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Electric Charges
and Fields

i)

TOPIC 1 + tang=SNO _ F _ka®
Electric Charges and cos8 mg  d”
Coulomb's Law me
o {using Eq (i)}
01 Two identical tennis balls each 0 tanB= kg’

having mass mand charge q are d*mg

suspended from a fixed point by
threads of length I. What is the

equilibrium separation when each OFrom Egs. (i) and (iii), we get

thread makes a small angle 6 with d_ kq?
the vertical ? 1 [2021, 27 July Shif:-l] o #mg
0O ¢4 2 0O ¢4 & 2
(a)d:%g () a=g 9 : 0 dmg=ke?2 O ¢°=/92
Tg;mg Tg;mg mg
1 1 1
©)d 0O qzlz EB(d) J 0 ¢4 @ . k:m-[go
C = =
%neongg %nsﬁngza 72
0 =T
Ans. (b) 4T18,mg
The given situation is shown below 2
O ¢*=_1
21, Mg
0 o lj/s

0 dz%?lmg%

g is lying at the mid-point of two
stationary particles kept at a

-+According to Coulomb’s law,

~We knowthat,tanezsin9=% .(i)

02 A particle of mass 1mg and charge

distance 2 m when each is carrying

F= kg, same charge q. If the free charged

2 particle is displaced from its
equilibrium position through
distance x (x << 1m), the particle
executes SHM. Its angular

Here, q,=q, =q
OForce due to charge,

F :kizxq - r=dhere} frequency of oscillation will be ......
° x10° rad/s, if g 2=10C2.
0 =*‘LZ i) [2021, 25 July Shift-I]
d Ans. (6000)
Using above diagram, we can write Given,

T cosB=mgandT sin@=F Mass, m=1mg=1x10"%kg,

Separation between two charges,d =

2m and ¢° =10C?
When free charge is displaced from its
position, then from given diagram,

—X

Qie——>——>—q,
fm1 m fmz

Foet =Fm, =fn, ==mafx

2

where, F, .. =net electrostatic force,

Fn, Fm, =forceonmdue togy andgq,

respectively,

wand x = angular frequency and
equilibrium distance, respectively.

By using Coulomb's law,
F= kg a,

,.2

where, k =Coulomb’s constant
=9x10°N-mC™2

r =distance between two charges

O

O

=Tm

N | Q

n

net

ke Or —x)? — 20
kq® Ur=x)* =(r +x) @

- kme] _ kqqu =_m002X
(r+x? (r=x?

X
m 0 (rZ _XZ)Z
(vg,=09, =g, =9
9x10° x10 OH4rx O 3
- - = —WX
0 Hr B

(o x<<1m, Or>= x

0 w=+v36x10" =6 x10%rads™

From questionw =x x10° rad/s

O

x =6000

03 An electric dipole is placed on
X-axis in proximity to a line charge
of linear charge density 3.0x107°

C/m. Line charge is placed on

2_

r?)



Z-axis and positive and negative
charge of dipole is at a distance of
10 mm and 12 mm from the origin,
respectively. If total force of 4 N is
exerted on the dipole, find out the
amount of positive or negative
charge of the dipole.

[2021, 22 July Shift-II]

(a)815.1nC (b)8.8uC
(c)0.485nC (d)4.44pC
Ans. (d)
Given, linear charge density,
A=3x10"°C/m
+ a
+ q(—)Q
+ N —
+
+1 Io
—10 mm =10 x D m,

=12mm =12 x10°m

and the separation between charges

=r-r=12-10 =2mm=2x10"m
Electric field due to line charge, E = 2KA
X

Now, force on dipole due to line charge
beF,andF, from +ve and -ve charge
respectively, then the net force.

Fet =F —-qE
0 4=q§ﬁ—%m
h 7
0 4:2k)\q§rl—i§
1 h
O 4=2x9x10% x3 x107° xg
O3D1 i
0 120
02
0 4:54x105%§@
O 4=9x10%qg
4
O q:§><105
=044x107°
=444x107°
=444pC

0_4 A certain charge Q is divided into

two parts g and (0 —q). How should
the charges 0 and g be divided, so

that g and (0 —q) placed at a certain
distance apart experience

maximum electrostatic repulsion ?
[2021, 20 July Shift-1]

(a)o:g (b)0=2q
(c)0=4q (d)0=3q
Ans. (d)

(b) Let's say the charge g and (0 —q) are
at r distance from each other. This can
be shown as

O — 09

r

According to Coulomb's law, force
between both the parts can be given as

F:w
2
F=2q0 -a?)
r
dF _ )
As we knowthat?—O,for maximum
q
force.
dF _ d Ok o[
0 —=— 700 -q°) =0
dg dg B? B
0 Kw-m=00 0=2
r

05 An infinite number of point

charges, each carrying TuC charge,
are placed along the Y-axis at
y=1m,2m,4m,8m.

The total force ona1C point
charge, placed at the origin, is

x x10° N. The value of x to the
nearest integer, is .....cc.......

(Take, =9x10% N- mZ/C )

4rigy
[2021, 18 March Shift-II]
Ans. (12)
The 1C charge present in the origin and
other

uC charge are placedatTm, 2 m, 4 m,
8m..

‘ 1m 2m 4m 8m16m 32m

10‘ 1uC 1uC 1uC 1uC1uC 1uC

Using the Coulomb's law,
F= kqia,

r2

F=9x10% x(1) x107®

LI
2 g

o O

06

o O
g1 d

=9x10° x g =12 10°N
a--0
o 40
The value of x to the nearest integeris 12.

Find out the surface charge density
at the intersection of point X =3 m
plane and X-axis, in the region of
uniform line charge of 8 nC/m lying

along the Z-axis in free space.
[2021, 16 March Shift-II]

(a)0.424nCm™2  (b)47.88nCm™>
(c)0.07nCm™ (d)4.0nCm™
Ans. (a)

Given,

Linear charge density, A =8nC/m
=8x107C/m
The relation between surface charge
density and linear charge density can be
given as
_o )
roog
where,
k =Coulomb'’s constant,
A =linear charge density,
o =surface charge density,
g, =absolute electrical permittivity
of free space
and r=distance.

