) The electric dipole potential varies as 1/ r at large
distance
(d) For a point charge, the electrostatic field varies as
1/r?
12.  Three charges each of magnitude g are placed at the

corners of an equilateral triangle, the electrostatic force
on the charge placed at the centre is (each side of

triangle is L) [AFMC 2012]
1 q?

a) zero b A
@ (b) 4ne, L*
1 39° 1 2

() =4 (d 3
4ng, L 12ne, L

13.  When a piece of polythene is rubbed with wool, a
charge of —2x107C is developed on polythene. What
is the amount of mass which is transferred to
polythene? [UP CPMT 2012]

(a) 5.69x10*°kg (b) 6.25x10 kg
(€) 9.63x10™°kg (d) 11.38x10™*°kg
14. Two metallic spheres of radii 1 cm and 3 cm are given

charges of -1 x 107°C and 5 x 10720, respectively. If
these are connected by a conducting wire, the final
charge on the bigger sphere is: [CBSE-AIPMT 2012]

(@) 1 x10°C (b) 2 x 102C

(c) 3 x 102C (d) 4 x 102C

15. What is the flux through a cube of side ‘a’ if a point
charge of q is at one of its corners?
[CBSE-AIPMT 2012]

m)géﬁf (ME%
q q
© 5o @2

16. An electric dipole of moment ‘p’ is placed in an
electric field of intensity ‘E’. The dipole acquires a
position such that the axis of the dipole makes an angle
6 with the direction of the field. Assuming that the
potential energy of the dipole to be zero when 6 = 90°,
the torque and the potential energy of the dipole will
respectively be: [CBSE-AIPMT 2012]

(a) pE cos6, —pE sin6  (b) pE sin6, —pE cos6
(c) pE sinB, —2pE cosd  (d) pE sin®, 2pE cos6
17.  The unit of physical quantity obtained by the line

integral of electric field is [J&K CET 2012]
(@ NC™* (b) Vm™
(c) Jc* (d) C°N'm™

18.  Four point charges -Q, — ¢, 2q and 2Q are placed, one
at each corner of the square. The relation between Q
and g for which the potential at the centre of the square

is zero, is [CBSE AIPMT 2012]
@Q=-q () Q=-=
q
- 1
(©Q=q @ Q=

19. Two equal point charges Q are fixed at
X =—a and x = +a on X-axis. Another point charge is

placed at the origin. The change in electrical potential

energy of Q, when it is displaced by a small amount x

along X-axis, is approximately proportional to
[Manipal 2012]

@ X (b) x

1
(©)+ Ok

20.  Each of the two point charges are doubled and their
distance is halved. Force of interaction becomes n
times, where n is [UP CPMT 2013]

(@4 (b1
() 1/16 (d) 16
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21.

22.

23.

24.

A cylindrical conductor
positively charged conductor. The net charge acquired

by the cylindrical conductor will be
[UP CPMT, KCET 2013]
(a) positive only (b) negative only

(c) zero

(d) either positive or negative 26.

An electron enters uniform electric field maintained by
parallel plates and of value E Vm™ with a velocity
vmst, the plates are separated by a distance d metre,

then acceleration of the electron in the field is 27.
[Manipal 2013]
Ee b —Ee
a) — -
@ - (b) -
Ee d
c) — d) Ee—
(©) d (d) m

Two pitch balls carrying equal charges are suspended
from a common point by strings of equal length, the
equilibrium separation between them is r. Now, the
strings are rigidly clamped at half the height. The
equilibrium separation between the balls now become

28.

[NEET 2013]

® . ®
o ol
o e

A B, and C are three points in a uniform electric field.
The electric potential is

E

*A

B
C

(a) maximum at A
(b) maximum at B
(c) maximum at C
(d) same at all the three points AB, and C

is placed near another 25.

29.

[NEET 2013] 30,

Two charged spheres separated at a distance d exert a
force F on each other. If they are immersed in a liquid
of dielectric constant K = 2, then the force is (if all
conditions are same) [UK PMT 2014]

(a) F/2 (b) F

(c) 2F (d) 4F

If a charge on the body is 1 nC, then how many
electrons are present on the body? [KCET 2014]

(@) 1.6x10" (b) 6.25x10°
(c) 6.25x107 (d) 6.25x10%

A conducting sphere of radius R is given a charge Q.
The electric potential and the electric field at the centre
of the sphere respectively are:

[CBSE AIPMT 2014]

@) Q and Q >~ (b) Both are zero
4ng R 4ng R
(c) Zero and Q > (d)i and Zero
4me R 4ng R

In a region, the potential is represented by V (X, y, z) =
6x — 8xy — 8y + 6yz, where V is in volts and X, y, z are
in meters. The electric force experienced by a charge

of 2 coulomb situated at point (1,1,1) is:
[CBSE AIPMT 2014]

(@) 24N (b) 44/35N

(c) 64/5N (d)30N

Electric field at a point of distance r from a uniformly
charged wire of infinite length having linear charge
density , is directly proportional to

[Kerala CEE 2014]
@r" (b)r
©r (dr”

(e) None of these
Two equal and opposite charges of masses m, and
m, are accelerated in a uniform electric field
through the same distance. What is the ratio of their

accelerations, if their ratio of masses is
m,/m, =057 [KCET 2014]
@ 2-05 b) 21
a2 a'2
OR=N) (d) 2-3
a a

2 2
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31.

32.

33.

34.

35.

36.

An electric dipole of dipole moment p is placed in a
uniform external electric field E. Then, the

[Kerala CEE 2014]
(a) torque experienced by the dipole is E x p

(b) torque is zero, if p is perpendicular to E
(c) torque is maximum, if p is perpendicular to E

(d) potential energy is maximum, if p is parallel to
E

(e) potential energy is maximum, if p is
perpendicular to E

An electric dipole placed in a non-uniform electric
field experiences [UK PMT 2014]

(a) both a torque and a net force
(b) only a force but no torque

(c) only a torque but no net force
(d) no torque and no net force

What is the nature of Gaussian surface involved in
Gauss’ law of electrostatics? [KCET 2014]

(a) Scalar (b) Electrical

(c) Magnetic (d) Vector

Two concentric spheres kept in air have radii R and
r. They have similar charge and equal surface charge
density . The electrical potential at their common
centre is (eo =permittivity of free space)

[MHT CET 2014]
(@) o(R+r) (b) o(R-T)
G(R+r) G(R+r)
(c) e (d) e

Two charges of equal magnitude q are placed in air
at a distance 2a apart and third charge — 2q is placed
at mid — point. The potential energy of the system is
(0 = permittivity of free space)

[MHT CET 2014]
2 3 2
(@) -3 (b) -3
8me,a 8me,a
5 2 7 2
() -3 (d) -4
8me,a 8me,a

What is the electric potential at a distance of 9 cm from
3nC? [KCET 2014]

(a) 270 V (b) 3V
(c) 300 V (d) 30 V

37.

38.

39.

40.

41.

42.

43.

Work done in carrying an electric charge Qionce round
a circle of radius R with a charge Q; at the centre of
the circleis [EAMCET 2014]

QQ,

(a) m (b) =
Q.Q,

© drer @o

The electric field in a certain region is acting radially
outward and is given by E = Ar. A charge contained in
a sphere of radius ‘a’ centered at the origin of the field,
will be given by:  [CBSE AIPMT 2015]

(a) <, Aa® (b) An e, Aa?
(C) Ae, a? (d) 4n e, Aa®

When an a-particle of mass ‘m’ moving with
velocity ‘v’ bombards on a heavy nucleus of charge
‘Ze’, its distance of closest approach from the

nucleus depends on m as: [NEET 2016]
@~ (0) —
m Jm
1
© — (@m

An electric dipole is placed at an angle of 30° with
an electric field intensity 2 x 10° N/C. It experiences
a torque equal to 4 Nm. The charge on the dipole, if
the dipole length is 2 cm is

[NEET 2016]
(@ 2mC (b) 5mC
(c) 7 uC (d)8mcC

The electric field strength due to a point charge of
5uC at a distance of 80 cm from the charge is

[UP CPMT 2016]
(8) 5x10*N/C (b) 7x10*N/C
(c) 3.5x10*N/C (d) 7x10°N/C
An electric dipole is placed at an angle of 30° with an
electric field intensity 2x10° N/ C. It experiences a
torque equal to 4 N — m. The charge on the dipole, if

the dipole length is 2 cm, is [NEET 2016]
(@) 8 mC (b) 2mC
(c)5mC (d) 7uC

A certain charge Q is divided into two parts g and Q
— . How the charge Q and g must be related, so that
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when g and (Q — q) is placed at a certain distance 47. A charged particle q is shot with speed
apart experience maximum electrostatic repulsion? towards another fixed charged particle Q. It
[JIPMER 2017] approaches Q upto a closest distance r and then
(a) Q = 2q (b) Q = 3q returns. If g were given a speed ».,, the closest
distance of approach would be [JIPMER 2017
(©)Q=4q (@Q=4q+c pproa [ ]
44, Suppose the charge of a proton and an electron differ qe v ¢ Q
slightly. One of them is -e and the other is (e + Ae).
: - @r (b) 2r
If the net of electrostatic force and gravitational 2 d) r/a
force between two hydrogen atoms placed at a ©r (@r _
distance d (much greater than atomic Size) apart is 48. An electron falls from rest through a vertical
zero, then ~e is Of the order (Take, mass of distance h in a uniform and vertically upward
hydrogen, m, =1.67x10" kg) directed electric field E. The direction of electric
! h =+ . . - . .
[NEET 2017] field is now revgrsed, keeping its magnltude_ th.e
N ” same. A proton is allowed to fall from rest in it
(@ 107°C (b) 10°C through the same vertical distance h. The time of fall
(€) 10°C (d) 10C of the electron, in comparison to the time of fall of
th ton i NEET 2018
45, Two identical conducting balls A and B have ¢ pro.on '° ) [ ]
positive charges g and gz respectively but g # .. (a) 10 times greater  (b) 5 times greater
The balls are brought together so that they touch (c) smaller (d) equal
each other and then kept in their original positions. 49.  Two-point charges A and B, having charges +Q and —
The force between them is [JIPMER 2017] Q respectively; are placed at certain distance apart and
(a) less than that before the balls touched force acting between them is F. If 25% charge of A is
(b) greater than that before the balls touched transferred to B, then force between the charges
becomes [NEET 2019]
(c) same as that before the balls touched
9F 16F
(d) zero (a) % (b) —
46.  The diagrams below show regions of equipotential.
[NEET 2017] © 4_3F () F
20V 40V 20V 40V
50. A hollow metal sphere of radius R is uniformly
charged. The electric field due to the sphere at a
distance r from the centre is: [NEET 2019]
10V (@) zero as r increases for r < R, decreases as r
10V 30V 20V 20V .
increases for r > R
@ ®) © (b) zero as r increases for r < R, increases as r
N ) _ increases forr >R
gaz(:::::ve charge is moved from A to B in each (c) decreases as r increases for r <R and forr > R
. . ) . (d) increases as r increases for r <R and forr >R
(@) Minimum work is required to move g in S o
51.  Two parallel infinite line charges with linear charge

figure (a).

(b) Maximum work is required to move q in
figure (b).

(c) Maximum work is required to move g in
figure (c).

(d) In all the four cases the work done is the
same.

densities ., C/mand _, C/m are placed at a distance
of 2R in free space. What is the electric field mid-way

between the two ine charges? [NEET 2019]
a N/C b N/C

@ ng R ®) ng,R

(c) N/C (d) Zero

21g,
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52.

53.

54.

55.

56.

57.

Two metal spheres, one of radius R and the other of
radius 2R respectively have the same surface charge
density . They are brought in contact and
separated. What will be the new surface charge
densities on them? [2019 NEET Odisha]

(b) op :gc, Gq =§G

2 6

(@) op =§(5, g =§G

6
5
(d)op =§G, O, =€G

A sphere encloses an electric dipole with charge
+3x107° C. What is the total electric flux across the

[2019 NEET Odisha]

5 5
(c)op =Ec, Oq =§c

sphere?

(@) 3x10°N-m?/C
(b) Zero

(€) 3x10° N—-m?/C
(d) 6x10°N-m?/C
Potential difference is given as V(x) = -x?y volt. Find
electric field at a point (1, 2) [JIPMER 2019]
(@) i+4jvm™ (b) —4i—jvm™
(€) 4i+jvm™ (d) 4i-jvm™

A spherical conductor of radius 10 cm has a charge of
3.2x107" C distributed uniformly, what is the
magnitude of electric field at a point 15 cm from the
centre of the sphere? [NEET 2020]

L I _ox10° NmZICZJ
4n <,

(@) 1.28x10*N/C
(c) 1.28x10° N/C

(b) 1.28x10°N/C
(d) 1.28x10" N/C
In a certain region of space with volume 0.2m?®, the
electric potential is found to be 5 V throughout. The
magnitude of electric field in this region is:
[NEET 2020]
(@ 1N/C (b) 5N/C
(c) Zero (d) 0.5 N/C
A short electric dipole has a dipole moment of
16x107° Cm. The electric potential due to the dipole
at a point at a distance of 0.6 m from the centre of the

dipole, situated on a line making an angle of 60° with
the dipole axis is: [NEET 2020]

58.

59.

L 1 =9x10°Nm? /CZJ

Ant e,

(a) 400 V (b) zero

(c)50V (d) 200 V

Two charged spherical conductors of radius R; and R

are connected by a wire. Then the ratio of surface
charge densities of the spheres (c1/6>) is:

[NEET 2021]
R, R,
(@ R72 (b) Ril
R, R?
or] ©f

A dipole is placed in an electric field as shown. In
Which direction will it move?

[NEET 2021]

(a) Towards the left as its potential energy will
increase.

(b) Towards the right as its potential energy will
decrease.

(c) Towards the left as its potential energy will
decrease.

(d) Towards the right as its potential energy will
increase.

60. Twenty even drops of same size are charged at 220 V

each. They combine to form a bigger drop. Calculate

the potential of the bigger drop  [NEET 2021]
(a) 660 V (b) 1320 V
(c) 1520 V (d) 1980 V
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Four charges each equal to — Q are placed at the four
corners of a square and a charge q is at its centre. If the
system is in equilibrium, the value of q is

@ -2 a+2V2) () 2 +2v2)

(c) —% 1+2/2) (d) %(1+2J§)

Four charges Q,, Q,, Q, and Q, of same magnitude are

fixed along the x axis at x = — 2a, —a, +a and +2a,
respectively. A positive charge g is placed on the
positive y axis at a distance b> 0. Four options of the
signs of these charges are given in List I. The direction
of the forces on the charge q is given in List Il. Match
List I with List 11 and select the correct answer using
the code given below the lists.

¢ q(0.b)
Q]_ 93 Q3 Q4
(-2a,0) (-a,0) (0,0) (a,0) (2a.0)
List I List 11
P. Q. Q, Q, Q,all positive 1. +x

Q. Q,, Q, positive; Q,, Q,negative 2. —X

R. Q,, Q,positive; Q,, Q,negative 3. +y

S. Q,, Q,positive; Q,, Q, negative 4. -y
Codes :

(@) P-3,Q-1,R-4,S-2 (b) P-4,Q-2,R-3,5-1
(c) P-3,Q-1,R-2,5-4 (d) P-4,Q-2,R-1,S-3

Six charges of equal magnitudes, 3 positives and 3
negatives are to be placed on PQRSTU corners of a
regular hexagon, such that field at the centre is double
that of what it would have been if only one +ve charge
is placed at R.

EXERCISE — 3: Achiever’s Section

U R

@+ + + - — - (0)— + + +, - —

(C) ) +l +1 ] +l - (d) +1 ] +1 ] +1 -

A ring of charge with radius of 50 cm has gap of 0.002
C,=1puF m. If the ring carries a charge of 1 C, what is
the electric field at the centre?

(@) 8.5x C,=1uF N/C (b) 7.2 xC,=1uFN/C
(c)3.2x C,=1.5uF N/C (d)4.5x C,=3uF N/C
An electron is rotating around an infinite positive
linear charge in a circle of radius 0.1 m, if the linear
charge density is 1 uC/m then the velocity of electron
in m/s will be

(a) 0.562 x 10 (b) 5.62 x 10

(c) 562 x 10’ (d) 0.0562 x 10

A charged ball B hangs from a silk thread S, which
makes an angle o with a large charged conducting
sheet P, as shown in the figure. The surface charge
density  of the sheet is proportional to

+

+

+

Pl +

+ |19 \S

+

+

+

+

- B
(a) cose (b) cote
(c) sing (d) tang

A spherical portion has been removed from a solid
sphere having a charge distributed uniformly in its
volume as shown in the figure. The electric field inside
the emptied space is
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10.

=4

(a) zero everywhere

(b) non-zero and uniform

(c) non-uniform

(d) zero only at its centre

Positive charge Q is distributed uniformly over a
circular ring of radius R. A point particle having a mass
(m) and a negative charge — q is placed on its axis at a
distance x from the centre. Assuming X < R, find the

time period of oscillation of the particle, if it is released
from there [neglect gravity].

_167'c3;30R3mT2 |:87£380R3 Tz
(b)

[ 2n% R? N
(©) 3; } (d) None of these

A hollow cylinder has a charge g C within it. If ¢ is the

electric flux in unit of voltmeter associated with
the curved surface B, the flux linked with the plane
surface A in unit of voltmeter will be

B
g B
1( q a
@ ELg—d)J ® 2g,
(c)% @ 9o

Consider an atom with atomic number Z as consisting
of a positive point charge at the centre and surrounded
by a distribution of negative electricity uniformly
distributedwithin a sphere of radius R. The electric
field at a point inside the atom at a distance r from the
centre is

11.

12.

13.

14.

e e O C E R

4ne, | r* R® 4ne, [ r* R®
(c) 228 (d) Zero
Amer

Charges + q and — g are placed at points A and B
respectively, which are a distance 2L apart, C is the
mid — point between A and B. The work done in
moving a charge + Q along the semi — circle CRD is

R
A C B D
qQ qQ
@ 4ne, L (®) 2me, L
qQ —-0Q
© 6re, L @ 6re, L

Two identical thin rings, each of radius R meters, are
coaxially placed a distance R meters apart. If Q
coulomb, and Qzcoulomb, are respectively the charges
uniformly spread on the two rings, the work done in
moving a charge g from the centre of one ring to that
of the other is

(b) 9(Q —-Q.) (2-1)

(@) zero
(4\/§7ISOR)

(C) q\/E(Ql — Qz)

(d) Au+Q,) (V2 +1)
(4ne,R)

(4'\/§TESOR)

Two equal point charges are fixed at x = —-aand x = +
a on the x-axis. Another point charge Q is placed at the
origin. The change in the electrical potential energy of
Q, when it is displaced by a small distance x along the
x-axis, is approximately proportional to

(a) x (b) X’

(c) X’ (d) 1/x

It is possible to have a positively charged body at

(a) zero potential

(b) negative potential
(c) positive potential
(d) All of these
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15.  Assertion: A and B are two conducting spheres of 20.  This question has statement 1 and statement 2. Of the
same radius. A being solid and B hollow. Both are four choices given after the statements, choose the one
charged to the same potential. Then, charge on A = that best describes the two statements.
charge on B. An insulating solid sphere of radius R has a uniform
Reason: Potentials on both are same. positive charge density ;. As a result of this uniform
(a) Both Assertion and Reason are correct and charge distribution, there is a finite value of electric
Reason is the correct explanation of Assertion. potential at the centre of the sphere, at the surface of
(b) Both Assertion and Reason are correct but the sphere and also at a point outside the sphere. The
Reason is not the correct explanation of electric potential at infinity is zero.
Assertion.
(c) Assertion is correct but Reason is incorrect. Statement 1: When a charge q is taken from the
(d) Both Assertion and Reason are incorrect. centre to the surface of the sphere its potential energy
16. In the figure, a proton moves a distance d in a changes by ap
uniform electric field E as shown in the figure. Does o
the electric field do a positive or negative work on Statement 2: The electric field at a distancer (r <R)
the proton? Does the electric potential energy of
P . P gy from the center of the sphere is pr
the  proton increase or decrease? 3g,
E . .
> (a) Statement 1 is false, Statement 2 is true.
@ (b) Statement 1 is true, Statement 2 is false.
p (c) Statement 1 is true, Statement 2 is true,
€ d > Statement 2 is the correct explanation for
L .. ment 1.
(a) Negative, increase  (b) Positive, decrease Statement _ )
(c) Negative, decrease  (d) Positive, increase (d) Statement 1 ?S true, Statement 2 is true-,
17.  Anelectron of 100 eV is fired directly towards a metal Statement 2 is not the correct explanation for
plate having surface charge density of —2 x 10" What is Statement 1.
the distance from where the electron be projected so 21.  Anelectric dipole has a fixed dipole moment P, which
that it just fails to strike the plate? makes angleo with respect to x-axis. When subjected
(2) 0.22 mm (b) 0.33 mm to an electric field E,=Ei , it experiences a torque
(c) 0.44 mm (d) 0.66 mm I
18.  Aball of mass 1 g and charge 10-%C moves from a point T,=1k . When subjected to another electric field
A, where potential is 600 V to the point B, where i A . g -
potential is zero. Velocity of the ball at the point B, is E,= \/5[_511 it experiences a torque T,=—T, The
20 cms™ The velocity of the ball at the point A will be angle ¢ is:
(a) 22.8 cms™? (b) 228 cms™* () 30° (b) 45°
(c) 16.8 ms? (d) 168 ms! (c) 60° (d) 90°
19.  The ionization potential of mercury is 10.39 V. How 22. Two spherical conductors A and B of radii 1 mm and

far an electron must travel in an electric field of

1.5x10°V/m to gain sufficient energy to ionize
mercury?

