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Electrostatics

1. INTRODUCTION (vi) Charge is always a§soci§1ted with mass, i.e.,
The branch of physics which deals with electric charge can not e.X}IISt w1tll110ut meilss thogglh
effect of static charge is called electrostatics. mass can exist without charge. T ¢ particle

such as photon or neutrino which have no

2. ELECTRIC CHARGE (rest) mass can never have a charge.

Charge of a material body or particle is the (vii) Charge is relativistically invariant: This
property (acquired or natural) due to which it means that charge is independent of frame
produces and experiences electrical and magnetic of reference, i.e., charge on a body does not
effects. Some of naturally charged particles are change whatever be its speed. This property
electron, proton, a-particle etc. is worth mentioning as in contrast to charge,
Charge is a derived physical quantity. Charge is the mass of a body depends on its speed and
measured in coulomb in S.I. unit. In practice we increases with increase in speed. ,

(viii) A charge at rest produces only electric field

use mC (10°C), uC (10°°C), nC(107°C) etc.
C.G.S. unit of charge = electrostatic unit = esu.
1 coulomb = 3 x 10’ esu of charge
Dimensional formula of charge = [M°L°T'T']

2.1 Properties of Charge
(i) Charge is a scalar quantity: It adds algebraically

and represents excess, or deficiency of electrons.

(ii) Charge is of two types :

(i) Positive charge and Negative charge

around itself, a charge having uniform
motion produces electric as well as
magnetic field around itself while a charge
having accelerated motion emits
electromagnetic radiation.

2.2 Charging of a body

A body can be charged by means of{(a) friction, (b)
conduction, (c) induction, (d) thermionic

(ii) Charging a Body : charging a body implies ionization or thermionic emission (e) photoelectric
transfer of charge (electrons) from one body effect and (f) field emission.
to another. Positively charged body means
loss of electrons, i.e., deficiency of (a) Charging by Friction :
electrons. Negatively charged body means When a neutral body is rubbed against other
excess of electrons. This also shows that neutral body then some electrons are transferred
mass of a negatively charged body > mass from one body to other. The body which can hold
of a positively charged identical body. electrons tightly, draws some electrons and the

(iili) Charge is conserved :In an isolated system, body which cannot hold electrons tightly, looses
total charge (sum of positive and negative) some electrons. The body which draws electrons
remains constant whatever change takes becomes negatively charged and the body which
place in that system. looses electrons becomes positively charged.

(iv) Charge is quantized : Charge on anybody Afterubbing. H— 1t =
always exists in integral multiples of a A B 1A 2B |-
fundamental unit of electric charge. This TEEERT S oo me-
unit is equal to the magnitude of charge on Nevral
electron (le = 1.6 x 107" coulomb). So For example : Suppose a glass rod is rubbed with a
charge on anybody Q = + ne, where n is an silk cloth. As the silk can hold electrons more
integer and e is the charge of the electron. tightly and a glass rod can hold electrons less

e Millikan's oil drop experiment proved the tightly (due to their chemical properties), some

quantization of charge or atomicity of charge
Note : Recently, the existence of particles of charge

1 2
ige and i§ e has been postulated. These particles

are called quarks but still this is not considered as

the quantum of charge because these are unstable

(They have very short span of life).

(v) Like point charges repel each other while
unlike point charges attract each other.

(b)

electrons will leave the glass rod and gets
transferred to the silk. So in the glass rod their will
be deficiency of electrons, therefore it will become
positively charged. And in the silk there will be
some extra electrons, so it will become negatively
charged

Charging by conduction (flow): There are three
types of material in nature




Electrostatics

(i) Conductor : Conductors are the material in
which the outer most electrons are very
loosely bounded, so they are free to move
(flow). So in a conductors, there are large
number of free electrons.

Ex.  Metals like Cu, Ag, Fe, Al... etc.

(ii) Insulator or Dielectric or Nonconductor:
Non-conductors are the materials in which
outer most electrons are very tightly
bounded, so they cannot move (flow). Hence
in a non-conductor there is no free electrons.
Ex. plastic, rubber, wood etc.

(iii) Semi conductor : Semiconductor are the

materials which have free electrons but very
less in number.
Now lets see how the charging is done by
conduction. In this method we take a charged
conductor 'A' and an uncharged conductor
'B'. When both are connected some charge
will flow from the charged body to the
uncharged body. If both the conductors are
identical & kept at large distance, if
connected to each other, then charge will be
divided equally in both the conductors
otherwise they will flow till their electric
potential becomes same. Its detailed study
will be done in last section of this chapter.

Switch
_—
A B

Charged body

Uncharged body

|

If a charged body is placed near a neutral
conductor, will it attract the conductor or repel it?
Solution :

+q P
. repulsion
Attraction force

force

If a charged body (+ve) is placed left side near a
neutral conductor, (—ve) charge will induce at left
surface and (+ve) charge will induce at right surface.
Due to positively charged body —ve induced charge
will feel attraction and the +ve induced charge will feel
repulsion. But as the —ve induced charge is nearer, so
the attractive force will be greater than the repulsive
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force. So the net force on the conductor due to
positively charged body will be attractive. Similarly
we can prove for negatively charged body also.

From the above example we can conclude that.
"A charged body can attract a neutral body."

If there is attraction between two bodies then one of
them may be neutral. But if there is repulsion between
two bodies, both must be charged (similarly charged).
So "repulsion is the sure test of electrification''.

(Example:2 )

A positively charged body 'A' attracts a body 'B'
then charge on body 'B' may be:

(1) Positive (2) negative
(3) Zero (4) can't say
Ans. 2,3

(Example:3 )

Five styrofoam balls A, B, C, D and E are used in

an experiment. Several experiments are performed

on the balls and the following observations are

made : (i) Ball A repels C and attracts B.

(ii) Ball D attracts B and has no effect on E.

(iii) A negatively charged rod attracts both A and E.
For your information, an electrically neutral
styrofoam ball is very sensitive to charge
induction, and gets attracted considerably, if
placed nearby a charged body. What are the
charges, if any, on each ball?

A B C D E
Q)+ - + 0 +
2+ - + + 0
B3+ - + 0 0
@ - + - 0 0

Solution: (3)

From (i), As A repels C, so both A and C must be
charged similarly. Either both are +ve or both are
—ve. As A also attract B, so charge on B should be
opposite of A or B may be uncharged conductor.

From (ii), As D has no effect on E, so both D and E
should be uncharged, and as B attracts uncharged D, so
B must be charged and D must be on uncharged
conductor.

From (iii), a —ve charged rod attract the charged ball
A, so A must be +ve, and from exp. (i) C must also be
+ve and B must be —ve.

(Example: 4 )

Charge conservation is always valid. Is it also true
for mass?

Solution.

No, mass conservation is not always. In some nuclear
reactions, some mass is lost and it is converted into
energy.
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|Example :5 |

What are the differences between charging by

induction and charging by conduction ?

Solution.

Major differences between two methods of charging

are as follows :

(i) In induction, two bodies are close to each other but
do not touch each other while in conduction they
touch each other. (or they are connected by a
metallic wire)

(ii) In induction, total charge of a body remains
unchanged while in conduction it changes.

(iii) In induction, induced charge is always opposite in
nature to that of source charge while in conduction
charge on two bodies finally is of same nature.

(Example: 6 )

If a glass rod is rubbed with silk it acquires a
positive charge because :

(1) protons are added to it

(2) protons are removed from it

(3) electrons are added to it

(4) electrons are removed from it.

Solution: (4)

3. COULOMB'’S LAW (INVERSE SQUARE LAW)

On the basis of experiments Coulomb established
the following law known as Coulomb's law.

The magnitude of electrostatic force between two
point charges is directly proportional to the
product of charges and inversely proportional to
the square of the distance between them.

1
ie. Fcqqy and Foc— :>Focq1§h
r r

_ Kq,q,
2

= F

Important points regarding Coulomb's law :
(i) Itis applicable only for point charges.
(i) The constant of proportionality K in SI units in

vacuum is expressed as and in any other

4re,

1
medium expressed as i If charges are dipped
e

in a medium then electrostatic force on one charge

1 9.9,

2

is . §pand ¢ are called permittivity of

dnepe, T
vacuum and absolute permittivity of the medium
respectively. The ratio €/¢, = ¢ is called relative

permittivity of the medium, which is a
dimensionless quantity.

(iii) The value of relative permittivity €, is constant for
medium and can have values between 1 to o. For
vacuum, by definition it is equal to 1. For air it is

nearly equal to 1 and may be taken to be equal to 1

Electrostatics

for calculations. For metals the value of g, is o0 and
for water is 81. The material in which more charge
can induce &, will be higher.

(iv) The value of —— =9 x 10° Nm® C?

4re,
= g =8.855x 107" C*/Nm’.
Dimensional formula of € is M L™ T* A®

(v) The force acting on one point charge due to the
other point charge is always along the line joining
these two charges. It is equal in magnitude and
opposite in direction on two charges, irrespective
of the medium, in which they lie.

(vi) The force is conservative in nature i.e., work done
by electrostatic force in moving a point charge
along a close loop of any shape is zero.

(vii)Since the force is a central force, in the absence of
any other external force, angular momentum of
one particle w.r.t. the other particle (in two particle
system) is conserved,

(viii)In vector form formula can be given as below.

P= 1 9.9 1 9.9 ;

=3 f = =2
gy, |T| 4drgpe, |T|

(q1& q; are to be substituted with sign.)

here is position vector of the test charge (on which
force is to be calculated) with respect to the source
charge (due to which force is to be calculated).

'Example 27 '

Find out the electrostatics force between two point
charges placed in air (each of +1 C) if they are

separated by 1m .
Solution.
kqq,  9x10’x1x1 9
oo =5t s m0N iy
A/~

From the above result we can say that 1 C
charge is too large to realize. In nature, charge is
usually of the order of pC

'Example : 8 '

Two particles having charges q; and q, when kept
at a certain distance, exert a force F on each other.
If the distance between the two particles is reduced
to half and the charge on each particle is doubled
then what will be the force between the particles :
Ans. 16 F

Solution.
. kqlzqz
r
b b 9y r
If q1=2q, 92=2q rzi’

k 1 1
then F’ =% = k(qu—)(ng)
r r
3)

16kqq,
= ——= F=16F

I

F’
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(Example:9 )

A particle of mass m carrying charge q, is revolving
around a fixed charge —q; in a circular path of radius
r. Calculate the period of revolution and its speed also.
Solution.

1 2 4n2mr,
4ne, T
T2 = (4neg,)r’ (4n’mr) or T =dnr 0

9,9, qlqz
and also we can say that
2

q,q, _Mmv — V= 9%

dmg,r’ 4e, mr

'Example : 10 '

A point charge q, = + 100 pc is placed at point A

(1, 0, 2) m and an another point charge qg =

+200pc is placed at point B (4, 4, 2) m. Find :

(i) Magnitude of Electrostatic interaction force
acting between them

(ij) Find F, (force on A due to B) and E, (force on

B due to A) in vector form

Solution:
q, = +200pc F
__--777B4.4.2)
(l) /.(1’1’:’;1;)0}40
F A1,0,2)
Value of
e[l dads _ (9x10)(100x10")(200x10™)
| ¢ JE-1D2+(4-0) +(2-2)?
=7.2N
(ij) ForceonB F, = k|qf|(3113 =
T

=(9x10°)(100x107)(200x10™*)
JE-1)>+@4-01>+(2-2)7

=72 (zf +ijj N
5 5

Similarly F, = 7.2(-%{ _%jj N

[@-Di+@-0)j+2-2k]

Action (F,) and Reaction (F,) are equal but in
opposite direction.

4. PRINCIPLE OF SUPERPOSITION
The electrostatic force is a two body interaction,
i.e., electrical force

a Fa.
F3
qz- q > _.2
q3 l—:'1
q.
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between two point charges is independent of
presence or absence of other charges and so the
principle of superposition is valid, i.e., force on
charged particle due to number of point charges is
the resultant of forces due to individual point
charges, therefore, force on a point test charge due
to many charges is given by.

'Example : 11 '

Three equal point charges of charge +q are moving
along a circle of radius R and a point charge —2q is
also placed at the centre of circle as (shown in
figure), if charges are revolving with constant and
same speed then calculate speed

Solution:

m
F, —2F; cos 30 = v

K@@  2kq?) _mv?
R R cos 30
kq? 1
S e S 5 S
g Rm[ A

(Example : 12 )

Two equally charged identical small metallic spheres
A and B repel each other with a force 2 x 10°N
when placed in air (neglect gravitation attraction).
Another identical uncharged sphere C is touched to
B and then placed at the mid-point of line joining A
and B. What is the net electrostatic force on C?
Solution:

Let initially the charge on each sphere be q and
separation between their centres be r; then according to
given problem.

F- L 9X4 505N
dney r
:

e >
@ ®:
a q
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When sphere C touches B, the charge of B, q will
distribute equally on B and C as sphere are identical
conductors, i.e., now charges on spheres;

qs =dqc =(q/2)

So sphere C will experience a force
r/2 /2

q q/2 q/2

I 4a/2) —7Falong AB due to charge on A
4ne, (r/2)

1 (9/2)(q/2)
4ne,  (r/2)

charge on B
So the net force Fc on C due to charges on A and B,

Fc=Fca—Fcg=2F—F=2x 10" N along AB .

'Example : 13 '

Fea=

and,Fcp = = F along BA due to

Five point charges, each of value q are placed on
five vertices of a regular hexagon of side L. What is
the magnitude of the force on a point charge of
value —q coulomb placed at the centre of the
hexagon?

Solution:

Method : 1

If there had been a sixth charge +q at the remaining
vertex of hexagon force due to all the six charges on —q
at O would be zero (as the forces due to individual
charges will balance each other), i.e.,

E, =0

Now if fis the force due to sixth charge and F due to
remaining five charges.

F+f=0 ie F=—f
1 9xq 1 q°
or, [Fl=lfl=— 5 = —¥
4rne, L 4ng, L
L
&>
S 2
R,
EE R S
B ek K
Fardacoann e e
| S 1
L R
R qa,
A B
Fooo = Foo = — along CO
b ©4n €, L?

Method : IT
In the diagram we can see that force due to charge
A and D are opposite to each other
L

Electrostatics
FDO + FAO =0 ...(1)
Similarly FBO + FEO =0 ....(ii)

SO FAO + FBO + FCO + DO +FEO = FNet

2
! q_2 along CO.

Using (i) and (ii) F,. = E. =
g (i1) Fy,, v

C

Note :

(1) The total charge of the rod cannot be
considered to be placed at the centre of the rod
as we do in mechanics for mass in many
problems.

Note:

(2) If a>>l| then

F= qu behaviour of the rod is just like a point
a
charge.

5. ELECTROSTATIC EQUILIBRIUM
The point where the resultant force on a charged
particle becomes zero is called equilibrium
position.

5.1 Stable Equilibrium:
A charge is initially in equilibrium position and is
displaced by a small distance. If the charge tries to
return back to the same equilibrium position then
this equilibrium is called position of stable
equilibrium.

5.2 Unstable Equilibrium:
If charge is displaced by a small distance from its
equilibrium position and the charge has no
tendency to return to the same equilibrium
position. Instead it goes away from the equilibrium
position.

5.3 Neutral Equilibrium:
If charge is displaced by a small distance and it is
still in equilibrium condition then it is called
neutral equilibrium.

'Example : 14 '

Two equal positive point charges 'Q' are fixed at
points B(a, 0) and A(-a, 0). Another test charge q is
also placed at O(0, 0). Show that the equilibrium at
'0'is

(i) stable for displacement along X-axis.

(ii) unstable for displacement along Y-axis.

Solution

® o b a
--Frge o Fio 050>
.. = = T T KQq
Initially F,, + F,, =0 =|F, | = [Eo| == :
a

When charge is slightly shifted towards + x axis by a
small distance Ax, then.
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Q

| FAO | <‘ FBO ‘

Therefore the particle will move towards origin (its
original position) hence the equilibrium is stable.

(ii) When charge is shifted along y axis

2FcosH

Fw. T _.aF
Fsind e Fsin6
2lg T
Q. H .Q
L TP N
A ' B

After resolving components net force will be along y
axis so the particle will not return to its original
position so it is unstable equilibrium. Finally the
charge will move to infinity.

(Example : 15 )

Two point charges of charge q; and q, (both of same
sign) and each of mass m are placed such that
gravitation attraction between them balances the
electrostatic  repulsion. Are they in stable
equilibrium? If not then what is the nature of
equilibrium?
Solution:
In given example :
Kq,q, Gm’

r’ r’
We can see that irrespective of distance between them
charges will remain in equilibrium. If now distance is
increased or decreased then there is no effect in their
equilibrium. Therefore it is a neutral equilibrium.

'Example : 16 '

A particle of mass m and charge q is located
midway between two fixed charged particles each

having a charge q and a distance 2/ apart. Prove

that the motion of the particle will be SHM if it is

displaced slightly along the line connecting them

and released. Also find its time period.

Solution:

Let the charge q at the mid-point the displaced slightly

to the left.

The force on the displaced charge q due to charge q at A,
1 q

4me, (L+x)

The force on the displaced charge q due to charge at B,

F1:

Physics-XII

B q A

@-----maaas R R L °

q « q

le € sle € S|

IS ZIS r4 |

) 26 |

I 1

N S
dng, (£-x)°
Net restoring force on the displaced charge q.
1 q’ 1 q’
F= Fz - Fl orF= 5 P
4ne, (L —Xx) 4ne, (L +Xx)
2 1 1
or F=_9_ > 3
dng, | (L—=x)" (L+X)
_ q2 4£X
4ne, (07 —x°)
2 2
Since />> x, ~F=4d fx orF=_4 X3
ne, ! eyl

We see that F oc x and it is opposite to the direction of
displacement. Therefore, the motion is SHM.

2 mre, I
T= 2n‘12,herek= | =2n —20
k e, q

(Example : 17 )

Two identical charged spheres are suspended by
strings of equal length. Each string makes an angle
0 with the vertical. When suspended in a liquid of
density o = 0.8 gm/cc, the angle remains the same.
What is the dielectric constant of the liquid?
(Density of the material of sphere is p = 1.6 gm/cc.)
Solution:

Initially as the forces acting on each ball are tension T,
weight mg and electric force F, for its equilibrium
along vertical,

T cos 6 = mg (1)
and along horizontal
Tsin@=F ..(2)

mg mg

Dividing Eqn. (2) by (1), we have
tan O = £ ..(3)

mg

When the balls are suspended in a liquid of density o
and dielectric constant K, the electric force will
become (1/K) times, i.e., F' = (F/K) while weight
mg' = mg — Fg = mg — Vog [as Fg = Vog, where o is
density of material of sphere]
=3
p

. c
ie., mg =mg {1 — —}
p

6
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So for equilibrium of ball,
P F

tan 0' = E .. ()

mg'  Kmg[l-(c/p)]
According to given information 6' = 0; so from
equations (4) and (3), we have

P - 1.6 =2 Ans.

T (p-0) (16-08)

6. ELECTRICFIELD
Electric field is the region around charged particle
or charged body in which if another charge is
placed, it experiences electrostatic force.

6.1 Electric field intensity E:Electric field
intensity at a point is equal to the electrostatic
force experienced by a unit positive point charge
both in magnitude and direction.

If a test charge qq is placed at a point in an electric

field and experiences a force F due to some
charges (called source charges), the electric field
intensity at that point due to source charges is

givenby E= L ;

do
If the E is to be determined practically then the
test charge o should be small otherwise it will
affect the charge distribution on the source which
is producing the electric field and hence modify
the quantity which is measured.

'Example : 18 '

A positively charged ball hangs from a long silk
thread. We wish to measure E at a point P in the
same horizontal plane as that of the hanging
charge. To do so, we put a positive test charge q, at
the point and measure F/qo. Will F/qq be less than,
equal to, or greater than E at the point in question?
Solution:

When we try to measure the electric field at point P
then after placing the test charge at P it repels the
source charge (suspended charge) and the measured

q %
_Qr

Value of electric field Ecasured = Rl will be less than
9o

the actual value E, that we wanted to measure.

6.2 Properties of electric field intensity E:

(i) It is a vector quantity. Its direction is the same as
the force experienced by positive charge.

(ii) Direction of electric field due to positive charge is
always away from it while due to negative charge
always towards it.

Electrostatics

(iii) Its S.I. unit is Newton/Coulomb.

(iv) Its dimensional formula is [MLT °A™']

(v) Electric force on a charge q placed in a region of
electric field at a point where the electric field
intensity is E is given by F=qE .

Electric force on point charge is in the same
direction of electric field on positive charge and in
opposite direction on a negative charge.

(vi) It obeys the superposition principle, that is, the
field intensity at a point due to a system of charges
is vector sum of the field intensities due to
individual point charges.

E=E +E,+E, +..

(vii)It is produced by source charges. The electric field
will be a fixed value at a point unless we change
the distribution of source charges.

(Example : 19 )

Electrostatic force experienced by —3uC charge placed
at point 'P' due to a system 'S' of fixed point charges as

shown in figure is uN.
P

(i) Find out electric field intensity at point P due to S.

(i) If now 2uC charge is placed and —3 F= (21{ + 93)
nC is removed at point P then force experienced
by it will be.

Solution:

a) F=qE_ (2l +9j)|.1.N:73HC(E) —E—7i_3]
N

C

(i) Since the source charges are not disturbed the
electric field intensity at 'P' will remain same.

Fauc=+2(E)=2(-71 —3])=-14i —6juN

'Example : 20 ]

Calculate the electric field intensity which would be
just sufficient to balance the weight of a particle of
charge —10 pc and mass 10 mg. (take g=10 ms’)
Solution:

As force on a charge q in an electric field F,

E is

Fq=qE

So according to given problem A®q lE
|[F,| = IW[| ie, |qE=mg

ie,E =% = 10 N/C., in downward W
q
direction.
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List of formula for Electric Field Intensity due to various types of charge distribution :

Physics-XII

Name / Type

Note

Graph

Point charge

NS
RN

* q is source charge.
* Iis vector drawn from source
charge to the test point.

outwards due to +charges
& inwards due to —charges.

A

Infinitely long line charge

< | —

* qis linear charge density
(assumed uniform)

* ris perpendicular distance
of point from line charge.

* is radial unit vector drawn
from the charge to test point.