Substituting the values in Eq. (i), we get
_ 2khgg
==
_2x9x10° x8 x10"% x8.85 x107"
3
=0424%107° Cm™2 =0424nCm™2

Two small spheres each of mass
10 mg are suspended from a point
by threads 0.5 m long. They are
equally charged and repel each
other to a distance of 0.20 m. The
charge on each of the sphere is

% %1078 C. The value of a will be

[Given, g-10 ms 2]
[2021, 25 Feb Shift-11]

Ans. (630)

Given, mass of each spheres, m=10 mg
=10x107°

Length of thread(/)=0.5m

Separation between charges,d=0.2m

Charge of each sphere, g =% x1078C



Acceleration due to gravity(g) = 10 ms™?
The situation can be shown as below,

7

Taking component of tension(T)

TcosB=mg i)
2
Tsing=gE ="9" (i)
dZ
S]ne—% :g :l
| 05 5
cosB =4/1-sin’6 =,/1-1/25 =£
2
O tanezis”16 -_kq
cos® d’mg
[using Egs. (i)and (ii)]
2
o 15 _ ke
2415  d*mg
O L: 9x1 09 qu
24 (027 x10x107% x10
. (027 x 107"
V24 x9%x10°
0 q=3x10""C

0 9 %1078 =30x10"8
21

a =630

08 Two identical conducting spheres
with negligible volume have 2.1nC
and - 0.1nC charges, respectively.
They are brought into contact and
then separated by a distance of
0.5 m. The electrostatic force
acting between the spheres is
............... x107% N,

[Given, 41tg, =

Slunit]
9x10

[2021, 25 Feb Shift-II]
Ans. (7.56)

Given, g, =2.1nC =21 x107°¢C,
g, =-0.1nC =-0.1x10"°C

=0.5m

By Coulomb's law,

kg,
P

Separation(d)

Force(F) =

where, k=9 x 10°N-m?C™?
=Coulomb’s constant
9x10° x21x107° x(-0.1 x107%)
(0.5
x107°N

OF=

=-756

09 Two electrons each are fixed at a
distance 2d. A third charge proton
placed at the mid-point is
displaced slightly by a distance
x(x<<d)perpendicular to the line
joining the two fixed charges. Proton
will execute simple harmonic
motion having angular frequency?

(m =mass of charged particle)
[2021, 24 Feb Shift-II]

0 d !
(a)EnsodeQ (b)% 2q° %

2 2

(C)ELEr (d)wd
EZnsOmd3E q° E

Ans. (¢)

The arrangement of charges is shown

below

r = Vg?4x?

Fsin®
As we know that,
Coulomb’s force between two charges.

Fsin®

i.e.q,andg,,
F= 1 9% _ 1 9%
4mey P 4mg (d? + X0
Here.gq,=q, =g

Force in SHM, F = mof x i)

Since, in order to have SHM +q should
move downwards and force responsible
for this will be only

F'=Fsin®+ F sin@=2F sin® ..(iii)
Using Egs. (ii)and (iii), we get

2F sin® =mauf x
ad LLS]DGZ maf' x
41igy (d? + X°)
2 q2

4mgy (0% + X% (d2+x)

2
0
o %Tso(dz_'_x 312 %

As, x<<d
01 qz d/z

m—.

= maulx

a w=

10 A charge Qis distributed over three

concentric spherical shells of radii
a,b,c(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, wherer<a would be
[2019, 10 Jan Shift-1]

O(Oz +b2 +C2)
4rigyla’ +b° +c)
Ola+b +c¢)
4mgy(a? +b? +c?)
) 0

4riggla+b +c¢)

0 ng +bc +ca
1218, abc

Ans. (b)

(d)

Given charge distribution is shown in the
figure below

Given surface charge densities of each
shell are same.

Oo . i)
As, surface charge density of shell of
radius r and having charge Q' is given as

a:g-bU

4
Oc

&

Sorelation (i) can be rewritten as
0, _ 0, _ 0.
41’ 4107 4T’
O 0,:0,:0,=ad”:b%:¢?
where 0, 0, and 0 are charges on shell
of radiusa, b and c, respectively.

Also, 0,+0,+0,=0
2
a
Hence, Op=————
a® + b +¢?
b2
0y = 2 2 2
a“+b”+c
2
c
O 06:7
a? +b% +¢?

As we know for charged spherical shell
with charge 0 of radius R, the potential



at a point
‘P atdistance rsuch thatr<Ris,
= ko
"R

0 potential at point Pat a distance
'r =Potential due to 0, + Potential due
to 0, + Potential due to 0,
_ k0, + kO, + kO,
a b c

Substituting values of 0,, 0, and 0., we

get
V= Ola+b+c)

4 (@2 b2 + )

F The given graph shows variation

(with distance r from centre) of
[2019, 11 Jan Shift-1]

To r

(a) electric field of a uniformly charged
spherical shell

(b) potential of a uniformly charged
spherical shell

(c) electric field of a uniformly charged
sphere

(d) potential of a uniformly charged
sphere

Ans. (b)

Forauniformly charged spherical shell,
electric potential inside it is given by

Vi =V,

inside surface
(where ry =radius of the shell).

=kq/ry =constant,

and electric potential outside the shell at
adistanceris

- ka
Vouiside = Ovalr

[0 The given graph represents the
variation of rand potential of a
uniformly charged spherical shell.

E Three charges +0,q, +0 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 =Qis zero, then value of

gis [2019, 9 Jan Shift-I]
o) 22 o) 22

-0 -0
(c) > (d) %

Ans. (d)
The given condition is shown in the
figure given below,
x=0
+Q q +Q
«—dR2—
d

Then, according to the Coulomb's law,
the electrostatic force between two
charges g, andg, such that the distance
between them is(r) given as,
F= 1199,
4tg, [

ONet force on charge Q' placed at origin
i.e.atx=0inaccordance with the
principle of superposition can be given as

net = | prq"' ! [PXO
4mey, i 4mg  (d)
i78
Since, it has been given that, Fo =0.
o 1 @xa, 1 Px0_g
4mgy, il 4mg  (d)
i3
1 prq:_ 1 erO
4meg, yf 4mg  (d)
i
or q:—%

13 Two charges each equal to g, are

kept at x = —a and x =a on the x-axis.

A particle of mass mand charge
go =q/2is placed at the origin. If
charge q, is given, a small
displacement (y <<a)along the
y-axis, the net force acting on the
particle is proportional to

[JEE Main 2013]

(aly  (b)=-y (c) Wy (d) =1y
Ans. (b)
Y
-q/2
,5/550\5\
Jk—a—p—a—Aq
F sin® l F $in®
2F cos6
Fret =2F cos@
g
u Fnet - o Y

__(\/y2+(]2)2 \/)/2"'02

[negative signindictate the net force
is towards the mean position]

net T T o
(y=+a%)

2
0 qugy
OS

14 Two identical charged spheres
suspended from a common point
by two massless strings of length |
are initially a distance d,(d <<)
apart because of their mutual
repulsion. The charge begins to
leak from both the spheres at a
constant rate. As a result, charges
approach each other with a velocity
v. Then, as a function of distance x
between them, is [AIEEE 2011]
(a)vOx™ (b)v O x"?