10.39 1039
) e 10l ) — Y
¥ o107 ® tex10™
(c) 10.39x1.6x10°m  (d) 1039

1.5x10°

2 mm are separated by a distance of 5 cm and are
uniformly charged. If the spheres are connected by a
conducting wire then in equilibrium condition, the
ratio of the magnitude of the electric fields at the
surfaces of spheres A and B is

@4:1 (b)1:2
(©2:1 (d1:4




ELECTROSTATICS

71

23.

24.

25.

26.

217.

Consider two concentric spherical metal shells of radii
ri and rz(r2> r1). If the outer shell has a charge g and the
inner one is grounded, the charge on the inner shell is

(8) —2q
I,

1

(b) zero

(© —2q
I.

2

(d)-q

Two conducting spheres of radii Ry and R are charged
with charges Q; and Q: , respectively. On bringing
them in contact, there is

(a) no increase in the energy of the system

(b) an increase in the energy of the system, if QiR =
Q2R1
(c) always a decrease in the energy of the system

(d) adecrease in the energy of the system, if Q1R =
Q2R:

Two infinitely long parallel conducting plates having
surface charge densities +c and -c  respectively, are
separated by a small distance. The medium between
the plates is vacuum. If &g is the dielectric permittivity
of vacuum, then the electric field in the region between
the plates is

@0 (b) = vm™
2g,
(e} 1 2c -1
—Vm —Vm
c d
€p €

Three infinitely long charge sheets are placed as shown
in figure. The electric field at point P is

7z
1
G : Z=3a
| eP
1
-26 : Z=
________ oy
-G Z=-a
(@ 2%k (b) -2k
0 0
© 2k (d) -2k
€ &

Assertion: All the charge in a conductor gets
distributed on whole of its outer surface.

28.

29.

30.

Reason: In a dynamic system, charges try to keep their
potential energy minimum.

(a) If both assertion and reason are true and reason is
the correct explanation of assertion.

(b) If both assertion and reason are true but reason is
not the correct explanation of assertion.

(c) If assertion is true but reason is false.
(d) If both assertion and reason are false.
Assertion: Net electric field inside conductor is zero.

Reason: Total positive charge equals to total negative
charge in a conductor.

(a) If both assertion and reason are true and reason is
the correct explanation of assertion.

(b) If both assertion and reason are true but reason is
not the correct explanation of assertion.

(c) If assertion is true but reason is false.
(d) If both assertion and reason are false.

Assertion: The surface charge densities of two
spherical conductors of different radii are equal. Then
the electric field intensities near their surfaces are also
equal.

Reason: Surface charge density is equal to charge per
unit area.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Assertion: Vehicle carrying inflammable materials
usually have metallic ropes touching the ground during
motion.

Reason: The charge accumulated in the body may
cause fire.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.
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Answer Key

CHAPTER 1: ELECTROSTATICS

EXERCISE - 1: Basic Objective Questions

1. (a) 17. (d) 33. (b) 49. (b) 65. (d) 81. (c) 97. (a) 113.(d)  129.(b)  145.(a)
2. (c) 18. (a) 34. (d) 50. (a) 66. (a) 82. (d) 98. (d) 114.(d)  130.(a)  146.(d)
3. (b) 19. (c) 35. (c) 51. (c) 67. (b) 83. () 99. (a) 115.(a)  131.(a)  147.(d)
4. (a) 20. (d) 36. (a) 52. (a) 68. (a) 84. (a) 100. ()  116.(d)  132.(c)  148.(a)
5. (b) 21. (c) 37. (c) 53. (b) 69. (c) 85. (c) 101. ()  117.(b)  133.(d)  149.(a)
6. () 22. (d) 38. (b) 54. (d) 70. (a) 86. (a) 102. ()  118.(a)  134.(c)  150.(b)
7. () 23. () 39. (a) 55. (b) 71. (c) 87. (a) 103.(d)  119.(c)  135.(b)  151.(a)
8. (c) 24. (a) 40. (d) 56. (d) 72. (d) 88. (a) 104.(d)  120.(c)  136.(d)  152.(d)
9. (b) 25. (a) 41. (b) 57. (a) 73. (b) 89. (a) 105.(d)  121.(d)  137.(a)  153.(a)
10. (a) 26. (c) 42. (a) 58. (a) 74. (b) 90. (c) 106. ()  122.(c)  138.(c)  154.(c)

11. (a) 27. (a) 43. (b) 59. (b) 75. (c) 91. (b) 107. (@)  123.(d)  139.(c)  155.(d)
12. (a) 28. (a) 44. (a) 60. (b) 76. (d) 92. (a) 108.(c)  124.(b)  140.(b)  156.(c)
13. (b) 29. (d) 45. (b) 61. (b) 77. (b) 93. (a) 109.(d)  125.(c)  141.(c)  157.(a)
14. (b) 30. (c) 46. (a) 62. (d) 78. (a) 94. (c) 110.(d)  126.(a)  142.(b)  158.(a)
15. (a) 31. () 47. (c) 63. () 79. (a) 95. (c) 111.(d)  127.(c)  143.(b)  159.(c)
16. (a) 32. (a) 48. (b) 64. (c) 80. (c) 96. (a) 112.(d)  128.(d)  144.(b)  160. (a)
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EXERCISE — 2: Previous Year Questions EXERCISE — 3: Achiever’s Section

1.(c) 2.(c) 3.(3) 4. (b) 1. (b) 2.(a) 3.(c) 4. (b)
5. (a) 6. (3) 7.(a) 8. (d) 5. (b) 6. (d) 7. (b) 8. (a)
9. (c) 10. (a) 11. (c) 12. (a) 9. (a) 10. (a) 11. (d) 12. (b)
13. (d) 14. (c) 15.(c) 16. (b) 13.(b) 14. (d) 15. (a) 16. (a)
17.(c) 18. (a) 19. (b) 20. (d) 17.(c) 18. (a) 19. (d) 20. (a)
21.(c) 22. (a) 23. (b) 24. (b) 21.(c) 22. (c) 23. (c) 24. (d)
25.(a) 26. (b) 27. (d) 28. (b) 25.(c) 26. (b) 27. (a) 28. (c)
29.(a) 30. () 31. (c) 32. (a) 29.(b) 30. (a)

33.(d) 34. (a) 35. (d) 36. ()

37.(d) 38. (d) 39. (a) 40. (a)

41.(b) 42. (b) 43. (a) 44. (c)

45.(b) 46. (d) 47. (d) 48. (c)

49.(a) 50. (a) 51. (b) 52. (d)

53.(b) 54. (c) 55. (d) 56. (c)

57.(d) 58. (b) 59. (b) 60. (d)
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Exercise—1: Basic Objective Questions

Electric Charge and its Properties

Ans.

Sol.

Ans.

Sol.

Ans.

Sol.

A glass rod when rubbed with silk cloth acquires

(a) +ve charge and silk cloth acquires equal —ve
charge

(b) No charge

(c) —ve charge and silk cloth acquires equal +ve
charge

(d) +ve charge and silk cloth acquires more —ve
charge

(a)

When a glass rod is rubbed with a silk cloth, electrons
from the glass rod move to the silk cloth. During this
process, the glass rod becomes positively charged and
the silk cloth becomes negatively charged. Also, the
magnitude of the charge on the silk cloth is the same
as that on the glass rod.

Frictional electricity is produced on the two objects
due to:

(a) Loss of electrons by one object

(b) Loss of protons by one object

(c) Loss of electrons by one object and equal number
of electrons gained by the other object

(d) Loss of protons by one object and equal number
of protons gained by the other object

(©

Frictional electricity is also called as static electricity,
which gets developed on objects when they are
rubbed with each other. When rubbed with each
other, both the objects get electrically charged where
in one object acquires a positive charge due to loss of
electrons from it whereas the other object acquires an
equal negative charge due to gain of electrons by it. A
glass rod rubbed with a silk cloth is an example of
frictional electricity.

How many electrons will have a charge of one
coulomb?

(a) 6.25 x 101
(c) 6.25 x 1015
(b)

(6)6.25 x 108
(d) 1.6 x 1012

Q. =1.6x10" =1le
B 1 i}
T16x10" "
1C =0.625%10"e™ =6.25x10"%e”

4. A spherical conducting ball is suspended by a
conducting thread. A positive point charge is moved
near the ball. The ball will
(a) be attracted to the point charge and swing towards
it

(b) be repelled from the point charge and swing away
from it

(c) not be affected by the point charge

(d) either (a) or (b)

Ans. (a)

Sol. When a positive point charge comes closer to
conducting ball, negative charges will be induced on
the side of ball facing positive point charge. This
process is also known as induction. Due to this
induced opposite charge, there will be an attractive
force between positive and negative charge.

S. When 10%electrons are removed from a neutral metal
plate, the electric charge on it is
(a-16C b +16C
(c) 10"°C ) 107°C

Ans. (b)

Sol.

Charge,q =ne
= q=10"x1.6x10" =1.6C

6. For the phenomenon of electrostatic induction, mark
out the correct statement.

(a) The magnitude of the net induced charge is zero

(b) The magnitude of net induced charge is equal and
opposite to the inducing charge

(c) The mass of the body changes slightly

(d) Electrostatic induction is a permanent
phenomenon

Ans. (a)
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Sol.

Ans.

Sol.

Ans.

Sol.

In the phenomenon of electrostatic induction, the
magnitude of the net induced charge turns out to be
zero because both the objects involved in the process
develop opposite charges of equal magnitudes.

The specific charge of a proton is 9.6 x 107 C kg™
The specific charge of an alpha particle will be

(@) 9.6 x 107 C kg™!

(b) 19.2 x 107 C kg™

(c) 4.8 x 107 Ckg™!

(d) 2.4 x 107 C kg™!

©

Alpha particle is doubly ionized He atom. It carries a
+ve charge, two times the charge of proton and mass

of alpha particle is (2 Neutron + 2 Proton) almost 4
times the mass of proton.

. L . +e

So, if specific charge of proton is = —
m

P

Then, specific charge of alpha particle = 2e

4mp

= Specific charge of proton X %

So,  Specific
_9.6x10’

charge of  Alpha  particle

=4.8x10" Ckg™

A comb rubbed through one’s dry hair attracts small
bits of paper. This is because

(a) comb is a good conductor
(b) paper is a good conductor

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

(d) the comb possesses magnetic properties

(c)

When the comb passes through dry hair it gets
electrically charged by friction. Hence, attracts small
bits of paper. This is because paper gets polarized in

the presence of charged comb resulting in a net force
of attraction.

Assertion: When charges are shared between any two
bodies, no charge is really lost, but some loss of
energy does occur.

Ans.

Sol.

10.

Ans.

Sol.

11.

Ans.

Reason: Some energy disappears in the form of heat,
sparking etc.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(b)

Charge is always conserved but energy is lost in the

terms of heat etc.

Assertion: Charge is invariant.

Reason: Charge does not depend on speed of frame

of reference.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(a)

Any physical quantity which is independent of
reference frame is known as invariant. Since charge is
intrinsic property so it remains invariant.

Assertion: There is a spark or crackle when we take

off our synthetic clothes or sweater in dry weather.

Reason: Discharge of electric charges occurs through

our body, which accumulated due to rubbing of

insulating surface.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(@)
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Sol.

12.

Ans.

Sol.

13.

Ans.

Sol.

Due to rubbing between synthetic clothes and our
body electrons are transferred so clothes become
charged.

Assertion: It is observed that if two glass rods rubbed
with silk cloth are brought close to each other, they
repel.

Reason: Electrification causes repulsion of same

polarity.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(@)

When a glass rod is rubbed with silk, the rod becomes

positively charged while the silk becomes negatively

charged. So both glass rods become positively
charged and repel with each other.

Assertion: The mass of positively charged body is

slightly less than the mass of negatively charged

body.

Reason: Loosely bound electrons in a material are

transferred on rubbing.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(b)

A positively charged body loses electrons and a

negatively charged body has

Therefore, both assertion and reason are true but
reason is not the correct explanation of the assertion.

excess electrons.

Force between charges

14.

The law that governs the force between electric
charges is called

Ans.

Sol.

15.

Ans.

Sol.

16.

Ans.

Sol.

17.

Ans.

Sol.

(b) Coulomb’s law
(d) Ohm’s law

(a) Ampere’s law
(c) Faraday’s law
(b)

If two stationary point charges are kept at a particular
distance, then the force of attraction or repulsion

between them is inversely proportional to the square
of the distance and directly proportional to the
product of magnitudes of charges. This law is nothing
but Coulomb’s law.

If charge and distance between two charges are
reduced to half, then force between them will be

(b) increases four times

(d) None of the above

(a) remain same
(c) reduce four times

(@)

As per Coulomb’s law, F = k@ According to,
r

5)%)
T r
5)
Thus, force between them will remains same.

Two point charges +2C and +6C repel each other
with a force of 12 N. If a charge of — 2C is given to
each of these charges, the force will be

(a) zero (b) 8 N (attractive)

(c) 8 N (repulsive) (d) None of these

(@)

On adding — 2C to both, one charge becomes neutral
and hence Coulomb’s force get equal to zero.

Charges 4Q, q and Q are placed along x-axis at
position x=0,x=1/2 andx =1, respectively. Find

the value of q, so that force on charge Q is zero.

@Q (b) Q2
(©)-Q2 d-Q
(d)

From Coulomb’s law, the force acting between two
charges (q1, q2) separated at a distance r is given by

F= 1 qq,

4me, 1’

Total force acting on charge Q is

1 eaQ 1 4QQ
4me, (1/2)" 4ne, (1)
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18.

Ans.

Sol.

19.

According to question, F =0

1 aQ 1 4Q* _
U dme, (172)° 4me, (1)
= q=-Q

Two charges of 10uC and 20uC are separated by 20
cm. The ratio of force acting on them will be:

@1:1 ®2:1
®1:2 (@1:4
(a)

Fe| oo, ®’

|1512|=|I?‘21|:> |1521| Rz .

KQQ,

Therefore, the ratio of forcesis 1 : 1

A charge q; exerts some force on a second charge qs.
If a third charge g3 is brought near, the force of q;

exerted on q» will:
(a) increase (b) decrease

(c) remain unchanged (d) none of these

Ans. (¢)

Sol.

20.

Ans.

Sol.

21.

Force due to q; exerted on q, will remain the same,
but the net force exerted on q» will change.

An electron is moving around the nucleus of a
hydrogen atom in a circular orbit of radius r. The
Coulomb force between the two is

2

2
(a) K5t (b) K< ¢
T T

2 2

(c) -K<¢ (d) -K<r
T T

(d)

Now, Fis acting along(——r) :

F=Kj_j(_;)=‘§ez;

The distance between charges

5x10™"C and —2.7x107"'C is 0.2 m. The distance,
at which third charge should be placed from second

charge in order that it will not experience any force
along the line joining the two charges, is

(a) 0.44 m (b) 0.65m
(c) 0.556 m (d) 0.350 m

Ans. (¢)
Sol.
A B C
--------- -
K 0.2m o X A
q1=5x10""C q,=-2.7x107""'C

22.

Sol.

Let a charge q is placed at a point C such that force at
C is zero.

E, =force on q due to charge q, and

E, =force on q due to charge q;.

As.E, +F =0=F, =-F

q

1 49 _ 1 499
4me, (x+0,2)2 4me, x°

5x107™" 2.7x107™"
= 2 = 2
(x+0.2) X
= x=0.556 m

Three equal charges each +Q, placed at the corners
of an equilateral triangle of side a. What will be the

force on any charge (k = ! ]

4me,

2 2

@) XL () 2Q
a a
2 2

© V2 l;Q @ V3 1§Q

a a
d)

Suppose net force is to be calculated on the charge
which is kept at A. Two charges kept at B and C are
applying force on that particular charge, with direction
as shown in the figure.

c 60° B
A +Q
s
~A
7 600
, 60%%
’ \
’ \
’ \
’ \
’ \
’ \
4 A}
’ \
’ \
/ AY
’ \
/ AY
’ \
/ \
O o 1Q
B C
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QZ

2
a

Since F, =F. =F=k

= JE2 +E2 +2F,E. cos60

J3kQ?

a

So, F

net

Fnel :'\/§F:

23. Three identical charges are placed at the corners of an
equilateral triangle. If the force between any two
charges is F, then the net force on each will be

(@) V2 F (b) 2 F
©~3BF (d)3F
Ans. (¢)

Sol.

Net force on each charge will be

F, =JF* +F +2F cos 60°

=F,= /2F2 +2F2><%
=V2F +F
= F_ =+3F =3F

24. A charge Q is placed at each of the opposite corners
of a square. A charge q is placed at each of the other
two corners. If the net electrical force on q is zero,

then the q/Q equals
(@) 22 (b) -1
©1 @ —
V2
Ans. (a)
Sol.
F2
A F3
Q@ D
> F,
A (@
B C

(a) X (@
Let, the side of square be X , and its diagonal be X\/z .

Now, the horizontal force = vertical force

25.

Fl:Fzzk—,andF3=k
X 2x

Now, the resultant force F=F +F =F V2 where,

F and F, are perpendicular to each other.
Now equating the resultant force and F, ;

2
X

—kq®  kQqv2
= 2 = 2
2x X
.'.q=—2\/5Q
A charge q is placed at the centre of the line

joining two exactly equal positive charges Q.
The system of three charges will be in

equilibrium, if q is equal to
(a) -Q/4 (b) +Q
() -Q (d) Q/2

Ans.(a)

Sol.

26.

Ans.
Sol.

ForequilibriumF,, = Ooneach charge
Fononeof Q=0

2
= ! X Qq -+ ! ><Q—2 =0
47e, (r/z) 4me, r

qz—z

Point charges +4q, —q and +4q are kept on the X-axis
at points x = 0, x = a and x = 2a respectively.

(a) Only —q is in stable equilibrium
(b) None of the charges is in equilibrium
(c) All the charges are in unstable equilibrium

(d) All the charges are in stable equilibrium
(c)

0 a X=a a x=2a

N
O —
|
O
H
Q
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At the present position all three charges are
in equilibrium.

4kq®

> due to both
a

Force acting on -q = -

charges 4q in opposite directions. Clearly, -q
is in equilibrium. Force on each 4q charge is

given by:
K 16q° 3 4q° _k4q2 3 4q° ~0
2 2 T 2 2 T
(2a) a a a

1 .
However, as Foe<—, when they are displaced
r

slightly from this position, they will not
return to this position again. Hence, they are
in unstable equilibrium position.

27.  Electrical force between two point charges is 200 N.
If we increase 10% charge on one of the charges and
decrease 10% charge on the other, then electrical
force between them for the same distance becomes

(a) 198 N (b) 100 N
(c) 200N (d) 99 N
Ans. (a)

Sol. Let two charges be q; and q» and r be the distance

between them, then electrical force,
=L 9% 00N (i)
4me, r

If q; is increased by 10%, then

10

4 00T

and q is decreased by 10%, then
%0

42710012

Then, electrical force between them is

pol %0
4me, 1
1o 9%
Tnn 11 0n 12
- F=—L 1007 100
47, r
- P 9%, 9
4me, 1~ 100

From Egs. (i) and (ii), we get

28.

Ans.

Sol.

29.

Ans.

Sol.

30.

F'= 200)(2
100

= F'=198 N

Assertion: Due to Coulomb’s force charges cannot
apply torque on each other.