Infinite non-conducting thin sheet

0
'
'
|
i
'
'

* g is surface charge density.
(assumed uniform)
* is unitnormal vector.
* x =distance of point onthe
axis from centre of thering.
* electric field is always
along the axis.

o/2¢,

Uniformly chargedring

i
|

* Qis total charge of the ring

* x =distance of pointon the
axis from centre of the ring.

* electricfield is always
along the axis.

Infinitely large charged
conducting sheet

* cisthe surface charge .

density (assumed uniform)

* 1 isthe unit vector perpendicular
is the surface.

Uniformly charged hollow
conducting/ nonconducting /solid
conducting sphere

Eay

*Risradius of the sphere.

* ¥ is vector drawn from centre
of sphere to the point.

* Sphere acts like a point charge.
placed at centre for points outside
the sphere.

* E isalways along radial direction.

*Qis total charge (= 64nR’).
(o =surface charge density)

Uniformly charged solid
nonconducting
sphere (insulating material)

He

Formula
— Kq R
= — -r
||
Ao 2K0F
27[80r r
C -
—0nN
280
E_ KQx
(R2+x2 )5/2
Eceme =0
O -
—nN
€g
(i)forr>R
= kQ .
E=4—%r
[r]
(i) forr<R
E=0
(iyforr>R
= kQ .
E=—
e
(iforr< R
E- ';S 7

T isvector drawn from centre
of sphere to the point

* Sphere acts like a point charge
placed atthe centre for points
outside the sphere

E isalwaysalongradial dir"
*Qistotal charge (04 7R%).

(p = volume charge density)

* Inside the sphere E «cr.

* Qutside the sphere E «< 1/r°.
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e Electric field due to point charge

kq = kq. -~ kq.
:r_2 Ezr—zr Ezr—zr

N\
ZiN

= position vector of test point with respect to
source charge

7

=T testpoint r sourcecharge

'Example 121 '

Find out electric field intensity at point A (0, 1m, 2m)
due to a point charge —20uC situated at point
B(+~/2 m, 0, 1m).

Solution:

= 1 =P.V.of A-P.V. of B (P.V.=Position vector)

= (21+] +0)

[F1= V(2 + () + (1 =2
9 -6 .

9x10 ><(820><10 ) (25 +]

= 225%x10° (-2 1 +] +k)N/C.

'Example 122 '

+k)

E=

Two point charges 2puc and — 2pc are placed at
point A and B as shown in figure. Find out electric
field intensity at points C and D. [All the distances
are measured in meter].

Y

(0,‘/5) » D
«20) (20) (@20)
A
2uC —ZB],LC c
Solution

Electric field at point C
(Ea, Ep are magnitudes only and arrows represent
directions)
Electric field due to positive charge is away from it
while due
to negative charge it is towards the charge. It is clear
that EB> E A

Enet = (Eg — EA) towards negative X-axis

2uC -2uC c

Electrostatics

_K(2pe)  K(2pe)

2y (3V2y
= 8000 (—i) N/C
Electric field at point D :
Since magnitude of charges are same and also AD = BD
So EA = EB
Vertical components of E, andE, cancel each other

towards negative X-axis

while horizontal components are in the same direction.

Ea
Dige 2E,cos0
; E;
A 0 0 B
(-+/2,0) (+/2.0)
2K((2uc
So, E.t =2EA cosb = % cos45®
-6 R
_ Kx10™ 9000i N/C.

NCRNG
|Example:23 |

Six equal point charges are placed at the corners of
a regular hexagon of side ‘a’. Calculate electric
field intensity at the centre of hexagon?

Solution: Zero

Similarly electric field due to a uniformly charged

ring at the centre of ring :
+Q

Note:

(i) Net charge on a conductor remains only on the
outer surface of a conductor.

(ii) On the surface of isolated spherical conductor
charge is uniformly distributed.
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6.3 Electric field due to a uniformly charged
ring and arc.

'Example 124 '

Find out electric field intensity at the centre of
uniformly charged semicircular ring of radius R
and linear charge density A.

Solution:

A = linear charge density.

The arc is the collection of large no. of point charges.
Consider a part of ring as an element of length Rd6
which subtends an angle dO at centre of ring and it lies

between 0 and 0 + dO
SN ‘j
A%
y

dE

y

dE
dE =dE,} + dEyj E, = jdEX =0 (due to symmetry)

.

E,= [dE, :IdEsinO - % Isine.de =

' Example : 25 '

Find out electric field intensity at the centre of
uniformly charged quarter ring of radius R and

linear charge density A.
Solution:

Refer to the previous equation dE = dE,j + dEyj on

. | (TP
solving Eo = ?:(HJ) ,
Electric field due to ring on its axis :
KQx
Enet = [Rz 4 X2]3/2

. dE , R
E will be max when —= 0, that is at x= —= and
dx 2

2KQ

3.3 R?

Case (i):

Emax =

K
If x>>R, E = —? Hence the ring will act like a point
X

charge
. KQ x
Case (ii): if x<<R,E = =

(Example : 26 )

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. Find the force
on the particle. Assuming x << R, find the time
period of oscillation of the particle if it is released
from there. (Neglect gravity)

Physics-XII

Solution:

When the negative charge is shifted at a distance x
from the centre of the ring along its axis then force
acting on the point charge due to the ring:

Fg = qE (towards centre)

g [&}

[rv

(R2 + XZ )3/2
X [
if R >>x then /1'—;“\
R+ X2: R S
1 Qgx :

g = —— ——— (Towards centre)
4re,
Since restoring force Fgoc x, therefore motion of

charge the particle will be S.H.M.

Time period of SHM.
16m°s,mR* |~
el 2
k Qq Qq
4me R’

6.4 Electric field due to uniformly charged
wire

(i) Line charge of finite length : Derivation of
expression for intensity of electric field at a point
due to line charge of finite size of uniform linear
charge density A. The perpendicular distance of
the point from the line charge is r and lines joining
ends of line charge distribution make angle 0, and
0, with the perpendicular line.

E,=KA/r [sinO;+sinB,] ... )
E, =KA/r [c0s0, - cos0;]
Net electric field at the point

Enei = \/E; +E;

(ii) We can derive a result for infinitely long line
charge
In above eq. (1) & (2) if we put 6, = 0, = 90° we
can get required result.

2K\
Enct:EX: -
r
0
............ —
r E
| :
E Bec |
© r—>

10
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(iii) For Semi- infinite wire
0, = 90°and 6,=0° so

KA K\
E,= _aEy:_
r r

o0

'Example 127 '

A point charge q is placed at a distance r from a very
long charge thread of uniform linear charge density A.
Find out total electric force experienced by the line
charge due to the point charge. (Neglect gravity).
Solution.

Force on charge q due to the thread,

F:(zqu
T

By Newton's III law, every action has equal and

2
opposite reaction so force on the thread = ——.q
r

(away from point charge)

6.5 Electric field due to uniformly charged
infinite sheet

Enet = Zi toward normal direction
€

o

Note:

(1) The direction of electric field is
perpendicular to the sheet.

(2) The magnitude of electric field is independent
of distance from sheet.

(Example : 28 )

always

An infinitely large plate of surface charge density
+o is lying in horizontal xy plane. A particle having
charge —q, and mass m is projected from the plate
with velocity u making an angle 6 with sheet. Find :

Electrostatics

(i) The time taken by the particle to return on the
plate.

(i) Maximum height achieved by the particle.

(iii) At what distance will it strike the plate
(Neglect gravitational force on the particle)

Solution:

u

9, 0

Electric force acting on the particle F. = q,E : F. = (q,)

[iJ downward
2¢

o

So acceleration of the particle:
E

= = 99 - yniform
m 2g m

a=

This acceleration will act like ‘g’ (acceleration due to

gravity)
So the particle will perform projectile motion.

2usin© _ 2usin©

H T= =7 X
qu
(ZSOmJ
(i) H= u’sin’ 0 _ u’sin® 0
il
2g,m
(iii) R = uz sin 26 _ u2 sin20

g 9,9
2e.m

(Example 129 )

A block having mass m and charge —q is resting on
a frictionless plane at a distance L from fixed large
non-conducting infinite sheet of uniform charge
density ¢ as shown in Figure. Discuss the motion of
the block assuming that collision of the block with
the sheet is perfectly elastic. Is it SHM?

Solution

The situation is shown in Figure. Electric force
produced by sheet will accelerate the block towards the
sheet producing acceleration. Acceleration will be
uniform because electric field E due to the sheet is
uniform.

F_q
a=—=—where E = 6/2¢
m m

As initially the block is at rest and acceleration is
constant, from second equation of motion, time taken
by the block to reach the wall

«— Sheet

[
Vi
L

mg

11
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L= 1 at?  ie.,t= 2L _ \/sz = \/4m8°L

2 a qE qo
As collision with the wall is perfectly elastic, the block
will rebound with same speed and as now its motion is
opposite to the acceleration, it will come to rest after
travelling same distance L in same time t. After
stopping it will be again accelerated towards the wall
and so the block will execute oscillatory motion with
'span’ L and time period.

T=2t=2( 2ij :2[ 4maOLJ
qE qo

However, as the restoring force F = qE is constant and
not proportional to displacement x, the motion is not
simple harmonic.

(Example : 30 )

If an isolated infinite sheet contains charge Q; on
its one surface and charge Q, on its other surface
then prove that electric field intensity at a point in

front of sheet will be Q ,where Q=Q; + Q,
80
Solution
Electric field at point P :
E=E, +E
— Ql ﬁ QZ ﬁ: Q1+Q2ﬁ: Q ﬁ
2Ag, 2Ag, 2A¢g, 2Ag,
Q | Q
P Q, Q,
—_— e —
2Ag, 2Ag,

[This shows that the resultant field due to a sheet
depends only on the total charge of the sheet and not
on the distribution of charge on individual surfaces].

(Example : 31 )

Three large conducting parallel sheets are placed at
a finite distance from each other as shown in figure.
Find out electric field intensity at point A, B, C & D.

Q -2Q 3Q
A B C D
L] L] L] L] y
LX
Solution:
For point A
Q -2Q 3Q
E_q
E, EnA

L = e = - 3Q ;. 2Q
Ene=EqQtE3otEsg=— i— i+
QIR e, 2Ae,  2As,
__Q:
Ag,

Physics-XII
for point B
Q 2Q  3Q
Efzo
Eq, B Eq

Ene= E3Q+ E—2Q+ Eog=— 3Q i+ 2Q i+ _Q =0

2Ag, 2A¢, 2A¢g,
for point C
Q -2Q 3Q
an Eu
E..C
Enet: EQ+E3Q+E_2Q:+ /1:— 3Q i— 2Q I
2Ag, 2Ag, 2Ag,
-2
Ag,
for point D
Q -2Q 3Q
EsEx
E,.D
Enet = EQ + E3Q + E-2Q
4 Q 2, 3Q 22 _ Q>

2Ag, 2Ag, 2Ag, Ag,
6.6 Electric field due to uniformly charged

spherical shell
K

E= —ZQ r=R
r

=For the out side points & point on the surface
the uniformly charged spherical shell behaves
as a point charge placed at the centre

E=0 r<R

</

Electric field due to spherical shell out side it is
always along the radial direction.

(Example: 32 )

Figure shows a uniformly charged sphere of radius R
and total charge Q. A point charge q is situated
outside the sphere at a distance r from centre of
sphere. Find out the following:

Q

12
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(i) Force acting on the point charge q due to the

sphere.
(i) Force acting on the sphere due to the point
charge.
Solution:
(i) Electric field at the position of point charge
- KO.
E :—2Qr
r
=_KqQ. = _KdqQ
S B F= rz |F| - rz

(ii) Since we know that every action has equal and
opposite reaction so

. KciQ 2

sphere =

(Example : 33 )

KqQ
—=.

| F sphere| =

Figure shows a uniformly charged thin sphere of
total charge Q and radius R. A point charge q is
also situated at the centre of the sphere.

Find out the following:

(i) Force on charge q

(ii) Electric field intensity at A.

(iii) Electric field intensity at B.

Solution:

(i) Electric field at the centre of the uniformly
charged hollow sphere = 0
So force on charge q =0

(ii) Electric field at A

E,=E

- Kq
Sphere +Eq:0+ r_Z 5 I':CA
E due to sphere = 0, because point lies inside the
charged hollow sphere.

(i) Electric field E, at point B = Esphm +E,
KQ. Kq. K(Q+q) .
— ZQ.r+—2q-l” = Mr, r=CB
r r r

Note :Here we can also assume that the total charge of
sphere is concentrated at the centre, for
calculation of electric field at B.

(Example : 34 )

Two concentric uniformly charged spherical shells
of radius R; and R; (R,> R) have total charges Q,
and Q; respectively. Derive an expression of electric
field as a function of r for following positions.

() r<R; (i) R<r<R, (i) r>R,

Electrostatics

Solution:
(i) for r<Rj,
therefore point lies inside both the spheres
Enct = EInncr + Eoutcr =0+0
(ii) for Ri<r<R,,
therefore point lies outside inner sphere but inside
outer sphere:

KQ ., KR

1 ~
t +0= r
r2 r2

Enct = Einncr + Eoutcr =

(i) for r>R,
point lies outside inner as well as outer sphere
therefore.

KQ,. K

Q; KQ.

T I'2

¥

Eth = Einncr + Eoutcr =

KQ+Q.).

r

(Example : 35 )

A spherical shell having charge +Q (uniformly
distributed) and a point charge + ¢, are placed as
shown. Find the force between shell and the point
charge(r>>R).

(i) Force on the point charge + g, due to the shell = qq

A

_ K
Eshen = (qo) (Kij = &r where t is unit
r

I_2

vector along OP.
From action - reaction principle, force on the shell
due to the point charge will also be
KQq, (%)
r2

Fopen =
AW
==

Conclusion - To find the force on a hollow sphere
due to outside charges , we can replace the sphere
by a point charge kept at centre.

'Example : 36 '

Find force acting between two shells of radius R; and
R, which have uniformly distributed charges Q; and

Q; respectively and distance between their centre is r.
+ Qﬂ R1 + QZ! RZ

Solution:
The shells can be replaced by point charges kept at
centre so force between them
KQQ,
2

r

F=

13
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+Q, R, +Q,R,
r
< r -
E +Q +Q, T:

6.7 Electric field due to uniformly charged
solid sphere
Derive an expression for electric field due to solid
sphere of radius R and total charge Q which is
uniformly distributed in the volume,
at a point which is at a distance r from centre for
given two cases.

dq

i) r2R (i)r<R

Assume an elementary concentric shell of charge
dq. Due to this shell

the electric field at the point (r > R) will be

[from above result of hollow sphere]

Enei= [dE = %

Kd
dE = —3
r

For r < R, there will be no electric field due to
shell of radius greater than r, so electric field at the
point will be present only due to shells having
radius less than r.

KQ'
E net — ~ 5
t I'2
3
here ’=4L><ircr3 = Q_r3
*TCR3 R
3
E
KQ/Rq - -
R r

E et = r_z = R away from the centre.

Note :
The electric field inside and outside the sphere
is always in radial direction.

7. ELECTRIC POTENTIAL
In electrostatic field the electric potential (due to
some source charges) at a point P is defined as the
work done by external agent in taking a point unit
positive charge from a reference point (generally
taken at infinity) to that point P without changing
its kinetic energy.

Physics-XII

7.1 Mathematical representation:

If (W & pext 1S the work required in moving a
point charge q from infinity to a point P, the
electric potential of the point P is

Woop )ext :| — _Welc)w%p
4 Lo q

V =

p

Note:

(i) (W pext can also be called as the work done by
external agent against the electric force on a unit
positive charge due to the source charge.

(i) Write both W and q with proper sign.

7.2 Properties :
(i) Potential is a scalar quantity, its value may be
positive, negative or zero.

joule

(ii) S.I. Unit of potential is volt = and its

coulmb
dimensional formula is [MILZT%FI].

(iii) Electric potential at a point is also equal to the
negative of the work done by the electric field in
taking the point charge from reference point (i.e.
infinity) to that point.

(iv) Electric potential due to a positive charge is always
positive and due to negative charge it is always
negative except at infinite. (Taking V,=0).

(v) Potential decreases in the direction of electric field.

Vi) V=V +V,+V3+ ...

7.3 Use of potential :
If we know the potential at some point (In terms of
numerical value or in terms of formula) then we
can find out the work done by electric force when
charge moves from point 'P' to c by the formula
Wel )p o = qu

'Example : 37 |

A charge 2uC is taken from infinity to a point in an
electric field, without changing its velocity. If work
done against electrostatic forces is —40uJ then find
the potential at that point.

Solution: V= e AW _ 5y
q 2uC

(Example : 38 )

When charge 10 uC is shifted from infinity to a
point in an electric field, it is found that work done
by electrostatic forces is —10 pJ. If the charge is
doubled and taken again from infinity to the same
point without accelerating it, then find the amount
of work done by electric field and against electric
field.

14
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Solution: (Example : 39 )

Wext)op = ~Wetkop = Wetlp 0 = 10 ] because AKE =0 A charge 3uC is released at rest from a point P
_ Waup _ 10pJ -1V where electric potential is 20 V then its Kkinetic
q 10pC energy when it reaches to infinite is :

So if now the charge is doubled and taken from infinity then Solution
w ) Wel =AK= Kf— 0
ext Joop

= —= Wext)wP =20 MJ = Wel ) oP = -20 MJ WCl)P -0~ qVP =60 HJ
20uC s0, K¢=60 uJ

B

Electric Potential due to various charge distributions are given in table.

Name / Type Formula Note Graph

Point charge * q is source charge.

@ *

r is the distance of the point
r from the point charge. &

<

* Q is source charge.
*x is the distance of the point on N
the axis

Ring (uniform/nonuniform at centre KQ
charge distribution) R

atthe axis KQ

JR? +x2 '

. kQ * R is radius of sphere
Unlform!y charged h°"°.W forr>R V=— * r is the distance from centre of Vv
conducting/nonconducting sphere to the point

/solid conducting sphere * Qs total charge = o47RZ. KQR

forr<R V= %
R r
: : * Ris radius of sphere
Uniformly charged solid forrR V= kQ * r is distance from centre to the
nonconducting r :
forr<R point
KQ(SRZ— rz) * Veentre = 3/2 % Vsurface-
viry . s
2 9 * Q is total charge =p X 4/3 XzR”|
KQBR” —1%)
=T 3 * Inside sphere potential varies
2R parabolically
* outside potential varies
hyperbolically.
Infinite line charge Not defined * Absolute potential is not defined.
* Potential difference between two
points is given by formula vg—va
=—2K\ In (rg/ra)
Infinite nonconducting thin Not defined * Absolute potential is not defined.
sheet * Potential difference between two

points is given by formula

c
VA~ VB :(_)I(rB —Ip)
0

15
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7.4 Potential due to a point charge:
Derivation of expression for potential due to point
charge Q, at a point which is at a distance r from
the point charge.
Q r P

from definition potential

@b s

W,

V= ext(o—p) _ _ _J‘E . a
qO qO e
p K
=>V=- jK—zQ(—dr)005180° = —Q
T r

©

(Example : 40 )

Four point charges are placed at the corners of a
square of side £ calculate potential at the centre of

square.

Solution V d=0 at 'C'.
'Example 1 41 '

Two point charges 2uC and — 4uC are situated at
points (—2m, 0m) and (2m, Om) respectively. Find out
potential at point C. (4m, Om) and. D (Om, J5 m).

*D

A B C
______________ PN
q,=2uC g,~—4uC
(-2, 0) (2,0)

Solution
Potential at point C

_K@uO) | K(H4u0)

Ve=V, +V, = . >
_9x10x2x10° 9x10x4x10° _
6 2
Similarly, VD:Vql +Vq7 :&4_
C W5+
- KQuC)  K(-4uC
Ko _KaO (3“ ) 6000V

Jhrz 3

Finding potential due to continuous charges

E—

If formula of E is tought, then we take

If formula of E is easy then we use

V=—T E-dr

r—om

a small element and integrate

(i.e. for sphere, plate infinite wire etc.)

V= Idv

Physics-XII

7.5 Potential due to a ring :
(i) Potential at the centre of uniformly charged

ring:
Potential due to the small element dq
av - 24
R
Kd
Net potential V= J—q
R
q.R
R
K Kq
V= —|dq =—
14}
(ii) For non-uniformly charged ring potential at the
center is
V= quotal
R
+ o+
+
+
+
+ +
+

(iii) Potential due to half ring at center is:

K
v=—I
R
(iv) Potential at the axis of a ring:
\
r
v-_XQ

VR? +x?

16
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1Example 142 '

Figure shows two rings having charges Q and

— +/5 Q. Find Potential difference between A and B
(Va-Vp).

e
Solution:
L ko, K(5Q) - K(+50)
TR eryery T 2R
L KQ
(R) +(R)’

From above we can easily find V, — V3.

(Example : 43 )

A point charge qy is placed at the centre of
uniformly charged ring of total charge Q and
radius R. If the point charge is slightly displaced
with negligible force along axis of the ring then find
out its speed when it reaches to a large distance.
Solution:

Only electric force is acting on g

W&=AK,==5mf70
KQ
= Now Wcl)c%oo =qo V.= Jo - ?
Kq_o() =*1mV2 —y = 2Kq,Q
R 2 mR

7.6 Potential due to uniformly charged disc:

V=2L(~/R2 +x2 ,x] , where o is the charged density
€0

and x is the distance of the point on the axis from
the center of the disc, R is the radius of disc.

7.7 Potential Due To Uniformly Charged
Spherical shell:
Derivation of expression for potential due to
uniformly charged hollow sphere of radius R
and total charge Q, at a point which is at a
distance r from centre for the following
situation

@r>R (i)r<R

As the formula of E is easy, weuse ~ V=- f E-df

r>w

(i) At outside point (r > R):

Vou= — rIr (Iisz dr

T—>00
o (Distan ce from centre)

For outside point, the hollow sphere act like a
point charge.

Electrostatics

(ii) Potential at the centre of the sphere (r=0) :
As all the charges Are at a distance R from the
centre,

SoV - kQ KQ
cente (Radius of the sphare)

(iii) Potential at inside point (r<R) :
Suppose we want to find potential at point P ,
inside the sphere.

Potential difference between Point P and O :
+Q, R

x_+ x
®

P
Vo - Vo zfj‘Ein -dt Where E;, =0
(@]

KQ

=V =Vo=?

KQ _ KQ

= VIn: - = -
R (Radius of the sphere)

7.8 Potential Due To Uniformly Charged
Solid Sphere:

So Vp -V =0

dx
. : KQ
(i) for r 2R (outside) V=—
r
(i) for r<R (inside) vo KR
i) for r< inside =
2R’

(BR*-1") = Here p= Q

ﬂ R?