(c)vOx (d)v Ox™"?
Ans. (d)
At any instant,
T cosB=mg D)

From Egs. (i)and (ii), we get

2
kiz=mgtan9
X
0 2=M9 X Uiang=2D
LT H 218
O g2 =93 i)
2kl
O qujzsmg X2d7X
dt 2kl dt
/2
O ZDmgng d—q:ngxzv
kil dt 2kl
O 420
_Hmg 3
F _ETX O
a fa B

Ovx"? =constant 0 vOx™ "2

15 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 1.6gcm™, then

dielectric constant of the liquid is
[AIEEE 2010]

(a) 4 (b) 3 (c) 2 (d) 1
Ans. (¢)
From FBD of sphere, using Lami’s
theorem,

—=tan® ()

When suspended in liquid, asBremains
same.

F'

d ﬂ]:tane (i)
m -F
9H74H
Using Egs. (i) and (ii), we get
e F thereF’=£
mg _p
mg% g
0 457:44445‘457
EE
J d
or K= !

! = =9
0.8
SHE

16 The question contains Statement |
and Statement Il. Of the four
choices given after the statements,
choose the one that best describes
the two statements.  [AIEEE 2009]

Statement | For a charged particle
moving from point P to point 0,
the net work done by an
electrostatic field on the particle
isindependent of the path
connecting point Pto point 0.

Statement Il The net work done

by a conservative force on an object

moving along a closed loop is zero.

(a) Statement | is true, Statement Il is
false

(b) Statement | is true, Statement Il is
true; Statement Il is not the correct
explanation of Statement |

(c) Statement | is true, Statement Il is
true; Statement Il is the correct
explanation of Statement |

(d) Statement | is false, Statement Il is
true

Ans. (b)

Work done by conservative force does
not depend on the path. Electrostatic
force is a conservative force.

F A charge Qs 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 Qis zero, then
0/q equals [AIEEE 2009]

1
(@) =2v2 (b) -1 (c) 1 (d) -—
2
Ans. (a)
Three forcesf,, F,, andF,; actingon 0
as shown.

Resultant of FM + F43 \/7 each

=z %
41y d
Fa3
2
Fa 7
q 0
///
7 Fag
Kk
///
Q< q

Resultant on 0 becomes zero only when
g charges are of negative nature.

O F=_! 0x0
4TE, (24)
0 @I 0%X0 [ 5,200
d* 2d? 2
0 0
0 =" o L=-22
1% 0% orq V2

18 Two spherical conductors Band C

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

repulsion betweenBand Cis
[AIEEE 2004]

@t ¥ b 0wt
4 4 38 8
Ans. (d)

Let the spherical conductors B and C
have same charge asg. The electric
force between them s

1 g
4igy 12

F=

Here, rbeingthe distance betweenthem.

When third uncharged conductor Ais

brought in contact with B, then charge

on each conductor
_44*0d5_0+q _gq

When this conductor Ais now brought in
contact with C, then charge on each
conductor

_Ga*0c _(q/2+qg_3q

2 2 4

Hence, electric force acting between
BandCis
T 9g0c_ 1 (/2X3q/4)

I

3'31q7 3F
%nq}z 8

F=

o

d

19 Four charges equal to —Q are
placed at the four corners of a
square and a charge q is at its centre.
If the system is in equilibrium, the
value of g is [AIEEE 2004]

-Z04242) (0} Z01+242)
(c) —g(uzﬁ) (d) L1+242)

Ans. (b)

The system is in equilibrium means the
force experienced by each charge is zero.
Itis clear that charge placed at centre
would be in equilibrium for any value ofq,
so we are considering the equilibrium of
charge placed at any corner.

N O DO

Feg . Feca
cB —Fco
a C| A45
_8 - 15 Fep
a = a
N
02~
A;Q a ,Q\B

Fop + Fpp c0845°+F, cos45° =0

L ) G D R ) Gl I
4mg, o 4mg (y2a) f
1 (=0g , 1 _4
4me, (V2aRf 2
102, 1 0%
Ll ~ o
4Tg, o +4nsﬂ 20> 2

+

or




0 _
or O+ﬁ—\/§q =0
or 2420+ 0 -4g =0
or Lg=(2\2+10
or q:(2ﬁ+1)%

E Three charges —q, +q, and —q5

are placed as shown in the figure.
The x-component of the force on
—q, is proportional to  [AIEEE 2003]

-3 y
\a
q
\ ——hH— X
Q1 +Q2
a)q—é qgcose (b)—+$sm9
b° a o
(c)q—2+$cose (d)q—é q3sme
b? & b? o
Ans.(b)
Force on—-q,,

- e—h—>

F 1 00, i+ 1 9a;
4me, b} 4mg o

[sin®i — cosBj]
From above, x' component of force is
—q1 Fi2
0
: Fi3
Fo=0 Eﬂz +35 sin6-
41gy 5 H
F, 032 95 sing"

B2 o2 H

21 If achargeqis placed at the centre

of the line joining two equal

charges 0 such that the system is

in equilibrium, then the value of g is
[AIEEE 2002]

(@) 2 (b) -
2

(2 (d) -
4

Ans. (d)

Let chargeq be placed at mid-point of
line AB as shown below.

Q q Q
A C B
K x/2 H x/2 A
Also, AB =x [say]
0 ac=% pc=%
2 2
For the system to be in equilibrium,
Foq *Foo =0
1 09 , 100 _g
4mig, (xR 4Tg X
0
or =-=
I 4

Electric and Field Lines

22 What will be the magnitude of

electric field at point Oas shown in
figure? Each side of the figure is |

and perpendicular to each other.
[2021, 27 July Shift-11]

Aq) C | D
Teq) (+q)
/ /
+
5 </>q 0 G(29)
/ /
(q) @) -qQ)
E F H
g
4Tigy I
LL( )
4TiE, (217)
q
4 g, (211
_1 29
4igy 217
Ans. (d)
Consider the given figure
(+q)
l l
(+9)
B
0 G(29)
l l
(29 ! @ -9
E F H

At centre O, different electric fields, will
be acting. These can be shown as follows

The electric field in different directions
can be given as

E, = kq :kﬁ E :ﬂzkj-
ATWRE o TR R
_2kg _ kg _Kkq
E. = T Ep = =
c 2 D (ﬁl)z /2
E.= qu :kﬁ-
RN
K 2k
B
EH: kq :ki
(217 27
O Epa=ylEc —E-F +(Es —E,F

g
_kav2 _ 1 2942)

2 4mg 27

E A body having specific charge 8

pC/q is resting on a frictionless
plane at a distance 10 cm from the
wall (as shown in the figure). It
starts moving towards the wall when
a uniform electric field of 100 V/m
is applied horizontally towards the
wall. If the collision of the body
with the wall is perfectly elastic,
then the time period of the motion
will be ...... S. [2021, 20 July Shift-1]

100 V/m
Body |—

Ans. (1)
Given, g =8uC/g =8x10"°C/g
=8x1073C/kg
s =10cm=0.Tm
O E =100V /m

We know that, acceleration,
_ force(F)
mass(m)




0 a :ﬁ
m
_8x107° x100
107
As per question, when electric field is
switched on, the body strikes to the wall
and then returns back.