Reason: Coulomb’s force is central force.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(@)

Since Coulomb’s force is central force. It acts along

line of joining two charges so net torque of this force

becomes zero.

Assertion: The Coulomb force is strongest force in

the universe.

Reason: The Coulomb force is stronger than the

nuclear force inside nucleus.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the

Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

()

Among all four basic forces of nature (Gravitational,
Electromagnetic, Strong Nuclear and Weak Nuclear),
strong nuclear force is much stronger than
electrostatic force (Coulomb’s force). Moreover, it is
the strongest of all the four fundamental forces in
nature.

Assertion: If there is Coulomb attraction between
two bodies, both of them may not be charged.

Reason: They will be oppositely charged.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.
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(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.

Ans. (c)

Sol. Coulomb attraction exists even when one body is
charged, and the other is uncharged. If both are
charged then they must be oppositely charged

otherwise any charge can attract any uncharged body.
So the reason is false.

Electric Field

31. Electric lines of force about a negative point charge
are

(a) Circular, anticlockwise (b) Circular, clockwise
(c) Radial, inwards (d) Radial outwards

Ans. (¢)

Sol. The electric lines of force will be radial and inwards
about a negative point charge. In point charge, its

direction is radial and will have negative charge. So,
its direction is inwards, pointing towards the charge.

32. A force of 2.25 N acts on a charge of 15 x 107C
placed at point in field. Calculate the intensity of
electric field at that point

(a) 1500 NC! (b) 150 NC'!
(c) 15000 NC! (d) none of the above
Ans. (a)
Sol. F=qE
E=T- Lﬁ =15x10* =1500NC™
q 15x10

33.  Figure given here is plot of lines of force due to two
charges qiand q». The signs of the two charges are:

(a) both positive

(b) both negative

(c) upper positive, lower negative

(d) upper negative, lower positive
Ans. (b)

Sol.  Electric lines of force start from the positive charge
and end at the negative charge. Since the electric lines
for both the charges are ending, therefore both q; and
Q2 are negative charges

34.  Electric lines of force
(a) exist every where
(b) exist only in the immediate vicinity of electric
charge
(c) exist only when both positive and negative
charges are near each other
(d) are imaginary
Ans. (d)

Sol. Electric lines of force are imaginary, which are
thought to be so for better understanding purposes.

35. The figure shows some of the electric field lines
corresponding to an electric field. The figure suggests

(a E, >E; >E_.
() E, =E.>E,
Ans. (¢)
Sol.  Electric field intensity at a particular point is
directly proportional to the number of electric lines
of forces crossing per unit area.
E, =E; ...(D)
As, density of electric line of force in region A and
C are more as compare to B.

(b) E, =E; =E_
) E, >E.>E,

Hence, E, >E, ...(ii)
From Egs. (i) and (ii), we get
E, =E.>E;

36. Three charges, each of +4uC, are placed at the
corners B, C, D of a square ABCD of side 1 m. The
electric field at the centre O of the square is

A B
Im °

(@)
C D

(a) 7.2 x 10* N towards A
(b) 7.2 x 10*N towards C
(c) 3.6 x 10* N towards A
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(d) 3.6 x 10* N towards C

Ans. (a)

Sol.

37.

Ans.

Sol.

38.

Im

(4uC) C Im D

OA:OB:OC:OD:Lm

NG

Eogr and Eoc will cancel each other because of equal
magnitudes and opposite directions.

) = 1
|ENet =|EOD|=— d >

4me, (OD)

9 —6
3|ENet _20xAx10 s o N/ C

&)

NG

As clear from the diagram, this field acts towards
A.

The point charges Q and —2Q are placed at some
distance apart. If the electric field at the location of Q
is E, the electric field at the location of —2Q will be:

3E
(a) - (b) -E
E
(¢) - (d) —2E
(©)

As field on Q is E, force on Q is F= QE
Let field on —2Q be E’. So, force on —2Q will be
F'=-2QE'

Using Coulomb’s law, the forces on both will be
equal,i.e., F'=For QE =-2QE".

So, E':—E
2

Assertion: Electric lines of force never cross each
other.

Reason: Electric fields at a point superimpose to give
one resultant electric field.

Ans.

Sol.

39.

Ans.

Sol.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(b)

If electric lines of forces cross each other, then the
electric field at the point of intersection will have two
directions simultaneously; this is not possible
physically. Since electric field is vector quantity so

for resultant field principle of superposition is
applied.

Assertion: Three equal charges are situated on a

circle of radius r such that they form an equilateral

triangle, then the electric field intensity at the centre
is zero.

Reason: The forces on unit positive charge at the

centre, due to three equal charges are represented by

the three sides of a triangle taken in the same order.

Therefore, electric field intensity at centre is zero.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(a)

Resultant of electric field intensity at O due to Band

C is equal and opposite of that due to A.
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Electric field due to continuous charge
distribution

40.

The electric field strength due to a uniformly charged
ring of radius R at a distance x from its centre on its
axis carrying charge Q has somewhere maximum
value on the axis. This is at distance

(aA)x=R (b)x=2R
©)x=0 d) x= %
Ans. (d)
Sol.

41.

E= 1 Qx :

47'[80 (Rz 2)5

-5

&E__1 ! 3+x(—3)(R2+x2)22X
dx 4me, (R2+X2)5
d_E_ Q 1 - 3x?
dx 4me, (R2+x2)% R +x’
For maximum E;
9 _,
dx

1 2
9 3 |:1 - f - 2 :| =0
4me, (R +x7)2 R +x
2
-
R™+x

R?+x* =3x*

R
x=t—

V2
The electric field due to a uniformly charged non-
conducting sphere of radius R as a function of the

distance from its centre is represented graphically by

Ans.

Sol.

42,

y=

o
)
v

(b)

(©)

(d)
(b)

(o}

=T,

Inside a uniformly charged non-conducting sphere,
charge is uniformly distributed. So, the field is there.
In such cases, the electric field is directly proportional
to the distance from the centre. Outside the sphere,
field is inversely proportional to the square of the
distance. So, the graph flows as shown.

The charge density on the surface of a conducting
sphere is 64 x 107 C/m? and the electric intensity at a
distance of 2 m from the centre of the sphere is 47X
10* N/C. The radius of the sphere is

(2)0.83m (b) 04 m

(¢)0.6m (d)0.38m

Ans. (a)
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Sol.c = 64 x 107 C/m? ; E = 47x 10* N/C

4R 4me, 1’
E_R
G gl

., 4mx10*
64x107

= R =+0.694 =0.83m
43. The number of electrons to be put on spherical

conductor of radius 0.1 m, to produce an electric
field of 0.036 N/C just above its surface, is:

=R’ :Exsor x8.85x107"% x4
c

(a) 3.4 x 105 (b) 2.5 x 10°
(€) 3.7x105  (d) 4.7 x 10°
Ans. (b)
Sol. :;n—ze
4me,
2
n:E—r47r£0 _ 0.0396><0.1><0._119 2.5%10°
e 9x10° x1.6x10

44. The electric intensity outside a charged sphere of
radius R at a distance r(r > R) is

@ (5R22 ) 0r22
€,r &R
0 = @R
g, €1
Ans. (a)
Sol. The electric intensity outside a charged sphere,
poka_ k(cA)
r r’
[ 1 )o4nR® oR?
- [47tsoj 2 grt

45. A charged particle is free to move in an electric field.
It will travel
(a) always along a line of force
(b) along a line of force, if its initial velocity is zero
(c) along a line of force, if it has same initial velocity
in the direction of an active angle with the line of
force
(d) None of the above

Ans. (b)

Sol. Because E points is along the tangent to the lines of
force. If initial velocity is zero, then due to the force,
it moves in the direction of E.

46. Forces exerted by a uniform electric field on an
electron having mass m. and proton of mass m, are
represented as Fe and F;, respectively are related as

E m
(@ F, =F (b) ==—=
Fp m,

F m F m’

(©) Fe =t (@ FB =—
P me P mp

Ans. (a)

Sol. The force (F) on charge q due to electric field
strength E is
F=qE

Here, E is uniform, hence Fp =E.

47. A particle of mass 2x107° kg, charge 4x107°C

enters in an electric field of 5 V/m, then its Kinetic
energy after 10 s is

(2)0.17J (b)17J
(c) 107 (d) 10017
Ans. (¢)
Sol. Force on a charge placed inside an electric field given
as
F=qE
= ma=qE=a=qE/m
= ﬂ = E =dv= E
dt m m
Integrating with proper limits,
v tqE
-[() dV = 0 qut

Now, vzin(t)
m

22,2
KE:lmv2 :—mq Ezt
2 m
LB (4x107) x5 x10°
2 m 2x2x107°
=101J

48. An electron moves through a small distance in a
uniform electric field. The magnitude of electric field
is 2 x 10* NC!. Now, if the direction of field is
reversed keeping the magnitude same and a proton
moves through the same distance, then which of the
following options is correct?

(a) The time of fall will be more in case of electron
(b) The time of fall will be more in case of proton
(¢) The time of fall will be same in both cases

(d) The time of fall will be independent of charge
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Ans.
Sol.

(b)
The time required to fall through distance d can be
derived as:

d:l(ﬁjtzj t= 2d_m
2\ m qE

. 2 .
Since t” o< m, a proton takes more time.

49. A pendulum bob of mass m carrying a charge q is at
rest with its string making an angle 6 with the vertical
in a uniform horizontal electric field E. The tension in
the string is
(@) M o 9B (b) M 9B

sin® cos6 cos 0 sin O
E m,
(© = @ =2
mg qE
Ans. (b)
Sol. For the equilibrium of the bob,
mg
T sin@=qE and T cos 6 = mg
Therefore, T = qE orT= mg
sin 0 cosO

50. Charge q is uniformly distributed over a thin half
ring of radius R. The electric field at the centre of the
ring is

q
a) —— b) ———
@ 2m’g,R* (®) 4’ R’
q q
— d
©) 4me R? @ 2me,R?
Ans. (a)
Sol.

51.

Ans.
Sol.

Rd6
R
dEx 9
dE ¥

dE,

Consider element of charge dq =ARd0, where
A=-L [line charge density]
TR

For symmetry, X component of field at O cancels.
Thus, the field at O due to element is

dE, =2dE,

= dE, =2dEsin©

=dE, = 2dq >sin 6
e, R
=dE, = ZKRdez )
80
2
= [dB, = [ sin6de
0 0
q
—E =—J1 _
" 2m’¢,R?

A small sphere carrying a charge ‘q’ is hanging in
between two parallel uncharged plates by a string of
length L. Time period of the pendulum is T(). When

the parallel plates are charged, creates electric field E
between the plates, the time period changes to T. The
ratio T/T(y is equal to

+ + + + + + + +
L
m

or @ 12 32
(a) m (b) | —& =
g o+ qE
1/2
(©) g (d) None of these
g+ 9&

(©
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T0=27tl

g
, qE
g =g+—

m

|
T=2n|— =

g

2

T g o T_|_z=
T, g+q T, g+q

52. A semi-circular arc of radius ‘a’ is charged uniformly
and the charge per unit length is A. The electric field
at the centre of this arc is

a b
@ 27e 2 ®) 2me a’
}\‘2

c) — d

(©) 4m’ea @ 27e a
Ans. (a)
Sol.

)
dE

Due to symmetry Ex =0

53.

Ans.

Sol.

54.

dEy =—dEsin®

dEy _ —kd; 2sm 0

dE = —kRAdOsin 6
y R 2

E, = ﬁjsin 6de
R 0

—kA x  —2kA
Ey :T[_COS]O :T

)=
' | R | 4meR
~E, = M LR=al
2meqa

A thin conducting ring of radius R is given a charge
+Q. The electric field at the centre O of the ring due
to the charge on the part AKB of the ring is E. The
electric field at the centre due to the charge on the
part ACDB of the ring is

A

(a) 3 E along KO
(c) E along KO
(b)

Electric field due to the given charge on the ring is
zero at centre ‘O’. So, the electric field due to AKB
is equal and opposite to electric field due to ACDB,
from the principle of superposition.

Since E is field strength of AKB along KO, so
electric field due to ACDB acts along OK and is
equal to E.

(b) E along OK
(d) 3 E along OK

An oil drop having a mass 4.8x10"'° g and charge
24x10'8C stands still between two charged
horizontal plates separated by a distance of 1 cm. If
now the polarity of the plates is changed,
instantaneous acceleration of the drop is (g = 10ms™2)

(a) 5 ms? (b) 10 ms?,

(c) 15 ms? (d) 20 ms?
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Ans. (d)
Sol.  Asdrop is in equilibrium, mg =qE
mg

q

=E=

o 4.8%107"" %107 x10

T =2x10° V/m
4X

Now, when polarity is changed, force from electric
field also comes in the direction of mg.

So, F, =mg+qE =ma

:>a:g+i
m

—18 6
a =104 28XM0 X207, s
4.8x107°x10

55. Assertion: If a proton and an electron are placed in
the same uniform electric field. They experience
different acceleration.

Reason:  Electric force on a test charge is
independent of its mass.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.
Ans. (b)
Sol. F=qE

Electron and proton have same amount of charge so

they have same magnitude of Coulomb’s force. They
have

different accelerations because they have different

masses | a=—|.
m

Therefore, both assertion and reason are true but
reason is not the correct explanation of the assertion.

56. Assertion: A point charge is brought in an electric
field. The field at a nearby point will increase,
whatever be the nature of the charge.

Reason: The electric field is independent of the
nature of charge.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.
Ans. (d)

Sol. Electric field at the nearby point will be resultant of
existing field and field due to the charge brought. It
may increase or decrease if the charge is positive or
negative as electric field depends on nature of charge
and depending on the position of the point with
respect to the charge brought.

57. Assertion: The graph of the intensity of electric field
(E) inside a uniformly charged non-conducting sphere
with the distance r from the centre of the sphere is a
straight line passing through the origin.
Reason: Inside a uniformly charged non-conducting
sphere, the electric field at a distance r is from the
KQ

centre is given by E = Fr.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the Rea
son is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Ans. (a)
Sol.  Electric field inside solid non-conducting sphere is
1 Qr opr . .
o= .—=—1E,, or}. So graph is a straight
" dme, R 380{ wo<T}. So grap g
line.

Gauss’s law

58. A plane area of 100 cm?is placed in uniform electric
field of 100 N/C such that the angle between area
vector and electric field is 60°. The electric flux
through the surface is
(2) 0.5 Wb (b) 5 Wb
(c) 1 Wb @o
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Ans. (a) (c) linear density
Sol. (d) molecular density

59.

Ans.

Sol.

60.

Ans.

Sol.

61.

ElecticFlux (¢) = E.A=EAcos0

= ¢=0.0lm"> x100N / Cx cos 60°

= ¢$=0.5Wb

Electric flux through a surface elementdsS = 5i placed
in an electric field E = 4i+4]+4k is

(a) 10 units

(c) 4 units

(d)

0=E-dS, E=4i+4]j+4k

(b) 20 units
(d) 16 units

and ds =5i
= ¢=(4i+4]+4k)-(51)
¢ =20 units

A square surface of side L meters is in the plane of

the paper. A uniform electric field E (volt/m), also
in the plane of the paper, is limited only to the lower
half of the square surface, (see figure). The electric
flux in SI units associated with the surface is

T >

2 o  E
(a) EL%2 (b) zero
(c) EL2 (d) EL%(2¢,)
(b)

Electric flux,
For upper half, E=0,¢, =0
For lower half,
9, = [EdS =[ EdScos 6 =[ EdScos 90" =0

The number of lines of force passing normally
through unit area of a surface situated in an electric
field is called as:

(a) surface charge density
(b) electric flux density through that surface which is
equal to E

Ans. (b)

Sol.

The number of lines of force passing normally
through the unit area of a surface situated in an
electric field is called flux density or electric flux

density through that surface, which is equal to E.

62.  The electric flux through a closed surface area S
enclosing charge Q is ¢ . If the surface area is
doubled, then the flux is
() 2¢ (b) ¢/2
() ¢/4 (Y

Ans. (d)

, _9
Sol. By Gauss’ law, ¢, =—
e0
.. Flux will remain same, i.c. 0 .
[ flux through a closed surface due to enclosed
charge does not depend upon surface area]

63. A point charge of value 107 C is situated at the centre
of cube of 1 m side. The electric flux through its total
surface area is
(a) 113 x 10* Nm?/C (b) 11.3 x 10* Nm?/C
(c) 1.13 x 10* Nm%*C (d) none of these

Ans. (¢)

-7

Sot. g=dmwes o 10y a00Nme/c

£, 8.854x10

64. A charge q is located at the centre of a cube. The
electric flux through any face is

q 2nq
(@) ——— () ——
6(4me,) 6(4me,)
47q q
c) ——— d) ———
© 6(4me,) @ 6(4me,)
Ans. (¢)
Sol. According to Gauss’s Law, electric flux passing

through any closed surface around a charge q is i.
80

Due to symmetry of electric field around the charge,
and all the six faces of the cube being equivalent, the
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65.

Ans.
Sol.

66.

Ans.

Sol.

67.

Ans.

Sol.

electric flux through any face is é times the flux L ,
8()
which is equal to ﬂ
6(4mne,)

Consider the Gaussian surface that surrounds part of
charge distributions. Then contribution of the electric
field at a point A arises from charges

A ®y,

ONENONIN
a, 4, Gaussian

® surface
Gy
(a)qiand g2 only  (b) qiand g4 only
() q1, q2and qi only(d) all of these
(d)
Net electric field at a point A is due to all charges in
its surroundings

Gauss’s law is valid for

(a) any closed surface

(b) only regular closed surfaces

(c) any open surface

(d) only irregular open surfaces

()

Gauss’s law is valid for any closed surface not
necessary to be a regular closed surface.

If the flux of the electric field through a closed
surface is zero then

(a) Electric field must be zero everywhere on the
surface

(b) Total charge inside the surface must be zero

(c) Electric field must be uniform throughout the
closed surface

(d) Charge outside the surface must be zero

()

According to Gauss’s law, if total electric flux
through a closed surface is zero, then, the total charge
inside the surface must be zero and also, the electric
field due to charge inside the surface must be zero.

Also, [E-d& =daes 9 F—g
e()

68.

Ans.

Sol.

69.

Ans.

Sol.

A hollow insulated conduction sphere is given a
positive charge of 10uC. What will be the electric

field at the centre of the sphere if its radius is 2
metres?

(a) zero (b) 5uCm
(c) 20uCm™ (d) 8uCm™
(a)

qinsidc =O

IE.HS =40
80

=E=0

A solid 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

(a) 1/x? (b) 1/x
(C) X (d) X2
(©

Consider a small sphere of radius x the charge
carried by this sphere is given by

Q 4

Q'=—"——X—nx
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Ans.

Sol.

Q
R3
Electric field due to this charge on the surface of the
small sphere of radius x

E=k Q. k. Q

= —x
3
x2 R

3
X

Q'=

Assertion: The electric flux emanating out and

entering a closed surface are 8x10° V m and
2x10* V m, respectively. The charge enclosed by
the surface is 0.053 pC.

Reason: According to Gauss’s theorem in

electrostatics, net flux enclosed ¢=q/¢€,.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(@)

According to Gauss’s theorem in electrostatics, net
flux enclosed ¢=q/€,. We have

q=¢,0=8.85x10"(8x10’ —2x10’)
=53.10x10”C = 0.053uC.

Electric Potential Energy

71.

Ans.

Sol.

Three charges —q,+Q and+q are placed in a straight

line as shown. If the total potential energy of the
system is zero, then the ratio g/Q is

-9 +Q +qg
*r——0

— X ——x —>

(a)2 () 5.5
(c)4 (15
(©)

Potential energy of the system,

88
—kqQ _kQq _kq* _,
X X 2x
_ 2
N 4kqQ +kq -0
2x

= kq’=4kQq=q/Q=4

72. Three charges are placed at the vertex of an
equilateral triangle as shown in figure. For what value
of Q, the electrostatic potential energy of the system
is zero?

Q
a a
+q a +q
(@-q () q/2
(©)-2q d)-g/2

Ans. (d)

Sol. Electrostatic potential energy of the given system is
given as

1 1 2
U=——x—(Qq+Qq+q’)
4me, a
Given, U=0
= 2Qq=—q" = Q=—%

73. In bringing an electron towards another electron, the
electrostatic potential energy of the system
(a) decreases (b) increases
(c) remains same (d) becomes zero

Ans. (b)

Sol. Electrostatic potential energy of system of two
electrons,
vo b (o)) 1 e

4me, r 4me, T
Thus, as r decreases, potential energy U increases.
74. If a positive charge is shifted from a low potential

region to a high potential region, then electric
potential energy

(a) decreases
(b) increases

(c) remains same
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(d) may increase or decrease

Ans. (b)

Sol.  When positive charge is shifted from a low potential
to a high potential region, the electric potential energy
increases.