3

'Example 144 '

Two concentric spherical shells of radius R; and R,
(R> Ry) are having uniformly distributed charges
Q; and Q; respectively. Fin(é out potential

(%)

Q,

17
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(i) at point A
(ii) at surface of smaller shell (i.e. at point B)
(iii) at surface of larger shell (i.e. at point C)
(iv) atr <R;
(V) atR1_<r _<R2
(vijatr 2R,
Solution:
Using the results of hollow sphere as given in the table 7.4.
. K K . K K
(1) VA — Ql + Q2 (II)VB — Ql + QZ
Rl R2 Rl RZ
(iii)) Vg = KQ + KQ
RZ
. K K
(iv) forr<R; V= RQ + Q
Rl R2

K
(v) forRi<r<R, V= & + _KQZ
r R2

K K
J_KQ Ko
T T

(vi) forr 2R,

(Example : 45 )

Two hollow concentric non-conducting spheres of
radius a and b (a > b) contains charges Q, and Q,
respectively. Prove that potential difference
between two spheres is independent of charge on
outer sphere. If outer sphere is given an extra
charge, is there any change in potential difference?

Solution
K K«
Vinner sphere = _Qb + _Qa
b a
Vouter sphere = = + —
K« K«
Vinner sphere — Vouter sphere = TQJ — TQJ
AV =KQ, [1 _ l}
b a

Which is independent of charge on outer sphere.
If outer sphere in given any extra charge then there
will be no change in potential difference.

8. POTENTIAL DIFFERENCE
The potential difference between two points A and
B is work done by external agent against electric
field in taking a unit positive charge from A to B
without acceleration (or keeping Kinetic Energy
constant or K; = Ky))

Physics-XII

(1) Mathematical representation :
If (WA & B)exx = Work done by external agent
against electric field in taking the unit charge from
AtoB

VB _ VA = MJ — _(WA—>B )electric
4 AK=0 q

B
~|E.dr
:UB_UA _ J;e

q q

Note : Take W and q both with sign

(2) Properties:

(i) The difference of potential between two points is
called potential difference. It is also called voltage.

(ii) Potential difference is a scalar quantity. Its S.I.
unit is also volt.

(iii) If V4 and V3 be the potential of two points A and
B, then work done by an external agent in taking
the charge q from A to B is
(Wex)as=q (VB —Va) or (We)) aB =q (Va— V).

(iv) Potential difference between two points is
independent of reference point.

B
- [Edr
A

8.1 Potential difference in a uniform electric

field:
|B ” g
/ :
FOAYN T
d
Vg—Vas=—E-AB= V-V =—|E| |AB| cos 6
=—|E|d=-Ed

d = effective distance between A and B along
electric field.

A
or we can also say that E = —

Ad
e Special Cases:
Case 1
Line AB is parallel to electric field.
(L) >
Ao B . -
“E
VA — VB =Ed
Case 2
Line AB is perpendicular to electric field.
Aa :
|d “E
BsV e
Va—Vp= 0 = Va=Vp
Note :
In the direction of electric field potential always
decreases.
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(Example : 46 )

1nC charge is shifted from A to B and it is found
that work done by an external force is 40uJ in
doing so against electrostatic forces then, find
potential difference V, — Vg

Solution

(Wap)ext = (Ve — Va) = 40 pJ = 1pC (Vg — V)

= Vpo—Vp=-— 40

(Example : 47 )

A uniform electric field is present in the positive x-
direction. If the intensity of the field is SN/C then
find the potential difference (Vg —V,) between two
points A (0m, 2 m) and B (5 m ,3 m)

Solution

Ve—Va=—E.AB=—(5i).(5i+]) =-25V.
The electric field intensity in uniform electric field,
E— AV

Ad
Where AV =potential difference between two points.
Ad = effective distance between the two points.
(projection of the displacement along the direction of
electric field.)

(Example : 48 )

Find out following

D
. uniform electric
. '; field E =20 N/C
= Zem ’
A B
“Zom >
(i) Voa-Vp (i) Vg-V¢
(iii) Ve = Vo (iv) Vp— Ve
(V) \Y A— VD

(vi) Arrange the order of potential for points A, B,
C and D.

Solution

() |AV,,|=Ed =20x2x10°=0.4
S0, VAo—Vp=04V
because In the direction of electric field
potential always decreases.

(i) [AV,.|=Ed =20x2x10°=0.4
SO, VB — VC =04V

(iiii) [AV,,|=Ed =20 x4 x10°=0.8
SO, Vc—VA:—O.SV
because In the direction of electric field
potential always decreases.

(iv) [AV,.|=Ed =20x0=0  so, Vp—Ve=0
because the effective distance between D and C is
Zero.

(V) |AV,,|=Ed =20x4x10°=0.8
so, Vo—Vp= 08V
because In the direction of electric field
potential always decreases.

(vi) The order of potential
Va>Ve>Ve=Vp.

Electrostatics

8.2 Potential difference due to infinitely long
wire :
Derivation of expression for potential difference
between two points, which have perpendicular
distance r, and rp from infinitely long line charge
of uniform linear charge density A..

©
<A
A r, °B
— o
From definition of potential difference
Iy . Iy 2m o
VAB = VB - VA = _J.Edr :—J.—I"dr
I I r

VAB = -2KA/n (r—BJ

Ty

8.3 Potential difference due to infinitely long
thin sheet:
Derivation of expression for potential difference
between two points, having separation d in the
direction perpendicularly to a very large uniformly
charged thin sheet of uniform surface charge

density o.
c
. A
B
<«—d—>*
< fg >

Let the points A and B have perpendicular
distance r, and rp respectively then from definition
of potential difference.

I’B_’ . I G o

Vap=Vp—V, = —J'E'dr =—J'—r'dr
Tz Tp 280
c od
= Vap=—— (131 =——
AB 280 (B A) 280
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9. EQUIPOTENTIAL SURFACE :

9.1 Definition : If potential of a surface (imaginary
or physically existing) is same throughout then
such surface is known as a equipotential surface.

9.2 Properties of equipotential surfaces :

(i) When a charge is shifted from one point to another
point on an equipotential surface then work done
against electrostatic forces is zero.

(ii) Electric field is always perpendicular to
equipotential surfaces.

(iii) Two equipotential surfaces do not cross each
other.

9.3 Examples of equipotential surfaces :

(i) Point charge :

Equipotential surfaces are concentric and spherical
as shown in figure. In figure we can see that
sphere of radius R, has potential V, throughout its
surface and similarly for other concentric sphere
potential is same.

V.

(%

(ii) Line charge :
Equipotential surfaces have curved surfaces as that
of coaxial cylinders of different radii.

v,

\Z

————

(iii) Uniformly chargéd large conducting / non
conducting sheets

Equipotential surfaces are parallel planes.
V1 Vz V3

ottt

+

Note : In uniform electric field equipotential surfaces
are always parallel planes.

'Example : 49 '

Some equipotential surfaces are shown in figure.
What can you say about the magnitude and the
direction of the electric field?

y(cm)
10\, 20\, 30 \\r 40\,
/((r’/@°/@° 30°
10 20 /30 40 x(cm)

Physics-XII

Solution:
Here we can say that the electric will be perpendicular
to equipotential surfaces.

- AV
Also |E | :A_d

where AV = potential difference between two
equipotential surfaces.
Ad = perpendicular distance between two equipotential
surfaces.

10
(10sin30°)x 107
Now there are two perpendicular directions either
direction 1 or direction 2 as shown in figure, but since
we know that in the direction of electric field electric
potential decreases so the correct direction is direction 2.
Hence E =200 V/m, making an angle 120° with the
X-axis

'Example : 50 '

So |E| = =200 V/m

Figure shows some equipotential surface produce
by some charges. At which point the value of
electric field is greatest?

50 V/
4ov
30V
D220 v

>

Solution:

E is larger where equipotential surfaces are closer.
ELOF are L to equipotential surfaces. In the figure we
can see that for point B they are closer so E at point B
is maximum

10. ELECTROSTATIC POTENTIAL ENERGY
10.1Electrostatic potential energy of a point
charge due to many charges:
The electrostatic potential energy of a point charge
at a point in electric field is the work done in
taking the charge from reference point (generally
at infinity) to that point without acceleration (or
keeping KE const. or K; = Ky)).
Its Mathematical formula is

Source charges

Test charges
./
q

U= WOCP)ext]aCC =0~ qV =- WPOC)el

Here q is the charge whose potential energy is
being calculated and V is the potential at its
position due to the source charges.

Note: Always put q and V with sign.
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10.2 Properties:

(i) Electric potential energy is a scalar quantity
but may be positive, negative or zero.

(ii) Its unit is same as unit of work or energy that
is joule (in S.I. system).
Some times energy is also given in electron-
volts.
leV=16x10"7J

(iii) Electric potential energy depends on reference
point. (Generally Potential Energy at r= o is
taken zero)

(Example : 51 )

The four identical charges q each are placed at the
corners of a square of side a.

Find the potential energy of one of the charges due
to the remaining charges.

q a q
D c
a a
A B
q q

Solution
The electric potential of point A due to the charges
placed at B, C and D is

1 9, 1 q 1 9_ 1 1
—+ -t = 24—
4ne, a 4me, J2a 4ne, a 4ng, ( j

NG
Potential energy of the charge at A is
! (2 + L] i
4ne, V2) a

(Example 152 ]

V=

o o

A particle of mass 40 mg and carrying a charge
5 x 10° C is moving directly towards a fixed
positive point charge of magnitude 10 C. When it
is at a distance of 10 cm from the fixed point charge
it has speed of 50 cm/s. At what distance from the
fixed point charge will the particle come
momentarily to rest? Is the acceleration constant
during the motion?

Solution:

If the particle comes to rest momentarily at a distance r
form the fixed charge, then from conservation of
energy' we have

e+t Qa _ 1T Qg
4ne, a 4ne, r

Substituting the given data, we get
a0x100x 1 T ogx102x5
2 2 2

r
-6
0r,1—10=—5><1O :m:>1=@:>r=im
r 9%x5%x107" 9 r 9 190

x 107 xlo‘{l—lo}

Electrostatics
or, i.e.,r=4.7x 102 m

As here,F = Qq SO acc. = ¥ ocL

4ne, r’ m

i.e., acceleration is not constant during the motion.

'Example : 53 '

A proton moves from a large distance with a speed u
m/s directly towards a free proton originally at rest.
Find the distance of closet approach for the two
protons in terms of mass of proton m and its charge e.
Solution

As here the particle at rest is free to move, when one
particle approaches the other, due to electrostatic
repulsion other will also start moving and so the
velocity of first particle will decrease while of other
will increase and at closest approach both will move
with same velocity. So if v is the common velocity of
each particle at closest approach, then by 'conservation
of momentum' of the two protons system.

1

mu=mv-+mv Iie., V= 5u
And by conservation of energy’'
2
1mu2= 1mV2 +1 mv’ + ! ¢
2 2 2 4ne, 1
1 u) 1 ¢
:muzm(—j = € as VZE]
2 2 dng, 2
2 2
= 1mu2 =_¢ = r=_2S -
4me,r Tme,u

11. ELECTROSTATIC POTENTIAL ENERGY OF A

SYSTEM OF CHARGES

(This concept is useful when more than one
charges move.)

It is the work done by an external agent against the
internal electric field required to make a system of
charges in a particular configuration from infinite
separation without accelerating it.

11.1 Types of system of charge
(i) Point charge system
(i) Continuous charge system.

11.2 Derivation for a

charges:

(i) Keep all the charges at infinity. Now bring the
charges one by one to its corresponding position
and find work required. PE of the system is

system of point

algebraic sum of all the works.

Let W, = work done in bringing first charge

W, = work done in bringing second charge against
force due to 1* charge.

W3 = work done in bringing third charge against
force due to 1% and 2™ charge.

PE =W; + W, + W3 + ... . (This will contain

an-D) _ "C, terms)
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(i) Method of calculation (to be used in problems)
U = sum of the interaction energies of the charges.
= (U12 + U13 F o, + Uln) + (U23 + U24 F o +
U2n) + (U34 + U35 + o + U3n)

(iii) Method of calculation useful for symmetrical point
charge systems.
Find PE of each charge due to rest of the charges.
If U, = PE of first charge due to all other charges.
= (U12 + U13 + o + U]n)
U, = PE of second charge due to all other charges.
= (Uz] + U23 + o + Uzn) then U = PE of the

U +U,+..U,

system =
Y 2

(Example : 54 )

Find out potential energy of the two point charge
system having q; and q, charges separated by
distance r.

Solution:

Let both the charges be placed at a very large
separation initially.

Let W, = work done in bringing charge q; in absence
of @2 =q(Vi— V) =0

W, = work done in bringing charge q, in presence of
a1 = q(Ve— Vi) = qi(Kqy/r - 0)
PE=W1+W2=0+Kq1q2/r=Kq1q2/r

'Example : 55 '

Figure shows an arrangement of three point
charges. The total potential energy of this

arrangement is zero. Calculate the ratio 1,

+q e _9 o+
K—r—i
€ 2r >
Solution
- [—qQ GCVCT VN Q(—q)} —0
4me, r 2r r
q _ _9.,.9_+4
Q+--Q=0 or 2Q=-or—=-.
Q 5 Q Q >0 1

(Example : 56 )

Two point charges each of mass m and charge q are
released when they are at a distance r from each
other. What is the speed of each charge particle
when they are at a distance 2r?

\Y V
“«—@ o —>
—>
2r

Solution

According to momentum conservation both the charge
particles will move with same speed now applying
energy conservation.

2
Kq’ Kq

2
0+0+ K& =21mV2+ =>v=
r 2 2r 2rm

Physics-XII

|Example : 57 |

Two charged particles each having equal charges
2 x 10°° C are brought from infinity to within a
separation of 10 cm. Calculate the increase in
potential energy during the process and the work
required for this purpose.

Solution AU = Uf_ Ui = Uf_ 0= Uf

We have to simply calculate the electrostatic potential
energy of the given system of charges

AU:Uf: 1 qlql
dme, r
9 -5 -5
_ 9x10 ><2><1010><2><10 x 100 J=1367

work required = 36 J.

(Example : 58 )

A spherical shell of radius R with uniform charge q
is expanded to a radius 2R. Find the work
performed by the electric forces and external agent
against electric forces in this process.

Solution
2 2 2
We=Up-Ui= —4 -4 -1
léne,R  8ng R l6me,R
2 2 2
We=Ui-Up=—1_ — 1 - _1
8me,R l6me, R léme R

(Example : 59 )

Two nonconducting hollow uniformly charged
spheres of radii R; and R, with charge Q; and Q,
respectively are placed at a distance r. Find out
total energy of the system.

Q, Q,

Solution:
Utotal = Uself + Ulnteraction
2 2
__QY L Q% QQ
8me R,  8mg R, 4ne,r

'Example : 60 '

Two concentric spherical shells of radius R; and R,
(R> Ry) are having uniformly distributed charges
Q; and Q, respectively. Find out total energy of the

system.
<

Q,
Solution:
Utotal = Usclf 1 + Usclf 2 + UIntcraction
2 2
o % QQ
8ng R, 8mg R,  4ng R,
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11.4 Energy density:
Def: Energy density is defined as energy stored in
unit volume in any electric field. Its mathematical
formula is given as following
Energy density = égE2
where E = electric field intensity at that point
€ = gog; electric permittivity of medium

(Example : 61 )

Find out energy stored in an imaginary cubical
volume of side a in front of a infinitely large non-
conducting sheet of uniform charge density c.
Solution:

Energy stored

U= J%SOEZ dV where dV is small Volume=%sOE2 IdV

. 1 o’ 3 ola’
E is constant = —g,—.a8.=
2

4¢; 8¢,

12. RELATION BETWEEN ELECTRIC FIELD

INTENSITY AND ELECTRIC POTENTIAL
12.1 For uniform electric field:
/.B

Ao

(1) Potential difference between two points A and B

VB *VA =—- E KB
12.2 Non uniform electric field

(1) Ex:a_v_’ y:_a_v, Ez:_a_v
ox oy 0z
= E=E +E,] +Ek&
- 1%y vkl
oy 0z

=- 12+3£+f<2 V=-VV=-gradV
ox "oy oz

Where Z—V= derivative of V with respect to x
X

(keeping y and z constant)

Z—V = derivative of V with respect to y
y

(keeping z and x constant)

2—\] = derivative of V with respect to z
V4

(keeping x and y constant)

12.3 If electric potential and electric field
depends only on one coordinate, say r :
N ov
) E=— —r
(®) o
where is a unit vector along increasing r.

Electrostatics

(i) [dV =jE-cTr:,VBVA=]B £ dr

dr is along the increasing direction of r.

(iii) The potential of a point V =— I E. (Tr

(Example 162 )

A uniform electric field is along x — axis . The
potential difference V,— Vg=10 V between two points
A (2m , 3m) and B (4m, 8m). Find the electric field

intensity.

Solution:

E —AV _10_ 5V/m. ltisalong+ ve x-axis.
Ad 2

'Example : 63 '

V=x’+y,Find E.

Solution:
a_V = 2X, @ =1 and a_V =0
ox oy 0z

- 20V 20V ~0V PN
E=-|1—+]—+k— |=-(2xi+])
ox oy 0z

Electric field is nonuniform.

(Example : 64 )

For given E = 2xi+ 3yj find the potential at (x, y) if

V at origin is 5 volts.
Solution:

13. ELECTRIC DIPOLE

13.1 Electric Dipole
If two point charges equal in magnitude q and
opposite in sign separated by a distance a such that
the distance of field point r>>a, the system is
called a dipole. The electric dipole moment is
defined as a vector quantity having magnitude
p = (q x a) and direction from negative charge to
positive charge.

Note:
[In chemistry, the direction of dipole moment is
assumed to be from positive to negative charge.]
The C.G.S unit of electric dipole moment is debye
which is defined as the dipole moment of two
equal and opposite point charges each having
charge 107" frankline and separation of 1 A, i.e.,
1 debye (4)=10""%10*=10" Fr x cm
1D=10"x —& _ %107 m=33x10""Cxm,

3x10°

S.I. Unit is coulomb x metre = C.
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(Example : 65 )

A system has two charges q, = 2.5 X 107 C and

qg=-—2.5x% 107 C located at points A : (0,0,—0.15 m)

and B ; (0, 0, + 0.15 m) respectively. What is the net

charge and electric dipole moment of the system?

Solution

Net charge =2.5x 107 =2.5x 107 =0

Electric dipole moment,

P = (Magnitude of charge) x (Separation between
charges)

=25x107[0.15+0.15]Cm =75x10°Cm

The direction of dipole moment is from B to A.

13.2 Electric Field Intensity Due to Dipole :
(i) At the axial point :-
a

O—/—@ - - -

E= Ke __Kq 5 along the P
(r B aj P
2 2
Kq(2ra) =~

If r>>athen
i = quraf) _ 2I§P ’
r r
As the direction of electric field at axial position is

. > o 2KP
along the dipole moment (P) Ewia = ——
r

(ii) Electric field at Bisector
(Equitorial Position)

Epet =2 E cos 0 (along — 13)

perpendicular

E, =2 2 =2

Kq - _(-P)

[ r’ +[%) ] \/rz +[%)

Kqa ~
IN\3/2 (=P)

r’ + (EJ
2

2E cos® Q

If r >> a then

_KP
Ene[ - I'_S(_P)

Physics-XII

N
As the direction of Eat equatorial position is

5
opposite of P so we can write in vector form:

B K P
Eeqt == 3
r
(iii) Electric field at general point (r, 0) :
Q)
&
_K(Psin®) QY
BT W
V,
@&
oo
—
P
Psind
Epot = K_3P 1+3cos’0 ; tan ¢ = tan®
r

'Example : 66 '

The electric field due to a short dipole at a distance r,
on the axial line, from its mid point is the same as that
of electric field at a distance r', on the equatorial line,
from its mid-point. Determine the ratio.

Solution
3
! 2—?= ! %or%=%or r
4rng, r’° 4ng, r' ror r?
=2 or£,=21/3

T

'Example 167 '

Two charges, each of 5 nC but opposite in sign, are
placed 4 cm apart. Calculate the electric field
intensity of a point that is at a distance 4 cm from
the mid point on the axial line of the dipole.
Solution

We cannot use formula of short dipole here because
distance of the point is comparable to the distance
between the two point charges.

q=5%x10°C, a=4x10"m,r=4x10"m

4cm
5uC -5uC
- | ° °
< 4cm >
K(pC K(uC
E.—E.+E - (“2)— (“2)
(2cm) (6cm)
144

=" NCc'=108NC!
144%10°°
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(Example : 68 )

Two charges = 10 pC are placed 5 x 107 m apart.
Determine the electric field at a point Q which is
0.15 m away from O, on the equatorial line.
Solution
In the given problem, r >>a
oL p 1 a@
4ng, 1’ dng,

Q

0.15m

16uC O +16uC
,10x107° x5%107°

0.15x0.15x0.15
=133 x10°NC!

-1

or E=9x10

13.3 Electric Potential due to a small dipole:
(i) Potential at axial position:

Kq  K(=9)

If r >> a than

KP
Vaxial = -
r

V = where qa=p

(ii) Potential at equatorial position :
Kq K(=q)

R2ORE0

cht = 0

Electrostatics

(iii) Potential at general point (r,0) :

K cos0)
= T
A

V=0

Psin6d

(Example: 69 )

(i) Find potential at point A and B due to the small
charge-system fixed near origin.(distance
between the charges is negligible).

(ii) Find work done to bring a test charge q¢ from
point A to point B, slowly. All parameters are
in S.I. units.

YA GeA@43)

Q
]
®<_>a > X

«B(3,-4)

Solution:
(i) Dipole moment of the system is

P=(qa) i +(qa)]
Potential at point A due to the dipole
vk P D _Ki(ga)i+(ga) j1-(41 +3))
rB 53
_k(qa)
= 7
125 ( )

v K[(qa)i +(qa1j}~(3i —4j) K@)
(5) 125
(i) Wa,g=Upg-Ur=qo(Vg—Va)

:[ K(ga) (K(qa) (7))}
125 125

K qq,a
8
125 ®

= Wi, 5=
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13.4 Dipole in uniform electric field
(i) Dipole is placed along electric field :

Cd

b

E
In this case Fyet = 0, Tyt = 0 so it is an equilibrium
state. And it is a stable equilibrium position.