[vF =qE]

=0.8ms™?

For one oscillation,
s=ut+ . at’
2

1

O O.1=§><0.8t2 [-u=0]

O 0.2=0.8t%

O 2_p
8
O 2=1pg¢=]
4 2

OTime period =2 x% =1s

Therefore, if the collision of the body is
perfectly elastic, the time period of
motion will be Ts.

An inclined plane making an angle
of 30° with the horizontal is placed
in a uniform horizontal electric field
200 N/C as shown in the figure. A
body of mass 1kg and charge

5mC is allowed to slide down from
rest at a height of Tm. If the
coefficient of friction is 0.2, find
the time taken by the body to reach
the bottom. [Take, g =9.8 m/s?,
sin30° :l,c0330° zﬁ]
2 2

[2021, 26 Feb Shift-I]

(a)0.92s (b)0.46s (c)2.3s (d)1.3s
Ans. (d)

Given, mass of block, m=1kg
Acceleration due to gravity, g =9.8 ms 2
Inclination, 8 =309

Electric field, E =200 N/C

Coefficient of friction,u =02
Charge,g=5mC=5x107°C

Let friction force, f =N

where, N be the normal reaction.

Since, net force is zero along the
perpendicular direction of incline.

N E cos 30

e

(o}
30 E=200 N/C
=1m
"\
06=30°
« mg cos 30°
mg sin 30°
mg
E sin 30°

Therefore, force along Y-axis will be
zero.

O N =mg cos30° + gE sin302
0 N=1x9.8%x~/3/2+5 x107°
x200 x1/2
=8.49+05
=8.99N=9N

2
O f= =2 x9
W 10

=18 18N

10

Now, total force along the plane of
incline, mg sin30° —f —gE cos30° =ma

D ]X98 Xl _1.8_5 x]o_s XM =q
2 2

0 5-1.8-1732/2 =a

g 0=2.34ms™?

Since, initial velocity of body, u =0 ms™"

and distance alongincline, s
=h/sin30% =1/sin30° =2

By using second equation of motion,

s =ut +1/2at?

O 2=0+1/2 x234 xt?
t2 :i
234
0 t=_2 _ -085x2=13s
234

E Find the electric field at point P(as

shown in figure) on the
perpendicular bisector of a
uniformly charged thin wire of
length L carrying a charge 0. The
distance of the point P from the
3
centre of therod is a _71_'

[2021, 26 Feb Shift 1]

a E
USSR
L {3 .
Lo
)30 (b)Y
4rgls gl
0 0
(c)—— (d)——
23T g2 4igl?
Ans. (¢

Given, length of conductor=L

Charge on conductor =0

According to figure, OP =a :§L,
oo=L
2
a
0 O~
L 5,
T
Q

Let PO =r=,/0F + 00?

0 Po= ¥L§+%§

= §L2 + E =L
4 4
and E be the electric field at point P.
Since, E (due to finite wire)

:@(sin(pﬁ sing) (i)
a

where, k=Coulomb’s constant =

4T,

A =linear charge density =

o

andsin@ =sin @ 221
L 2

Substituting the above value in Eq. (i),
we get



26 A cube of side a has point charges
+Qlocated at each of its vertices

except at the origin, where the
charge is — 0. The electric field at

the centre of cube is
[2021, 24 Feb Shift-1]

X
+Q +Q
+Q +Q
+Q 5
-Q
+Qe—a—ﬁ+o
Y
-0 A
a) = (k+y+2)
3./3meya” y
0 NP
b) ———— (X% 2)
3/3me,0? y
=20 . .
X+y+2)
Bxfrreoo y
20 n A a
——(x+§+2)
333 e’ Y
Ans. (c)

We can replace — 0 charge at origin by
+ 0 and —20. Now, due to + 0 charge at
every corner of cube, electric field at
centre of cube is zero. So, net electric
field at centre is only due to —20 charge
at origin. Vector form of electric field
strength,

_Kagr

rS

Here, position vector, r = % (x+y+2)

e B - B - BE -

1 (=20)a/2

0 E=— x+y+2)
4TIg ED\/’I:F
BB
E=—20(x+y+z)
3J3 ma’ e,

27 Anoil drop of radius 2 mm with a
density 3 g cm™ is held stationary
under a constant electric field
3.55x10° Vm ™" in the Millikan’s oil

drop experiment. What is the
number of excess electrons that
the oil drop will possess? (Take,
g=9.81m/s?) [2021,18 March Shift-I]
(a)48.8 x10" (6)1.73x 10
(c)17.3x10' (d)1.73x10"

Ans. (b)

Given, the radius of oil drop, r=2mm
=0.002m

The density of oil drop, p=39/cm3

=3x10%kg/m°

The constant electric field,
E=3.55x10°Vm™

Under stationary condition of oil drop,

0

0

mg =qE

p Vg=qt

p% T[!’s@g =neE

0
H

% =§T[I’3 andg =neJ

eE

3x10° x % n(&ooz)@g.m

n=

g

16x107"% x(3.55 x10°)

=173x10"°

28 A charged particle (mass mand
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 j which

extends upto x =d. Equation of

path of electron in the region (x>d)
[2020, 2 Sep Shift-1]

l?

is

(a) y=

mvyg
QEd [H _ -
(c)y= mv%% xg(d) y

y

Vo

—— X

Ans. (c)

The path followed by charged particle is
shown in figure below,

y

[
Vo

52

k—— o —f

P

Ed
(b) y =25 (x-a)
mv3
qEd?
mv?3

X

3P

a

Parabola
Point of exit

L 4

Y Straight line

[om=pV]

When particle is in the region of electric
field (0 < x<d); it has two velocity
components

Along X-axis, v, —v0|

1)

AlongY-axis, v, =a, @]

where, t =time in which particle crosses
region of field.