75. Two charges qq and qp are placed 30 cm
apart, as shown in the figure. A third charge g3 is
moved along the arc of a circle of radius 40 cm from
C to D. The change in the potential energy of the
system is 45 k, where k is

4me,
s
(off TEN
B
3] *
o kY
¥ \
: e %
| o ---==d-.
A 30 cm B 2
(a) 8q:  (b) 6q:
(¢) 8q2  (d) 6q2
Ans.(c)
Sol. AB=0.3m

AC=AD=0.4m

BC=+0.3+0.4> =0.5m

BD=AD-AB =0.Im

__ 1 49 | 99 99
4me, | 1 L, I,

12

e

99 | 99, 9 |

47t80 AB BC AC

1 qlq2 q2q3 q1q3
47580 0.4_

1 qzqz q1q3_

" 4me, "BD "D |

U. = 9.9 qzq3 q1q3
! 4n£0 03 01 04 |

1 q
AU=U, U, =—[8q,q.]=—2
= U, 4n€0[q2q3] 1

]

76.

Ans.

Sol.

77.

Ans.
Sol.

Three point charges q,—2q and —2q are placed at the

vertices of an equilateral triangle of side a. The work
done by some external force to increase their
separation to 2a will be

1 2q° 1 q°
() — =1 b — L
4me, a 4me, 2a
! 8—? (d) zero
4me, a
d

According to the work energy theorem, work done in
increasing the separation from a to 2a is W = Ut - U

+q
+q

29 a -29 -29 2a -2q

Here, U. = 1 {Q(—Qq)_‘_q(—2q)+(—2q)(—2q)}
P 41'C€0 a a a

= —1 [—2q2 —2q2 +4q2] =0
4me a

0
Similarly, U, isalso zero.
= U,-U,=0

Hence, W=0

A 500 mC charge is at the centre of a square of side
10 cm. Find the work done in moving the charge of

10 puC between two diagonally opposite points on
the square.

A
()27 (b)01J
(©) 47 )257
(b)

The points A and B are equidistant from the centre of
square where charge q = 500 1C is located ; therefore,

points A and B are at the same potential i.e.,
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78.

Ans.

Sol.

79.

Ans.

Sol.

(a) Zero (b)

(c) (ﬂL]i (d)

VA = Vp. Work done in moving charge qp = 10mC
fromAtoBisW=qo(Ve-Va)=0

As per the diagram, a point charge +q is placed at the
origin O. Work done in taking another point charge —
Q from the point A [coordinates (0, a)] to another

point B [coordinates (a; 0)] along the straight path AB
is:

y
A

dne, a’ ) 2 47e, a
(a)
__9%
4me, 1,
_ (Qa _
b 4me (OA)  4megga
(Qa Qg

" 4ne,(OB) 47,

_UBz_&_[_ Qq ]20

4me a 4me a

W =U,

A charge of 8 mC is located at the origin. Calculate
the work done in taking a small charge of -2 x 10° C
from a point P (0, 0, 3 cm) to a point Q (0, 4 cm, 0),
via a point R (0, 6 cm, 9 cm).

(a) 1.2] (b) 2J
©4 @ 1J
(a)

Charge located at the origin, g = 8 mC = 8 X103 C

A small charge is moved from a point P to point R to
point Q, q1 =- 2 x 10°C

The figure given below represents all points.

80.

Ans.

Sol.

Z-axis

R (0, 6 cm, 9 cm)

Y-axis

X-axis
Potential at point P, V, = !
4me d,
Where d; =3cm =0.03 m
Potential at point Q, V, = 4
4me d,

Where d; = 4cm = 0.04 m

Work done by the electrostatic force does not depend

on the path.
W=qi[Va-Vi]
=W=q, 9 9
4me d, 4med,
= W= ﬂ i _i
4me | d, d,
Value of ! =9x10°NC?m™
47e,

o

= W =9x10°x8%107° x(-2x107") ot
0.04 0.03

=>W=12]J]

Clearly, work done during the process is 1.27 J.

Positive and negative point charges of equal

magnitude are kept at(0,0,%) and (0,0,%aj

respectively. The work done by the electric field
when another positive point charge is moved from (-
a,0,0)to (0,a,0)is

(a) positive

(b) negative

(c) zero

(d) depends on the path connecting the initial and
final positions

(©)

A(-a,0,0),B (0, a,0)

Point charge is moved from A to B
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— V.= .. : -
Va=Ve=0 [ A and B are at same distance] v, = Kx10 —Kx107
W=0
) . Potential at 10m from the charge
81. A bullet of mass 2 g is having a charge of 2uC. .
K0T o

Through what potential difference must it be
accelerated, starting from rest, to acquire a speed of

10 m/s?
(a50V (b) 5KV
(c) 50 KV @sv
Ans. (¢)
Sol. Velocity v= 24V
m

my? _2x107(10%)
2 2(2x107)

=50,000V =50kV

82.  An electron of mass m and charge e is accelerated
from rest through a potential difference V in vacuum.
The final speed will be:

(a) &Y (b) V\E
m m

3eV 2eV
(c) (d)
Ans. (d)
Sol. lmv2 =eV => v= ﬂ
2 m

83. A proton is about 1840 times heavier than an
electron. When it is accelerated by a potential
difference of 1 kV, its kinetic energy will be:

(a) 1840 keV (b) 1/1840 keV
(c) 1 keV (d) 920 keV

Ans. (¢)

Sol. KE=Relative charge X accelerating potential
=lex1kV = 1keV

84. A particle of mass 2g and charge 1uCis held at a

distance of Im from a fixed charge 1mC. If the
particle is released it will be repelled. The speed of
particle when it is at a distance of 10m from the fixed

charge is:

(a) 90 m/s (b) 100 m/s

(c) 45 m/s (d) 55 m/s
Ans. (a)

Sol. Potential at 1m from the charge

B

Potential difference
V, -V, =K(107 -10)
Velocity at 10 mis v :

1
Emvz Z(VA _VB)q

l(2x10'3)v2 =Kx10°° (1—i x107
2 10

vi= K><2><10‘6 =9><10“’><2><10‘6 =8100
10 10

Thus, v=90ms™

85. Two charged particles having charges 1uC and —1uC
and of mass 50 gm each are held at rest while their
separation is 2 meters. Find the speed of the particles
when their separation is 1 meter.

(a) 0.20 m/s (b) 0.6 m/s
(¢) 0.3 m/s (d) 0.4 m/s
Ans. (c)

1
Sol. Change in electrostatic P.E =2 [5 mvz}

—12 —12
1 .1><10 1 'l><10 = 50%10° v
4me, 1 47e,
9 —12
L 200 g0y
2
,  9x107
vV =————
100x107°

:>V2=i:>V=0.3m/s

100

86. Assertion: Work done in carrying + q charge from
one surface A to another surface B at the same
potential is zero.

Reason: Work done in moving a charge is product of

charge and potential difference.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.
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Ans.

Sol.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(a)

Work done by electric force is given by q(V. — V)

Thus, both the assertion and reason are true and
reason is the correct explanation of the assertion.

Electric Potential

87.

Ans.

Sol.

88.

Ans.

Sol.

89.

Electric Potential is a:
(a) Scalar quantity

(c) Both of the above
(a)

Electric potential is a scalar quantity. It has a
magnitude but it does not have direction. The electric

potential is defined as the amount of work done per
unit positive charge to bring it from infinity to that

(b) Vector quantity
(d) None of the above

point, under the influence of electric field.

The work done on a unit positive charge in bringing it
from infinity to any point in the field is called

(a) Electric potential at that point

(b) Electric intensity at that point

(c) Capacity

(d) Electric potential energy at that point

(@)

The work done on a unit positive charge in bringing it
from infinity to any point in the field is called electric

potential at that point. The potential at infinity is
assumed to be zero.

The electrostatic potential of a uniformly charged thin
spherical shell of charge Q and radius R at a distance
r from the centre is

(a)

for points outside and
4me,r 4me R

on surface of the sphere

for points

for both points inside and outside the shell

Q
(b) 2

TE T

Ans.

Sol.

90.

Ans.

Sol.

91.

(c) zero for points outside and

for points
47e,r

inside the shell
(d) zero for both points inside and outside the shell
(a)
If charge on a conducting sphere of radius R is Q,

then potential outside the sphere,

1 Q

4me, r

out

Q

At the surface of sphere, V, = LI
© 4me, R

Two electric charges12uC and —6uC are placed 20
cm apart in air. There will be a point P on the line
joining these charges and outside the region between
them, at which the electric potential is zero. The
distance of P from —6UC charge is

(a) 0.10 m
(¢)0.20m
©

Let charges are placed at A 12uC and —6uC be

(b)0.15m
(d)0.25m

placed at B.
Potential at point P is zero

Letitis at x unit from B, i.e.—6 uC.
= V,=V,+V;=0
1 qu I gy

dme, (20+x) 47, x
12x10° _ —(-6x10")
20+x X

= 2x=20+x

=20cm=0.20 m

A hollow metal sphere of radius 5 cm is charged so
that the potential on its surface is 10 V. The potential
at the centre of the sphere is

(b)10V

(c) same as at a point 5 cm away from the surface

(a) zero

(d) same as at a point 25 cm away from the surface

Ans. (b)

Sol.

A hollow metal sphere has equipotential surface
from its center to outer surface, which suggests that
all the points on this surface (whether it be outer
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92.

Ans.

Sol.

93.

Ans.

Sol.

9.

Ans.

Sol.

surface or the exact center of the sphere) have the
same potential.

A solid spherical conductor is given a charge. The
electrostatic potential of the conductor is

(a) Constant throughout the conductor
(b) Largest at the centre
(c) Largest on the surface

(d) Largest somewhere between the centre and the

surface
(a)
. C kq
Electrostatic potential is given by V=— [where,
r
k= ! ]
4me,

The electric field is equal to the potential gradient
with a negative sign and there is no electric field
inside the conductor.

Hence, electrostatic potential of the conductor is
constant throughout the conductor.

Two charged spheres of radii R; and R, have equal
surface charge density. The ratio of their potential is

(a) Ri /R (b) Ro/R;
(©) (Ri/R2)? (d) (Ro/R1)’
(@)
Surface charge density is given as

5-Q_ 0

A 47R?
As, 6, =0,
Q _ Q
41R;  47R;
Q _ Q@ _Vi_R

2 = 2:>
4ne R;  4me R; V, R,

An arc of radius r carries charge. The linear density
of charge is A and the arc subtends an angle 7/3 at
the centre. What is electric potential at the centre

A A
(a) 4_80 (b) E

A A
(© 12¢, (d) E
(©)

95.

Ans.

Sol.

96.

w|=

Q
Length of the arc = wr/3
Charge of the arc g = A @r/3

Vzﬂanrk
r 3r
v v L M
3 4ne, 3
V= A
12¢,

The potential of a large liquid drop when eight liquid
drops are combined is 20 V. Then, the potential of
each single drop was

() 10V b)7.5V
©5V @25V
(@)

Volume of 8 drops = Volume of a big drop

(inﬁij = inR3
3 3

= 8r’ =R’
= 2r=R (1)

According to charge conservation,
8q=Q -.(id)

q
4me,r

Potential of one small drop, V'=

Q
e, R

Similarly, potential of big drop, V =

Vi_aR_V _g

20 8 r
from Egs. (i) and (ii)]

— =

V'=5V
Assertion: Electrons move away from a low potential
region to high potential region.
Reason: Because electrons have negative charge.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.
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(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.
Ans. (a)

Sol.  Electrons have negative charge and in an electric field
negative charge moves from lower potential to higher
potential.

Electric Field and Potential

97.  The electric potential at a point in free space due to a
charge Q coulomb is Q x 10'' V. The electric field at
that point is

(a) 47e0 Q X 102 V/m

(b) 120 Q x 10?> V/m

(c) 4me0 Q X 102 V/m

(d) 120 Q x 10? V/m
Ans. (a)

Sol. V= Q

= =Qx10"
4mer Q

Thus, 4me,r = 107"

Q _Q(4ne,) _Q(4ne,)

= =4me,Qx10” Vm™

“ane” (amer)  (107)

98.  In a uniform electric field
(a) All points are at same potential
(b) no two points can have same potential
(c) pair of points separated by same distance must
have same difference of potential
(d) none of these
Ans. (d)
Sol. Let E=Ei
(a) Then for two points (0,0) & (x,0) Vx, 0-V0, 0= Ex

Hence, all the points are not at same potential.
(b) For 2 points B (0,0) and A (0,y)

\/

Dy

0
V(),() = IEdX =0
0

V0<y = V0.0
So, they have the same potential

(c) As seen above, if x=y, then (0,y) and (x,0) have
same distance from the origin but their potential

difference is different. Hence, the correct answer is

(d)

99. A conducting sphere of radius R is charged to a
potential of V volt. Then the electric field at a
distance r (> R) from the centre of the sphere would
be

@ Y
T I

R*V

3
r

V
©) ;— )

Ans. (a)
Sol.  Conducting sphere

Ifr>R
V= 1 _g=kg
4ne, R R
YR L0
k r
E=kV—I::>E=$
r

100. Which of the following is proportional to the inverse
square of distance r.
(a) The potential at a distance r from an isolated
point charge
(b) Electric field at distance r from an isolated point
charge
(c) The force per unit length between two thin
straight charged conductors separated by
distance r
(d) Electrostatic force between two large charged
bodies kept at small separation apart.
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An
Sol.

101.

s. (b)

The electric field is proportional to the inverse square

of the distance r from an isolated point charge.
Suppose a point charge (Q) produces an electric field
at a point P, that is at a distance r from it, then,

electric field of the point charge is given by E = g
r

Which of the following is not the property of
equipotential surfaces?
(a) They do not cross each other

(b) They are concentric spheres for uniform electric
field

(c) Rate of change of potential with distance on them
is zero

(d) They can be imaginary spheres

Ans. (b)

Sol.

102.

Ans.

Sol.

103.

Equipotential surfaces are plane surfaces as the
uniform field is directed in a fixed direction for all
points.

The electric field is always perpendicular to
equipotential surface as E = —(ii—v .
r

Now as the surfaces are equipotential, so it must be
spaced such that the surfaces have equal differences
in potential and are separated by equal distances.

We have Ez—i—v, so it must have decreasing
r

potentials in the direction of the field.

What is not true for equipotential surface for uniform
electric field?

(a) Equipotential surface is flat

(b) Equipotential surface is spherical

(c¢) Electric field
equipotential surface
(d) Work done is zero

(b)

A surface with constant value of potential at all the
points is known as equipotential surface. Along x-
axis, for a uniform electric field, the equipotential
surfaces are planes normal to the x-axis, i.e., parallel
to the yz-plane. This cannot be accomplished from a
spherical surface.

lines are perpendicular to

An electric field is spread uniformly in Y-axis.
Consider a point A as origin point. The coordinates of
point B are equal to (0, 2) m. The coordinates of point

Ans.

Sol.

104.

Ans.

Sol.

105.

Ans.

Sol.

106.

C are (2, 0) m. At points A B, and C, electric
potentials are V,,V, and V., respectively. From the

following options, which is correct?

(@) V=V <Vg (b) Vy=Vy =V,
(© V, =V, >V,
(d)

Potential decreases in the direction of electric field.
Dotted lines are equipotential lines.

Y

E
RRE é'(Iofé) """

@V, =V, >V,

V,=V. and V. >V,
The work done in moving a positive charge on an
equipotential surface is
(a) finite and positive (b) infinite
(c) finite and negative (d) zero
(d)
W = Potential difference x charge
In an equipotential surface, potential at every point is
the same and therefore, potential difference between
two points on the surface = 0. Hence, work done (W)
=0.

The electric field lines are closer together near an
object A than they are near an object B, we can
conclude

(a) The potential near A is greater than near B

(b) The potential near A is less than near B

(c) The potential near A is equal to potential near B
(d) nothing about relative potential be predicted

(d)

In this case, we cannot come to a proper conclusion as
nothing can be predicted about relative potential.

Given a metallic uniformly charged sphere. The
radius of the sphere is increased keeping its potential
same. What is the effect on the value of the electric

field intensity at its surface?
(a) increases (b) decreases

(c) remains constant (d) nothing can be said

Ans. (b)
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Sol.

107.

Ans.

Sol.

108.

Ans.
Sol.

109.

Ans.
Sol.

kQ

Electric potential V = R

V = constant

Electric Field (E) = g = g><i
R R R
Eo XV
R

Since radius is increased therefore
Electric field decreases.

From a point charge, there is a fixed-point A. At A,
there is an electric field of 500V/m and potential
difference of 3000 V. Distance between point charge
and A will be:

(a) 6m (b) 12m
(¢) 16 m (d)24 m
(a)
d d
Thus, d=X=m=6m
500

A particle of mass m and charge q is placed at rest in
a uniform electric field E and then released. The
kinetic energy attained by the particle after moving a
distance y is:

(a) qEy? (b) gE%y
(c) qEy (d) g°Ey
(©)

K.E. acquired = Work Done = Force x Distance
==qExy=qEy

There is an electric field E in x-direction. If the work
done on moving a charge of 0.2 C through a distance
of 2 m along a line making an angle 60° with x-axis
is 4], then what is the value of E?

(a) 3 N/C (b) 4 N/C
(c) 5 N/C (d) 20 N/C
(d)

W =Fr =Frcos 0= qErcos 0
4=(0.2)(E)(2)cos60°

E=— % ___20NC"
(0.2)(2cos60")

110.

Ans.

Sol.

111.

Ans.
Sol.

112.

n identical mercury droplets charged to the same
potential V coalesce to form a single bigger drop. The
potential of new drop will be

(2) Vin (b) nV
(c) nV? (d) n**V
(d

As, volume of n identical droplets = volume of bigger
droplet

R (n):inR3
3 3

= R=m"

Let Q be the final charge on the bigger droplet.

By conservation of charge, nq = Q

1
Potential of smaller droplets is V = — 1

4me,

Potential of bigger droplet is

_ 1 Q 1 nq
\ _4 P 173
TE, R 4TC€0 r(n)

V'=n"V = V2

The electric potential at any point x, y, z in metres is
given by V = 3x2. The electric field at a point (2, 0, 1)
is

(2) 12 Vm™! (b)—6 Vm'!
(c) 6 Vm'! (d)-12Vm'!
(d)
Electric potential is given in ,

Vv =3x’

As, E=—(dV/0x)

= E= —[%(3#)} =—6x

Ejop = -6(2)=-12 Vm™'

The potential at a point x (measured in | m) due to

some charges situated on the x-axis is given by:

V(x)= 20/()(2 —4) volt
The electric field E at x =4 1 m is given by

(a) gV /um and in the —ve x direction
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(b) %V /um and in the +ve x direction
10 .
(©) EV /um and the —ve x direction

(d) %V /um and in the +ve x direction

Ans. (d)

Sol. V(x)= 220 volt

Now, the electric field E = —ﬂ = —i( 22 0
dx dx \ x"—4

Differentiating on both sides, we get;

-20(2x) | 40x

S (-4) ) (x2-a)

Now, at X =4um (given)
40x4 10

:W ry volt/um

The value of the electric field Eis positive, hence

the electric field is in the positive X -direction.

113. Consider a thin spherical shell of radius R with its
centre at the origin carrying uniform positive surface
charge density. The variation of the magnitude of the
electric field IE (r)] and the electric potential V (r)
with the distance r from the centre, is best represented

by which graph?
[E Vi
VAl
/ \\
L4 ~
4 S
7’ Swa
’ e ————
d .
(@) 0 R r
[E O V()
A
______ By
N
- \\
(b) 0 R r

Ans.

Sol.

IE M v

(c) O R r
IE (I v
_____ \\
.\\\\~ ------
d o R :r
(d)
For a spherical shell;
Electric field;
Forr<R,E=0
kQ

Forr>R, E= —
r
Electric potential;

For r<R,V= % = constant

For 1r>R,V=g

r

Thus, correct option would be (d).

114. The potential of the electric field produced by point

Ans.