(i) If the dipole is placed at 0 angle from E: -

q E coso

qE

torque

q E cos0

In this case F.; = 0 but
Net torque t = (qEsin®) (1)
Here ga =P =1 = PE sinb
in vector form T=PxE

(Example : 70 )

A dipole is formed by two point charge —q and +q,
each of mass m, and both the point charges are

connected by a rod of length £ and mass m;. This

dipole is placed in uniform electric field E. If the
dipole is disturbed by a small angle 0 from stable
equilibrium position, prove that its motion will be
almost SHM. Also find its time period.

Solution

N
ﬂ'—b qE

>

7

qE#
E

If the dipole is disturbed by 6 angle,

Toet = —PE sin@  (here — ve sign indicates that direction
of torque is opposite of 0)

If 6 is very small, sinb = 6

Thet = 7(PE)9

Tnetoc (—0) so motion will be almost SHM.

T=2Tt\/I
K

(iii) Potential energy of a dipole placed in uniform
electric field :

es]

Us-Us=-[F.3

>

B>
Here Ug—-Up= —j%.dO
A

Physics-XII

In the case of dipole, at 6 = 90° , P.E. is assumed

to be zero.
0=0

Uo—Use-=— | (~PEsin0)(d6) (As the direction
06=90°

of torque is opposite of 0)

Ug—0=—-PEcos 6

6 =90° is chosen as reference,

so that the lower limit comes out to be zero.
U a4

\\e
Ue =— 13 . E

From the potential energy curve, we can conclude :
(1) at 6 = 0, there is minimum of P.E. so itis a
stable equilibrium position.

(i1) at © = 180° , there is maxima of P.E. so it is a
position of unstable equilibrium.

(Example : 71 )

Two point masses of mass m and equal and opposite
charge of magnitude q are attached on the corners of
a non-conducting uniform rod of mass m and the
system is released from rest in uniform electric field E
as shown in figure from 6 = 53°

(i) Find its angular acceleration of the rod just after
releasing

(ii) What will be its angular velocity of the rod when
it passes through stable equilibrium.

(iii) Find work required to rotate the system it by
180°.

Solution

(i) twt=PEsin53°=Ia

4
(qE)E(Ej _ 48qE

m (0 (rY 35me
—+m|— | +m| =
12 2 2
(i) from energy conservation :
K;+U;=K¢+ Us

0+ (—PE cos 53°) = ! lo* + (-PE cos 0°)

2
2 2
2 b4 Y4
where I = mé” m(—j + m(—j
12 2 2
_ 48qE
35 m/
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(ii1) cht Us—1U;
Wext = (-PE cos(180° + 53°)) — (-PEcos 53°)

— 4 4 _(8
Woe = (q0E +[ Sj (q@E( 5) — We ( qufE

14. ELECTRIC LINES OF FORCE (ELOF)
The line of force in an electric field is an imaginary
line, the tangent to which at any point on it represents
the direction of electric field at the given point.

14.1 Properties :

(i) Line of force originates out from a positive charge
and terminates on a negative charge. If there is
only one positive charge then lines start from
positive charge and terminate at co. If there is only
one negative charge then lines start from oo and
terminates at negative charge.

ELOF of Isolated positive charge ELOF of Isolated negative charge

o ¢

ELOF due to positive and negative charge ELOF due to two positive charges
(ii) Two lines of force never intersect each other
because there cannot be two directions of at a
single Point

impossilble

(iii) Electric lines of force produced by static charges
do not form close loop.
If lines of force make a closed loop, than work
done to move a +q charge along the loop will be
non-zero. So it will not be conservative field. So
these type of lines of force are not possible in
electrostatics.

-

(iv) The Number of lines per unit area (line density)
represents the magnitude of electric field.
If lines are dense, = E will be more
If Lines are rare, = E will be less and if E = O, no
line of force will be found there

E.>E,
(v) Number of lines originating (terminating)
proportional to the charge.

Electrostatics

(Example : 72 )

If number of electric lines of force from charge q
are 10 then find out number of electric lines of force
from 2q charge.

Solution

No. of ELOF o charge

10cq = 20x2q

So number of ELOF will be 20.

(vi) Electric lines of force end or start perpendicularly
on the surface of a conductor.
(vii) Electric lines of force never enter into conductors.

'Example : 73 '

Some electric lines of force are shown in figure, for

point A and B

(1) Ex> Eg (2) Eg> E4
(3) Va> Vs (4) Vg> B,
Solution

lines are more dense at B so E5,> Eg In the direction of

Electric field, potential decreases so V> Vg

—>E
F=qE

'Example 174 |

If a charge is released in electric field, will it follow
lines of force?

Solution

Casel:

If lines of force are parallel (in uniform electric field):-
In this type of field, if a charge is released, force on it

will be q.E and its direction will be alongE .So the
charge will move in a straight line , along the lines of
force.

Casell : -

If lines of force are curved (in non-uniform electric
field) :-

The charge will not follow lines of force

27




Electrostatics

|Example : 75 |

A charge + Q is fixed at a distance of d in front of
an infinite metal plate. Draw the lines of force
indicating the directions clearly.

R332

Solution
There will be induced charge on two surfaces of
conducting plate, so ELOF will start from +Q charge
and terminate at conductor and then will again start
from other surface of conductor.
14.2 SOLID ANGLE:
Solid angle is a measure of a cone. Consider the
intersection of the given cone with a sphere of
radius R. The solid angle AQ of the cone is
defined to be equal to AS/R?, where AS is the area
on the sphere cut out by the cone.

15. ELECTRIC FLUX
Consider some surface in an electric field E. Let

us select a small area element dS on this surface.
The electric flux of the field over the area element

is given by d¢r = E.dS

- =
ds

Direction of dS is normal to the surface. It is
along n

orddg = EdS cos 6

ord¢g = (E cos 0) dS

ordgg = E, dS

where E, is the component of electric field in the
direction of dS.

The electric flux over the whole area is given by

¢e= | EdS = [ E,ds
If the electric field is uniform over that area then
O = E-S
Special Cases :
e Casel:If the electric field in normal to the

surface, then angle of electric field E with normal
will be zero

Sod=ES cos0

¢=ES
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Case II : If electric field is parallel of the surface

(glazing), then angle made by E with normal=90°
So ¢ =ES cos 90°=0

E
15.1 Physical Meaning :
The electric flux through a surface inside an
electric field represents the total number of electric
lines of force crossing the surface. It is a property
of electric field

15.2 Unit

(i) The SI unit of electric flux is Nm’ C' (gauss) or
JmC.

(i) Electric flux is a scalar quantity. (It can be
positive, negative or zero)

(Example : 76 )

The electric field in a region is given by

E= (%EO§+%EOEJ with Ey = 2.0 x 10’ N/C. Find the
flux of this field through a rectangular surface of

area 0.2m’ parallel to the Y-Z plane.
Solution:

3. 4~ 2
o= E-S =(§E01+§E0J] .(0.21)= 240

'Example 277 '

A point charge Q is placed at the corner of a square

of side a, then find the flux through the square.
Q

a
Solution:
The electric field due to Q at any point of the square
will be along the plane of square and the electric field
line are perpendicular to square ; so ¢ = 0.
In other words we can say that no line is crossing the
square so flux = 0.
e Case-lll: Curved surface in uniform electric
field :-
Suppose a circular surface of radius R is placed in
a uniform electric field as shown.

7
o=

Flux passing through the surface ¢ = E (tR?)
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(il) Now suppose, a hemispherical surface is placed in

the electric field flux through hemispherical
surface

&=/ Eds cos 0

d=E[dscos9

where [ ds cos 0 is

projection of the spherical surface Area on base.

j ds cosd = R?

S0 0= E(nR?) = same Ans. as in previous case

so we can conclude that

If the number of electric field lines passing
through two surfaces are same, then flux passing
through these surfaces will also be same,
irrespective of the shape of surface

Electrostatics

16. GAUSS'S LAW IN ELECTROSTATICS OR

GAUSS'S THEOREM

This law was stated by a mathematician Karl F
Gauss. This law gives the relation between the
electric field at a point on a closed surface and the
net charge enclosed by that surface. This surface is
called Gaussian surface. It is a closed hypothetical
surface. Its validity is shown by experiments. It is
used to determine the electric field due to some
symmetric charge distributions.

16.1 Statement and Details :

Gauss's law is stated as given below.

The surface integral of the electric field intensity

over any closed hypothetical surface (called

Gaussian surface) in free space is equal to 1
80

times the total charge enclosed within the surface.

Here, € is the permittivity of free space.

If S is the Gaussian surface and Z:qi is the total

i=1

charge enclosed by the Gaussian surface, then

z 2\ ~ |
2 according to Gauss's law,
%7 Z (2\ e BB L%
E~ : = — q;-

ZOA N 2
B B B ) The circle on the sign of integration indicates that
h=¢ = ¢; = E(nR") the integration is to be carried out over the closed

e CaselIV: surface.
Note :

e Flux through a closed surface :
Suppose there is a spherical surface and a charge
'q' is placed at centre. shape.
flux through the spherical surface (i) Flux through gaussian surface depends only on
total charge present inside gaussian surface.

(1ii) Flux through gaussian surface is independent of

(1) Flux through gaussian surface is independent of its

¢= j Eds = I E ds as E is along c?s (normal)

1 Q s position of charges inside gaussian surface.
o= ire RC j ds where j ds = 4R (iv) Electric field intensity at the gaussian surface is
° due to all the charges present inside as well as
1 Q ) _Q outside the gaussian surface.
o= [47180 x sz (4NR ):> o ; (v) In a close surface incoming flux is taken negative

while outgoing flux is taken positive, because n is
taken positive in outward direction.

(vi) In a gaussian surface ¢ = 0 does not imply

Q E = 0 at every point of the surface but E =0 at

So here also flux will be ¢ = —, that's what Gauss every point implies ¢ = 0.
g (—L)
° Example : 78

Now if the charge Q is enclosed by any other
closed surface, still same lines of force will pass
through the surface.

Theorem is.
Find out flux through the given gaussian surface.

* 9=-61C "q2HC
+ *Q
.qe=3uC
Gaussian surface
_ -6
d):g ¢:g Sol.d):& _ 2uC-3uC+4uC _ 3x10 Nm%/C
€, €, € €y €
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(Example: 79 )

Physics-XII

(Example : 82 )

If a point charge q is placed at the centre of a cube
then find out flux through any one surface of cube.
Solution

Flux through 6 surfaces = 9 Since all the surfaces
8O
are symmetrical
so, flux through one surfaces = é 4
80

16.2 Flux through open surfaces using
Gauss’s Theorem :

1Example : 80 '

A point charge +q is placed at the centre of
curvature of a hemisphere.
Find flux through the hemispherical surface.

Solution

Lets put an upper half hemisphere.

Now flux passing through the entire sphere = 4
80

As the charge q is symmetrical to the upper half and
lower half hemispheres , so half-half flux will emit
from both the surfaces.

v !

Flux emmittring i
_q Flux emmitting
from lower half surface = % from upper half surface =%£

0

(Example : 81 )

0

A charge Q is placed at a distance a/2 above the
centre of a horizontal, square surface of edge a as
shown in figure. Find the flux of the electric field
through the square surface.

5

a

Solution

We can consider imaginary faces of cube such that the
charge lies at the centre of the cube. Due to symmetry
we can say that flux through the given area (which is

Q

one face of cube) p = ——
80

Find flux through the hemispherical surface

Solution

(i) Flux through the hemispherical surface due to +q
= 2i (we have seen in previous examples)

80

(ii) Flux through the hemispherical surface due to +qq
charge = 0, because due to +qy charge field lines
entering the surface = field lines coming out of the
surface.

16.3 Finding q;, from flux :

|Example : 83 |

30

10¢——— —1 20

15
Flux (in S.L.units) coming out and entering a closed

surface is shown in the figure. Find charge enclosed
by the closed surface.
Solution:

Net flux through the closed surface =+ 20 + 30 + 10 -
15 =45 N.m’/c
from Gauss's theorem

=T = 45=Tn = q, = @5)s
80 80
16.4 Finding electric field from Gauss's
Theorem:
From gauss’s theorem, we can say
J.E(?S = (I)nct: h
80
16.4.1 Finding E due to a spherical shell :-

e Electric field outside the Sphere :
Since, electric field due to a shell will be radially
outwards.

So lets choose a spherical Gaussian surface Applying
Gauss's theorem for this spherical Gauss's surface,
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J.E(TS :(1)net:qin = —
80 o
\
I|E I ds |cos0 (because the E is normal to the
surface)
\

Ejds (because value of E is constant at the

surface)
E(4mr’)( I ds total area of the spherical surface =4 )

= E@nd)=% g, =_19
€ 4ne r

o

2

e Electric field inside a spherical shell:
Lets choose a spherical gaussian surface inside the shell.
Applying Gauss's theorem for this surface

J.E(TS :q)net: qin :0
80

\
[E.ds
2
E st
\A
E (4nr)
= E@n’)=0 = Ein=0
16.4.2 Electric field due to solid sphere (having
uniformly distributed charge Q and radius R):
e Electric field outside the sphere :
Direction of electric field is radially outwards, so
we will choose

a spherical gaussian surface Applying Gauss's
theorem

Electrostatics

J‘E(?S = ¢net: qin :g
80 80

2

E (4nr%)

- E@m) =2

Q

= Eou= 3
4ne r

o FElectric field inside a solid sphere :

For this choose a spherical gaussian surface inside
the solid sphere Applying gauss's theorem for this

surface
pﬂan
> 3 _oqr
J.Eds_d)net:— - 3
g, inR3 g, R
3
J
jEds
J
E (4nr%)
qr’
= E(4nr’) =
(4mr) g R’
-_9qr
4me R’
= Ein_ 1;—(3 T

16.4.3 Electric field due to infinite line charge
(having uniformly distributed charged of
charge density A ) :

't cylindrical
i gaussian

i surface
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Electric field due to infinite wire is radial so we
will choose cylindrical Gaussian surface as shown
h¥4

is figure, = dn = .. (i)
80 80
¢net
»=0 ¢.= 0 ¢,20
$:= [E.ds = [Eds = E[ds
= ¢; =E (2nr/) .... (ii)

From Eq. (i) & (ii)

— EQnrt)= M
=E= L &
2me 1 r

16.4.4 Electric field due to infinity long charged
tube (having uniform surface charge density
o and radius R)):

e

Laeme] AL
. -,
. o

e,

o0
(i) E out side the tube :- lets choose a cylindrical
gaussian surface
o= 9 _ c2nR/
€

o o

o2nR/
€

o

= By X 21rl =

oR
re,
(ii) E inside the tube :
lets choose a cylindrical gaussian surface in side the
tube.
d)net: qin
€

o

= E=

=0 SoEin=0

AE

Physics-XII
16.4.5 E due to infinitely long solid cylinder of
radius R (having uniformly distributed charge
in volume(charge density p)) :
(i) E at outside point :-
Lets choose a cylindrical gaussian surface.

_________________

e
..................

Applying gauss's theorem

Ex 2nrf = n = PXTRT
80 80
2
:>Eout: pR
2r g,

(ii) E at inside point :
lets choose a cylindrical gaussian surface inside
the solid cylinder.
Applying gauss’s theorem
(e8]

=

E><27U'fzinLﬂ:rZZ
e &€

o o

Ein = ﬂ
2¢g,

E

17. CONDUCTOR

17.1 Conductor and it's properties [For
electrostatic condition]

(i) Conductors are materials which contains large
number of free electrons which can move freely
inside the conductor.
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(i) In  electrostatics
equipotential surfaces.

(iii) Charge always resides on outer surface of
conductor.

(iv) If there is a cavity inside the conductor having no
charge then charge will always reside only on
outer surface of conductor.

(v) Electric field is always
conducting surface.

(vi) Electric lines of force never enter into conductors.

(vii)Electric field intensity near the conducting surface
is given by formula

conductors are  always

perpendicular  to

G .
E=—n
8O
A
C
B
— © — © — ©
— A A __B A _ _C A
E,=—2nd;E,=—1f and E. =—51
80 80 80

(viii))When a conductor is grounded its potential
becomes zero.

V=0

(ix) When an isolated conductor is grounded then its
charge becomes zero.

(x) When two conductors are connected there will be
charge flow till their potential becomes equal.

(xi) Electric pressure : Electric pressure at the surface

2
of a conductor is given by formula P = ;—Where
80

o is the local surface charge density.
17.2 Finding field due to a conductor
Suppose we have a conductor, and at any 'A', local

surface charge density = o. We have to find
electric field just outside the conductor surface.

For this lets consider a small cylindrical gaussian
surface, which is partly inside and partly outside
the conductor surface, as shown in figure. It has a
small cross section area ds and negligible height.

Electrostatics

Cylindrical
gaussian
surface

o =L - 2ds
net ~ g, T &y
flux through/l’\ﬂux through
surface (1) flux through surface (3)
¢, = Eds surface (2) 6,=0
(because E is ﬁd’z =0 (as E inside
normal to (E is normal  the conductor=0)
the surface of to curved

conductor) - Gayssian surface )

So, Eds = ods °

80 80
Electric field just outside the surface of conductor

E= 2 direction will be normal to the surface
80

. = O, . .
in vector foorm E=—n (here i = unit vector
€
0

normal to the conductor surface)

17.3 Electrostatic pressure at the surface of
the conductor
Electrostatic pressure at the surface of the
P= o
2¢,
where o = local surface charge density.
17.4 Electric field due to a conducting and
non-conducting uniformly charge infinite

sheets

conductor

Suppose Q charge
is given to

/N

Conducting Non-conducting
plate plate
+H+ ¥

H
+ [+ +
+ |+ ¥
+
+| |+ +

Electric field for both the cases

E- Q
2A¢,
E = Gconducling E = Gnon-conducting
€, 2¢,
Q Q
where G, where ¢

‘conducting = 2A non conducting = A

Because Q is distributed
in'A" area.

Because Q is distributed
in "2A" area.
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(Example : 84 )

Prove that if an isolated (isolated means no charges
are near the sheet) large conducting sheet is given a
charge then the charge distributes equally on its
two surfaces.
Solution

X Q-x

Q-x _ P L X
2Ag, - © 2Ag,

Let there is x charge on left side of sheet and Q—x
charge on right side of sheet.
Since point P lies inside the conductor so

Ep:O
x Qx g, x . Q . Q
2Ae,  2Ag, 2Ag, 2Ag, 2
_Q
—X ==
Q 2

So charge in equally distributed on both sides

(Example : 85 )

If an isolated infinite sheet contains charge Q; on
its one surface and charge Q, on its other surface
then prove that electric field intensity at a point in

front of sheet will be ,where Q=Q;+Q,

SO
Solution
Electric field at point P: E = EQ] + EQz
Q| Q
P Q, Q,
—_—
2Ag, 2Ag,
— Q1ﬁ+ QZ ﬁ=Q1+QZﬁ= Q ﬁ
2Ag, 2A¢g, 2Ag, 2Ag,

[This shows that the resultant field due to a sheet
depends only on the total charge of the sheet and not
on the distribution of charge on individual surfaces].

(Example : 86 )

Two large parallel conducting sheets (placed at
finite distance ) are given charges Q and 2Q
respectively. Find out charges appearing on all the
surfaces.

Q 2Q

Te
Qe

Physics-XII
Solution
Let there is x amount of charge on left side of first
plate, so on its right side charge will be Q—x, similarly
for second plate there is y charge on left side and 2Q —
y charge is on right side of second plate
E, =0 ( By property of conductor)

X Q-x y 2Q-y

T
O

oox JQex, v 2Q7y(_,
2Ag, 2Ag, 2Ae 2Ae

we can also say that charge on left side of P =
charge on right side of P

x=Q-x+y+2Q-vy
=3Q 5.x=9
=X 5 ,Q—x 5

2 2

+3Q -Q Q +3Q
2

Similarly for point Q:
x+Q-x+ty=2Q-y
=>y=0Q/2,2Q-y=3Q/2

So final charge distribution of plates is :-

|Example : 87 |

An isolated conducting sheet of area A and
carrying a charge Q is placed in a uniform
electric field E, such that electric field is
perpendicular to sheet and covers all the sheet.

Find out charges appearing on its two surfaces.
Q

Solution
Let there is x charge on left side of plate and Q — x
charge on right side of plate
EP =0
X .E Q-x - X Q

2Ae, 24, Ae, 2Ae,
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+E

3 2A¢,

=X =% —EAgp and Q—x=%+EAs0
Q

So charge on one side is3 — EAg, and other side

Q + EAg,
2

Note :

Solve this question for Q = 0 without using the above

answer and match that answers with the answers that

you will get by putting Q = 0 in the above answer.

17.5 Some other important results for a
closed conductor.

(i) If a charge q is kept in the cavity then —q will be
induced on the inner surface and +q will be
induced on the outer surface of the conductor
(it can be proved using gauss theorem)

+q

If a charge q is kept inside the cavity of a
conductor and conductor is given a charge Q then
—q charge will be induced on inner surface and
total charge on the outer surface will be q + Q.

(it can be proved using gauss theorem)
+g+Q

(i)

(iii) Resultant field, due to q (which is inside the
cavity) and induced charge on S, at any point
outside S; (like B,C) is zero. Resultant field due to
q + Q on S; and any other charge outside S,, at
any point inside of surface S, (like A, B) is zero

Electrostatics

(iv) Resultant field in a charge free cavity in a closed
conductor is zero. There can be charges outside the
conductor and on the surface also. Then also this
result is true. No charge will be induced on the
inner most surface of the conductor.

o
charge,

Charge distribution for different types of cavities
in conductors

\))

(A) B)

@y}
@m
N

charge is at the common centre
(S4, S, — spherical)

charge is not at the common centre
(S;, S, — spherical)
S,

(D)

charge is not at the centre of S,
(S, — spherical)

©

o)

charge is at the centre of S,
(S, — spherical)

(E) ()

@y
@y

charge is at the centre of
S, (Spherical)

charge not at the centre
of S,(Spherical)

charges is not at the geometrical centre

S,

G) (H)

@y

charge is at the geometrical centre

Using the result that E,_ in the conducting

material should be zero and using result
(iii) We can show that

S,
.B c
)
Case A B C D E F G H
S; | Uniform | Nonuniform | Nonuniform | Nonuniform | Uniform | Nonuniform | Nonuniform | Nonuniform
S; | Uniform | Uniform Uniform Uniform | Nonuniform | Nonuniform | Nonuniform | NonUniform
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Note :In all cases charge on inner surface S; = —q
and on outer surface S; = q. The distribution of
charge on ‘S;” will not change even if some
charges are kept outside the conductor (i.e.
outside the surface S,;). But the charge
distribution on ‘S,” may change if some
charges(s) is/are kept outside the conductor.