IZIvy

=£Iﬂ] o v, = j
m m

kL3 i)

Now, if particle crosses region of field in
timet, then

d=v,t 0 t=9%

d (i)

Vo

So, from Egs. (ii) and (iii), we get

V., =

y

mvg

_Ed/\
LCly

Hence, anglea is given by

tana =

lv,|

[v, |

_ qEd

2
mvy

So, slope of path (straight line) of particle
when it comes out of region of field is
m'=tan@=tan(180° —a) = —tana
_ —qEd

2

mvg

Now, y-coordinate at point of exit is

1 -1[QyE
)/:Et)yf2 0 y_ H @ﬂz

1qu2
2 mv

So, the intercept length c is —y as shown

infigure.

o,

th ged?

=5 e

DM

~Ja

X
Intercept (c)

a

[ Equation of path will be
y=m'x+c

O

— —qEdx |

2
mvy

1qEd”
2 mvj

Hence, correct optionis(c).

29 A small point mass carrying some
positive charge on it, is released
from the edge of a table. There is
an 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)

[2020, 2 Sep Shift-II]



y
(d) /
X

Ans. (d)

As gravitational force is considerably
smaller than electric force. So, there is
only one prominent acceleration in the
direction of electric field.

Hence, path of charged particle of small
mass is nearly a straight line.

Hence, the graph in option(d)is correct.

E A particle of charge g and mass m

is subjected to an electric field
E=E, —ax?)in the x-direction,
where g 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
[2020, 4 Sep Shift-II]

(a)\ﬁ ba (2 (a2
a a a

Ans. (¢)
Here, initial kinetic energy, K; =0
[at x=0]
Final kinetic energy, K; =0[at x = x, (say)]
So, change in kinetic energy,
AK =K, -K, =0
From work-energy theorem,

Work done =Change in kinetic energy
e, W=AK O W=0

g J'Fdx 00 J'quX 0 (-F =qE)
g J‘q )ldx =0
glventhat E=E,(1-ax’)]
O qEOJ'O (1-ax*)dx =0
O 30
O gEopx-—-g =0
0 30
g
0 o -8 0 -oi=o
53 3o =
3 3
O x %:OD XO:%
3 3

Hence, option(c)is correct.

3_1 Two charged thin infinite plane

sheets of uniform surface charge
densitieso, ando_, where
lo,|>lo_|, intersect at right angle.
Which of the following best
represents the electric field lines
for this system? [2020, 4 Sep Shift-I]

(a) < o,

(b) @ o,
O_
© @m
o_
@ @ o,

O+

32

Ans. (¢

Electric field in each quadrant will look
like this

E.f=""7 Enet Enete - E.
E £
O
IE7 E7 1
Ey Enet Enet E,
o_
vlogI>lo_|
OlE, I>1E_|

So, the final electric field will become as
shown below

O_
So, the nearest matching optionis

Hence, correct op‘uon is(c).

Consider the force F on a chargeq

due to a uniformly charged spherical
shell of radius R carrying charge 0
distributed uniformly over it. Which
one of the following statement is
true for F, if g is placed at distance

r from the centre of the shell ?
[2020, 6 Sep Shift-I1]
:;—(for r<R)
4Tigy R?
1

lmso
F=
(c) L

(a) F

>F>0(forr<R)

1 Og
e
1T Oq
4Tigy R?

(forr>R)

(d) F=——"C(forallr)



Ans. (¢

To calculate force on a point chargeg, we
need to find electric field due to uniformly
charged spherical shell at various points.
If r<R,i.e.inside the shell, thenE =0

O F=qE =0
If r>R,i.e., outside the shell, then
E= ! 2
4T, 1
0 F=ge 0 F=_'0
4T, 17
If r=R,i.e., at surface of shell, then
E= ' 0 gp= D9
4migy R 4migyR

33 A solid sphere of radius R carries a

charge 0 +q distributed uniformly
over its volume. A very small
point-like piece of it of mass m
gets detached from the bottom of
the sphere and falls down vertically
under gravity. This piece carries
charge q. If it acquires a speed v
when it has fallen through a vertical
height y (see figure), then (Assume
the remaining portion to be
spherical.) [2020, 5 Sep Shift-I]

(a)\/ZzyD CIO +gD
Hime,Roym 0
0 q0

b) v2 =2

=2 Bt ga

o _ 0 q0

(ehv=y Tg,RIR+y)m QH
O O

(d) v2 =2y qOR +g0

EHSO(R+y)3m 0

Ans. (b)

Using law of conservation of total energy,
%va =mgy +(APE)

2k0g y

o 2 =gy + 21
o m R(R+y)
d d
O V=2 g0 +9Q
EH%R(Rﬂ/)m 0
IIIk 1 0
Lt |
0 4mgQ

Hence, correct option is(b).

3_4 Charges 0, and 0, are at points A

and B of a right angle triangle OAB
(see figure). The resultant electric
field at point Ois perpendicular to
the hypotenuse, thenQ, /0, is
proportional to  [2020, 6 Sep Shift-1]

A01
X1
Q
O X2 B 2
3
(a) X1 (b) 2
XZ X1
2
(c) X1 (@) 22
XZ ><1
Ans. (¢

Let electric field produced by charges 0,
and 0, at point Obe E,and £,
respectively. The direction of fields are
shown in the figure below and a
perpendicularis also drawn on side AB,
that passes through point 0.

£ OD o g
) //é_ Xo Qz
E1

If the resultant electric field at point Ois
perpendicular to hypotenuse this means
resultant of £, and £, must be along it.

K0,
—= ,
O tanﬁzizxiz:&x—; (D)
B, 0 X9
2
Xq
In ADAB, tan@ =21 ... i)
)
Equating Egs. (i)and (ii), we get
O 4 _x o Ox
o X% X 0, %

35 Three charged particles A,Band 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
Oalong x-direction is

[2020, 8 Jan Shift-I]

Y
2q9 -4
B ACI
1500 ¢
30°
@) 300 X
d
C
_2q
(a) 2450 ()%
Tieyd” 4e,d”
() 3J3g «f 3q
ameg,d” nsod2
Ans. (d)

Fields of charges at A, BandC are as
shown below.

Y:

Magnitude of resultant field component
directed along positive X-axis,

Ey =E,co0s30°+ E;cos30° + E cos30°
—(EA+E +E,) cos30°
- k(ZQ) + K20 ﬁ
de 2 dZ E 2
1 8q f E = ﬁq
4, g med’

¥ A particle of mass mand charge g

is released from rest in a uniform
electric field. If there is no other
force on the particle, the
dependence of its speed v on the



distance x travelled by it is
correctly given by (graphs are

schematic and not drawn to scale)
[2020, 8 Jan Shift-II]

@
X
®
X
©
X
@ Vv
X
Ans. () m
@q
!
F=qgE
E
Acceleration of the particle,
O:E:EE
m m

Velocityvand distance x can be related
using

(vu=0)
m
or V2 =20 E%

This equation resembles a parabola
y? =4ax. So, the graph between v and x
will be as shown in option(c).