115.

charge at any point (x,y,z) is given by V=3x"+5,
where x, y are in metre and V is in volt. The intensity
of the electric field at (-2,1,0) is

(a) +17Vm™ (b) =17Vm™'
© +12Vm™ ) -12Vm™
(d

Potential, (V) =3x>+5
Intensity of the electric field
= d_V = 6x
dx
=6(-2)(Eat x=-2)=-12Vm""'
The electric potential at a point (X, y, z) is given by V
= — x%y — xz’ + 4. The electric field at that point is:

(@) E =iA(2xy+z3)+3x2 +k3xz?
() E =52xy+3(x2 +y2)+12(3xz—y2)

(c) E= iz’ +3xyz +kz?
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Ans.

Sol.

116.

Ans.

Sol.

117.

Ans.

Sol.

(@ E =iA(2xy—z3)+3xy2 +k3z°x

(a)

= dV IV oV
E=—| —+—+—
Jx dy 0z
E= —[(—2xy—zs)i+(—x2 )}+(—3x22 )f(}
E =;(2xy+z3)+3x2 +k3xz’
Assertion: The value of V and E at the middle point
of the line joining an electron and a proton is zero.
Reason: V is a vector and E is a scalar.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.
(d)

V= qu =0, aqu=—e+e=0.
r

Unit positive charge held at the centre will be repelled

by proton and attracted by electron with same force.

Therefore, E cannot be zero. The assertion is wrong.

Now V is scalar and E is a vector so reason is also

wrong.

Assertion: At a point in space, the electric field

points toward north. In the region, surrounding this

point the rate of change of potential will be zero
along the east and west.

Reason: Electric field due to a charge is the space

around the charge.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(b)

Since the electric field is directed from south to north
hence rate of change of potential will be along this

direction, but it is zero along east and west. Reason is
also true but does not explain the assertion.

Electric Dipole

118.

Ans.
Sol.

119.

Ans.

Sol.

120.

Ans.

Sol.

121.

The electric dipole moment of an electron and a
proton 4.3 nm apart is

(a) 6.88x107C—m
(b) 2.56x107C* —m™
(c) 3.72x10C—m™
(d) 1.1x10*C* —m
(@)
The electric dipole moment is equal to
p=1.6x10""x4.3x10"°
[ p=qx2l]
=6.88x10°C-m

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

(a) 0°  (b) 90°
(c) 180° (d) none of these
(c)

As electric dipole moment and electric field
are in opposite direction so, the angle between
electric dipole moment and electric field on the

equatorial line is 180°.
Let E, be the electric field due to a dipole in
its axial plane distant /[ and let E; be the

field in the equatorial plane distant [/, then
the relation between E, and Eq will be:

(a) E. = 4 Eq (b) Eq=2E,
(¢) Ea =2 Eq (d) Eq =3 E,
(c)
E =P R
4med 4me,d
E, =2E,

A charge situated at a certain distance along the axis
of an electric dipole experience a force F. If the
distance of the charge from the dipole is doubled,
then the force acting on it will become
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-q
(a) 2F (b) £
2
F F
c) — d) —
(© 2 (d) g
Ans. (d) 0
Sol. The electric field at a point distance r from electric -q
dipole is
E =L2—? (axial line)
4rne, r

122.

where, p is dipole moment and r is the distance of
charge from centre of dipole.

1
or Eo—
r3
Force on charge,
F=QE
1
or Foc—

Three charges are arranged on the vertices of an
equilateral triangle as shown. The dipole moment of
the combination is

(b) 2qd

(a) zero

() V3qd (d)3qd

Ans. (c)

Sol.

123.

Ans.

Sol.

124.

| Pret |I= \/p2 +p” +2p* cos60°

A point Q lies on the perpendicular bisector of an
electrical dipole of dipole moment p. If the distance
of a point from the dipole is r (much larger than the

size of the dipole), then the electric field at that point
is proportional to
(a) p’! and r? (b) p and r?
(¢) P* and 13

(d)

(d) p and 13

p 1
4me, .(rz +a’ )3/2

Now for, r >> a, we have

__p 1
e, (1)

Now, angle between p, and p is zero.
_kp
equitorial r_3
Exp =>E« r
Three point charges +q,—2q and +q are placed at
points(sz,yza,zzO), (sz,yzO,zzO) and
(x=a,y=0,z=0), respectively. The magnitude

and direction of the electric dipole moment vector of

this charge assembly are

(a) \/Eqa along + y —direction

(b) \/Eqa along the line joining points
(x=0,y=0,z=0) and (x =a,y =a,z=0)

(c) qa along the line joining points
(x=0,y=0,z=0) and (x =a,y =a,z=0)

(d) x/zqa along + x —direction
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Ans. (b)
Sol. Choose the three coordinate axes as x y, and z and
plot the charges with the given coordinates as shown
Y
(0.2,0)
I Qe———mmmm-q » P@al) From Egs. (i) and (ii), we get
1
h ,_E
ap ) E )
1
l 5 i 126. The electric intensity due to a dipole of length 10 cm
(0.0,0) qo p q@00) X and having a charge of 500 UC, at a point on the
b @ ey axis at a distance 20 cm from one of the charges in
Z air, is
O is the origin at which —2q charge is placed. The (a) 6.25 x 107 N/C (b) 9.28 x 107 N/C
system is equivalent to two dipoles along x and y- (c) 13.1 x 10! N/C (d) 20.5 x 107 N/C
directions, respectively. The dipole moments of two Ans. (a)
dipoles are shown in figure. The resultant dipole )
moment will be directed along OP, where Sol.
P= (a,a,O). The magnitude of resultant dipole -q +q
moment is H _________________________________ .
p'= /p2+p2= (qa)2+(qa)z | 10ecm »|€—— 20cm ——|
:\/Eqa [€&——— 25em ——|
125. The electric field due to an electric dipole at a » o i
distance r from its centre at axial position is E. If the p= (500X10 )(10X10 ) =5x10"Cm
dipole is rotated through an angle of 90° about its r=25cm=025m
perpendicular axis, the electric field at the same point
E
(@) E (b) —
4 E=9x10’ —22pr2 .
r’ -1
© = (d) 2E (1)
2 (9x10°)(2)(5%x107)(0.25)
Ans. (¢) = 2 2\
Sol. When a dipole AB of very small length is taken, then ((0-25) -(0.05) )
for a point P located at a distance r from the axis the E=6.25x10" N/C
electric field is given by
1 2p 127. Assertion: A point charge placed at any point on the
E= i T (1) axis of an electric dipole at some large distance
0 experiences a force F. The force acting on the point
2] p charge when its distance from the dipole is doubled is
o—+—e o F

-q o) +q

— r —i

where, p is dipole moment. When dipole is rotated by
90°, then electric field is given by

-q
I —ep

+q

8
Reason: Coulomb’s law obeys Fo< %
JE

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.
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(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Ans. (¢)
Sol. Force acting on a point charge in dipole field varies
F=qE
as and E=k—f
r
ol
128. Assertion: On going away from a point charge or a
small electric dipole, electric field decreases at the
same rate in both the cases.

Reason: FElectric field is inversely proportional to

square of distance from the charge or an electric

dipole.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Ans. (d)
Sol. The rate of decrease of electric field is different in the

two cases. In case of a point charge, it decreases as

1/1* but in the case of electric dipole it decreases

more rapidly, as Eoc1/1°,

Dipole In Electric Field

129. If a dipole of dipole moment p is placed in
a uniform electric field then torque acting on
it is given by
(a) 1=pE (b) T=pxE
(¢) t=p+E (d) t=p-E

Ans.(b)

Sol. Dipole moment p = ga (where q is magnitude of

charge and a is distance between charges). When a

dipole of dipole moment p is placed in a uniform

electric field E, the torque is given by the product of
either force and the perpendicular distance between
the two forces.

That is,
T=qEasin0

This can also be shown as the cross product of dipole

moment and electric field, T = px E

130. A positive charge is fixed at the origin. An electric
dipole, which is free to move and rotate, is placed on
the positive x—axis. Its dipole moment is directed
towards the positive x-axis. The dipole will :

(a) Move towards the origin
(b) Move away from the origin
(c) Rotate by p/2
(d) Rotate by p
Ans. (a)
Sol.
tQ -9 +#q
- -- 00— - - - -
>
-q charge is near the +Q as compare to +q, sO
attractive force will be greater than repulsive force.
Therefore, dipole moves towards the origin.

131. An electric dipole with a dipole moment 4 x 10° Cm
is aligned at 30° with the direction of a uniform
electric field of magnitude 5 x 10* NC™!. Calculate the
magnitude of the torque acting on the dipole.

(a) 10* Nm (b) 102 Nm
() 2% 10*Nm (d)5x 10 Nm
Ans. (a)
Sol. A dipole placed in a uniform electric field,

experiences a torque t = pE sin q which tends to align
the dipole parallel to the direction of field.

Torque t = pE sin q

Here p=4x 10° C-m, E=5 x 10* NC"!, q = 30°
Torque t =4 x 109 x 5 x 10% sin 30°
4x10°%x5%x10*x 1/2=10*Nm




ELECTROSTATICS 102
132. An electric dipole of moment ‘p’ is lying Sol.
along a uniform electric field ‘E’. The work S5 5 5
done in rotating the dipole by 90° is T=pxE
(a) pE/2 (b)2pE E=2i+3j
() p E (d)V2 pE gzq[§+3+ﬁj=q§+q}+qﬁ
Ans. A
ns. (c) PGk
Sol. W =ApE =pE,, —pE,;;, =0~ (-pE)=pE 1=|q q ¢q :q(—3j+2j+ ij.m
133. An electric dipole has the magnitude of its 230
charge as q and its dipole moment is p. It is
placed in uniform electric field E. If its 136. An electric divol ) ; e ch
dipole moment is along the direction of the : nhe (e)c(;rslcclpoe condsml;s 030tw0 op[%(l)lsned.c a{rgés
field, the force on it and its potential energy cac - H sep?rate Y mm. .e 1lpoe 18
. placed in a uniform external electric field of
are respectively o
(2) q. E and max. (b) 2 q. E and min. 10°NC". The maximum torque exerted by the field
on the dipole is
(c) q. E and p.E (d) zero and min. s =
A @ (a) 6X10” Nm (b) 3x10”° Nm
ns.
o . () 15x10° Nm (d) 1.5x10° Nm
Sol. U=-pE=-pE= Minimum Ans. (d)
_ Sol.
F= du = pdj =0 (Since E is constant) °
dr dr Given,q = 0.05uC =5x107*C,
o . - . 2a =30 mm = 0.03 and E =10°NC™"'
134. An electric dipole of dipole moment p is placed in ) L )
Torque acting on an electric dipole placed in an
uniform electric field E . It is then rotated by an angle uniform electric field,
of 8. The work done is T=pE sin0
(a) pE sinb (b) pE cosd For maximum torque, 6 = 90°
(c) pE (1-cos0)  (d) pE (1-sinb) T = PE=E(qx2a)
_1n6 -8
Ans. (c) =10"x5%107x0.03
Sol =1.5x10" N-m
Ui = - PE cos0° = - PE 137. An electric dipole placed in a non-uniform
Us = - PE cos® electric field experience:
AU = - PE cosb + PE (a) both, a torque and a net force
=PE (1 - cos) (b) only a force but no torque
~ W=PE (I - cosb) (c) only a torque but no net force
135. A charge q is placed at (1, 2, 1) and other charge —q }s (d) no torque and no net force
placed at (0,1, 0) such that they form an electric
dipole. There exists a uniform electric field Ans. (a)
E=2i+3j. What is torque experienced by the Sol. If an electric dipole is placed in a non-uniform
dipole electric field, then the positive and negative charges
o A of the dipole will experience a net force. And as one
(@) q (3i +2j+ k) N.m (®) q (‘31 +2j+ k) N.m end of the dipole experiences a force in one direction
A A and the other end in the opposite direction, so the
©q (_3‘ +2j- k) N.m dq (1 -2j+ k) N.m dipole will have a net torque also.
Ans. (b)
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138.

Ans.

Sol.

139.

Ans.

Sol.

Assertion: Electric dipole in non-uniform electric
field may have translatory and rotational motion both.

Reason: Net force is always zero on dipole in non-
uniform electric field.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the
Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.
(©)
When an electric dipole is placed in a non-uniform
electric field, the two charges of dipole experiences
unequal forces, therefore, the net force on the dipole
is not equal to zero. Due to two unequal forces, a
torque is produced which rotate the dipole so as to
align it in the direction of the field. When the dipole
gets aligned with the field, the torque becomes zero
and then the unbalanced force acts on the dipole and
the dipole then moves linearly along the direction of
field from weaker portion of the field to the stronger
portion of the field. So in non-uniform electric field,
motion of the dipole is translatory and rotatory both.

Assertion: When a dipole is placed along the uniform
electric field it is said to be in stable equilibrium.
Reason: If dipole is along the direction of field its
potential energy is maximum.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.
(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(c)

When 0 = 0° that is, dipole is placed along the electric
field it is said to be in stable equilibrium, because
after turning it through a small angle, dipole tries to
align itself again in the direction of electric field.

Potential energy is minimum as U ; =-—pEcos®.

Dielectrics

140.

Ans.

Sol.

When air medium in which two charges kept apart at
a distance r is replaced by a dielectric medium of
dielectric constant K, the force between the charges is

(a) remain unchanged (b) 1/K times

(©) % times (d) K? times

(b)

Force between two charged particles, when air is the
medium between them is given as

Fo_1 9%

2
4me, r

where, q, and q, are charge on the particles and r is
the distance between them.

Now, if a dielectric is inserted between them, the
force is given as

po_l 99 __ !

= = 49
e 1 4mg, K 1
K

(As,e=Kg,)

Conductors And Its Properties

141.

Ans.

Sol.

142.

Which of the following figures cannot possibly
represent electrostatics field lines

0 (i) k
<

(iid) (iv)
(a) 1, i, iii, iv (b) i, ii, iii only
(c) i, iii, iv only
©
In figure (1), the field lines are not normal to the
surface, so it cannot represent electrostatic field lines.

(d) ii, iii, iv only

In figure (3), the field lines intersect each other, so it
cannot represent electrostatic field lines.

In figure (4), closed loops are not formed in the area
between the field lines.

Two concentric metallic spherical shells are given
unequal positive charges. Then,
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(a) the outer sphere is always at a higher potential
(b) the inner sphere is always at a higher potential
(c) both the spheres are at the same potential

(d) no prediction can be made about their potentials
unless the actual values of charges and radii are

known

Ans. (b)

Sol. Two concentric metallic spherical shells are given a
positive charge. The potential difference depends on
the radius of the spherical shells. As the inner sphere
has less radius, so the potential will be high. The
radius of outer-sphere has a large radius in
comparison to the inner sphere, then the potential is
less when compared to the inner sphere. Therefore,
the inner sphere has more potential than the outer
sphere.

L]
B A

143. The concentric spheres of radii R and r have similar
charges with equal surface densities (). What is the
electric potential at their common centre?

(e} (6}
@ —(R-r) (b —(R+r)
80 80
Ro 9
() — (d)—
80 £0

Ans. (b)

Sol.  Charge on outer sphere q, =4nR’c
Charge on inner sphere q, =4nr’c

144.

Ans.

Sol.

145.

Ans.

Sol.

146.

1q1+1q2

V= — —
4ne, R 4me, r

SNE LT
4me, R 1

1 {MR% 47trzc}
+

=>v=
47e, R r
c

wv=—(R+

Voo (Re)

Identify the false statement.
(a) Inside a charged or neutral conductor, electrostatic

field is zero.

(b) The electrostatic field at the surface of the charged
conductor must be tangential to the surface at any
point.

(c) There is no net charge at any point inside the
conductor.

(d) Electrostatic potential is constant throughout the
volume of the conductor.

(e) Electric field at the surface of a charged conductor
is proportional to the surface charge density.

(b)

Electrostatic field at the surface of a conductor is
perpendicular to the surface.

The charge given to any conductor resides on its outer
surface, because

(a) the free charge tends to be in its minimum
potential energy state

(b) the free charge tends to be in its minimum kinetic
energy state

(c) the free charge tends to be in its maximum
potential energy state

(d) the free charge tends to be in its maximum kinetic
energy state

(a)
Charge given to a conductor is uniformly distributed

at its outer surface to acquire its minimum potential
energy state.

Surface charge density on uniformly charged sphere
is

(a) Directly proportional to the radius of the sphere

(b) Inversely proportional to the radius of the sphere
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(c) Directly proportional to the square of the radius of
the sphere

(d) Inversely proportional to the square of the radius
of the sphere
Ans. (d)

Q
47R*?

Sol. Surface charge density =

147. A circular metal plate of radius 10 cm is given a

charge of 20 UC on its surface. The charge density of
the plate is
(a) 6.36 x 10* C/m?(b) 2 x 10 C/m?
(©)3x10°C/m> (d) 3.184 x 10* C/m?
Ans. (d)
o= Q _ 20%x10°°
Sol. 2nR*  2x3.14x107

=3.184x10"* C/m?

148. The surface density of charge on a conductor situated
in air is 2 x 10* C/m>. The electric field intensity at a
point very near to its surface is

(a) 2.2 x 105 N/C  (b) 2.2 x 10° N/C
(©)3.3x 10’ N/C (d)3.3x 10 N/C
Ans. (a)
Sol. 6=2x10*C/m?
E= > =22x10°N/C
E0
149. If a conductor is electrically neutral, then
(a) Net charge on it should be zero
(b) Potential on it should be zero
(c) Both charge and potential should be zero
(d) None of these may not be zero
Ans. (a)

Sol. The net charge on the conductor should be zero, as
conductor is electrically neutral. So, the potential of a
neutral conductor may not be zero and it depends on
the other charges available in the surrounding.

150. Which of the following may be discontinuous across
a charged conducting surface?

(a) Electric potential
(b) Electric intensity
(c) Both electric intensity and potential
(d) None of these
Ans. (b)

151.

Ans.

Sol.

152.

Sol.  For a conducting sphere
Einsidze = 0
KQ

2
T

Eoutside =

Hence at the boundary, electric intensity Eis

discontinuous,  while vV, -V, = jE& ,potential

difference between two points on the surface, is an
integral of a non-infinite quantity, which cannot be
discontinuous.

Assertion:  Electrostatic potential is constant
throughout the volume of the conductor and has the

same value as on its surface.

Reason: Electric field inside the conductor is zero.
(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(a)

Inside the conductor, net electric field is zero;
therefore, the potential difference is also zero. Due to

zero potential difference, potential remains constant
throughout inside total volume.

Consider a non-spherical conductor shown in the
figure which is given a certain amount of positive
charge. The charge distributes itself on the surface
such that the charge densities are 6;, 6> and Gsat the
region 1, 2 and 3 respectively. Then

(a) 6, >0, >0, (b) 6, >0, >0,

(c) 6,>0,>0, (d) o, >0, >0,

Ans. (d)

Sol.

Charge density is inversely proportional to radius of
curvature, i.e.
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1
Radius of curvature

Charge density o

R, >R, >R,
Therefore, as shown in figure,

G, >0, >0,

153. Two charged metallic spheres of radii rjand r, are
touched and separated. What is the ratio of their
surface charge density?

o I O I,
@—=2 (b) L=
62 rl 62 r2
(&} o
() 2L =1(d) =21
o, o, I +r1,
Ans. (a)
Sol. Common potential:
v = KQ =) k@, +x)
L L
_Q-x_ 5
Q,+x 1,
Ratio of charge densities:
Q1 —X
S _ 47.C1,12 _ Q —x 1“22 _5 szz
o, Q+tx Q+x 1 1,
4]
o _n
62 rl

154. A conducting sphere of radius R and carrying charge
Q is joined to an uncharged conducting sphere of
radius 2R. The charge flowing between them would
be
@2 (22

2
©22  @Q
3
Ans. (c)
Sol.

155.

Ans.

Sol.

When joined together

Q-x X

When joined together, let charge flown from first
sphere to the next sphere be x. Also, potentials at both
spheres can be equated and hence, we have:

k(Q-x) _kx
R 2R
k(Q—-x)=x
2Q
x=2
3

Two spherical conductors B and C having equal radii
and carrying equal charges in them repel each other
with a force F when kept apart at some distance. A
third spherical conductor having same radius as that
of B but uncharged is brought in contact with B, then
brought in contact with C and finally removed away
from both. The new force of repulsion between B and
Cis

F 3F
(@) n (b) e
© X @ 3E

8 8
(d)

Let the spherical conductors B and C have same
charge as q. The electric force between them is

L g
4me, 1’

where, r being the distance between them. When third
uncharged conductor A is brought in contact with B,
then charge on each conductor
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o Oty
qs =98 5
_0+q_g
2 2

When this conductor A is now brought in contact
with C, then charge on each conductor
qs t9c
2
(q/2)+q _3q
2 4

Hence, electric force acting between B and C is

qx =9c =

F= 1 g9,

dne, 1

1 (a/2)(3q/4)
4ze, r’

IEIE
8| 4me, 1’ 8

156. A ball with charge — 50e is placed at the centre of a
hollow spherical shell has a net charge of — 50e. What
is the charge on the shell’s outer surface?