(vi) Sharing of charges :

Two conducting hollow spherical shells of radii
R, and R, having charges Q; and Q, respectively
and seperated by large distance, are joined by a
conducting wire

Let final charges on spheres are q; and q;

respectively.
e 9>

Potential on both spherical shell become equal
after joining, therefore

Ko K¢ 0 R (i)
R, R, q, R,
and, Pt e=Q+Q ... (ii)
: -- (Q, +Q,)R,
from (1) and (ii =<1 ~277h
(1) (i) qQi R, +R,
_(Q +Q,)R,
Q=——"
R, +R,
. R 2 R
ratio of charges L= —L = _G147tRl2 =
9, R, c,4nR; R,
: .. o _R,
ratio of surface charge densities — =—=
G2 Rl
. R
Ratio of final charges Q-
9, R,
: .. o, R,
Ratio of final surface charge densities. —=—=
62 Rl

'Example : 88 '

The two conducting spherical shells are joined by
a conducting wire and cut after some time when
charge stops flowing. Find out the charge on each

sphere after that.
-3Q
(3
Solution

After cutting the wire, the potential of both the shells
is equal
Thus, potential of inner shell
v, Kx | K(20-x) _k(x-2Q)

R 2R 2R
and potential of outer shell
Vo - KX [ K(2Q-%) _ -KQ

R 2R R

Physics-XII

—2Q - x

As Vout :Vin
_ K(x-2

L KQ_K(X-20) 50y 50 = x=0
R 2R

So charge on inner spherical shell = 0
and outer spherical shell = —2Q.

(Example : 89 )

Two conducting hollow spherical shells of radii R
and 2R carry charges — Q and 3Q respectively.
How much charge will flow into the earth if inner
shell is grounded ?

3Q

-Q

2R

Solution
When inner shell is grounded to the Earth then the
potential of inner shell will become zero because
potential of the Earth is taken to be zero.

Kx (K3Q _ 0

R 2R

X = % , the charge that has increased

- =
5 Q=—

hence charge flows into the Earth
_Q
2

3Q

'Example : 90 '

An isolated conducting sphere of charge Q and
radius R is connected to a similar uncharged
sphere (kept at a large distance) by using a high
resistance wire. After a long time what is the
amount of heat loss ?

Solution

When two conducting spheres of equal radius are
connected charge is equally distributed on them
(Result VI). So we can say that heat loss of system

2 2 2
AU U@ o) _[Qr4, @4
8ne,R 8ng, R 8mg R

Q2
l6me, R
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9. A charge particle q; is at position (2, - 1, 3). The

PROPERTIES OF CHARGE . :
Based On electrostatic force on another charged particle q,
AND COULOMB'S LAW at (0, 0, 0) is :
Relative permittivity of mica is :

(1) One
(3) More then one

(2) Less than one
(4) Infinite

Two identical metallic sphere are charged with
10 and -20 units of charge. If both the spheres
are first brought into contact with each other
and then are placed to their previous positions,
then the ratio of the force in the two situations will
be :-

(1)% (2i -] +3k)

T €,

9 9,
56V14 & g,

3 L% (j-2i-3k
0) 5o G )

(21— j+3Kk)

(4) ql qz

9%  (j-2i-3k
56\/ﬁneo 0 )

D81 N8 3 .2:1 N0 10. Three charge +4q, Q and q are placed in a
()-8 @1: (3)-2: @1 straight line of length ¢ at points distance 0, £/2
Two equal and like charges when placed 5 cm and ¢ respectively. What should be the value of
apartt expf;rﬁence a .rti%ulswef té)lrce Ef 0. 144 Q in order to make the net force on q to be zero?
P e of e che g0 )
(1)0.2 2)2 (3) 20 4) 12 11. Two point charges placed at a distance r in air

exert a force F on each other. The value of

Two charges of +1 uC & + 5 pC are placed 4 distance R at which they experience force 4F
cm apart, the ratio of the force exerted by both when placed in a medium of dielectric constant
charges on each other will be - K=161is:
(H1:1 2)1:5 3)5:1 4)25:1 Dr 2)r/4 3)1/8 4 2r
A negative charge is placed at some point on the Based On  ELECTRIC FIELD
llpe joining the two +Q charges at rest. The 12. If an electron is placed in a uniform electric
direction of motion of negative charge will —
depend upon the field, then the electron will :
(1) position of negative charge alone (1) exp erience no force., o

. . (2) moving with constant velocity in the
(2) magnitude of negative charge alone direction of the ficld
(3) both .on the magnitude and position of (3) move with constant velocity in the direction

negatl.ve charge - opposite to the field.

(4) magnitude of positive charge. (4) accelerate in direction opposite to field.
A body has 80 micro coulomb of charge. 13. If Q = 2 coulomb and force on it'is F' = 100
Number of additional electrons on it will be : newton, then the value of field intensity will be :
(1)8x 107 (2) 80 x 10" (1) 100 N/C (2) 50 N/C
(3)5x 10" (4)1.28x107"7 (3) 200 N/C (4) ION/C
Coulomb’s law for the force between electric 14. Two infinite linear charges are placed parallel at
charges most closely resembles with : 0.1 m apart. If each has charge density of 5u
(1) Law of conservation of energy C/m, then the force per unit length of one of
(2) Newton’s law of gravitation linear charges in N/m is :
(3) Newton’s 2nd law of motion 125 (2)3.25 (3)45 (4)7.5
(4) The law of conservation of charge 15. Two spheres of radii 2 cm and 4 ¢cm are charged
A charge Q, exerts force on a second charge Qo. equally, then the ratio of charge density on the
If a 3rd charge Q; is brought near, the force of surfaces of the spheres will be -
Q, exerted on Q.. 1Htr:2 2)4:1 3)8:1 “1:4
(1) Will increase 16. Total charge on a sphere of radii 10 cm is 1 pC.
(2) Will decrease The maximum electric field due to the sphere in

(3) Will remain unchanged
(4) Will increase if Qs is of the same sign as Q;
and will decrease if Q; is of opposite sign

N/C will be -
19x107°
(3)9x 10’

(2)9x 10°
4)9x 10"
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17.

18.

19.

20.

21.

22.

A charged water drop of radius 0.1 um is under
equilibrium in some electric field. The charge
on the drop is equivalent to electronic charge.
The intensity of electric field is (g = 10 m/s%)-
(1) .61 NC' (2) 262 NC"

(3) 262 NC* (4) 1610 NC™'

Two large sized charged plates have a charge
density of +o and -c. The resultant force on the
proton located midway between them will be -
(1) ce/ €, (2) ce/2 ¢,

(3) 2ce/ €, (4) zero

Two parallel charged plates have a charge
density +o and -c. The resultant force on the
proton located outside the plates at some
distance will be-
(1) 2ce/ €,

(3) ce/2 ¢,

(2) ce/ g,
(4) zero

The charge density of an insulating infinite
surface is (e/m) C/m” then the field intensity at a
nearby point in volt/meter will be -

(1)2.88x 102 (2)2.88x 107"
(3)2.88x 10~ (4)2.88x 107"

There is a uniform electric field in x-direction.
If the work done by external agent in moving a
charge of 0.2 C through a distance of 2 metre
slowly along the line making an angle of 60°
with x-direction is 4 joule, then the magnitude
of E is:

(1)\3 N/C (2) 4N/C (3) 5N/C (4) 20 N/C

A simple pendulum has a length ¢, mass of bob

m. The bob is given a charge q coulomb. The
pendulum is suspended in a uniform horizontal
electric field of strength E as shown in figure,
then calculate the time period of oscillation
when the bob is slightly displace from its mean
position is :

» E

»

v

v

q1m *r—>

v

23.

24.

Based On

25.

26.

27.

28.

29.

30.

Physics-XII

The maximum electric field intensity on the axis
of a uniformly charged ring of charge q and
radius R will be :

1 q 2L 2
47e, 3+3R> 4me, 3R’

1 2q g 1 3q
4me, 33R? 4ne, 2+3R>

€)

A charged particle of charge q and mass m is
released from rest in an uniform electric field E.
Neglecting the effect of gravity, the kinetic
energy of the charged particle after time ‘t’
seconds is

2 2.2
(1) 2 (2) B0t

t 2m

2E*t? Eq2
(4 =T
mq 2t

)

ELECTRIC POTENTIAL AND POTENTIAL
DIFFERENCE

The distance between two plates is 2 cm, when
an electric potential of 10 volt is applied to both
the plates, then the value of electric field will be -
(1) 20N/C (2) 500 N/C
(3) SN/C (4) 250 N/C

Two points (0, a) and (0, -a) have charges q and
-q respectively then the electrical potential at
origin will be-

(1) zero (2) kqg/a

(3)kg2a  (4) kq/4a®

The charges of same magnitude q are placed at
four corners of a square of side a. The value of
potential at the centre of square will be -

(1) 4kg/a ) 4J2kq/a
3) 4kq2a (4)kq/a2

A wire of 5 m length carries a steady current. If
it has an electric field of 0.2 V/m, the potential
difference across the wire in volt will be -

(1) 25 (2) 0.04

3)1.0 (4) none of the above

Two metallic spheres which have equal charges,
but their radii are different, are made to touch
each other and then separated apart. The
potential the spheres will be -

(1) same as before (2) more for bigger
(3) more for smaller (4) equal

Two spheres of radii R and 2R are given source
equally positive charged and then connected by a
long conducting wire, then the positive charge will
(1) flow from smaller sphere to the bigger sphere.
(2) flow from bigger sphere to the smaller sphere
(3) not flow.

(4) oscillate between the spheres.
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31.

32.

33.

34.

35.

36.

37.

38.

Based On

39.

The potential difference between two isolated
spheres of radii r; and r, is zero. The ratio of
their charges Q/Q, will be-

M, Qo G’ @’

The potential on the conducting spheres of radii
r; and r, is same, the ratio of their charge
densities will be-

M, Qo G’ @)’

A conducting shell of radius 10 cm is charged
with 3.2 x 10" C. The electric potential at a
distance 4cm from its centre in volt be -
(1)9x10” (2) 288

(3)2.88x 10 (4) zero

At a certain distance from a point charge the
electric field is 500 V/m and the potential is

3000 V. What is the distance ?
(1)6m 2 12m (3)36m (4)144m

A semicircular ring of radius 0.5 m is uniformly
charged with a total charge of 1.5 x 10 coul.
The electric potential at the centre of this ring is :
(H27V. 2135V (3)54V 4455V

The potential difference between points A and
B in the given uniform electric field is :

€8
|l

b

L.

\ 4 \ 4 \ \
(1) Fa (2 EV@ )
() Eb @ (Eb/~/2)

E

A particle of charge Q and mass m travels
through a potential difference V from rest. The
final momentum of the particle is :

(1) % 2) 2QymV
(3) {2m QV ) 1/%

If a uniformly charged spherical shell of radius
10 cm has a potential V at a point distant 5 cm
from its centre, then the potential at a point
distant 15 cm from the centre will be :

H3 O BV @

PARTICLE

A nucleus has a charge of + 50e. A proton is
located at a distance of 10™> m. The potential at
this point in volt will be -
(1) 14.4 x 10°*

4
3)7.2 x 10712 2)7.2x10

(4) 14.4 x 10°

ELECTRIC POTENTIAL ENERGY OF A

40.

41.

42.

43.

44.

Based On

45.

Electrostatics

Under the influence of charge, a point charge q
is carried along different paths from a point A to
point B, then work done will be -

B
111
I\

A

(1) Maximum for path four.
(2) Maximum for path one.
(3) Equal for all paths

(4) Minimum for path three.

An electron moving in a electric potential field
V, enters a higher electric potential field V,,
then the change in kinetic energy of the electron
is proportional to -
(1) (V2— V"

3) (Va— Vi) 4)

2)Va—V,
(Vz - V1)
V2
In the electric field of charge Q, another charge

is carried from A to B. A to C, A to D and A to

E, then work done will be —
T A

CH’E
(1) Minimum along path AB.
(2) Minimum along path AD.
(3) Minimum along path AE.
(4) Zero along all the paths.

The work done to take an electron from rest
where potential is — 60 volt to another point
where potential is — 20 volt is given by -

(1)40 eV (2) 40 eV

(3)60 eV (4)—60 eV

If a charge is shifted from a low potential region to
high potential region. the electrical potential
energy:

(1) Increases

(2) Decreases

(3) Remains constant

(4) May increase or decrease.

POTENTIAL ENERGY OF A SYSTEM OF
POINT CHARGE

In H atom, an electron is rotating around the
proton in an orbit of radius r. Work done by an
electron in moving once around the proton
along the orbit will be -
(O kelr  (2) ket

(3) 2nre (4) zero
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Based On

46.

47.

48.

Based On

49.

50.

51.

52.

QUESTIONS BASED ON RELATION
BETWEEN EAND V :

A family of equipotential surfaces are shown.
The direction of the electric field at point A is

along -
AF

(1) AB (3) AD (4) AF
Some equipotential surfaces are shown in the
figure. The magnitude and direction of the
electric field is-

20V 30V 40V

N I A
10 .~20 730

6 = 30°
(1) 100 V/m making angle 120° with the x-axis
(2) 100 V/m making angle 60° with the x-axis
(3) 200 V/m making angle 120° with the x-axis
(4) none of the above

(2) AC

(cm)

The electric field in a region is directed outward
and is proportional to the distance r from the
origin. Taking the electric potential at the origin
to be zero, the electric potential at a distance r :
(1) is uniform in the region

(2) is proportional to r

(3) is proportional to r*

(4) increases as one goes away from the origin.

DIPOLE

The force on a charge situated on the axis of a
dipole is F. If the charge is shifted to double the
distance, the acting force will be -

(1) 4F () F2  (3)F4  (4)FR8

The ratio of electric fields due to an electric
dipole on the axis and on the equatorial line at
equal distance will be -
(H4:1 2)1:2 3)2:1 “1:1

An electric dipole is made up of two equal and
opposite charges of 2 x 10° coulomb at a
distance of 3 cm. This is kept in an electric field
of 2 x 10° N/C, then the maximum torque acting
on the dipole -

(1) 12x 10" Nm

. (2) 12x 10° Nm
(3)24 x 10° Nm

(4)24x 10" Nm

The distance between two singly ionized atoms
is 1A. If the charge on both ions is equal and
opposite then the dipole moment in coulomb-
metre is -

(1)1.6x107%
(3)16 x 107

(2)0.16 x 107
(4) 1.6 x 107/ 4ng,

53.

54.

55.

Based On

56.

57.

Based On

58.

Physics-XII

The electric potential in volt at a distance of
0.01 m on the equatorial line of an electric
dipole of dipole moment p is -

(Dp/ane,x10™* (2) zero
(3) 4ne,px107* 4) 4ne, /px 107

The electric potential in volt due to an electric
dipole of dipole moment 2 x 10° C-m at a
distance of 3m on a line making an angle of 60°
with the axis of the dipole is -

1o 2) 10 3)20 4) 40

A dipole of electric dipole moment P is placed
in a uniform electric field of strength E. If is the
angle between positive directions of P and E,
then the potential energy of the electric dipole is
largest when is :

2)n/2

@) n/4

(1) zero

@

FLUX CALCULATION AND GAUSS'S
LAW

Eight charges, 1nC,. -7uC, -4puC, 10uC, 2uC, -
5uC, -3uC and 6uC are situated at the eight
corners of a cube of side 20 cm. A spherical
surface of radius 80 cm encloses this cube. The
centre of the sphere coincides with the centre of
the cube. Then the total outgoing flux from the
spherical surface (in unit of volt meter) is-

(1) 36mx 10° (2) 684n x 10°

(3) zero (4) none of the above

A closed cylinder of radius R and length L is
placed in a uniform electric field E, parallel to
the axis of the cylinder. Then the electric flux
through the cylinder must be -

(1) 2nR’E (2) 2nR? + 27RL)E
(3) 2nrRLE (4) zero

CONDUCTOR, IT'S PROPERTIES &
ELECTRIC PRESSURE

The fig. shows lines of constant potential in a
region in which an electric field is present. The
value of the potential are written in brackets of
the points A, B and C, the magnitude of the
electric field is greatest at the point —

)

S0V 40v
30V 20v 10V

(2)B

(4A&C

() A
3)C
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59.

60.

61.

Which of the following represents the correct
graph for electric field intensity and the distance
r from the centre of a hollow charged metal
sphere or solid metallic conductor of radius R :

(1) E

r—» r—»

(3)1 ii

r—— r—-

A neutral metallic object is placed near a finite
metal plate carrying a positive charge. The
electric force on the object will be :

(1) towards the plate

(2) away from the plate

(3) parallel to the plate

(4) zero

An uncharged sphere of metal is placed in a
uniform electric field produced by two large
conducting parallel plates having equal and
opposite charges, then lines of force look like

++ +++ + + + +
YYYYVYYY YvY

62.

63.

Electrostatics

The amount of work done in Joules in carrying
a charge +q along the closed path PQRSP
between the oppositely charged metal plates is
(where E is electric field between the plates)

+ S : R:—
Ly ::
==
(1) zero
@q
(3) gE (PQ + QR + SR + SP)
®a’e,

Figure shows a closed surface which intersects a
conducting sphere. If a positive charge is placed
at the point P, the flux of the electric field
through the closed surface

;' »
< .

closed conducting

surface sphere

(1) will remain zero

(2) will become positive
(3) will become negative
(4) will become undefined
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1. Two point charges 100 uC and 5 uC are placed 7. There are two equipotential surfaces as shown
at points Aand B respectively with AB = in figure. The distance between them is r. The
40 cm. The work done by external force in charge of —q coulomb taken from the surface
displacing the charge 5 uC from B to C, where A to B, the resultant work done will be
BC = 30cm, angle ABC = - and [1/(4ne0)] =
9 x 10°Nm’/c’.
9 9
M9  @%) O] G-2J —E—
2. An electric dipole is placed at an angle of 60°
with an electric field of intensity 10° NC™. It
experiences a torque equal to 8v3 Nm. MW = q NW = q
Calculate the charge on the dipole, if the dipole W= ame, ; Qw= ame, r_Z
length is 2 cm. GW=—— 4 4) W = zero
(1) =8 x 103C (2)8.54 x 1074 C e

-3 -6
(3)8x107C (4)0.85x1072C 8. An infinite number of electric charges each

equal to 5nano — coulomb (magnitude) are
placed along X-axisatx = 1cm,x =2 cm,x =
4emx=8cm....... and so on. In the setup if
the consecutive charges have opposite sign, then
the electric field in Newton/Coulomb at

3. The electrostatic potential inside a charged
spherical ball is given by ¢ = ar? + b where r
1s the distance from the centre a, b are
constants. Then the charge density inside the

ball is X =0i
(1) —6ag,r (2) —24mas, U
(3) —6as, (4) —24mag,r [4 =9 x 10°N — mz/cz]
g
4. The electric potential V is given as a function of (1) 12 x 10* (2) 24 x 10*
distance x(metre) by V = (5x2 + 10x — 9)volt. (3) 36 x 10* (4) 48 x 10*
Value of electric field at x = 1 is
(1) =20V /m 2)6V/m 9. Four electric charges +q,+q,—q and —q are
3)11V/m 4) =23V/m placed at the corners of a square of side 2L (see
figure). The electric potential at point A4,
5. A hollow conducting sphere of radius R has a midway between the two charges +q
charge (+Q) on its surface. What is the electric +q -q
potential within the sphere at a distance
r = R/3 from its centre
(I)Zero 2 )4neor A
A3) “4)
4—7'[80 4meg rz +q >
6. An electron is released from the bottom plate A (1) Zero (2) ! Zq (1 ++5 )
as shown in the figure (E = 10*N/C). The 1 2q 1 T 2q 1
velocity of the electron when it reaches plate B &) 4mey L ( + ﬁ) ) 4mey L ( - ﬁ)
will be nearly equal to
B 10. Three infinitely long charge sheets are placed as
+ + |+ + |+ |+ +]|+ shown in figure. The electric field at point P is
A\Z
o : Z=3a
1
¥ Y Y 4 Y Y i s P
1
E=10*N/C 20 = Z=a
|
O I e —
(1) 0.85 x 107 m/s s i
(2) 1.0 x 107 m/s -k @ -2k
3) 1.25 x 107 m/s (3)4'_0'E (4)_4'_0'E
(4) 1.65 x 10" m/s €0 €0
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11.

12.

13.

14.

15.

If 3 charges are placed at the vertices of
equilateral triangle of charge 'q" each. What is
the net potential energy, if the side of equilateral

Aislcm
1

( )4—7'[6‘0 ( )4—7'[6‘0 l
1 3q* 1 4q°
( )41150 l ( )41150 l

Two small spheres of masses M; and M, are
suspended by weightless insulating threads of
lengths L; and L,. The spheres carry charges Q4
and Q, respectively. The spheres are suspended
such that they are in level with one another and
the threads are inclined to the vertical at angles
of 6; andf, as shown. Which one of the
following conditions is essential, if 6; = 6,

+Oy
(1) My # M; but Q1 = Q;
2) My = M,
(3)Q1=0; AL, =1L,

A metallic shell has a point charge ¢ kept inside
its cavity. Which one of the following diagrams
correctly represents the electric lines or forces?

D

<7
@) 3
)

A solid sphere of radius R has a charge Q
distributed in its volume with a charge densityp =
kr?, where k and a are constants and ris the
distance from its centre. If the electric field at

€)

r= g isgtimes that at r = R, find the value of a.
(N2 2)3 (3)2.5 (4)0.2

A thin semi-circular ring of radius r has a
positive chargeq distributed uniformly over it.
The net field E at the centre O is

i

Y

0 i
( )41125 rz (2) 41125 rzl
( )_27'[22 rz ( )27'[22 rzl

16.

17.

18.