37 The bob of a simple pendulum has
mass 2g and a charge of 5.0uC. 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?)

[2019, 8 April Shift-I]

(b) tan™'(02)

(d) tan™'(05)

(a) tan™'(2.0)
(c) tan™'(5.0)

Ans. (d)
Forces on the bob are as shown

For equilibrium,

TcosB=mg i)
and Tsin@=qE i)
Dividing Eq. (ii) by Eq. (i), we get
tan(9=£
mg
Here, g=5uC =5x10"°C,
E =2000V/m,

m=2g =2x10" kg, g=10 ms ™2
5x1078 x2000
2x1073 %10

:1:0.5
2

0 tanB=

So, the angle made by the string of the
pendulum with the vertical is

B=tan'(0.5)

g A positive point charge is released

from rest at a distancery froma
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
[2019, 8 April Shift-11]

nn —>
OrQ +
(a)vO (byvOe "
alv B%B vide
drd OrQd
(c) v Ol (dyvo.fl
c)vVv DBEH vV n OH

Ans. (d)
For a positive line charge or charged
wire with uniform density A, electric field
at distance xis

X 2TgX

So, force on chargeqg whichis ata
distance ry due to thisline charge is

F=qE - 2kah ..(ii) [using Eq.(i)]
X

Now, work done when charge is pushed
by field by a small displacementdx s
dW =F [dx :Mx [using Eq. (ii)]
X
OTotal work done by field of wire in
taking charge g from distance r to
distance r will be
W :J"dv\/ = (" 2KaA g,
o ro X
=2kgA[log x];,
=2kgA(logr —logry)
:2kq)\locB£B (i)
o

As we know, from work-kinetic energy
theorem,
Kiinal —K

ad %mv2 -0 =2kqg %log

W

initial =
r

"o
[using Eq. (iii)]

1

O V=D'Kq)\|095£%
m o
1
0 0o
O v[l%oga—%
o

5 Four point charges —q, +q, +q and
—q are placed on Y-axis at y = -2d,
y=-d,y=+dandy=+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 [2019, 9 April Shift-1I]
(a) EOL (b) E0-L
D D?
(c) E D# (d) E D%
Ans. (d)
Given charge distribution is as shown
below
y=2d ©
p

y=-d @+q
]d
y=-2d ®—q

So, we can view above point charges as
combination of pair of dipoles or a
quadrupole.

By symmetry, the field components
parallel to quadrupole cancels and the
resultant perpendicular field is



2g 1 _ D u
4, EDT (Dz +d2)3/2E
=3/2
__ 2 B_B,¢H 0
“imerd B PH O
&Y D0 0
_3
O 202 O 3420
As, + =Hg-"-_
E‘ DZE E‘ ZDE
(using binomial expansion)
We have,
Fo 3ad
47,0
1
0 EI:IF

Note Dependence of field for a point
chargeis

Foradipole, itis, EO—

Foraquadrupole, itis, E Di4 ..... etc.
r

Alternate Solution The given distribution
of charges can be shown as the figure
below

—Qe.

+q \Ic\/‘\\

d ) \::\ Es P E,
9\2\ R 91
0, 8,

- E E

d o 2 !

+q ’Iq,/’/

_q -

Electric field at point P,
E =E, cos6,
+ E,cosB, - E, cosB, —E, cos,
=2E, cosB, —2E, cos6,
2kq 0SB, — 2kq

= 0s
@+ 00 0 a0
_ D
As, cosB, _W
Similarly, cos8, = D

[(20)? + 0?1/

=2qu[(d2 + DZ]-B/Z —(4d2 +D2)—3/2]
=312

-3/2
2 2
= 2kgD + ié - é\ + ﬂé 0
D’ D D A
As D>>d, then by applying binomial
approximation, we get

_ 2kq Bd” O_ 9kqd®
D? %DZS D* D“

40 Two point charges g, (+/10uC) and

q, (-25pC)are placed on the x-axis

at x=1mand x =4 m, respectively.

The electric field (in V/m) at a point

y=3m on Y-axis is

! | 9 20-2H

Oake,——=9x%10" N-m“C 0O

a 4mte, O

[2019, 9 Jan Shift-II]

(a) (831 —27j) x10?

(b) (817 -81j) x10°

(c) (-817 +81j) x10?

(d) (=831 +27j) x10°

Ans. (a)

Here, q,=~+/10uC=+10x10"°C
q,=-25uC=-25%10"C

E, Y
C
y=3Tx
\Ez
y=21 N N
=11 T
g L Q2
> e X
o) A B
x=1 x=4
LetE,andE, are the values of electric
field due tog, and g, respectively.
-6
Here, E1: ! qw = ! me]o
4mg, AC? 4mg (P +3)
=9x10% x4/10 x107" =910 x10°
0 E,=94/10 x10°[cosB,(~i) +5ind,]]
From AOAC,
C
3 V10
04
A
) 1
) 3
sing, = —
" V1o
1
andcos6, = —
BN
0 E=ovioxi0? () + 250
B/10 10 B

=9x102[—i +3]]

=(-9 i +27}) x102 V/im

_ -6
and E2_71 Qizfx“z]
admey (47 +37)

=9x10% /m
From AOBC,

C

0>

o) B

sing, =

N

o~ O] W

cos =—

%3
0 E,=9x10°cos8,i —sin6,j]
E,=9x1

=(727 - 54]) x 102
0 E=E +E, =(631 -27j) x10° V/m

H 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]

2 (@9D)
ik
.
(c) e
(LT
SN o &
Ans. (a)

Field lines should originate from
positive charge and terminate to
negative charge. Thus, (b)and (c)are not
possible.

Electric field lines cannot form corners
as shownin(d).

Thus, correct optionis(a).



42

43

In a uniformly charged sphere of
total charge 0 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
[AIEEE 2012]
E

(a)

(d)

Ans. (¢

Electric field inside the uniformly

charged sphere varies linearly, E :k—g Ct,
R

(r< R), while outside the sphere, it varies
as inverse square of distance,
_k
LM
2

r= R)whichis correctly

represented in option(c).

A thin semi-circular ring of radiusr

has a positive charge q distributed

uniformly over it. The net fieldE at

the centre Ois [AIEEE 2010]
]

O
q _ q
@ ezl e
_ q q
© - er) W ers]

Y dEsin®+dEsin B

K1dq sinB(—

E= J’dEsmG J’ I

E ——J’ ar - dBsind(-j)

_771 sin@de(-j)

=19 [~cosB]f(-)

4T, TU
-_ 4 7
= (=)
210 gyr° .