(a)-50e (b) Zero
(c)-100e (d)+100e

Ans. (¢)

Sol. The net charge on the outer surface is
(-=50e—50e) = —100e.

157. Assertion: The lightning conductor at the top of high
building has sharp pointed ends.
Reason: The surface charge density of charge at
sharp points is very high resulting in setting up of
electric wind.
(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.
(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.
(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.

Ans. (a)

Sol. A charged cloud induces opposite charge on pointed

conductors. At sharp points of the conductor surface
density of charge is very high and charge begins to
leak from the pointed ends by setting up oppositely
charged electric wind. This wind, when comes in
contact with the charged cloud, neutralizes some of
its charge lowering the potential difference between

158.

Ans.

Sol.

159.

the cloud and the building. This reduces the chances
of lightning striking the building (if the lightning
strikes the building, the charge is conducted to the
Earth and the building remains safe).

Assertion: The tyres of aircrafts are slightly

conducting.

Reason: If a conductor is connected to the ground,
the extra charge induced on the conductor will flow to
the ground.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

(a)

During take-off and landing, the friction between

tyres and the runway may cause electrification of

tyres. Due to conducting nature of tyre, the charge
so collected is conducted to the ground and

electrical sparking is avoided.

Assertion: Electric field intensity within a conductor
is always zero.

Reason: Electric field lines of force can pass through
the conductor.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

Ans. (¢)

Sol.

160.

Since conductor cannot hold net charge inside it, so
electric field intensity within a conductor is always
zero. Therefore, electric field lines of force cannot
pass through the conductor.

Assertion: During lightning, it is safe to sit inside the
car.

Reason: The hollow structure of car provides
electrostatic shielding.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.
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(d) Both Assertion and Reason are false.

Ans. (a)

Sol. Since cars are made of metal, the net electric field
inside is always zero. So charge produced due to
lightning is distributed on the outer surface of the car
and finally transferred to Earth.
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EXERCISE — 2: Previous Year Questions

1. An electric dipole is placed in an uniform electric
field with the dipole axis making an angle 6 with
the direction of the electric field. The orientation of
the dipole for stable equilibrium is

[J&K CET 2011]

@ m/6 (b) n/3

©0 (d) n/2
Ans. (©)
Sol. For stable equilibrium, the angle 6 should be zero.

_—  F
-9 *q
t=pE sin 0

=0

2. The electric field at a point due to an electric

dipole, on an axis inclined at an angle 9(< 900) to

the dipole axis, is perpendicular to the dipole axis,

if the angle © is [KCET 2011]
(a) tan"' (2) (b) tan™' (1/2)
(©) tan™' (v2) (d) tan” (1/+/2)

Ans. (o)

Sol. Here,a+6=90°

dipole axis

_"Q"é_»_- I_].__.
-
’

4

Ans.

Sol.

Ans.

1
= tanoc=§tan6
= tan9=2tanoc=2tan(90° —9)
= tan’0=2
= tan0=~/2

= 0=tan™ («/5)

Three charges, each +q, are placed at the corners of an
isosceles triangle ABC of sides BC, AC and AB. D
and E are the mid points of BC and CA. The work
done in taking a charge Q from D to E is: (Given BC =

AC): [CBSE-AIPMT 2011]
A
E
B P C
(a) zero (b) 39Q
4me a
(0 R @ -3
8meja 47e a
(a)
AC =BC

DC=DB =EC =EA = BE=DA

As all charges at A, B, and C are equal and distances
of D and E from A, B, and C are also equal, so it can
be concluded from symmetry that the potentials at D
and E are also equal.

= V,=V, = W=gAV=0
The electric potential V at any, point (X, y, z), in
meters in space is given by V = 4x? volt. The electric

field at the point (1, 0, 2) in volt/meter, is
[CBSE-AIPMT 2011]

(a) 16 along positive X-axis
(b) 8 along negative X-axis
(c) 8 along positive X-axis
(d) 16 along negative X-axis
(b)
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Sol. E= {B_VJFE)_VJFE)_V} = -8xi
Jx dy 0z

E,., =-8(1)i=-8i

5. A charged oil drop is suspended in uniform field of
3x10*Vm™, so that it neither falls nor rise. The
charge on the drop will be (take, the mass of the
charge9.9x10 "kg and g =10 ms™)  [UP CPMT

2011]

(a) 3.3x107*C

(c) L6x10™C
Ans. (a)

Sol.  For stationary oil drop,

(b) 3.2x10™"C
(d) 4.8x10™*C

Force due to electric field = Weight of the oil drop

mg
E=mg=q=—""
q g=q E
~9.9%x107"x10
3x10*
=3.3x10""C
6. Charge q.of mass m revolves around a stationary
charge q in a circular orbit of radius r. The orbital
periodic time of qowould be  [J&K CET 2011]
2 3?2 172
(a) 475 mr (b) kq1qz
kq,q, 4’ mr’
o {wmf } " {wmrz }
c
kq,q, kq,q,
Ans. (a)
Sol. We have,
1 99, _ o = 4 mr
4me, r* ST
0
oo (4ne,)r* (4n’mr)
9,9,
2 3 172
- T= {4n mr }
kq,q,
7. Two identical charged spheres of material density

p, suspended from the same point by inextensible
strings of equal length make an angle 6 between
the strings. When suspended in a liquid of density

6 and the angle 6remains the same. The dielectric
constant K of the liquid is [KCET 2011]

p (b) p—_(S
p—0

+C
s en

(a)

(©)

Ans. (a)
Sol.

pv p

(p—0)V (p-0)

where, p = density of sphere,

o= density of liquid
and V = volume of the liquid.

8. A square surface of side L metre in the plane of the
paper is placed in a uniform electric field E
(volt/metre) acting along the same plane at an angle
6 with the horizontal side of the square as shown

in figure.
The electric flux linked to the surface in unit of
Nm’C™ is [CBSE AIPMT 2011]

L/ E

—

o
7
Va4

(b) EL? cos©

(a)EL?
(c) EL?sin® (d) zero

Ans. (d)
Sol. Flux of electric field E through any area A is defined
as 0 =EAcos0 . The lines are parallel to the surface.

= Angle between E and A =90 hence ¢=0.

9. A point charge Q is placed at one of the vertices of
a cubical block. The electric flux flowing through
this cube is [2011 Manipal]
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(a) Q (b) Q
6¢g, 4e,
Q Q
© 5 - d —
8¢, €,
Ans. (©)
Sol. Let ¢,,, be the total electric flux and ¢, be that of

flowing through cube. So, when a point charge Q is
placed at one of the vertices of a cubical block, then
only (1/8)th part of total flux will pass through this
cube, therefore

— ¢mml — & . = 2
¢cube 8 880 ¢mml 80
10. The electric flux for Gaussian surface A that

encloses the charged particles in free is(given,
q, =-14nC,q, =78.85nC,q, =-56nC)
[MP PMT 2011]

Gaussian
surface A

Gaussian
surface B

(2)10° Nm*C™ (6)10°CN"'m™

(€)6.32x10° Nm* C™' (d)6.32x10°CN"'m™
Ans. (a)
Sol. Flux is due to charges enclosed per €.

.. Total flux =(-14+78.85-56)nC /¢,

—8.85x10”° Cx—"_
4me,

=8.85x107" x9x10° x4mn
=1000.4Nm? /C = 1000 Nm* C™'

11. Which of the following is not true?
[EAMCET 2011]

(a) For a point charge, the electrostatic potential
varies as 1/r

(b) For a dipole, the potential depends on the
position vector and dipole moment vector

(c) The electric dipole potential varies as 1/ r at
large distance

Ans.

Sol.

12.

Ans.

Sol.

13.

Ans.

(d) For a point charge, the electrostatic field varies

asl/r’

(©)

For a point charge, V o 1
r

For a dipole, V = ! % [on axial position]
4me

0

1

r

The electric dipole potential varies as 1/r at large
distance is not true.

Three charges each of magnitude q are placed at the
corners of an equilateral triangle, the electrostatic
force on the charge placed at the centre is (each

side of triangle is L) [AFMC 2012]
1 q2
a) zero b L=
(@ ®) dme, L7
1 3q° 1 q°
c e d A
© dng, 17 @ 127e, L*
(@)

In the following figure, since|F, | = |F,| =|F.| and they

are equally inclined with each other, so
their resultant will be zero.
A

EB\COS 30°
Iéc cos 30°
S,

O
Faey
Fg sin 30° F Fc sin 30°

30°

F, =F,; cos30° + E. cos 30° and F; sin30° = E. sin 30°
When a piece of polythene is rubbed with wool, a

charge of —2x107Cis developed on polythene.
What is the amount of mass which is transferred to
polythene? [UP CPMT 2012]

(a) 5.69x10™kg (b) 6.25x10™ kg
(c) 9.63x10 kg (d) 11.38x10™""kg
(d)
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Sol.

14.

Ans.
Sol.

15.

Ans.

Sol.

Number of electrons transferred, n = q /e

Mass transferred to polythene =m, Xn

]

-7
=9.1x10™" x[ 2x10 j

1.6x10™
=11.38x10""kg
Two metallic spheres of radii 1 cm and 3 cm are given

charges of —1 x lO_ZC and 5 x 10_2C, respectively. If
these are connected by a conducting wire, the final
charge on the bigger sphere is: [CBSE-AIPMT 2012]

(a) 1 x 102C (b) 2 x 102C
(©)3x102C (d)4 x102C
(©

Quuw = QBig + Qg

Quuw =5%107 =1x107 =4x107

Now, since potentials are equal, we have
stmall — kaig = Qsmall — rsmall

rsmall rbig Qbig rbig

= Qg :QBig =1:3
= Qy, = %(4><10‘2) =3x107C

What is the flux through a cube of side ‘a’ if a point
charge of q is at one of its corners?

[CBSE-AIPMT 2012]

(@) ——6a° b 2
2¢, €
8¢, €,

©

According to Gauss’s Law, the electric flux through a

. [
closed surface is equal to — times the net charge
80

enclosed on the surface. Since, q is the charge

enclosed by the surface, then the flux is ¢ =i. If

€

charge q is placed at a corner of cube, it will be

divided into 8 such cubes, hence electric flux through

a single cube will be ¢'= 1[qj .
8l g,

16. An electric dipole of moment ‘p’ is placed in an
electric field of intensity ‘E’. The dipole acquires a
position such that the axis of the dipole makes an angle
0 with the direction of the field. Assuming that the
potential energy of the dipole to be zero when 6 = 90°,

the torque and the potential energy of the dipole will
[CBSE-AIPMT 2012]

(b) pE sinB, —pE cos6
(d) pE sin®, 2pE cosO

respectively be:
(a) pE cosO, —pE sin0
(c) pE sin6, —2pE cosO
Ans. (b)
[¢]
Sol. U= —jrde =— j pEsin 8d6 = —pE cos 0
/2
T=pEsin®

17. The unit of physical quantity obtained by the line

integral of electric field is [J&K CET 2012]

(a) NC! (b) Vm'
() Ic! (d) CN'm>
Ans. (¢)

Sol. The unit of physical quantity obtained by the line
integral of electric field is JC'.

_dv
dl
= —jEdl:V:E

q

18. Four point charges -Q, — q, 2q and 2Q are placed,
one at each corner of the square. The relation
between Q and q for which the potential at the
centre of the square is zero, is

[CBSE AIPMT 2012]
1
(@Q=-q (b) Q=——
q
1
©Q=¢q (d) Q=—
q
Ans. (a)

Sol.

Y

If potential at centre is zero, then
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-q 2q 2
Forx << a, AU = ! Qq 2X3
4me, a
= AU =x?
20. Each of the two point charges are doubled and their
-Q 2Q distance is halved. Force of interaction becomes n
times, where n is [UP CPMT 2013]
V,+V,+V,+V, =0
(a4 () 1
_kQ_kq k2Q k29 _, (©) 1/16 @) 16
r r r r A d
or —Q-q+2q+2Q=0 ns. (d)
or Q=-q Sol.
19. Two equal point charges Q are fixed at From the formula, F = qu_ih
x =-a and x =+a on X-axis. Another point charge ATe, T
. - . . . 1 2q,x2q, 4
is placed at the origin. The change in electrical F'=—————2=——F=16F
potential energy of Q, when it is displaced by a ane, (r/2) 1/4
small amount x along X-axis, is approximately nF=16F=n=16
proportional to [Manipal 2012] 21. A cylindrical conductor is placed near another
(a x (b) x positively charged conductor. The net charge acquired
1 by the cylindrical conductor will be
(©)x @~ [UP CPMT, KCET 2013]
Ans. (b) (a) positive only (b) negative only
Sol. (c) zero
Case I Electric potential energy, (d) either positive or negative
1 2Qq Ans. (¢)
e 4me, a Sol. Net charge acquired by induction is zero, as there is
+ only transfer of electrons from one part of the body to
Ij (_D (_7 the other.
x=-e x=0 x=+a 22, An electron enters uniform electric field maintained
Case II Electric potential energy, by parallel plates and of value E Vm™ with a
U 1 1 1 velocity vms™, the plates are separated by a
= +
2 47e, Q a+x a—x distance d metre, then acceleration of the electron
in the field is [Manipal 2013]
q Q q
x=-a X=X X=+a E E
. . (a) = by =2
Change in potential energy m m
-U,-U, © E¢ d) Bed
1 1.1 2 md m
4me, Ua+x a-x a Ans. (a)
Sol. We know that, F = ¢E
1 a(a—x+a+x)—2(a2—x2) o
= Qq Therefore, acceleration in electron due to force F
4me, (a2 -x’ ) a

F eE
a=—=—
m m
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23.  Two pitch balls carrying equal charges are suspended
from a common point by strings of equal length, the
equilibrium separation between them is r. Now, the
strings are rigidly clamped at half the height. The
equilibrium separation between the balls now become

[NEET 2013] 24,

Ans. (b)
Sol. Ans.
Sol.
25.
o Ans.
Atequilibrium, »'F =0; 3" F, =0 Sol.
Tsin 6 = mg
2
= Tcos®=F = Kczl [Dividing the two]
T
r’= ng tan @
Kq
=tanB6= z [As Eé is a constant]
r Kq
2

A B, and C are three points in a uniform electric field.
The electric potential is [NEET 2013]

*A

e

°C

(a) maximum at A

(b) maximum at B

(¢) maximum at C

(d) same at all the three points A B, and C

(b)
The electric field is maximum at B, because
electric field is directed along decreasing potential

V> V> Va. Therefore, electric potential is
maximum at point B.

Two charged spheres separated at a distance d exert a
force F on each other. If they are immersed in a liquid
of dielectric constant K = 2, then the force is (if all

conditions are same) [UK PMT 2014]
(a) F2 b F

(c) 2F (d) 4F

(a)

Consider the situation shown in the diagram.
Sphere

"

Sphere

QB

Let charges on sphere A and B be ¢, and q,,
respectively.

Force between the charges placed in air by
Coulomb’s law (spheres can be assumed as point

charges placed at their centres)
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26.

Ans.

Sol.

27.

Ans.

Sol.

F,, =k Jd (i)

©

where, k, =1/4mg,.
< d >

When the spheres are immersed in a liquid, then force

between the charges is

T 99, _
FAB_kl‘Kl‘di_kl

9, "9,
24d?

...(i1)
where, k is dielectric constant of the liquid =2.
On dividing Eqgs. (i) and (ii), we get

F k

AB _ 1 2

F, k/2

According to question, F,; =F

F

= =2:F‘AB=E

AB

If a charge on the body is 1 nC, then how many
electrons are present on the body?  [KCET 2014]

(a) 1.6x10" (b) 6.25x10°
(c) 6.25x10” (d) 6.25x10*
(b)

Given, q=1nC=1x1x10"°C
(+ 1nC=1x107C)
e=1.6x10" = n=?
From the property of quantisation charge,

q= ne—=n :ﬂ:ﬂ
1.6x107"°

=0.625%107° x10" = 6.25x10°

A conducting sphere of radius R is given a charge Q.
The electric potential and the electric field at the
centre of the sphere respectively are:

[CBSE AIPMT 2014]
(a) Q and Q 5 (b) Both are zero
4me R 4me R
(c) Zero and Q 3 (d) Q and Zero
4me R 4me R

(d

For conducting sphere, the potential at centre

28.

Ans.

Sol.

29.

Ans.

Sol.

will be equal to the potential on the sphere, i.e.,

KQ__Q_
R  4meg R
Electric field at centre is zero.
In a region, the potential is represented by V (X, y, z)
= 6x — 8xy — 8y + 6yz, where V is in volts and X, y, z

are in meters. The electric force experienced by a
charge of 2 coulomb situated at point (1,1,1) is:

[CBSE AIPMT 2014]
(a) 24 N (b) 4/35N
(©) 65N d) 30N
(b)
V.., =6x—8xy-8y+6yz

:>E:i(6x—8xy—8y+6yz)+i(6x—8xy—8y+6yz)
ox dy

|

+—(6x —8xy —8y +6yz)

QU

Z

E =(—6+8y)i+(8x+8—6z) j—6yk
E,,, =2i+10j—6k

|E(,,,,,)|= 235

F=qB=2(2v35) =435

Electric field at a point of distance r from a uniformly
charged wire of infinite length having linear charge
density A is directly proportional to

[Kerala CEE 2014]
@1 OF
©r dr”
(e) None of these
(a)

We know that, electric field at distance r from an
infinitely long line charge is given by

A
2me, r

= A=2mg,-tE

Eor™
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30.

Ans.

Sol.

31.

Ans.

Sol.

32.

Two equal and opposite charges of masses m, and
m, are accelerated in a uniform electric field

through the same distance. What is the ratio of their

accelerations, if their ratio of masses is
m,/m,=057? [KCET 2014]
@) 2 =05 (b) =1
a2 a2
() =2 () =3
a2 a2
(©)
We know that,
F=qE=mq, ...
E =q,E=mja, ...(ii)
From Egs. (i) and (ii), we get
a F/m F-m
S L 2 [F1=F2]
a, FE/m, F-m
ﬂ _m, — L - E =2
a, m 05 5
Loy [ m, /m, =0.5]
a2

An electric dipole of dipole moment p is placed in
a uniform external electric field E. Then, the

[Kerala CEE 2014]
(a) torque experienced by the dipole is EXp

(b) torque is zero, if p is perpendicular to E
(c) torque is maximum, if p is perpendicular to E
(d) potential energy is maximum, if p is parallel to E

(e) potential energy is maximum, if p is perpendicular
to E

©
Torque on dipole, T=pE sin® The direction of

torque is perpendicular to the plane of paper
inwards, i.e. when the dipole is parallel or anti-

parallel to E and maximum at 6 =90°. So, torque is
maximum, if p is perpendicular to E.

An electric dipole placed in a non-uniform electric
field experiences [UK PMT 2014]

(a) both a torque and a net force
(b) only a force but no torque

(c) only a torque but no net force

Ans.

Sol.

33.

Ans.

Sol.

(d) no torque and no net force

()
Consider the diagram, where an electric dipole is
placed in non-uniform electric field.

Electric field at the sight of q is E, and electric field
at the sight of —q isE,.
F, =force on the charge q=qE,
E, =force on the charge —q = —qE,
Net force on the dipole,
F=FE+F =q(E, -E,)
[E\[#[E,|
= |H=0
T, = torque on the dipole due to E,
=pXE, (clockwise)
T, = torque on the dipole due to E,

= pXE, (clockwise)
where,p = %qd is dipole moment of the dipole.

T =T +T, =pXE, +pXxE, #0

Hence, both torque (7, ) and force (F) act on the

net

dipole.

What is the nature of Gaussian surface involved in
Gauss’ law of electrostatics? [KCET 2014]

(b) Electrical
(d) Vector

(a) Scalar
(c) Magnetic
(d)
The Gauss’ law in electrostatic given a relation
between electric flux through any closed hypothetical
surface (called a Gaussian surface) and the charge
enclosed by the surface. So, the nature of Gaussian
surface is vector.
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34.

Ans.

Sol.

35.

Ans.

Sol.