Electrostatics

Charge Q is placed on each of (n — 1) corners
of a polygon of n sides. The distance of centre
of the polygon from each corners is 'r’, then
electric ﬁeld at centre is

( )4-7'[8 rz ( )(:Tsl)fz
) A (4) Zero

(n 1) 41e, r2

Two equal metal balls are charged to 10 and -20
units of electricity. Then they are brought in
contact with each other and then again separated
to the original distance. The ratio of magnitudes
of the force between the two balls before and
after contact is

(1) 8:1
3)2:1

) 1:8
4)1:2

Let three be a spherically symmetric charge
distribution with charge density varying as

p(r) = po G - %)upto r=R,and p(r) =

0 forr > R,where r is the distance from the
origin. The electric field at a distance r(r < R)
from the origin is given by

OG- @EG-7)
40T T OT T
32 (G-7) @ (G-2)

19. The charges Q,+q and + q are placed at the

20.

vertices of a right-angled isosceles triangle as
shown. The net electrostatic energy of the
configuration is zero if Q is equal to

oS

— 5
(1) 1:’5 @) :\75
3) —2q 4) +q

Two small spheres each having the charge
+Q are suspended by insulating threads of
length L from a hook. This arrangement is taken
in space where there is no gravitational effect,
then the angle between the two suspensions and
the tension in each will be

Q* Q?

(l) 180 0 4-7'[8 (2L)2 (2) 90 0 4—7'[6‘ L_2
(3)180°. 2 (4) 1800, —<
"4mey 212 "4y L2
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21.

22.

23.

24,

A small conducting sphere of radius r is lying
concentrically inside a bigger hollow
conducting sphere of radius R. The bigger and
smaller spheres are charged with Q and
q(Q > q) and are insulated from each other.
The potential difference between the spheres
will be

O ((-7) @ (3+9)
O (1) @ (29

Three identical dipoles are arranged as shown
below. What will be the net electric field at

P(k=1-)

41E
0 70
.
P -0 +Q
L o———O0
v
._>
_Q ﬁ +Q

2kp V2kp

HZ @2 =
Four point +ve charges of same magnitude (Q)
are placed at four corners of a rigid square
frame as shown in figure. The plane of the
frame is perpendicular to Z —axis. If a —ve
point charge is placed at a distance z away from
the above frame (z << L) then

(3) Zero 4

o

]

Z-axis O ____________ Q _],_
o 0

(1) —ve charge oscillates along the Z — axis

(2) It moves away from the frame

(3) It moves slowly towards the frame and stays
in the plane of the frame

(4) It passes through the frame only once

The figure shows electric field E at a distance r
in any direction from the origin0. The electric
field E is due to

(1) A charged hollow metallic sphere of radius
OP with centre at O

(2) A charged solid metallic sphere of radius OP
with centre atO

(3) A uniformly charged non-conducting sphere
of radiusOPwith centre at O

(4) A uniformly charged non-conducting hollow
sphere of radiusO Pwith centre at O

25.

26.

27.

28.

Physics-XII
Let there be a spherically symmetric charge

distribution ~ with density varying

asp(r) = po G - %) upto r =R, and p(r) =0
for r > R, where r is the distance from the
origin. The electric field at a distance r(r < R)
from the origin is given by

W25 -7) @52 (3-7)
32 (3-7) @2 (3-7)

Point charge g moves from point P to point S
along the path PQRS (figure shown) in a
uniform electric field E pointing coparallel to
the positive direction of the X-axis. The
coordinates of the points P, Q, R and S are
(a,b,0)(2a,0,0)(a,—b,0) and (0,0,0)
respectively. The work done by the field in the
above process is given by the expression

charge

P ’
S - \‘Q X
R
(1) gEa (2) -qEa
(3) gEaN2 (4) qE\[[(2a)? + b?]

The electric potential at a point (x, y, z) is given
by V = —x2y — xz3 + 4 The electric field E at
that point is

(1) E = 1(2xy + z3) + jx2 + k3xz2

() E =1 2xy + j(x% + y2) + k(3xz — y?)
B)E =
@E =

iz3 +jxyz + kz?
i(2xy — z3) + j xy? + k3z%x

Two large metal plates are placed parallel to
each other. The inner surfaces of plates are
charged by 40 and—o (Coulomb/m?). The
outer surfaces are neutral. The electric field is
...... in the region between the plates and ......
outside the plates

+aT -
+ g, -
+ .
+ —5
+ -
2z )<, zero
E0 €o €’
2
(3) 22, zero 4 zero, —
€o €o
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29.

30.

31.

32.

33.

The adjacent diagram shows a charge +Q held
on an insulating support S and enclosed by a
hollow spherical conductor. O represents the
centre of the spherical conductor and P is a
point such that OP = x and SP = r
The electric field at point P will be

Charge +0Q on
insulating support

Q
(1 4TE x2 @) 4TTE(T?
3)0 (4) None of the above

A linear charge having linear charge density 4,
penetrates a cube diagonally and then it penetrate
a sphere diametrically as shown. What will be the
ratio of flux coming cut of cube and sphere

t__+__+__;.; “I
«— — !
1 2 V3 1
OF @ BF @

The spatial distribution of the electric field due
to charges (4, B) is shown in figure. Which one
of the following statements is correct

(==
(=~

(1) Ais + ve and B — ve and |A| > |B]|
(2) Ais —ve and B + ve; |A| = |B|
(3) Both are +ve but A > B

(4) Both are —ve but A > B

Tow positive charges of magnitude q are placed
at the ends of a sidel of a square of side 2a.
Two negative charges of the same magnitude
are kept at the other corners. Starting from rest,
if a charge Q moves from the middle of side 1 to
the centre of square, its kinetic energy at the
centre of square is

Niga (1-5) @72

O B(1+g)  @2(1-F)

Two equal negative charges —q are fixed at
points (0,a) and (0,—a) on the Y-axis. A
positive charge 'q’ is released from rest at the
point (x << a) on the x-axis. What is the
frequency of motion

(D
)

)
(4)

4TE, ma3 2TE, ma3

2TE, ma3 TEg ma3

34.

35.

36.

37.

Electrostatics

Which of the field patterns given below is valid
for electric field as well as for magnetic field

\T/ \l/

D _’ @~

A solid conducting sphere of radius a has a net
positive charge2Q. A conducting spherical shell
of inner radius b and outer radius c is concentric
with the solid sphere and has a net charge —Q.
The surface charge density on the inner and
outer surfaces of the spherical shell will be

>

20 o Q
Ok 4-1'tb2 ' 4mc? @) - 4-1'tb2 ’ amc?
3)o, 4nc2 (4) None of the above

Two identical thin rings each of radius R meters
are coaxially placed at a diatance R meters
apart. If Q; coulomb and @, coulomb 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 other is

av2(Q1+Q2) q(Q1+Q2)(V2+1)
®) rer (4) LQLQO2D

A charge Q is fixed at a distance d in front of an
infinite metal plate. The lines of force are

represented by
+wQ @

7

JUNIETAR

o A o 1
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38.

39.

40.

41.

Two identical point charges are placed at a
separation of d. P is a point on the line joining
the charges, at a distance x from any one
charge. The field at P is E, E is plotted against x
for values of x from close to zero to slightly less
than d. Which of the following represents the
resulting curve

v,

¥ —> —>

o
Y
T t
OF: @)
o —_—> X ; x —> v

An electric dipole is placed along the x —axis at
the origin 0. A point P is at a distance of 20cm
from this origin such that OP makes an angle %

m

(D

with the x —axis. If the electric field at P makes
an angle 6 with the x —axis, the value of 6
would be

M3
27T
35

T+ tan-1 (83
2) ; Ttan ( 5 )
() tan™* (2)

An electric dipole of moment p is placed at the
origin along the x-axis. The electric field at a
point P, whose position vector makes an angle 6
with the x-axis, will make an angle With the x-

. 1
axis, where tan o = Etane.
c

B A
qe 0 . »
() a 2)0 (+§])e+; 4)20 + a

In the following four situations charged
particles are at equal distance from the origin.
Arrange them the magnitude of the net electric
field at origin greatest first

A
5 @ -3q ¥
(i) — )—O— — X (il 0 _Vq X
2q -3q
Y Y
i)~ O— 17— O—>x (v 0= x
49 O -2 3¢ O -q

(D) () > (i) > (iii) > (iv)
) (i) > () > (iii) > (iv)
3) (D) > (i) > (i) > (iv)
@) (iv) > (i) > (i) > ()

42,

43.

44.

45.

46.

47.
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Two identical conducting spheres -carrying
different charges attract each other with a force
F when placed in air medium at a distance d
apart. The spheres are brought into contact and
then taken to their original positions. Now the
two spheres repel each other with a force whose
magnitude is equal to that of the initial
attractive force. The ratio between initial
charges on the spheres is

(1) —(3 + V8) only

(2) —3 + V8 only

(3) —=3(3 + V8) or (=3 +V8)

(4) +V3

The variation of potential with distance R from
a fixed point is as shown below. The electric
fieldat R = Sm is

____________________

Potential in volts
1

Distance R in metres

(1) 2.5volt/m (2) =2.5volt/m
(3)2/5volt/m (4)—=2/5volt/m

An electric dipole coincides on Z-axis and its
mid point is on origin of the co-ordinate system.
The electric field at an axial point at a distance z

from origin is E(Z) and electric field at an

equatorial point at a distance y from origin is
Eq)

»

3)3

(4)2

E(y) Here z=y > a,so
(H1 (2)4

A square of side ahas charge Qat its centre and
charge ¢ at one of the corners. The work
required to be done in moving the charge g from
the corner to the diagonally opposite corner is
(DZero (2 (322 (42

4mEga 4TEga 2mega

An electric charge 1073uC is placed at the
origin (0, 0) of X-Y coordinate system. Two
points A4 and B are situated at
(\/E, \/E) and(2,0)respectively.The potential
difference between the points 4 and B will be
(Hov (2) Zero 3)2v 4) 4.5V
The displacement of a charge Qin the electric
field E = e;i+ e,j + eskisr = ai + bj. The
work done is

(1) Q(aey + bey)

(2) Q\/(ae1)2 + (bey)?

(3) Q(e; + e;)Va? + b?

49 (VeI —€Z)(a+h)
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48.

49.

50.

51.

52.

53.

Small drops of the same size are charged to V

volt each. If n such drops coalesce to form a

single large drop, its potential will be
1

Hvn @Y @ve @

Along the x-axis, three chargesg, —q andg are
placed at x = 0,x = a and x = 2a respectively.
The resultant electric potential at a point P

located at a distance r from the charge - q(a <
< 1) is (&is the permittivity of free space)

H—2 @22 3 ) (4) 2

4mElT2 4meyr3 4meyr3 4TET

Two insulating plates are both uniformly
charged in such a way that the potential
difference between them is V, — V; = 20V. (ie,
plate 2 is at a higher potential). The plates are
separated by d = 0.1m and can be treated as
infinitely large. An electron is released from rest
on the inner surface of plate 1. What is its speed
when it hits plate 2? (e=1.6x 107! C,m, =
9.11 x 10731kg)

y

.

(2)7.02 x 10'2ms ™
(4)32x107¥ms™1

0.1 m

—

(1)2.65x 10°ms™1
(3) 1.87 x 10°ms™

The electron is projected from a distance d and
with initial velocity u parallel to a uniformly
charged flat conducting plate as shown in
figure. It strikes the plate after travelling a
distance [ along the direction. The surface
charge density of conducting plate is equal to

T~

—
l—/ —»| X
Y
(1) Zd.s:lrznuz (2) Zdeeolmu
(3) dszlmuz (4) dz(z’:nu

An electric field is given byﬁ = (yf +
x))m NC™*. The work done in moving a 1 C
charge from 75 =(21 + 2] )m to 75 =(41 + 2j )m is
()+8]  (2)+4]  (3)Zero  (4)—4]

27 identical drops of mercury are charged
simultaneously to the same potential of 10 V
each. Assuming drops to be spherical, if all the
charged drops are made to combine to form one
large drop, then the potential of larger drop
would be
(Hasv (2135

(3)270V  (4)90V

54.

5s.

56.

57.

58.

59.

Electrostatics

A soap bubble is charged to a potential of 16V.
Its radius is, then doubled. The potential of the
bubble now will be
(D) 16V )8V (3)4v @ 2v

In which of the states shown in figure is the
potential energy of a electric dipole maximum?

+q
B
= +
(14 e
E —q
+q
B q q
3)---- () S
E
—-q

If a positively charged pendulum is oscillating
in a uniform electric field as shown in figure. Its
time period as compared to that when it was
uncharged will

FEF+ T F I

(2) Decrease

(1) Increase
(3) Not change
(4) First increase and then decrease

The figure shows electric potential V' as a
function of x. Rank the four regions according
to the magnitude of x-component of the electric

field E within them, greatest first
v

A 5

(1)E,>E, >E; > E,
()E, >E, > E, = E;
(3)E, > E, > E; > E,
(4)E, > E; > E, > E,

A hollow charged metal sphere has radius r. If
the potential difference between its surface and
a point at a distance 3r from the centre isV,
then electric field intensity at a distance 37 is

ML @y OG= @

A charge (—q) and another charge (+Q) are kept
at two points 4 and B respectively. Keeping the
charge (+Q) fixed at B, the charge (—q) at 4 is
moved to another point C such that ABC forms
an equilateral triangle of side [. The net work
done in moving the charge (—q) is

1 Qq 1 Qq
(I)ET (2)Ez_2
1
3) pr— Qql (4) Zero
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60.

61.

62.

The electric potential at a point (x, y) in the x-y
plane is given by V = —Kxy

The electric field intensity at a distance r from
the origin varies as
(Hr? Qr (3) 2r (4) 2r?
Figure shows three spherical and equipotential
surfaces 4, B and C round a point charge ¢g. The
potential difference Vy — Vg = Vy — V. If t;and

t,be the distance between them. Then

@t >t
Dt <t,

Dty =t
3)t, < t,

The variation of potential V' with distance x
from a fixed point charge is shown in figure.
The electric field strength between x = 0.1 m
and 0.3 mis

Vlk
3 L _
2 """" h
R
010203
(1) +0.4 Vm™? (2) —0.4 Vm™?
(3) +10 Vm™? (4) =10 Vm™?

63.

64.

Physics-XII

Consider three concentric shells of metal 4, B
and C are having radii a, b and c respectively as
shown in the figure (a < b < ¢). Their surface
charge densities are o,—oc and o respectively.
Calculate the electric potential on the surface of

shell 4
&h

@g@=-b-o)
@(@+b—c)

(1)%(a—b +¢)
(3)§(a2 + b2 + c?)

In the given figure, a hollow spherical capacitor
is shown. The electric field will not be zero at

Mr<n
B)r<mn

@) <n
@Br<r<n
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Question
1.

Previous Year (JEE Main)
An electric charge 10°uC is placed at the origin
(0,0) of X-Y co-ordinate system. Two points A

and B are situated at (\/5,\/5) and (2, 0)

respectively. The potential difference between the
points A and B will be [AIEEE-2007]

(1)9 volt  (2) zero (3)2volt (4)4.5volt

Charges are placed on the vertices of a square as

shown. Let E be the electric field and V the
potential at the centre. If the charges on A and B
are interchanged with those on D and C
respectively, then [AIEEE-2007]

A 5@

e <l
(1)E remains unchanged, V changes
(2) Both E and V change

(3)E and V remain unchanged

(4)E changes, V remains unchanged

The potential at a point X (measured in pm) due
to some charges situated on the x-axis is given by
V(x) = 20/(x* — 4) volts. The electric field E at x
[AIEEE-2007]
(1) 5/3 volt/um and in the —ve x direction

=4 um is given by :

(2) 5/3 volt/um and in the +ve x direction
(3) 10/9 volt/um and in the —ve x direction
(4) 10/9 volt/um and in the +ve x direction

A thin spherical shell of radius R has charge Q

spread uniformly over its surface. Which of the

following graphs most closely represents the

electric field E (r) produced by the shell in the

range 0 < r <oo, where r is the distance from the

centre of the shell? [AIEEE-2008]
E(r) E(r)

(1) (2)
o % ol kR
E@) kG

(3) “4)
o r ) o R !

5.

Electrostatics

Two points P and Q are maintained at the
potentials of 10 V and —4 V respectively. The
work done in moving 100 electrons from P to Q
is: [AIEEE-2009]
(1)9.60 x 1077 J (2)-2.24x107"°J
(3)2.24 %1077 (4)-9.60x 10777

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 Q/q equals: [AIEEE-2009]
1

MH-1 @1 G-7 @22

Statement 1 : For a charged particle moving

from point P to point Q, the net work done by an

electrostatic field on the particle is independent of

the path connecting point P to point Q.

[AIEEE-2009]

Statement 2 The net work done by a

conservative force on an object moving along a

closed loop is zero.

(1) Statement-1 is true, Statement-2 is true;
Statement-2 is the correct explanation of
Statement-1.

(2) Statement-1 is true, Statement-2 is true;
Statement-2 is not the correct explanation of
Statement-1.

(3) Statement-1 is false, Statement-2 is true.

(4) Statement-1 is true, Statement-2 is false

Let p(r) = &r be the charge density
nR*

distribution for a solid sphere of radius R and

total charge Q. For a point ‘P’ inside the sphere at

distance 1, from the centre of sphere, the

magnitude of electric field is : [AIEEE-2009]

2
Q _ Qi
1 2
( )4TESOI‘12 ( )47580R4
2
(3) 37522R4 40

A thin semi-circular ring of radius r has a positive
charge q distributed uniformly over it. The net
field at the centre O is :

A

[AIEEE-2010]

(H—2—] 2)——1—]
4752801‘2 475280r2
3)———] @) —1—]
27[2801”2 27[2801”2

49




Electrostatics

10.

11.

12.

13.

14.

Let there be a spherically symmetric charge
distribution with charge density varying as

p(r)=py (%—%) upto r =R, and p(r) = 0 for r >

R, where r is the distance from the origin. The
electric field at a distance r (r < R) from the origin

is given by [AIEEE-2010]
5 r
1) 4mpot E_Lj 2 M(___)
()380[311 ()4803R
(3)M(Z_Lj (4)M(§_Lj
3gp L4 R 3 4 R

Two identical charged spheres are suspended by
strings of equal lengths. The strings make an
angle of 30° with each other. When suspended in
a liquid of density 0.8 g cm, the angle remains
the same. If density of the material of the sphere is
1.6 g cm >, the dielectric constant of the liquid is
[AIEEE-2010]

(1)4 41

2)3 3)2
The electrostatic potential inside a charged
spherical ball is given by ¢ = ar” + b where r is
the distance from the centre; a,b are constants.
Then the charge density inside the ball is :
[AIEEE - 2011]
(1) —24m agor (2) —6m agr
(3) 24m ag, (4) -6 agy

Two positive charges of magnitude ‘q’ are placed
at the ends of a side (side 1) of a square of side
2a’. Two negative charges of the same
magnitude are kept at the other corners. Starting
from rest, if a charge Q moves from the middle of
side 1 to the centre of square, its kinetic energy at
the centre of square is : [AIEEE-2011]

I 29Qf,, 1
(1) Zero 2) pu— (1+\/§j

I 29Q(,_ 2 I 29Qf L
(3)475807(1 \Bj (4)4n80 a [1 \Bj

In a uniformly charged sphere of total charge Q
and radius R, the electric field E is plotted as
function of distance from the centre. The graph
which would correspond to the above will be :

[JEE MAIN 2012]
1 ?
(1) )
R re r—
? ?
€) (4)
R r— R r—

15.

16.

17.

18.

Physics-XII
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. [JEE MAIN 2012]
An insulating solid sphere of radius R has a
uniformly 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 out side the sphere. The electric potential at
infinite is zero.
Statement-1 : When a charge ‘q’ is taken from
the centre to the surface of the sphere its potential

energy changes by »
380
Statement-2 : The electric field at a distance r

(r <R) from the centre of the sphere is L
€0
(1) Statement-1 is true, Statement-2 is true;
Statement-2 is not the correct explanation of
statement-1.
(2) Statement-1 is true Statement-2 is false.
(3) Statement-1 is false Statement-2 is true.
(4) Statement-1 is true, Statement-2 is true,
Statement-2 is the correct explanation of
Statement-1.

Two charges, each equal to g, are kept at x =—a and
x = a on the x-axis. A particle of mass m and charge
) :% is placed at the origin. If charge qp is given a

small  displacement (y along the
y-axis, the net force acting on the particle is
proportional to: [JEE MAIN 2013]

Oy @y @)-+
y

A charge Q is uniformly distributed over a long
rod AB of length L as shown in the figure. The
electric potential at the point O lying at distance L

<<a)

(3)
y

from the end A is : [JEE MAIN 2013]
0 L I
3
)] Q ) Q
81 EO L 47 EO L
In2
3—2 @9
4mep Lin2 4ney L

Assume that an electric field E=30x"1 exists in
space. Then the potential difference V5, — Vo,
where Vg is the potential at the origin and V4 the

potential at x =2 m is: [JEE MAIN 2014]
(1y120v 2)-120V
3)-80V 480V
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19.

20.

21.

22,

23.

A long cylindrical shell carries positive surface
charge o in the upper half and negative surface
charge —o in the lower half. The electric field
lines around the cylinder will look like figure
given in ; (figures are schematic and not drawn to
scale) [JEE MAIN 2015]

(1) @
S A

3) {{%} (4)

A uniformly charged solid sphere of radius R has
potential V, (measured with respect to o) on its
surface. For this sphere the equipotential surfaces

W

with potentials 3Vo % 3% d Yo have
radius Ry, Ry, R; and R4 respectively. Then

[JEE MAIN 2015]
(DR# land (Ry —R;) > (R4 —R3)

(2) Ry =0 and Ry< (R4 — R3)
(3) 2R <R,
(4) Ry =0and Ry> (R4 —R3)

The region between two concentric spheres of
radii ‘a’ and ‘b’, respectively (see figure), has

volume charge density p:é, where A is a
r

constant and r is the distance from the centre. At
the centre of the spheres is a point charge Q. The
value of A such that the electric field in the region
between the spheres will be constant, is :

[JEE MAIN 2016]
nH__Q 2)__2Q
2n(b2—a2) rc(a2 —b2)
322 ©)
na’ 21ta

An electric dipole has a fixed dipole moment p,
which makes angle 6 with respect to x-axis, When
fild E,=Ei, it

subjected to an electric

experiences a torque Tl =1k . When subjected to
another electric field Ez =\/§E13 it experiences a

torque Tz z—Tl . The angle 0 is :[JEE MAIN 2017]
(1) 30° (2) 45° (3) 60° (4) 90°

Three concentric metal shells A, B and C of
respective radii a, b and ¢ (a <b < ¢) have surface

charge densities +6, —c and +o respectively. The
potential of shell B is: [JEE MAIN 2018]

(l)—{bz +a} (2)—{bz +a}
b € c

(3)3{"12 b +c} (4)2{"‘2 b’ +c}
N a N b

24.