E Two point charges +8 g and -2 g are

located at x=0and x =L,
respectively. The location of a
point on the x-axis at which the net
electric field due to these two point
charges is zero, is [AIEEE 2005]

(a) 2L (b) L

4
(c) 8L (d) 4L
Ans. (a)

Suppose that a point B, where net
electric field is zero due to charges
8g and —-2gq.

= 1Y

4mey o’
1 g9
4migy (a+L)

EBO

BA T

According to condition,
Ego tEg, =0

1 8g_ 1 2q
4Tg, o 4Tig (a+ L)
2 1

or ==
a a+lL

O

or 2a+2L=a or2L=-a

Thus, at distance 2L from origin, net
electric field will be zero.

45 A charged oil drop is suspended in

uniform field of 3x10% Vm ™' so

that it neither falls nor rises. The

charge on the drop will be

(take the mass of the charge

=9.9x107"® kgand g =10ms ~?)
[AIEEE 2004]

(a) 3.3x107C  (b) 32x1078C
(c)1.6x107®C  (d)4.8x107®C
Ans. @)
In steady state,

F=qE

mg

Electric force on drop = Weight of drop

i.e. gE =mg
. _mg_99x10™° x10
E 3% 10"
=33x107%C

TOPIC 3
Electric Dipole

46 Two identical electric point dipoles

have dipole momentsp, = pi and
p,= —pi are held on the X-axis at

distance a from each other. When
released, they move along the
X-axis with the direction of their
dipole moments remaining
unchanged. If the mass of each
dipole is m, their speed when they

are infinitely far apart is
[2020, 6 Sep Shift-II]

(@)2 | ()2 |1 —
a\ mtegma a\2mgma
B2 @2 2

Tg;mMa a\2megma

Ans. (b)

When two electric dipoles of opposite
dipole moments are placed on aline,
they experience force of attraction along
the same line as shown below.

p1rm pgrm

Considering both dipoles as a system,
we find that net external force on system

iszero,i.e., Fy, =0



So, total mechanical energy = constant
(ME); =(ME),

or (KE); +(PE), =(KE), +(PE

As, initially they are released from rest,

so initial KE is zero and finally they are
infinite apart, so final PE is zero.

O 2kpp, ad
0+ cos180°

H 5 ]
T 5.1 5
=—my; +-—myv; +0
M Zmzz

Here, my=m,=mp=p =pr=a
2
T2+ Imi =260
2 2 a’

Using conservation of momentum,

pi=p; O O=mv,+my,

or vi=-v, O v,=v,=v (i)
Putting this value in Eq. (i), we get
?

mvz:Lkg or v=P 2K
a a\ma

0 0

or v=P ! O-k= 1 g

a\2meygma O 41y O

Hence, correct option is(b).

47 An electrlc dlpole of moment

p=(-i —3] +2k) x107% C-mis at
the origin

(0, 0, 0). The electric field due to
this dipole atr= + +3j +5k (note

that r p=0) is parallel to
[2020, 9 Jan Shift-1]

a) (+i -3j -2k)
b) (=i -3 +2Kk)
c) (+i +3j —2k)
d) (i +3j —2k)
Ans. (¢

Given,r(p=0
So,r0p, i.e. we have following situation,

(
(
(
(

So, we have to find direction of electric
field at equatorial line. As E is directed
opposite to pat all equatorial points,
direction of Eisalong - p;.

Y

90%p

So, E=A(-p)
= N[ -3] +2K]
=i +3] -2

48 An electric dipole is formed by two

equal and opposite charges g with
separation d. The charges have
same mass m. It is keptina
uniform electric field E. If it is
slightly rotated from its equilibrium
orientation, then its angular
frequencyoois [2019, 8 April Shift-11]

(a) qE qE qE
Ans. (a)

Key Idea When an electric dipole is
placed in an electric field E at some
angle 6, then two forces equal in
magnitude but opposite in direction
acts on the +ve and -ve charges,
respectively. These forces forms a
couple which exert a torque, which is
given as

T=pxE

where, p is dipole moment.

[OTorque on the dipole can also be
given as
T=la =-pEsind
where, [ is the moment of inertia anda is

angular acceleration. For small angles,
sin6=0

0 a:—@?@ )

Moment of inertia of the given system is

R, RE L 2md2 md2
i E H”
Substituting the value of in Eq. (i ( ), we get
O a=-H2PE i)
md?
The above equation is similar to the

equation for a system executing angular
SHM.

Comparing Eq. (i), with the general
equation of angular SHM, i.e.

o =-we

where, wis the angular frequency, we get
o)z—LpEz or W= 2pl:;
md md

As p=qd

= |2qdE _ |29
md? md

E Two electric dipoles, A, Bwith

respective dipole moments
d,=-4qgaianddg =-2qaiare
placed on the X-axis with a

separation R, as shown in the figure
— SR¢+——
—e————eo—> X

A B

The distance from A at which both
of them produce the same
potential is [2019, 10 Jan Shift-1]
J2R J2R R R
b (d
(a)ﬁﬂ( )ﬁ—1(c)ﬁ+1 )ﬁ—1

Ans. (a)

Key Idea As, dipole moments points
in same direction
dy dg
—®—0O O—O—
A B
So, potential of both dipoles can be

same at some point between Aand B.

Let potentials are same at P, distant x
from B as shown below

A P B
| | |
I T 1
R—x X
Then, fq0 __2q0
(R=x  (x?
2x> =(R = x)
R
O 2x=R-x 0O x=
V2. e
Distance from Ais
0 R-x=R-_R_- 2R
NSNS

E Charges -q and +q located at A and

B, respectively, constitute an
electric dipole. Distance AB=2a, 0
is the mid point of the dipole and
OP is perpendicular to AB. A charge
Qis placed at P, where OP=y and y
>>2a. The charge ( experiences an
electrostatic force F.

Pe

If Qis now moved along the
equatorial line toP' such that



OP'= %@the force on

Qwill be close to %>>Za§

[2019, 10 Jan Shift-11]

(a)g O)FF  (C)9F  (d)27F

Ans. (d)

Electric field on the equatorial line of a
dipole at any point, which is at distancer
from the centre is given by
_ 2kP )
e
where, Pis the dipole moment of the
charges.