Two concentric spheres kept in air have radii R and
r. They have similar charge and equal surface
charge density ©. The electrical potential at their

common centre is (€ =permittivity of free space)

[MHT CET 2014]
6(R+r 6(R-r
(a) Q (b) g
80 80
6(R+r 6(R+r
(o S(R*1) @ S®+1)
2g, 4e,
(@)
Potential due to a uniformly charged sphere is
v
4rme, R
Also, o= Q == Qe -
4nR”  4me R
oR’ 1xQ
g, 4me,
- oR_Q 1 (i)
g, 4meg, R

oR
From Egs. (i) and (ii), we get V. =—
€

0

oR

Potential due to sphere (1), V, =—
0
. or
Potential due to sphere (2), V, =—
80

Net potential at centre,

V=V +V, =2 (R+1)
80
Two charges of equal magnitude q are placed in air
at a distance 2a apart and third charge — 2q is
placed at mid — point. The potential energy of the
system is (€= permittivity of free space)
[MHT CET 2014]

2

2
3
() ——2 (b) ——2
8ne a 8meya
5q° 7q>
() ——3 (d) ——1
8mnea 8neya
()

Potential energy of the system,

36.

Ans.

Sol.

37.

Ans.

Sol.

38.

Ans.

U= 1 |:q1q2+q1q3+q2q3:|

4me, I3 Iy

_ 1 _q(—Zq)+q(—2q)+g}

dme,| a a 2a
B 1 '_2q2 _2q2 +q2
4dme,| a a 2a

dme,| a  2a| 8mega

1 ﬂi}i

What is the electric potential at a distance of 9 cm

from 3 nC? [KCET 2014]
(270 V b3V

(c) 300V @30V

()

Given, q =3 nC = 3x107° C,
r=9cm=9x10"m
We know that, potential due to point charge is given
by
vl a_ 9x10”x3%10~°
4me, t 9x107
=3x10
= V=300V

Work done in carrying an electric charge Q; once
round a circle of radius R with a charge Q. at the

centre of the circle is [EAMCET 2014]

QQ,
1=z b) oo

(@ 4me R ®)
QQ,
— d)0

© 4me R? @

(d

Electrostatic force is a conservative force, so work
done in carrying an electric charge Q; once round a
circle of radius R with a charge Q> at the centre of the
circle is zero.

The electric field in a certain region is acting radially
outward and is given by E = Ar. A charge contained
in a sphere of radius ‘a’ centered at the origin of the
field, will be given by: [CBSE AIPMT 2015]

(a) €, Aa’ (b) 4me, Aa®
(©) Ae, a’

(d)

(d) 4te, Aa’
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Sol.  From Gauss’s law: q.DEmdS = o
80
Atr=a, E=Aa,
E,dS =(Aa)4ma® = Lo
80

= q,, = 4ne, Aa’

39. When an o-particle of mass ‘m’ moving with velocity
‘v’ bombards on a heavy nucleus of charge ‘Ze’, its
distance of closest approach from the nucleus

depends on m as: [NEET 2016]
(a) — 0
m I
© Hi (d)m
Ans. (a)

Sol. At closest distance of approach, kinetic energy will be

equal to potential energy

1
—mvi=—""T3—= dx—
2 d m

40. An electric dipole is placed at an angle of 30° with an

electric field intensity 2 x 100 N/C. Tt experiences a
torque equal to 4 Nm. The charge on the dipole, if the

dipole length is 2 cm is [NEET 2016]

(a) 2mC (b) 5mC

(c) 7uC (d) 8 mC
Ans. (a)

2
Sol. =lg=|— [q=0.02
ol. p=lq (100]q q

T=pEsin0
4=(0.02q)(2x10° )sin30°

q=200x10"°C=2mC

41. The electric field strength due to a point charge of
SUC at a distance of 80 cm from the charge is

[UP CPMT 2016]

(a) 5x10*N/C (b) 7x10*N/C
(c) 3.5x10°N/C (d) 7x10°N/C
Ans. (b)

Sol. Given, q=5uC =5x10"°C

42,

Ans.

Sol.

43.

Ans.

Sol.

r=80cm=80x10"m

Electric field strength,

1
E=—0
4me, r
—6
= B=ox10'x—10
(80x107)

= E=7.0x10*N/C

An electric dipole is placed at an angle of 30° with an
electric field intensity 2x10° N /C. It experiences a

torque equal to 4 N — m. The charge on the dipole, if

the dipole length is 2 cm, is [NEET 2016]
(a) 8 mC (b)2mC

(¢) 5mC (d) 7pC

(b)

*." Torque on an electric dipole in an electric field,
T=pxE

= |’c| =pE sin0

where, 6 is angle between E and p.

=  4=px2x10°xsin30

= p=4x10"cm

= p=q2l

q21=4x107
where, 21=2cm =2x10"m
4%107°

17 2x10°

= 2x10°C=2mC

A certain charge Q is divided into two parts q and Q —
q. How the charge Q and q must be related, so that
when q and (Q — q) is placed at a certain distance
apart experience maximum electrostatic repulsion?

[JIPMER 2017]
@ Q=2q (b)Q=3q
(©)Q=4q (dQ=4q+c
(@)

The electrostatic force of repulsion between the
charge q and (Q — q) at separation r is given by
1 q(Q-9)_ 1 ¢Q-¢

e, 1 e, 1

F=
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oF

If F is maximum, then— =0
|

1 (Q-2q)

=0
dre, 1’

As, 1/4 Tceor2 is constant, therefore
Q-29=00rQ=2q
44. Suppose the charge of a proton and an electron

differ slightly. One of them is -e and the other is
(e+Ae). If the net of electrostatic force and

gravitational force between two hydrogen atoms
placed at a distance d (much greater than atomic
size) apart is zero, thenAe is of the order (Take,

mass of hydrogen, m, =1.67x107kg)

[NEET 2017]
(a) 107°C (b) 107°C
() 107'C @ 107C
Ans. (©)
Sol. Net charge on one H-atom,

q=-etet+Ae=Ae
Net electrostatic repulsive force between two H-
atoms,

kq®  k(Ae)’

Similarly, net gravitational attractive force between

two H-atoms,

E, = anz
d
Itis given that,
F-F, =0
K(Ae)  Gm?
e a
2
= (Ae)? =9

(6.67x10™")(1.67x107" )’
2 —
(8e) = 9x10°

= Ae=1437x10"% C

45. Two identical conducting balls A and B have
positive charges q; and q» respectively but q; # q.
The balls are brought together so that they touch

each other and then kept in their original positions.
The force between them is [JIPMER 2017]

(a) less than that before the balls touched
(b) greater than that before the balls touched

(c) same as that before the balls touched

(d) zero
Ans. (b)
Sol. According to Coulomb’s law, the force of repulsion
between them is given by F= &22
4me r
q] q 2
€------ r ------ >

When the charged spheres A and B are brought in
contact, each sphere will attain equal charge q

_4+d,

a 2

Now, the force of repulsion between them at the same
distance r is

podxq 1
dme,r’ 4neo
2
9+9% |4 t9, q,+4q,
2 2 _ 2
r’ 4me 1
2
+
AS’(MJ >qlq2
2
F'>F

46. The diagrams below show regions of equipotential.
[NEET 2017]

20V 40V 20V 40V

30V 10V 30V 20V 40V 30V
(a) (b)

A positive charge is moved from A to B in each
diagram.
(@)Minimum work is required to move q in
figure(a).
(b)Maximum work is required to move q in
figure(b).
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(c)Maximum work is required to move q in Sol.
figure(c).
(d)In all the four cases the work done is the same.
Ans. (d)
Sol. Work done = Change in potential energy
=q(V,—Vp)
Since change in potential energy is same in all
cases, work done in all the four cases is the same
417. A charged particle q is shot with speed Vv
towards another fixed charged particle Q. It
approaches Q upto a closest distance r and then
returns. If q were given a speed 2v , the closest
distance of approach would be [JIPMER 2017]
g, =70
(ar (b) 2r
(c)r/2 (d) /4
Ans. (d)
Sol. At closest distance r, the whole kinetic energy of
charge q is converted into potential energy.
1 1 -
5 mv’ = Fﬁo%
1 2Q-:
- e 4me, . H?qu
In next case,r'= ! 2Qq 5
4me, m(2v)
I 1 2
= rv:Z(Mso‘m%?J
= r'= i
48.  An electron falls from rest through a vertical distance
h in a uniform and vertically upward directed electric
field E. The direction of electric field is now reversed,
keeping its magnitude the same. A proton is allowed
to fall from rest in it through the same vertical
distance h. The time of fall of the electron, in
comparison to the time of fall of the proton is
[NEET 2018] 49.
(a) 10 times greater (b) 5 times greater
(c) smaller (d) equal
Ans. (¢)

Force on a charged particle in the presence of an
electric field is given as

F=qE ()

where, q is the charge on the charged particle and E is
the electric field.

From Newton’s second law of motion, force on a

particle with mass m is given as

F=ma ...(11)

where, a is the acceleration.

From Eqs. (i) and (ii), we get

F=ma=qE

= a= 9 ...(iii)
m

Now, consider that a particle falls from rest through a
vertical distance h. Therefore, u =0 and the second
equation of motion becomes

L
S =ut+—at
2

or h =O><t+lat2 =1X£t2
2 2 m

[from Eq. (iii)]
, 2hm

2hm
= "= ort= |——
qE qE

Since, the particles given in the question is electron
and proton and the quantity /2h/qE (here,
q, =q, =€) for both of them is constant. Thus, we

can write

t = kv/m

where, k= &
qE
or toc \/E

As, mass of proton (mp) >> mass of electron (m, ).

Thus, the time of fall of an electron would be smaller
than the time of fall of a proton.

Two point charges A and B, having charges +Q and —
Q respectively; are placed at certain distance apart
and force acting between them is F. If 25% charge of
A is transferred to B, then force between the charges

becomes [NEET 2019]
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(a) 9F (b) 16F Sol. By Gauss law:
16 9 r<R
4F
© = @F =§E,ds=22 =0

80
Ans. (a)

Sol. The force between two point charges A and B, having

So, for r < R, the electric field is zero.

charges + Q and — Q respectively is given by r>R
+Q Q Byds ="l
A o N £ @ B 0
* d & = E 4’ = Q
€
pokQQ, _kQ(-Q) | kQ* ’
- 2 - 2 - 2 (1) 1
r T r = E; e~
r
where, k = constant = me, As electric field is inversely proportional to ‘r’. So,

for r > R, the electric field is decreases for increase in
and r = distance between two charges A and B. <

r.
When 25% charge of A is transferred to B, then

. 51. T llel infinite 1i h ith li h
new amount of charge on A and B respectively WO parafiet Inite fine charges With fnear charge

densities +A C/m and -)A C/m are placed at a

become ) ) ) o
distance of 2R in free space. What is the electric field
Q, = s (QA ) - 3 Q mid-way between the two line charges?
100 4 [NEET 2019]
25
L + 2\ A
Qs (moQA QB] (a) N/C (b) N/C
) 3 e R ne,R
= (Z Q- QJ = Q
() e R N/C (d) Zero
€
So, the force between the two charges now &
becomes Ans. (b)
N 3Q 3 Sol. Consider two infinite line charges with linear charge
- kQ, Q% \ 4 ZQ densities +AC/m and —AC/m  respectively,
r’ r’ which are lying in y-direction as shown in the figure
= 2
= 9k? = iF [from Eq.(i)] below
161 16 A A
Thus, the new force between the charges is 9/16 times { —Eg |-
the initial force between the charges. : —E, |
50. A hollow metal sphere of radius R is uniformly } -
charged. The electric field due to the sphere at a t -
distance r from the centre is: [NEET 2019] :

(a) zero as r increases for r < R, decreases as r A B

increases for r>R Then, the electric field due to line A at the mid-way

(b) zero as r increases for r < R, increases as r . . .
between the two line charges, i.e. at R is

A
2ne R

increases for r > R

(c) decreases as r increases for r < R and for r >R |EA| =

N/C .1
(d) increases as r increases for r < R and for r > R
Ans. (a) which lies along +ve x-axis (outward), i.e. from A to

B.
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Similarly, the electric field due to line B at the mid-
way between the two line charges, i.e. at R is

A
2ne R

|Es| = N/C ..(i)

Due to negative charge on B, E also lies along +ve

x-axis (inward), i.e. from A to B.

So, the resultant electric field at R is given as
[Ex|=[E,|+[E,|

Substituting the values from Egs. (i) and (ii), we get

A A A

| R|= = N/C
2re,R 2me R me R

which also lies along the +ve x-axis, i.e. from A to B.

52. Two metal spheres, one of radius R and the other of
radius 2R respectively have the same surface charge
density ©. They are brought in contact and
separated. What will be the new surface charge
densities on them? [2019 NEET
Odisha]

5 5 5 5
(a)cp=go, 0o =50 (b)op=5cs, O =30

5 5 5 5
(C)GP=EG, =30 (d)cngc, O =50

Ans. (d)
Sol.
The surface charge density of a closed surface area having

charge Q is given by

G:Charge:g or QIGA
Area A

Thus, the charges on sphere P and Q having same charge

density as shown in the figure below is given by
o
a
P ‘
Q
Q, =ox4nR* = 471cR* ()

and Q, =0x4n(2R)’ =16m0R” (i)

When they are brought in contact with each other, the
total charge will be

Q. =Q,+Q,
=4noR* +16n6R?
[from Egs. (i) and (ii)]
=20noR’ ...(iii)
In connection of two charged conducting bodies, the

potential will become same on both, i.e.

QP — QQ
4ne R 4me 2R

o2 Q% Q1

R 2R Q, 2

So, the charges on the sphere P and Q after separation

will be distributed as
, 1 . 2
== and ==
= Q, 3 Q, Q, 3 Q,

After separation, the new surface charge densities on

P and Q will be
_Q _1Q
Cp=——=——"—
Area 3 Area
_120m6R* 5
3 4nR’ 3
0 2
and 6, = % == Q
Area 3 Area
_2_ 20moR’
3 4m(2R)’
25 5
=—X=0=-0
3 4 6
53. A sphere encloses an electric dipole with charge
#3x107°C. What is the total electric flux across
the sphere? [2019 NEET Odisha]
(@-3x10°N-m*/C
(b) Zero
(¢) 3x10°N-m*/C
(d) 6x10°N-m*/C
Ans. (b)
Sol. When a sphere encloses a charged dipole,
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E=32410° =0.128x10°
25
E=128x10°N/C
56. In a certain region of space with volume 0.2m’,

Here, q =43x107°C

Thus, according to Gauss’s law, the net electric flux
across the closed surface is equal to the net charge

enclosed by it divided by €, i.e.

_3x10° —3x10°
80

0

Hence, electric flux across the sphere is zero.

54.  Potential difference is given as V(x) = - x%y volt. Find
electric field at a point (1, 2). [JIPMER 2019]
(@) i+4jvm™ (b) —4i—jvm™
(c) 4i+jvm™ (d) 4i—jvm™
Ans. (c)
Sol.  Given, potential difference,
V(x)=-xy volt
. E=-AV

:{i%(—#y)ﬁ%(—ﬁy)}

= —[—2xyiA - ij] = 2xyiA + ij
E at(1,2) = 2x1x2i +1°]
=4+ }Vm_l
55. A spherical conductor of radius 10 cm has a charge

of 3.2x107 C distributed uniformly, what is the

magnitude of electric field at a point 15 cm from the
centre of the sphere ? [NEET 2020]

! =9x10° Nm?/C?
4re,

(b) 1.28x10° N/C

(a) 1.28x10*N/C
(c) 1.28x10°N/C
Ans. (d)

(d) 1.28x10’ N/C

g - kQ _ 9x10"x3.2x107

Sol.
© 2 15x15x10”

the electric potential is found to be 5 V throughout.
The magnitude of electric field in this region is :

[NEET 2020]
(a) I N/C (b) 5N/C
(¢) Zero (d) 0.5 N/C
Ans: (¢)
Sol. given v = const. (5 volt)
Cpe Y
dr
E=0

57. A short electric dipole has a dipole moment of

16x10™ Cm. The electric potential due to the dipole
at a point at a distance of 0.6 m from the centre of the

dipole, situated on a line making an angle of 60° with
the dipole axis is: [NEET 2020]

! =9x10°Nm?/C?
4ne,

(a)400 V (b) zero
(©)50V (d) 200 V
Ans. (d)
S 459
ol : P
9 -9
V= chzose _ 9%10 ><162><10 x1 =ﬂ= 200
r (0.6)"x2 2

58. Two charged spherical conductors of radius R; and R»
are connected by a wire. Then the ratio of surface
charge densities of the spheres (61/62) is:

[NEET 2021]
(a) 2 (b) 2
R2 Rl
3 K
—_L d) =L
&) Uk

Ans. (b)

Sol.  For a conducting sphere,
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E_O =R=3r (1)
€ K
voOR V=0
- €

59.

Ans.

Sol.

60.

Ans.

Sol.

0

As both spheres have same potential after connecting
with wire,

Vv, =V,

oR,=0,R,

A dipole is placed in an electric field as shown. In
Which direction will it move?

[NEET 2021]

(a) Towards the left as its potential energy will
increase.

(b) Towards the right as its potential energy will
decrease.
(c) Towards the left as its potential energy will
decrease.

(d) Towards the right as its potential energy will
increase.

(b)
Towards the right as its potential energy will decrease
as field lines are close at charge +q,

So net on the dipole acts towards right side.

A system always moves to decreases it’s potential
energy.

Twenty-seven drops of same size are charged at 220
V each. They combine to form a bigger drop. Calcu-
late the potential of the bigger drop. [NEET 2021]

(a) 660 V (b) 1320V
(c) 1520 V (d) 1980 V
(d)

4 R’ =27(fnr3]
3 3

=V, =220%9
=1980 Volt
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EXERCISE — 3: Achievers Section

Ans.

Sol.

Four charges each equal to — Q are placed at the four
corners of a square and a charge q is at its centre. If
the system is in equilibrium, the value of q is

@) —%(nzﬁ) (b) %(Hzﬁ)

© —%(nzﬁ) (d) %(Hzﬁ)

(b)
2.
F’j FZ
A
45°
0 0
F< A : B
F, 4
Q2 E a
D C
0 a 0
Net force at center will be zero.
Taking force at one point (bottom right vertex)
There will be two forces acting on it as shown in
figure,
QZ
F =k—=-
1 az
QZ
R
Third force is between centre charge q and corner
charge —Q but it will be positive,
F=k—29
V2
F =2k
a
Total force at corner charge —Q,
Ans.
Sol.

V2F +F, =F,
ﬁ(k%}k%:zk()—?
ﬁQ+%=2q

2q =%(2\/§+1)
a=2(22+1)

Four charges Q,, Q,, Q, and Q, of same magnitude
are fixed along the x axis at x = — 2a, —a, +a and +2a,
respectively. A positive charge q is placed on the
positive y axis at a distance b> 0. Four options of the
signs of these charges are given in List I. The
direction of the forces on the charge q is given in List
II. Match List T with List II and select the correct
answer using the code given below the lists.

¢ q(0b)
Q Q Q; Q.
(2200 (20  (00) (a0) (2a,0)
List 1 List T1
P. Q.. Q,, Q,, Q, all positive 1. +x

Q. Q,, Q, positive; Q,, Q,negative 2. —x

R. Q,, Q,positive; Q,, Q,negative ~ 3. +y

S. Q,, Q,positive; Q,, Q,negative 4. -y
Codes :

(a) P-3,Q-1,R-4, S-2

(c) P-3,Q-1,R-2, S-4
(a)

(DIf all charges are positive, then net field is in

(b) P-4, Q-2, R-3, S-1
(d) P-4,Q-2,R-1, S-3

+y axis, (P-3)
(2) If Q,,Q,positive and Q,,Q, negative, then net
field is in +x axis, (Q-1)
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Ans.

Sol.

3) If Q,,Q, positive, and Q,,Q, negative, then net
field is in —y axis, (R-4)
4) If Q,,Q, positive, and Q,,Q, negative, then net
field is in —x axis, (S-2)

Six charges of equal magnitudes, 3 positives and 3
negatives are to be placed on PQRSTU corners of a
regular hexagon, such that field at the centre is double
that of what it would have been if only one +ve
charge is placed at R.

P Q

T S
@+++—--- b —+++ - -
) -+ + -+ -
(c)

To get double the electric field (when only positive
charge is placed at R), we need to place a negative

@+, -+ -+ -

charge just opposite to it, which is U.

Now we need to place the remaining charges

such that they cancel each other.