25.

26.

27.

28.

29.

Electrostatics

Three charges +Q, q, +Q are placed respectively,
at distance, 0, d/2 and d from the origin, on the x-
axis. If the net force experienced by + Q, placed
at x = 0, is zero, then value of q is :

[JEE MAIN 2019]
MH+Q2  2)-Qr2 (B)-QM4 “)+Q/4
For a uniformly charged ring of radius R, the
electric field on its axis has the largest magnitude
at a distance h from its centre. Then value of h is :

[JEE MAIN 2019]

(M R/A5 @R G)R/2 #R2
Two point charges ql(\/ﬁ pnC) and q, (25 pC)
are placed on the x-axis at x =1 m and x =4 m

respectively. The electric field (in V/m) at a point
y =3 m on y-axis is, [JEE MAIN 2019]

[Take =9 x 10° Nm’C?]

TE,
(1)(=63i+27)x10*>  (2) (81i—81j)x10?
(3)(631-27))x10> (4) (-81i +81))x10?
Charge is distributed within a sphere of radius R

A _
AN 2r/a

with a volume charge density p(r) = > ,
r

where A and a are constants. If Q is the total
charge of this charge distribution, the radius R is :

[JEE MAIN 2019]
a __Q __Q
) log(l > Aj (2)alog(1 2TcaA)
1
(3)alog - (4)log —3
2maA 2maA

A charge Q is distributed over three concentric
spherical shells of radii a, b, ¢ (a <b < c¢ ) such
that their surface charge densities are equal to one
another. The total potential at a point at distance r

from their common centre, where
r<a, would be [JEE MAIN 2019]
(a Q @) Qa+b+c)
4ngg(a+b+c) 4meg(a® +b% +c?)
3 Q ab+bc+ca @ Q @@ +b%2+c?)
127g abc 4rg (a3 b+ c3)

Two electric dipoles, A, B with respective dipole
moments dy =—4qai and dg =-2qai placed on
the x-axis with a separation R, as shown in the

figure. The distance from A at which both of
them produce the same potential is :

[JEE MAIN 2019]
—Re—, v
5 A B
2R R
1 2
()\/5+1 ()\/5+1
J2R R
3 4y~
) -

51




Electrostatics

30.

31.

32.

33.

34.

Charges —q and +q located at A and B,
respectively, constitute an electric dipole.
Distance AB = 2a, O is the mid point of the
dipole and OP is perpendicular to AB. A charge
Q is placed at P where OP =y and y >> 2a. The
charge Q experiences and electrostatic force F. If
Q is now moved along the equatorial line to P'
such that OP' = y/3, the force on Q will be close

to : (y/3 >> 2a) [JEE MAIN 2019]
P
Q ‘P
o B
A ?
-q i +q
(1) F/3 (2) 3F (3) 9F (4) 27F

Four equal point charges Q each are placed in the
xy plane at (0, 2), (4, 2), (4, -2) and (0, —=2). The
work required to put a fifth charge Q at the origin
of the coordinate system will be :

[JEE MAIN 2019]
SR
O e L

Q (1 Q’
(4) 4TC80 [1 i \/gj (3) 4TC80

The given graph shows variation (with distance r
from centre) of : [JEE MAIN 2019]

&

0 r
(1) Potential of a uniformly charged sphere.
(2) Potential of a uniformly charged spherical shell.
(3) Electric field of uniformly charged spherical
shell.
(4) Electric field of uniformly charged sphere.

An electric field of 1000 V/m is applied to an
electric dipole at angle of 45°. The value of
electric dipole moment is 10’ C.m. What is the
potential energy of the electric dipole ?

[JEE MAIN 2019]
(1)-=9x107] 2)-7x107%"]
(3)-10x 1077 (4)-20x 10787
Determine the electric dipole moment of the
system of three charges, placed on the vertices of
an equilateral triangle, as shown in the figure:

[JEE MAIN 2019]

Dapit]
()(q/)ﬁ \/—
3)—3q/]

35.

36.

37.

38.

39.

Physics-XII

There is a uniform spherically symmetric surface
charge density at a distance Ry from the origin.
The charge distribution is initially at rest and
starts expanding because of mutual repulsion. The
figure that represents best the speed V(R(t)) of the
distribution as a function of its instantaneous radius R

(t)is: [JEE MAIN 2019]
V(R(1) V(R(1))
\/(] A
(1) (2) i
Ro  R() R, R(®
V(R(t)) VR(®)
3) 4) f
Ry Ry Ry R(1)

The bob of a simple pendulum has mass 2g and a
charge of 5.0 pC. It is at rest in a uniform
horizontal electric field of intensity 2000 V/m. At
equilibrium, the angle that the pendulum makes
with the vertical is : (take g = 10 m/s%)

[JEE MAIN 2019]
(1) tan™ (5.0) (2) tan™ (2.0)
(3) tan™ (0.5) (4) tan™ (0.2)
A solid conducting sphere, having a charge Q, is
surrounded by an uncharged conducting hollow
spherical shell. Let the potential difference
between the surface of the solid sphere and that of
the outer surface of the hollow shell be V. If the
shell is now given a charge of — 4Q, the new
potential difference between the same two
surfaces is : [JEE MAIN 2019]
v 2)2v 3)-2v (4)4v
An electric dipole is formed by two equal and
opposite charges q with separation d. The charges
have same mass m. It is kept in a uniform electric

field E. If it is slightly rotated from its
equilibrium  orientation, then its angular
frequency o is :- [JEE MAIN 2019]

qE qE 2qE qE
(D,/m (2)2\/m:d 3) od “4) od

A positive point charge is released from rest at a
distance 1y from a positive line charge with
uniform density. The speed (v) of the point
charge, as a function of instantaneous distance r
from line charge, is proportional to :

[JEE MAIN 2019]

To

(1) Ve e+r/r0

(3) v [ij
Ip

@)vecln (iJ
Iy
@ v fIn [i]
Ip
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40.

41.

42.

43.

44.

The electric field in a region is given by
Ez(Ax+B) i, where E is in NC' and x is in
metres. The values of constants are A = 20 SI unit
and B = 10 SI unit. If the potential at x = 1 is V,
and thatat x=-51is V,, then V; -V, is :

[JEE MAIN 2019]
()-48V (2)-520V (3)180V (4)320V

Four point charges —q, +q, +q and —q are placed
on y-axis aty = -2d, y =—d, y = +d and y = +2d,
respectively. The magnitude of the electric field E
at a point on the x-axis at x = D, with D >> d, will

behave as : [JEE MAIN 2019]
(1) E o« 1/D () E « 1/D?
(3)E « 1/D? (4)E « 1/D*

A uniformly charged ring of radius 3a and total
charge q is placed in xy-plane centred at origin. A
point charge q is moving towards the ring along
the z-axis and has speed u at z = 4a. The
minimum value of u such that it crosses the origin

is : [JEE MAIN 2019]
" ﬁ 1
m | 15

1/2 b 1/2
I
m | 15 4nepa
1/2 1/2
2(4 q? 2(1 ¢
(CORY ol v (GO el I
m | 15 4nepa m | 54negpa

In free space, a particle A of charge 1 uC is held
fixed at a point P. Another particle B of the same
charge and mass 4 pg is kept at a distance of

Imm from P. If B is released, then its velocity at
a distance of 9 mm from P is : [JEE MAIN 2019]

[Take =9x 10’ Nm*> C?]

2
q
4mega

TEEO
(1)2.0 x 10° m/s

: (2) 3.0 x 10* m/s
(3) 1.5 x 10> m/s

(4) 1.0 m/s

Shown in the figure is a shell made of a
conductor. It has inner radius a and outer radius b,
and carries charge Q. At its centre is a dipole p

as shown. In this case : [JEE MAIN 2019]

(1) Electric field outside the shell is the same as
that of a point charge at the centre of the
shell.

(2) Surface charge density on the inner surface of
the shell is zero everywhere.

(3) Surface charge density on the inner surface is

uniform and equal to Q2
4ma
(4) Surface charge density on the outer surface

depends on |p|.

45.

46.

47.

48.

Electrostatics

A point dipole p=-pyX
The potential and electric field due to this dipole
on the y-axis at a distance d are, respectively:

is kept at the origin.

[JEE MAIN 2019]
(Take V = 0 at infinity) :
ML P 2, P
4n80d2 4n80d3 4Tc<°,0d3
@ P @, P
4n80d2 4n80d3 4Tc<°,0d3

Let a total charge 2Q be distributed in a sphere of
radius R, with the charge density given by

p (r) = kr, where r is the distance from the centre.
Two charges A and B, of —Q each, are placed on
diametrically opposite points, at equal distance, a,
from the centre. If A and B do not experience any

force, then : [JEE MAIN 2019]
(1ya=3R/2" (2)a=R/~3
(3)a=8"R (4)a=2"R

A charged particle (mass m and charge q) moves
along X axis with velocity V,. When it passes
through the origin it enters a region having uniform
electric field E = —E] which extends upto x = d.
Equation of path of electron in the region x > d is:

[JEE MAIN 2020]
_qEd (d
Hy=——7> 57X
mVO Ya ¢_>
qEd
@ y=——3(x—d) v,
mV)) o— »X
Ed
() y=——2x —d —
mVO
B42
@ y=13 d2 X
IIlVO

A small point mass carrying some positive charge
on it, is released from the edge of a table. There is
a uniform electric field in this region in the
horizontal direction. Which of the following
options then correctly describe the trajectory of
the mass ? (Curves are drawn schematically and
are not to scale). [JEE MAIN 2020]

—> E
‘% ]—m
y
y y
(1) ‘ : 2 ‘ :
y h y ’
3) i 4 ‘ i

53




Electrostatics

49.

50.

51.

52.

53.

A wire of density 9 x 107 kg cm” is stretched

between two clamps 1 m apart. The resulting strain
in the wire is 4.9 x 107", The lowest frequency of the
transverse vibrations in the wire is

(Young's modulus of wire Y =9 x 10" Nm?),

(to the nearest integer),  .[JEE MAIN 2020]

A two point charges 4q and —q are fixed on the x-
axis at x = —d/2 and x = d/2, respectively. If a
third point charge 'q' is taken from the origin to x
= d along the semicircle as shown in the figure,
the energy of the charge will : [JEE MAIN 2020]

4q -q

(1) Increase by (2) Increase by

RSOd 4ﬁ80d

(3) Decrease by (4) decrease by

e 4meod

Concentric metallic hollow spheres of radii R and
4R hold charges Q; and Q,respectively.Given that
surface charge densities of the concentric spheres

are equal, the potential difference V(R) — V(4R)

is: [JEE MAIN 2020]
3Q Q
1 —1= @) —2—
1 67[:80R 4TESOR
30 30
6) L (4) —%
ﬁSOR_ 4ﬁ80R

A particle of charge q and mass m is subjected to
an electric field E = E, (1 — ax’) in the x-
direction, where a and E, are constants. Initially
the particle was at rest at x = 0. Other than the
initial position the kinetic energy of the particle
becomes zero when the distance of the particle
from the origin is [JEE MAIN 2020]

() ~2/a 2 +l/a (3)a @) J3/a

Ten charges are placed on the circumference of a
circle of radius R with constant angular
separation between successive charges. Alternate
charges 1, 3, 5, 7, 9 have charge (+q) each, while
2,4, 6, 8, 10 have charge (—q) each. The potential
V and the electric field E at the centre of the
circle are respectively:

(Take V = 0 at infinity) [JEE MAIN 2020]
(1) V= 10q E= 10q .

nggR 4megR
@) V=0, E= 1%

4n80R2
G)V=0,E=0
10

HV=—=-1 E_g

4n80R,

54.

5s.

56.
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Charges Q; and Q, arc at points A and B of a
right angle triangle OAB (see figure). The
resultant electric field at point O is perpendicular
to the hypotenuse, then Q,/Q; is proportional to :

[JEE MAIN 2020]
QA
X1

0 5 BQz
2 3
(1) 22 Q) XL
x{ X3
1 X2
3 — 4 —
X2 X1

There are two infinite plane sheets each having
uniform surface charge density +o C/m” They are
inclined to each other at an angle 30° as shown in
the figure. The electric field in the region shown
between them is given by: [JEE MAIN 2020]

Y
+6
30° ‘
+o X

(B 1
RS I T R
W 280 L 2)7727
Bl 1.

RS B T I
@ 280 L )7 2" |

(B 1
RS 18 T S
@) 280 Y EATS

4 N
()280

Three charged particle A, B and C with charges

—4q, 2q and —2q are present on the circumference
of a circle of radius d. the charged particles A, C
and centre O of the circle formed an equilateral
triangle as shown in figure. Electric field at O
along x-direction is [JEE MAIN 2020]

2\/—q
ESOdZ

34/3q

4n80d2

(M

3

54




Physics-XII

57.

58.

59.

60.

61.

62.

A body of mass m =

An electric field E =4xi- (y2 +1) 3 N/C
passes through the box shown in figure. The flux

of the electric field through surfaces ABCD and
BCGF are marked as ¢; and ¢y respectively. The
difference between (¢ — ¢y) is (in Nm?/C)

. [JEE MAIN 2020]

10 kg is attached to one end
of a wire of length 0.3 m. The maximum angular
speed (in rad s ') with which it can be rotated
about its other end in space station is (Breaking
stress of wire = 4.8 x 10’ Nm ~ and area of cross-
section of the wire = 107 cm?) is:
[JEE MAIN 2020]
The two thin coaxial rings, each of radius ‘a’
and having charges +Q and —Q respectively are
separated by a distance of ‘s’. The potential
difference between the centres of the two rings

is: [JEE MAIN 2021]

DI LB B GV E
2meg|a [g? 42 2mep | a \[2 4,2

) JNLC [L S C) B L
dngg | a \/s +al drgg| a2 4 a2

If the maximum value of accelerating potential
provided by a radio frequency oscillator is 12
kV. The number of revolution made by a proton
in a cyclotron to achieve one sixth of the speed
of light is

[mp = 1.67 x 1027 kg, e = 1.6 x 10719 C, Speed

of light =3 x 108 mys] [JEE MAIN 2021]

A solid metal sphere of radius R having charge
q is enclosed inside the concentric spherical
shell of inner radius a and outer radius b as
shown in figure. The approximate variation

clectric field E as a function of distance r from

centre O is given by : [JEE MAIN 2021]

(M

3) “)

E

R a b r—> R a b r—>

A uniformly charged disc of radius R having
surface charge density is placed in the xy
plane with its center at the origin. Find the
electric field intensity along the z-axis at a
distance Z from origin: [JEE MAIN 2021]

63

64.

65.
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(1) E=-— (1 (Zz+R2 1/2J

280

2g,
(2) k= 60[(22 R2)!2 J
3) E=
© 280[( ?+R?) zz]

(4) E=— 260 [l+—(Zz +R2)l/2j

Figure shows a rod AB, which is bent in a
120° circular arc of radius R. A charge (-Q) is
uniformly distributed over rod AB. What is
the electric field at the centre of curvature O?

[JEE MAIN 2021]
1 2P, @ 282 )
8 SOR 87'C 80R
3 28 @ 2B g
87'580 16w 80R

Choose the incorrect statement:

(a) The electric lines of force entering into a
Gaussian surface provide negative flux.

(b) A charge ‘q’ is placed at the centre of a
cube. The flux through all the faces will
be the same.

(¢) In a uniform electric field net flux through
a closed Gaussian surface containing no
net charge, is zero.

(d) When electric field is parallel to a
Gaussian surface, it provides a finite non-
zero flux.

Choose the most appropriate answer from the

options given below: [JEE MAIN 2021]
(1) (d) Only (2) (c) and (d) Only
(3) (a) and (c) Only (4) (b) and (d) Only

Two particles A and B having charges 20 uC
and —5puC respectively are held fixed with a
separation of 5 cm. At what position a third
charged particle should be placed so that it

does not experience a net electric force?
20uC 5UC

A Scm

B
[JEE MAIN 2021]
(1) At 5 cm from —5 pC on the right side
(2) At 1.25 cm from a -5 pC between two
charges
(3) At 5 cm from 20 pC on the left side of
system
(4) At midpoint between two charges
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66.

67.

68.

69.

70.

A cube is placed inside an electric field,
E =150y%j. The side of the cube is 0.5 m and
is placed in the field as shown in the given

figure. The charge inside the cube is:

[JEE MAIN 2021]
Ay

(1)83x 10-11 C
(3)8.3x 10-12C

(2)3.8x 1011 C
(4)3.8x1012C

A charge of 4 uC is to be divided into two. The
distance between the two divided charges is
constant. The magnitude of the divided charges
so that the force between them is maximum,
will be: [JEE MAIN 2022]

(1) 1 pCand 3 uC (2)2 uCand 2 pC
(3)0and 4 puC (4) 1.5uC and 2.5pC

Two identical positive charges Q each are fixed
at a distance of '2a' apart from each other.
Another point charge qo with mass 'm' is placed
at midpoint between two fixed charges. For a
small displacement along the line joining the
fixed charges, the charge qo, executes SHM.
The time period of oscillation of charge q, will

[JEE MAIN 2022]

47’ soma 2) q0Q

4n’g;ma’
,Zn soma 4) /8753>30rna3
q,Q

Two pomt charges A and B of magnitude + 8 x
10° C and —8 x 10°° C respectively are placed at
a distance d apart. The electric field at the middle
point O between the charges is 6.4 x 10* NC".
The distance ‘d’ between the point charges A and
Bis: [JEE MAIN 2022]
(H20m (2)3.0m B3)1.0m (4)40m
Given below are two statements
Statement-I: A point charge is brought in an
electric field. The value of electric field at a
point near to the charge may increase if the
charge is positive.
Statement-I1: An electric dipole is placed in a
non-uniform electric field. The net electric
force on the dipole will not be zero.
Choose the correct answer from the options

given below [JEE MAIN 2022]

71.

72.

73.

74.
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(1) Both statement-I and statement-II are true

(2) Both statement-I and statement-II are false
(3) Statement-I is true but statement-II is false
(4) Statement-I is false but statement-II is true

The three charges % , q and % are placed at the

corners A, B and C of a square of side ‘a’ as
shown in figure. The magnitude of electric field
(E) at the corner D of the square is

[JEE MAIN 2022]
A = D
4 a2 c
1 1
1 I+—
M 47'[60 («/_ 2] @) 47'[60 ( \/5]

. q ([, 1 1 1
3 47[260 (1 \/_] @ 47560 (\/_ 2]

A uniform electric field E = (8m/e) V/m is
created between two parallel plates of length 1
m as shown in figure, (where m = mass of
electron and e = charge of electron). An
electron enters the field symmetrically between
the plates with a speed of 2 m/s. The angle of
the deviation (0) of the path of the electron as it
comes out of the field will be
[JEE MAIN 2022]
Im

b

2m/s—)———4l-"’

—
-

(1) tan'(4)

(3) tan”! G)

Two electric dipoles of dipole moments 1.2 x
10°° C-m and 2.4 x 107" C-m are placed in
two different uniform electric fields of strength
5 x 10* NC' and 15 x 10* NC™' respectively.
The ratio of maximum torque experienced by

(2) tan™'(2)
(4) tan™' (3)

the electric dipoles will be l The value of x is
X

[JEE MAIN 2022]

Two point charges Q each are placed at a
distance d apart. A third point charge q is
placed at a distance x from mid-point on the
perpendicular bisector. The value of x at which
charge q will experience the maximum
Coulombs force is : [JEE MAIN 2022]

_ _d -4 _
(Hx=d 2)x 2(3)X @) x= 2\/_

NG
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75.

76.

77.

78.

79.

The electric field at a point associated with a
light wave is given by

E =200[sin(6 x 10")t + sin(9 x 10")t] Vm™
Given:h=4.14x 10" eVs

If this light falls on a metal surface having a
work function of 2.50 eV, the maximum Kkinetic
energy of the photoelectrons will be

[JEE MAIN 2022]
(1) 1.90 eV (2)3.27 eV
(3) 3.60 eV (4)3.42 eV

If the electric potential at any point (X, y, Z)m
in space is given by V = 3x” volt. The electric
field at the point (1, 0, 3)m will be

[JEE MAIN 2022]
(1) 3 Vm™', directed along positive x-axis
(2) 3 Vm', directed along negative x-axis
(3) 6 V', directed along positive x-axis
(4) 6 Vm™', directed along negative x-axis

A positive charge particle of 100 mg is thrown
in opposite direction to a uniform electric field
of strength 1 x 10° NC'. If the charge on the
particle is 40 uC and the initial velocity is 200
ms~', how much distance it will travel before
coming to the rest momentarily?

[JEE MAIN 2022]
(1) I m (2)5m
(3) 10m (4)0.5m

Two identical metallic spheres A and B when
placed at certain distance in air repel each other
with a force of F. Another identical uncharged
sphere C is first placed in contact with A and
then in contact with B and finally placed at
midpoint between spheres A and B. The force
experienced by sphere C will be :

[JEE MAIN 2022]
(H3F2 (2)3F4 (3)F (4) 2F

A spherically symmetric charge distribution is
considered with charge density varying as

3 r

———| forr<R
p(r) = p°(4 R]

Zero forr >R

Where, r(r < R) is the distance from the centre
O (as shown in figure). The electric field at

point P will be : [JEE MAIN 2022]
p(r)
0]
A
R A
P
0 E[E_L] 2 E[E_Lj
Pot r Por r
3) —/—|1-— 4) —=—|1-—
o) el

80.

81.

82.
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Given below are two statements.

Statement I : Electric potential is constant within

and at the surface of each conductor.

Statement II : Electric field just outside a

charged conductor is perpendicular to the surface

of the conductor at every point.

In the light of the above statements, choose the

most appropriate answer from the options give

below. [JEE MAIN 2022]

(1) Both statement I and statement I are correct

(2) Both statement I and statement II are incorrect

(3)Statement I is correct but statement II is
incorrect

(4)Statement I is incorrect but and statement II
is correct

The electric potential at the centre of two
concentric half rings of radii R; and R,, having
same linear charge density A is:

[JEE MAIN 2023]

A A 2h A
(1) . 2 2 3 . 4 o

Given below are two statements: One is

labelled as Assertion A and the other is labelled

as Reason R. [JEE MAIN 2023]

Assertion A Two metallic spheres are

charged to the same potential. One of them is

hollow and another is solid, and both have the

same radii. Solid sphere will have lower charge

than the hollow one.

Reason R: Capacitance of metallic spheres

depend on the radii of spheres.

In the light of the above statements, choose the

correct answer from the options given below:

(1)Both A and R are true but R is not the
correct explanation of A

(2) A is false but R is true

(3)Both A and R are true but R is the correct
explanation of A

(4) A is true but R is false

. A cubical volume is bounded by the surfaces

x=0,x=0,x=a,y=0,y=a,z=0,z=a.
The electric field in the region is given by

- n

E=Exi. Where E, = 4 x 10* NC'm . If

a = 2 cm, the charge contained in the cubical

volume is Q x 107“C. The value of Q is
. (Take €=9 x 107 C*/Nm?)

[JEE MAIN 2023]
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84.

8s.

86.

87.

As shown in the figure, a point charge Q is
placed at the centre of conducting spherical
shell of inner radius a and outer radius b. The
electric field due to charge Q in three different
regions I, IT and Il is given by:

[JEE MAIN 2023]

(1) E; =0,

(2) Ei=0, Ex=0,E;=0
B)E;#0, Ey=0,En=0
(4)Ei=0, Ex=0,En#0

As shown in figure, a cuboid lies in a region

with electric field E =2x%-4yj+ 612%. The

magnitude of charge within the cuboid is ne,C.
The value of n is (if dimension of

cuboidis 1 x 2 x 3 m3). [JEE MAIN 2023]
©0.3)
& | |ozo
(1.00)

Which of the following correctly represents the
variation of electric potential(V) of a charged
spherical conductor of radius (R) with radial
distance (r) from the center? [JEE MAIN 2023]

Y

(1 2

r— 0

o ———

ol

of 3 > 0 R

In a medium the speed of light wave decreases
to 0.2 times to its speed in free space. The ratio
of relative permittivity to the refractive index of
the mediumis x : 1. [JEE MAIN 2023]
The value of x is .

(Given speed of light in free space = 3 x 10
ms™ and for the given medium i, = 1)

88.

89.

90.

91.

92.
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N
Expression for an electric field is given by E=

4000x> i X The electric flux through the
m
cube of side 20 cm when placed in electric field

(as shown in the figure) is

Vcom. [JEE MAIN 2023]

If two charges q; and q, are separated with
distance ‘d’ and placed in a medium of
dielectric constant K. What will be the
equivalent distance between charges in air for
the same electrostatic force?

[JEE MAIN 2023]

(1) 2dvk  (2) &k (3) 15dvk (4) ky/d

A stream of a positively charged particles

having and

4 _2x10" < velocity
m

kg
vo=3x107i m/s is
field 1.83kV/ m The electric field exists in a
region of 10 ¢cm along x direction. Due to the
electric field, the deflection of the charge

particles in the y direction is mm.
[JEE MAIN 2023]

deflected by an electric

Two isolated metallic solid spheres of radii R
and 2R are charged such that both have same
charge density o. The spheres are then
connected by a thin conducting wire. If the new

charge density of the bigger sphere is
o '. The ratio o is [JEE MAIN2023]
(¢
5 4 5 9
1) = 2) — 3) = 4) Z
(1) . () 3 3) 3 4) 1

Electric field in a certain region is given by

E = [%I + %BJ . The SI unit of A and B are.
X y
[JEE MAIN 2023]
(2) Nm’C ; Nm’C

(4) Nm’C™" ; Nm*C™'

(1) Nm’C ; Nm*C
(3) Nm’C™" ; Nm*C™'
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Let ¢ be the uniform surface charge density of
two infinite thin plane sheets shown in figure.
Then the electric fields in three different region
E,, E; and Ey; are : [JEE MAIN 2023]

Surface Charge
densily o

IE !I

> 2 G .
(1) Er=0, En=—n, E; =0
o

A

- - -
(2) Ex =—24, En=0, Em =i0n

€ €
> 26 . 2 > 20.
(3) Ex =~ =% En=0, Em="2h
2¢g, €
—> o R el bd O ~
4) Ei=- n, En =0, Em=—n
2¢€ €o

Two equal positive point charges are separated
by a distance 2a. The distance of a point from
the centre of the line joining two charges on the
equatorial line (perpendicular bisector) at
which force experienced by a test charge qo

a . The value of x is

Jx

becomes maximum 1is

[JEE MAIN 2023]
Considering a group of positive charges, which
of the following statements is correct?

[JEE MAIN 2023]

(1) Net potential of the system cannot be zero
at a point but net electric field can be zero
at that point.

(2) Both the net potential and the net field can
be zero at a point.

(3) Net potential of the system at a point can
be zero but net electric field can’t be zero
at that point.

(4) Both the net potential and the net electric
field cannot be zero at a point.

An electric field is given by (6§+53+312)
N/C. The electric flux through a surface area
30im> lying in YZ-plane (in SI unit) is :

[JEE MAIN 2024]
3)150 (4)90

(1)180  (2) 60

97.

98.

99.

100.
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Given below are two statements : one is

labelled as

Assertion (1) and the other is labelled as

Reason (R).

Assertion (1) : Work done by electric field on

moving a positive charge on an equipotential

surface is always zero.

Reason (R) : Electric lines of forces are

always perpendicular to equipotential surfaces.

In the light of the above statements, choose

the most appropriate answer from the

options given below. [JEE MAIN 2024]

(1) (1) is correct but (R) not correct

(2) (1) is not correct but (R) is correct

(3) Both (1) and (R) are true and (R) is the
correct explanation of (1)

(4) Both (1) and (R) are true and (R) is not
the correct explanation of (1)

Two charges of 4uC and + 4uC are placed at
the point A(1, 0, 4) m and B(2, -1, 5) m
located in an electric field E = 0.20 i V/em.
The magnitude of the torque acting on the

dipole is 8va x 10° Nm, where o = .
[JEE MAIN 2024]

An infinitely long positively charged straight
thread has a linear charge density A Cm™'. An
electron revolves along a circular path having
axis along the length of the wire. The graph
that correctly represents the variation of the
kinetic energy of electron as a function of
radius of circular path from the wire is :

[JEE MAIN 2024]
KE KE
T
(D (2
(0] —>T o —>r
KTEl \ KE
I
3) “4)
0 —»r 0 — T

An infinite plane sheet of charge having
uniform surface charge density +o, C/m” is
placed on x-y plane. Another infinitely long
line charge having uniform linear charge
density +A. C/m is placed at z=4m plane and
parallel to y-axis. If the magnitude value ||
= 2| then at point (0, 0, 2), the ratio of
magnitudes of electric field values due to
sheet charge to that of line charge is mn 1.

The value of n is .
[JEE MAIN 2024]
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102.

103

104.

10s.

The magnetic field in a plane electromagnetic
wave 18

B, =(3.5x 107) sin (1.5 x 10’x + 0.5 x 10"'0)T.
The corresponding electric field will be

[JEE MAIN 2024]

(1) E,=1.17 sin (1.5 x 10°x + 0.5 x 10"'tyVm’*
(2) E, =105 sin (1.5 x 10°x + 0.5 x 10"'t)Vm™*
(3)E,=1.17 sin (1.5 x 10°’x + 0.5 x 10"'t)Vm™*
(4) E,=10.5sin (1.5 x 10°x + 0.5 x 10"'tyVm’*

Five charges +q, +5q, —2q, +3q and —4q are
situated as shown in the figure. The electric
flux due to this configuration through the

surface S is : [JEE MAIN 2024]
— [ e
iq 3q
5 4 3
O3 o3 e @l
€0 €0 €0 €0

An electric field E:(2xi)NC_1 exists in

space. A cube of side 2m is placed in the
space as per figure given below. The electric
flux through the cube is

Nm?/C. [JEE MAIN 2024]
Y
O§<-2m—> 35
Z/
<—2m—>

o is the uniform surface charge density of a
thin spherical shell of radius R. The electric
field at any point on the surface of the
spherical shell is : [JEE MAIN 2024]
(1) o/egR  (2) 6/2ey (3)o/ey  (4) o/de

Three infinitely long charged thin sheets are
placed as shown in figure. The magnitude of

point P is X% The

€9
(all quantities are
[JEE MAIN 2024]

electric field at the

value of x is
measured in SI units).

106.

107.
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An electron is made to enters symmetrically
between two parallel and equally but
oppositely charged metal plates, each of 10
cm length. The electron emerges out of the
field region with a horizontal component of
velocity 10° m/s. If the magnitude of the
electric field between the plates is 9.1 V/cm,
then the vertical component of velocity of
electron is (mass of electron = 9.1 x 10°' kg
and charge of electron = 1.6 x 10" C)

[JEE Main 2025]
2)0
(4) 16 x 10* m/s

(1) 1 x 10° m/s
(3) 16 x 10° m/s

For a short dipole placed at origin O, the
dipole moment P is along x-axis, as shown in
the figure. If the electric potential and electric
field at A are V, and E, , respectively, then the
correct combination of the electric potential
and electric field, respectively, at point B on

the y-axis is given by [JEE Main 2025]
y
5
?ri
|
e - - > X
<>

E,

V, E
1) =% and =% 2) zero and —%
(D 5 T (2 2

E E
3 d =2 4) Vyand —%
(3) zero an T (4) Vg an 2
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Physics-XII Electrostatics
EXERCISE # 4

Questions  Previous Year (NEET) 6. Three point charges +q, —2q and + q are placed at

points (x =0,y=a,z=0),(x=0,y=0,z=0)

1. An electric dipole has the magnitude of its charge as and (x = a, y = 0, z = 0), respectively. The

q and its dipole moment is p. It is placed in a
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: [AIPMT - 2004]
(1) 2qE and minimum  (2) ge and pE

(3) zero and minimum  (4) qE and maximum

As per this diagram a point charge +q is placed at

the origin O. Work done in taking another point

charge —Q from the point A [co-ordinates (0,a)] to

another point B [co-ordinates(a,0)] along the

straight path AB is : [AIPMT - 2005]
y

A
© B X
(1) Zero @) (qQ sz 2a
4me, a
qQ 1} a qQ 1
@ (4%80 azj'f @ (4%80 a’ j V2a

An electric dipole of moment p is lying along a

uniform electric field E.The work done in
rotating the dipole by 90° is : [AIPMT-2006]

(1) V2 pE (2)% (3)2pE  (4)pE

A square surface of side L m is in the plane of the
paper. A uniform electric field(V/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 : [AIPMT-2006]
>
E

(1) EL¥ (2¢) (2) ELY/ 2

(3) zero (4) EL?

Charges +q and —q are placed at points A and B
respectively which are a distance2 L apart, C is
the midpoint between A and B. The work done in
moving a charge +Q along the semicircle CRD is:
[AIPMT -2007]

I AN
©) 6me, L @ 6me,L

A
H_9Q 5 4Q
( )47:80L ( )ZnsoL

10.

magnitude and direction of the electric dipole
moment vector of this charge assembly are :
[AIPMT _2007]

(1) NG qa along + y direction

2) 2 ga along the line joining points (x = 0,
y=0,z=0)and (x=a,y=a,z=0)

(3) qa along the line joining points (x =0, y =0,
z=0)and (x=a,y=a,z=0)

4) NG ga along + x direction

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 [AIPMT -2008]
(1) 4m go Q x 10 V/m

(2) 121 g9 Q x 10* V/m

(3)4mer Q x 10*° V/m

(4) 121 g9 Q x 102 V/m

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

[AIPMT - 2008]

A
K
C B
D
(1) 3E along KO (2) E along OK
(3) E along KO (4) 3 E along OK

The electric potential at a point (x, y, z) is given by
V=-x'y—xz +4 [AIPMT 2009]

The electric field E at that point is

(1) E=iQxy+2)+ sz +k 3xz°
Q)E=i2xy+] (X +y) +k(3xz v
B)E=i 2+ 3 xyz +kz*

“4) E= i(2xyf 23) + jxy2 +k 32°x

The electric field at a distance % from the
centre of a charged conducting spherical shell of
radius R is E. The electric field at a distance %
[AIPMT -2010]

E

4)=

4) 3

from the centre of the sphere is

(1)Zero  (2)F 3) %
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11.

12.

13.

14.

15.

A charge Q is enclosed by a Gaussian spherical
surface of radius R. If the radius is doubled, then
the outward electric flux will :  [AIPMT- 2011,]
(1) increase four times  (2) be reduced to half
(3) remain the same (4) be doubled

Four electric charges +q, +q, —q and —q are placed
at the corners of a square of side 2I (see figure).
The electric potential at point A, midway
between the two charges +q and +q, is :

[AIPMT- 2011]

+q —q
TA
+q —-q
1 2 1 2q(, L]
o dn e, L(l+\/§) (2)47'560 L[+\/§
3) 24 —ij @z
dne, L J5 oo

The electric potential V at any point (x, y, z), all

in meters in space is given by V = 4x* volt. The

electric field at the point (1, 0, 2) in volt/meter is:
[AIPMT-2011]

(1) 8 along positive X-axis

(2) 16 along negative X-axis

(3) 16 along positive X-axis

(4) 8 along negative X-axis

Three charges, each +q, are placed at the corners

of an isosceles triangle ABC of sides BC and AC,

2a. D and E are the mid points of BC and CA.
The work done in taking a charge Q from D to E

1S: [AIPMT-2011]
A
B 5 C
&ne, a 4ne, a
(3) zero (4)£
4ne, a

A short electric dipole has a dipole moment of 16 x
10~ C m. 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]
( )
i =9x109Nm2/C2J
47'580
(1) zero )50V (3)200V (4)400V

16.

17.

18.

19.

20.

Physics-XII

In a certain region of space with volume 0.2 m?3
the electric potential is found to be 5V
throughout. The magnitude of electric field in this
region is : INEET 2020]
(1)SN/C  (2)Zero  (3)0.5N/C (4) I N/C
A spherical conductor of radius 10 cm has a
charge of 3.2 x 107 C distributed uniformly.
What is the magnitude of electric field at a point
15 cm from the centre of the sphere ?

=9x10°Nm?/ Cz\ [NEET 2020]
L4TE80 J
(1) 1.28 x 10" N/C
(3) 1.28 x 10° N/C

(2) 1.28 x 10* N/C
(4) 1.28 x 10° N/C

A dipole is placed in an electric field as shown. In
which direction will it move ? INEET 2021]

E

T

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

(2) towards the right as its potential energy will decrease.

(3) towards the left as its potential energy will
decrease.

(4) towards the right as its potential energy will
increase.

An infinitely long straight conductor carries a

current of SA as shown. An electron is moving with

a speed of 105m/s parallel to the conductor. The

perpendicular distance between the electron and the

conductor is 20 cm at an instant. Calculate the

magnitude of the force experienced by the electron

at that instant. INEET 2021]

Electron v=10 5m/s

I

20 cm

P 5A Q
()4x1020N (2)8n x 1020N
(3)4n x 100N 4)8x1020N

Polar molecules are the molecules :
[NEET-2021]

(1) having zero dipole moment.

(2) acquire a dipole moment only in the presence
of electric field due to displacement of
charges.

(3) acquire a dipole moment only when magnetic
field is absent.

(4) having a permanent electric dipole moment.
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21.

22,

23.

24.

25.

26.

27.

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/ 0y) is: [NEET-2021]
(DR; /R, (2)R2/ Ry
(3) R, /R, (4)R,* /R

Twenty seven drops of same size are charged at
220 V each. They combine to form a bigger
drop. Calculate the potential of the bigger drop.

[INEET-2021]
(1)660V (2) 1320V (3) 1520V (4) 1980 V
The angle between the electric lines of force and
the equipotential surface is INEET-2022]
(1) 4s5° (2) 90° (3) 180°  (4)0°

Two hollow conducting spheres of radii R; and

R, (R; >> R;) have equal charges. The potential

would be [INEET-2022]

(1) More on smaller sphere

(2) Equal on both the spheres

(3) Dependent on the material property of the
sphere

(4) More on bigger sphere

Two point charges —q and +q are placed at a
distance of L, as shown in the figure.

[ 9

-q +q

< L >
The magnitude of electric field intensity at a
distance R(R >>L) varies as: INEET-2022]

1 1 1 1
(DF (2)F (3)F (4)?

An electric dipole is placed at an angle of 30°
with an electric field of intensity 2 x 10° NC ™.
It experiences a torque equal to 4 Nm.
Calculate the magnitude of charge on the
dipole, if the dipole length is 2 cm.
[NEET-2023]
(1H2mC 2)8mC (3)6mC (4)4mC

If fﬁéd@ =( over a surface, then : [NEET-2023]
S

(1) The electric field inside the surface is
necessarily uniform.

(2) The number of flux lines entering the
surface must be equal to the number of
flux lines leaving it.

(3) The magnitude of electric field on the
surface is constant.

(4) All the charges must necessarily be
inside the surface.

28.

29.

30.

Electrostatics

An electric dipole is placed as shown in the
figure.

5cm

— (< > € >+
q 3cm 3cm a9

The electric potential (in 10> V) at point P due
to the dipole is (€, = permittivity of free space

and =K) INEET-2023]
4nt e
8 3

(1) [EJ qK (2) (g} qK
5 8

(3) (g] qK (4) (3] qK

Given below are two statements : one is
labelled as Assertion A and the other is
labelled as Reason R.

Assertion A : The potential (V) at any axial
point, at 2 m distance (r) from the centre of
the dipole of dipole moment vector P of
magnitude, 4 x 10° C m, is £9 x 10’ V. (Take

L _9x10°s1 units)
4n e,

2P , where 1 is the
dneyr

Reason R : V =+

distance of any axial point, situated at 2 m

from the centre of the dipole.

In the light of the above statements, choose

the correct answer from the options given

below : [NEET-2024]

(1) A s true but R is false

(2) A s false but R is true

(3) Both A and R are true and R is the
correct explanation of A

(4) Both A and R are true and R is NOT the
correct explanation of A

A thin spherical shell is charged by some
source. The potential difference between the
two points C and P (in V) shown in the figure

is (Take =9 x 10’ SI units)
4ne,
[NEET-2024]
(1)0.5 x 10°
(3)3 % 10°
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31.

32.

An electric dipole with dipole moment 5 x 10
%Cm is aligned with the direction of a uniform
electric field of magnitude 4 x 10° N/C. The
dipole is then rotated through an angle of 60°
with respect to the electric field. The change
in the potential energy of the dipole is :
[NEET-2025]
(1) 1.2J )15 (3)0.8] 4 1.0J
Two identical charged conducting spheres A
and B have their centres separated by a certain
distance. Charge on each sphere is q and the
force of repulsion between them is F. A third

identical uncharged conducting sphere is

Physics-XII
brought in contact with sphere A first and then
with B and finally removed from both. New
force of repulsion between spheres A and B
(Radii of A and B are negligible compared to
the distance of separation so that for
calculating force between them they can be
considered as point charges) is best given as :

[NEET-2025]

F 3F 3F 2F
O @5 5 G
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ANSWER KEY

EXERCISE-1

Que. | 1 2 3 4 5 6 7 8 9 |10 | 11 (12|13 |14 | 15|16 | 17 (18| 19| 20
Anms. [ 3 1 1 1 1 3 2 3 4 1 3 4 2 3 2 3 3 1 4 3
Que. | 21 | 22|23 |24 |25(26(27|28]29|30|3132|33(34|35]|36|37|38]|39](40
Ans. | 4 4 3 2 2 1 2 3 4 1 1 2 3 1 1 3 3 2 2 3
Que. | 41 | 42 | 43 | 44 | 45 46 | 47 | 48 | 49 | 50 | 51 | 52 | S3 [ 54 | 55|56 | 57 | 58 | 59 | 60
Ans. | 2 4 2 4 4 4 3 3 4 3 2 1 2 2 3 3 4 2 4 1
Que. | 61 | 62 | 63
Ans. [ 3 1 2

EXERCISE-2

Que |1 (2134|567 |89 |10|11|12(13]|14(15|16|17|18|19]20
Ans |4 |3 |3 |1 |31 (4341232313 ]1|1]2]2]|]1
Que | 21(22]123(24(25]126(2728]29|30|31[32(33|34(35|36|37|38|39]40
Ans [ 3 |3 |1 |3 |3 21 ]2]1]3]1 1 (4311213141213
Que [ 41(42143(44|45|146(47|148|49|50|51|52(53|54(55|56|57|58|59]60
Ans (3 |3 |1 |4 |1 |21 (42113 ]|4]2]|1 1 (23 (4]2
Que | 61| 62| 63|64
Ans | 3 | 3 114

EXERCISE-3

Que. | 1 213 4 |5 6 | 7|8 (9 (10|11 (12|13 |14 |15|16 |17 |18 |19 |20
Ans. | 2 | 4 | 4 | 4 | 3 4 1 2 3 2 3 4143 3 1 413 4 123
Que. | 21 | 22|23 |24 (25|26 |27 |28 (29 (30|31 |32)33|34|35|36|(37(38(39]40
Ans. | 4 | 3 4 3 3 3 4 | 2 3 4 12| 2 2 3 1 3 1 3 4 3

Que. | 41 | 42 | 43 | 44 |45 | 46 | 47 |48 [ 49 |50 |51 |52 |S3 |54 |55 |56 |57 (58|59 |60
Ans. | 4 | 2 1 1 4 3 1 4 |35 3 1 4 3 3 1 4 148 | 4 1 [543
Que. [ 61 | 62 [ 63 |64 | 65|66 | 67 |68 |69 |70 |71 (72|73 |74 75|76 |77 |78 (79 |80
Ans. | 1 1 1 1 1 1 2 1 2 1 1 2 6 | 4|44 ] 4] 2 3 1

Que. 81 | 82 (83|84 | 85|86 |87 (8 |89 (90|91 (92|93 |94 (95|96 (97 |98 /(99 100
Ans. | 2 2 (288 1 | 12| 2 5 (640 2 | 2 1 3 2 2 1 1 3 2 2 |16

Que. 1101102103 |104[105[106[107
Ans. [NA| 2 |16 | 3 2 3 3

EXERCISE-4

Que. | 1 2 3 4 5 6 | 7 8 9 |10 (11 |12 |13 |14 | 15|16 | 17 | 18| 19| 20
Ans. [ 3 1 41 3 41 2 1 2 1 1 3 34| 3 3 2 3 2 (4] 4
Que. [ 21 | 22 |23 |24 (25|26 |27 |28 |29 (30| 31|32
Ans. | 2 4 | 2 1 1 1 2 2 1 2 4 2
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