So, both the negative charges need to be placed at P
and S while positive charges need to be placed at Q
and T. Thus, option (c) will be correct.

A ring of charge with radius of 50 cm has gap of
0.002 C,=1pF m. If the ring carries a charge of 1 C,

what is the electric field at the centre?

(a) 8.5 x C,=1uF N/C (b) 7.2 x C,=1pFN/C

(¢)3.2x C,=1.54F N/C  (d)4.5 x C,=3uF N/C

Ans. (b)
Sol.

Ans.

Sol.

Charge on gap of ring (dq):

9 %(0.002m)=2%10° C
2nR

If charge is present on the gap, electric field at the
center of the ring will be equal to zero. On the other
hand, if charge is not present in the gap, electric field
at the center of the ring would be due to the rest of the
ring, which is nothing but equal and opposite to the
electric field produced due to the charge in the gap.
This field is given by:

1 dg_9x10°x2x10°

5300010° =0.072x10’
X

Electric field, E =

dne, 1°

= E=7.2x10" N/C

An electron is rotating around an infinite positive
linear charge in a circle of radius 0.1 m, if the linear
charge density is 1 uC/m then the velocity of electron
in m/s will be

(a) 0.562 x 10
(c) 562 x 10
(b)

Radius, r = 0.1 m , and linear charge density,

(b)5.62 x 10
(d) 0.0562 x 10

p=1uC/m=10" C/m

p
2me,r

Now, the electric field at a distance r is, E =

Therefore, due to the electric field, electrons revolve
in orbit in a circular motion, hence electric force =
centrifugal force.

2
mv
eE =

T

. eEr
Therefore, the velocity of electrons, v=,|—
m

ep

>v= [——
27, m

\/ 1.6x10™° x10™°

> V=

21x8.85%107* x9%x107!
= v=5.6x10" m/s

A charged ball B hangs from a silk thread S, which
makes an angle o with a large charged conducting
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sheet P, as shown in the figure. The surface charge
density o of the sheet is proportional to

+

+

, | F

Pl o+

+

+

+

+

+

+

(a) cose (b)cote

(c)sing (d)tane
(d)
+
+
+
+
+
+
+
+
+

Vertical tension in the string, Tcos@=mg ... (1)
Horizontal tension in the string caused due to the
swinging

motion of the ball, Tsin6=q ... 2)

Where, E is the electric field, E = °
8()

Now, dividing equation (2) by (1); we get

Tsin® =£ — tanf= qo
Tcos® mg €,mg

Therefore, tan 0 < ©

A spherical portion has been removed from a solid
sphere having a charge distributed uniformly in its
volume as shown in the figure. The electric field
inside the emptied space is

Ans.

Sol.

(a) zero everywhere
(b) non-zero and uniform
(¢) non-uniform
(d) zero only at its centre
(d)
Using Gauss’s law, electric field for an internal
point is given by;
—~ r

= E(r)= ;’?
This problem can be solved by superposition of
electric fields due to the larger sphere without cavity
and smaller sphere with opposite charge density.
Electric field due to larger sphere (internal point

OR), EIZ%

r

Electric field due to smaller sphere (internal point

OR), Ezz%

r

Superposition of electric fields;

T, p(t-1,) p% pa
S BB s T T

Where 3 is the position vector of center of smaller
sphere with respect to larger sphere, which remains
constant.

Thus, electric field is uniform both in magnitude and
direction.

Positive charge Q is distributed uniformly over a
circular ring of radius R. A point particle having a
mass (m) and a negative charge — q is placed on its
axis at a distance x from the centre. Assuming x <R,
find the time period of oscillation of the particle, if it
is released from there [neglect gravity].

16m'e,R’m |~ e R ]
@ |—F — ®) | ——
Qq q
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2’e R® "
(©) {3—0} (d) None of these
q

Ans: (a)

Sol. When the negative charge is shifted at a distance x
from the centre of the ringalong its axis, then force
acting on the point charge due to the ring is

F=qE (towards centre)

kQx

If R >> x, then R* +x*> =R?
Qqx

3

and F=

(towards centre)
4me,
Since force on charged particle is acting in opposite
direction of electric field, hence acceleration on
charged particle towards centre of ring is given by
F 1 Qgx

S>a=-——=— S
m 4me, mR’

Since, restoring force F; o< —x,
therefore, motion of charged particle will be SHM.
Time period of SHM,
3 3 172
T 2n _ l6m’e, R’ m
© Qq
But, acceleration, a = —o'x

_ 1 Qq)i - —wx
4me, mR

Lo [Qa
4me,mR"

9. A hollow cylinder has a charge q C within it. If ¢ is

the electric flux associated with the curved surface B,
the flux linked with the plane surface A in unit of
voltmeter will be

Ans:
Sol.

10.

Ans.

Sol.

B
g
1(q a
© 2 @ L-¢
3 g,
(a)

Gauss’ law states that, the net electric flux through
any closed surface is equal to the net charge inside

the surface divided by &,.

. _49a
1.e. q)lolal - 8_

0
Let electric flux linked with surfaces A, B and C are

0,.9; and @, respectively.
ie. q)total = ¢A +¢B +¢C
Oc =0,

Since,

2¢A + ¢B = ¢lolal = Ei

0
or ¢, :;(gq_q)la]

Hence, ¢, = l[q_q)] (given, 0y =0)
2\ g,
Consider an atom with atomic number Z as
consisting of a positive point charge at the centre and
surrounded by a distribution of negative electricity
uniformly distributed within a sphere of radius R.
The electric field at a point inside the atom at a
distance r from the centre is

Ze | 1 r Ze | 1 r
Q) — | ——— b —+—
@ 411280|:r2 RJ ®) 47teo[r2 RJ
(c) 2Ze2 (d) Zero
4me,r
(@)
Qenclosed

The electric field, E = 5
4mer

Where, the charge enclosed by the atom,

4
Q.neosea = Charge on nucleus + volume = Ze + gnr3p
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Ans.

Sol.

Where, p is the charge density of the atom,

3 Ze
4 R*

_ total charge on an atom _ —Ze

volume 4R

After putting the value of density, then

3

T
Qenclosed = Ze - Ze R3

Therefore, the electric field at a point inside theatom

at a distance 1 from the centre is,

r3

E_ZG—Z€E_ Ze (l_ij
dme,r’  dme, \r° R’

Charges + q and — q are placed at points A and B
respectively, which are a distance 2L apart, C is the
mid — point between A and B. The work done in
moving a charge + Q along the semi — circle CRD is

R
A e ] D
_4Q _4Q
@ 4me L ®) 2me, L
qQ —qQ
© 6me,L @ 6me,L
(d)

In first case, when charge + Q is situated at C.

+q +Q -q

A C
I L | L |

Electric potential energy of system,

v oL aCa, 1

4me, 2L 4me,
((a)Q. 1 aQ
L 4ne, L

In second case, when charge + Q is moved from C
toD

§ 9 +9
A B D
| 2L [«— L—|

Electric potential energy of system in this case,

12.

Ans.

Sol.

129
U= ala) 1
4me, 2L 4me,
Q, 1 (-)Q

3L 4me, L

Work done(AU)=U, - U,

(o1 @ 1 @Q 1 qQ
4me, 2L 4me, 3L 4me, L

(oL@ 1 Q1 aQ
4ne, 2L 4me, 3L 4me, L

_9Q [L_l}: qQ (1-3)
4me, | 3L L] 4me, 3L
_2Q _ qQ

12ne, L. 6me L

Two identical thin rings, each of radius R meters, are
coaxially placed a distance R meters apart. If Q
coulomb, and Qccoulomb, are respectively the
charges uniformly spread on the two rings, the work
done in moving a charge q from the centre of one
ring to that of the other is

) Q(Ql —Qz) (\/5—1)

(a) zero

(427, R)
(©) q\/E(Ql_Qz) (d Q(Q1+Q2)(\/§+l)
(4me,R) (4/2me R)
(b)
V2R 2R
R \r R
Ad B
| R »
Q Q2

Potential at A;

Q, Q
=k| =4 +—==—
==k 2]

Potential at B;

Q, . Q
V, =k| —=+—
-0 [R +J§Rj

So, work done to move charge (q) from A to B is;
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>W=q(V,-V,) 15.

o8
kq(Q -Q,)(v2-1)
V2R

13.  Two equal point charges are fixed at x = —a and x =
+ a on the x-axis. Another point charge Q is placed
at the origin. The change in the electrical potential
energy of Q, when it is displaced by a small
distance x along the x-axis, is approximately

= W=

proportional to
(a) x

(©) X

(b)

Initial potential energy of the system,

kQq
a

) x*
(d) 1/x

Sol.

Ans.
Sol.

U =2x

i

Final potential energy of the system,

a+Xx a-—-x

kQq(a—-x+a+x)
T a2

2kQqa 2kQq

a’ l—x—2 _a l—x—2 o
a’ a’

2kaQq  2kQq
8.2 - X2 a
_ 2ka’Qq-2kQga’ —2kQqx’ _ —2kQgx’

- a(a® —x?)

= U,

=>U =

=dU=U,-U, =

a(a’—x?%)
= dU o x*
14. Itis possible to have a positively charged body at
(a) zero potential
(b) negative potential
(c) positive potential
(d) All of these
(d)
A positively charged body can have positive, negative
or zero potential. When we ground the charged body,
potential difference between body and ground is zero

but not the charge and same for negatively charged
body.

Ans. Sol.

Sol.

Ans.

Ans.

Assertion: A and B are two conducting spheres of
same radius. A being solid and B hollow. Both are
charged to the same potential. Then, charge on A =
charge on B.

Reason: Potentials on both are same.

(a) Both Assertion and Reason are correct and Reason
is the correct explanation of Assertion.

(b) Both Assertion and Reason are correct but Reason
is not the correct explanation of Assertion.

(c) Assertion is correct but Reason is incorrect.

(d) Both Assertion and Reason are incorrect.

(@)

As charge is being distributed on the outer surface of
conducting sphere and for hollow sphere also, charge
is distributed on outer surface. If both spheres have

same potential, then charge will be same, independent
of the fact that sphere is hollow or solid,

Vi R, I[Q
e e
Vi=V,

R, =R, =Q,=Q,

As

Therefore, both Assertion and reason are correct and
Reason is the correct explanation of Assertion.

In the figure, a proton moves a distance d in a
uniform electric field E as shown in the figure. Does
the electric field do a positive or negative work on the
proton? Does the electric potential energy of the
proton increase or decrease?

E

®
p
¢ d >

(a) Negative, increase (b) Positive, decrease

(c) Negative, decrease (d) Positive, increase

(a)

Since, the proton is moving against the direction of
electric field, so work is done by the proton against
electric field. It implies that electric field does
negative work on the proton. Again, proton is moving
in electric field from a low potential region to a high
potential region, hence its potential energy increases.
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Ans.

Sol.

18.

Ans.

Sol.

19.

Ans.

Sol.

An electron of 100 eV is fired directly towards a metal

plate having surface charge density of —2 x 10’ What
is the distance from where the electron be projected so
that it just fails to strike the plate?

(a) 0.22 mm (b) 0.33 mm
(c) 0.44 mm (d) 0.66 mm
(©)
K.E of 10/
10’

q 1 2
——xdl=—=x10"C
2nR 5

A ball of mass 1 g and charge 10°C moves from
a point A, where potential is 600 V to the point B,
where potential is zero. Velocity of the ball at the
point B, is 20 cms™! The velocity of the ball at the
point A will be

(a) 22.8 cms’! (b) 228 cms™!
(c) 16.8 ms! (d) 168 ms™!
(a)

By using,%m(vl2 -v;)=QVv

%xlO*[vf —(0.2)°1=10" (600-0)
= v, =228 cms™

The ionization potential of mercury is 10.39 V.
How far an electron must travel in an electric field

of1.5x10°V/m to gain sufficient energy to ionize

mercury?
10.39 10.39
a) — 7 by 1039
@ 1.6x107" o (b) 21%1.6x10°"° m
(© 1039x1.6x10""m  (q) 1932,
1.5x10°

(d)
Ionization potential (V) of mercury is the energy
required to strip it of an electron. The electric field

strength is given by,E:%where, d is distance

between plates creating electric field.

Given, V =10.39 V
E=1.5%x10°Vm™

\Y 10.39

2o

E 1.5x10°

20.

Ans.

Sol.

131
Hence, distance travelled by electron to gain
ionization energy is = ﬂm
1.5%x10°

This question has statement 1 and statement 2. Of the
four choices given after the statements, choose the
one that best describes the two statements.

An insulating solid sphere of radius R has a uniform
positive charge density p . As a result of this uniform

charge distribution, there is a finite value of electric
potential at the centre of the sphere, at the surface of
the sphere and also at a point outside the sphere. The
electric potential at infinity is zero.

Statement 1: When a charge q is taken from the
centre to the surface of the sphere its potential energy

changes by ap .
3g,
Statement 2: The electric field at a distancer (r <R)
from the center of the sphere is %
0
(a) Statement 1 is false, Statement 2 is true.
(b) Statement 1 is true, Statement 2 is false.
(c) Statement 1 is true, Statement 2 is true,
Statement 2 is the correct explanation for
Statement 1.
(d)Statement 1 is true, Statement 2 is true,
Statement 2 is not the correct explanation for
Statement 1.
(@
Applying Gauss’s law

J'E@ =4
80
pﬂnr3
IEdA cos(0)=—3
80
3
Efaa =227
3e,
3
Exdnr = P30
80
gE=2PC
3¢,

Hence statement 2 is right,

Now, change in potential energy
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AU =qAV Now, from the question, it is given that T, =-T,
AU=q(V, -V, .

q(V,-V,) therefore, |T,|=|-T,| PE, sin(90-6) :P«/gE1 cos©
Here
- = tan0=1/3
AV =—[Edr
R ~.0=60
av=-[P4
0 3€()
, R 22.  Two spherical conductors A and B of radii ] mm and
AV _L{r_} 2 mm are separated by a distance of 5 cm and are
3, 2, uniformly charged. If the spheres are connected by a
y g P y
AV PR’ conducting wire then in equilibrium condition, the
- 6¢, ratio of the magnitude of the electric fields at the
surfaces of spheres A and B is
Now
(@4:1 (b)1:2
PR’
AU =qx— ©2:1 d1:4
€
) 0 Ans. (c)
PAR
AU = _? Sol. When we connect both spheres with wire then,
0
. Vi=Ve
Hence statement 1 is false
_ kq, _kq,
21.  An electric dipole has a fixed dipole moment P, R, R,
which makes anglee with respect to x-axis. When q R
A _ 7T
subjected to an electric field E,= Ei , it experiences q, R,
a torquef: tk . When subjected to another electric Electric fields on sphere A and B:
N A - — k
field E,= \/SE] j it experiences a torque T,= —T, E, = %,
1
The angle o is: e 2&
(a) 30° (b) 45° * R?
(c) 60° (d) 90° Taking ratio,

Ans.
© ﬁ E, ko RS

Sol.  Electric dipole moment P makes angle ¢ with E, R,z kq,

= _ . E R;
respect to the X -axis. Electric field E; =Ei , and a2 X—
E; q, R
E, =\/§E1j .Torque, T=1K and T, = -T, . E, R, R
p—— _X_
. 2
Now, torque T=PEsin0 E; R, R
. \/— 9 E, = R,
Therefore, T, =PE, sin6 , and E, =v3E, j E, R,
(given in the question) E, 2
Therefore, the angle between the dipole and electric E; 1
field is 90-6, then torque T, =PE,sin(90-6) 23. Consider two concentric spherical metal shells of

o T, = P«/EEI cos®

radii r; and ra(r2> 11). If the outer shell has a charge q
and the inner one is grounded, the charge on the
innershell is
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(a) —2q (b) zero (a) 0 ) - vm™
L, 2¢g,
-1 c » 20 "
(©) —q (d-q () —Vm (d) —Vm
r2 8() 8()
Ans. (c¢) Ans. (¢)
Sol. Let the charge on the inner shell be q’.
The total charge will be zero. Sol.
So, Kfq‘_'_& -0 (i) B.etween the .pla.tes, %.e. .in the region II as shown in
I, L, figure, electric field is given by
= ' M =q '— _i q -0
K/x I,
24. Two conducting spheres of radii Ry and R are (nn
charged with charges Q; and Q, , respectively. On
bringing them in contact, there is
(a) no increase in the energy of the system
(b) an increase in the energy of the system, if QiR» 1
E=— (01 -0, )
# QoRi 2¢,
(c) always a decrease in the energy of the system _ Lx 76 =% V!
(d) a decrease in the energy of the system, if Q;R, 2g, €
=Q:Ry
Ans. (d) 26. Three infinitely long charge sheets are placed as
Sol. shown in figure. The electric field at point P is
+ Z
Potential, V, = 19 .
1 zgrso R, o Z=3a
and V, = =2 .
* 4me, R, b el
—Jo H i
Q_Q ' ks
If V,=V,, then=L =2 i
, s emmmm e B e - X
= QR,=QR, =5 Z=-a
In this case, there will be no flow of charges.
However, if the given spheres have unequal 5 5
potentials, (a) el k (b)—- = k
€
then the charges shall flow from higher potential to 0 0
lower potential. Flow of charges shall be (©) 4_612 (d)— 4_612
accompanied €, &
by loss of energy. Ans. (b)
25.  Two infinitely long parallel conducting plates having Sol.  Electric field due to a charge sheet is given by;
surface charge densities +6 and -G respectively, o
are separated by a small distance. The medium =E= e
0

between the plates is vacuum. If €y is the dielectric
permittivity of vacuum, then the electric field in the For positive charged sheet, electric field’s direction

region between the plates is is away from the sheet, and for negatively charged
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27.

Ans.
Sol.

28.

Ans.
Sol.

29.

sheet, it is towards the sheet.

= Enel = Ez:a + Ez:3a +E

z=-a

2 ~ ~ A 26 ~
—E,_ =2—€°0(—k)+2;;(—k)+2%(—k) =—€—Z’k

Assertion: All the charge in a conductor gets
distributed on whole of its outer surface.

Reason: In a dynamic system, charges try to keep
their potential energy minimum.

(a) If both assertion and reason are true and reason is
the correct explanation of assertion.

(b) If both assertion and reason are true but reason is
not the correct explanation of assertion.

(c) If assertion is true but reason is false.

(d) If both assertion and reason are false.

(a)

Charge resides on the outer surface of a conductor
because like charges repel and try to get as far away
as possible from one another and stay at the farthest
distance from each other. This to ensuring to maintain
minimum potential energy to easily move around

from one body to another, which is why they occupy
the outer surface of the conductor.

Assertion: Net electric field inside conductor is zero.

Reason: Total positive charge equals to total negative
charge in a conductor.

(a) If both assertion and reason are true and reason is
the correct explanation of assertion.

(b) If both assertion and reason are true but reason is
not the correct explanation of assertion.

(c) If assertion is true but reason is false.
(d) If both assertion and reason are false.
(©
Charge resides on outer surface of conductor. So, the
electric field inside it is (ﬁEi“dS e _ 0

80
Also, the charges are not the same, i.e., the total
positive charge is not equal to the total negative
charge in a conductor. This is to ensure smooth
conductivity.

Assertion: The surface charge densities of two
spherical conductors of different radii are equal. Then

Ans.
Sol.

30.

Ans.
Sol.

the electric field intensities near their surfaces are
also equal.

Reason: Surface charge density is equal to charge per
unit area.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the Assertion.

(c) Assertion is true, but Reason is false.
(d) Both Assertion and Reason are false.
(b)

As 6, =0, (Given)
Letr, andr, be two different radii.

2

r
Therefore, Lzzq_227 ordi =L
4mr  4mr q, t

Then the ratio of electric field intensities near the
surface of spherical conductor is given by

E 4me, 17 1} i
LoD 0 9y e, E, = E,.

E, 471"80r12 q, q, 4

According to definition, surface charge density is
equal to charge per unit area.

Assertion: Vehicle carrying inflammable materials
usually have metallic ropes touching the ground
during motion.

Reason: The charge accumulated in the body may
cause fire.

(a) Both Assertion and Reason are true, and the
Reason is the correct explanation of the Assertion.

(b) Both Assertion and Reason are true, but the
Reason is not the correct explanation of the
Assertion.

(c) Assertion is true, but Reason is false.

(d) Both Assertion and Reason are false.

()

Due to rubbing between tyre of vehicle and road,
charge is produced and deposited on insulating
tyres so if it is transferred to vehicle due to
inflammable material it may catch fire. To avoid it,
metallic chain is used which transfers excess
charge into Earth.
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