17
y |
RRE
A ——% B
Infirstcase r=y
_ 2kP
= Ey _(yz + )2
Here, y? >>a?
O y+d°=y’ or E, = kP (i)
3
y
So, force on the charge inits position at P
will be
F=0E, =20 .. (i)
Ve

Insecond caser=y/3
From Eq. (i), electric field at point P’

will be

gl
Again, >>o
0 %gﬂj ~%§

0 E=27x2"
y

Force on charge in this position,
2kPO
3

F'=0F, =27

From Egs. (iii)and (iv), we get
F'=27F

51 Determine the electric dipole

moment of the system of three
charges, placed on the vertices of
an equilateral triangle as shown in

the figure. [2019, 12 Jan Shift-1]
-2
y q
/ !
+q N
/ X
j-i ;
a)\3ql-— (b) 2q!
q N ar)
-V3al (d) (g
ql) q 2
Ans. (¢

Given system is equivalent to two dipoles
inclined at60° to each other as shown in
the figure below

ot 5
Now, magnitude of resultant of these
dipole moments is

Pret =\/p2 +p’ +2pPcoss®

=/3p =+/3q!

<

‘ X
pnet

As, resultant is directed along negative

~V3pj =34l

y-direction pne =

5_2 An electric dipole has a fixed dipole

moment p, which makes angle 6
with respect to X-axis. When
subjecAted to an electric field

E, =Ei, it experiences a torque

T, = k. When subjected to another
,=V3E ] it
experiences atorque T, =—T;. The
angle® is [JEE Main 2017]
(a)45°  (b)B0°  (c)90°  (d)30°

electric fieldE

Ans. (b)) Y

90°-0

Torque applied on a dipole T = pE sin®

where, 8 =angle between axis of dipole
and electric field.

For electric field £, = Ei

it means field is directed along positive X
direction, so angle between dipole and
field will remain®, therefore torque in
this direction

E,=pE,sin®
In electric field £, =~/3 Ej,

it means field is directed along positive
Y-axis, so angle between dipole and field
will be 90° - 6.
Torque in this direction
=pE sin(90°-0)= p\fS E, cos6

According to question

TZ :_T1 O |T2:1: |T1|
0O pE, sinB =py3 E,cos6

tan0=+/3 O tan@ tan6d
ad 6= 60

E An electric dipole is placed at an

angle of 30° to a non-uniform

electric field. The dipole will

experience [AIEEE 2006]

(a) atranslational force only in the
direction of the field

(b) atranslational force only in a direction
normal to the direction of the field

(c) atorque as well as a translational force
(d) atorque only

Ans. (¢)

Ina non-uniform electric field, the dipole

may experience both non-zero torque as
well as translational force.

For example, as shown in figure

F, #F, as E is non-uniform.
Torque would also be non-zero.



TOPIC 4 Consider the surface parallel totheY-Z  §7 A charge g is placed at one corner
. plane, so the area vector, A =04im? ¢ b h i fi H
Electric Flux and Gauss Laws L . . of a cube as shown in figure. The
Substituting the values in Eq. (i), we get flux of electrostatic field E through

54 The total charge enclosed in an @=E @cos0® O (p=g E,(04) the shaded area is ‘
incremental volume of 2x1079m? ) 5 Z [25 Feb 2021 Shift-I1]
located at the originis ...... nC, if O @=2(4 x10%)(04) =640 Nm*C”"
electric flux density of its field is o
found asD=e* Sinya —e* cosyj Hence, the electric flux of the surface

R 5 parallel to the Y-Z plane is640 Nm?C ™.
+2zKC/M™. 12021, 22 uly Shift-] ——
Ans. (4) 56 Given below are two statements:
Given, incremental volume Statement | An electric dipole is y
dV = 2x10°m? placed at the centre of a hollow q
Electric flux denist sphere. The flux of electric field
- y'_x s e, through the sphere is zero but the é q
D=e" sinyi —e™ cosy j +2zk C/m electric field is not zero anywhere (a)@ (b)K
As we know that, in the sphere. q 0 qo
i i (c)— (d)
plx.y,2) = M= d (g~ siny) Sta.tement !I If Ris the radius of a 8¢e, 24e,
X solid metallic sphere and Q be the A J
_i(e-x cosy) + 99, total charge onit. The electric r\s. (@ )
dy dz field at any point on the spherical Sriven,é:hargeqm at one of the corner of
=—e¥siny +e *siny +2 surface of radiusr(<R)is zero but ecu _e' ‘ _ _
00.0.0)=2=0 the electric flux passing through Dcon“'b_u“;)” ofgin cube will be
Y this closed spherical surface of Genclosed =4 /8
i i As, only 3 faces of cube is allowing the
O 0=2dV=2x2x10"° :’a(:ll’]uslf’lf]:O:chero-b fluxlinZsto pass throughit. ’
:4X1O_SZZ{DC " © Ig © € above — Jenclosed _1(:]/8 - g
statements, choose the correct OFlux (@ e e T T
. . . . . H H 0 0 0
55 The electric field in a region is answer from the options given
. 22 34 . below. [2021, 26 Feb Shift-l] Zq P, L
== el The electric field in a region is
given by E 5EU 1+ 5EOJW|th (a) Both Statement | and Statement || 58 giveer? ectric field in a regio
— 3 . are true.
Ep =4.0x10" N/C. The flux of this (b) Statement |is true but Statement || E=F i_,_ﬁE j B The ratio of
field through a rectangular surface is false. S e
area 0.4 m? parallel to the (c) Both Statement | and Statement || :
Z-plane is N-m2 G- are false. flux of reportedfleldthroughthe2
yz-planeis ............ : (@) Stat {lis false but Stat i rectangular surface of area 0.2m
[2021,17 March Shift-1] is?rszen o ese b eletemen (parallel to YZ-plane) to that of the
Ans. (640, ’ 2
A s. (640) Ans. (b) )s(;rfalce o;.areébO.S? (pa_rallel to
iven, Net charge on electyric dipole -p aAnAe isa:b wherea=........ .
The electric field in the region, =+q —q =0 [Hereli, jandk are unit vectors
245,34 =r9-9=
E_gEO' +gE0’ Hence, according to Gauss's law, along X, Y and Z-axes,
. 0 respectively]  [2021, 25 Feb Shift-I]
_ sN Electric flux, g =dnet = 2 =0
Here, E, =4x10 c & & Ans. (1)
Area of the rectangular surface, Electric field due to electric dipole is Given,E:ﬁf +ﬁEUj,
A=0.4m> non-zero and varies at point to point. 5 A 5 N
‘ - A,=02m*i and A,=03m’ ]
The direction of electric field vector and Hence, statement | is true. 1 ’
areavector is same, so the angle Electric field due to charged solid Let @, and @, be the flux linked with area
between the electric field vector and sphere at a distance r from centre. A, and A, respectively.
areavectoris 0. 1 ﬁ whenr<R[ As we know that,
E= 3 _
As we know the expression of electric 4mg; R H? - radmsH (p:;E as =E R
flux, . . _ N ~ a
W ¢ =E Bcosd (0 which is non-zero. 0 @ =(3/5E4i +4/5Ej)D2i
Hence, statement Il is false. =3/5E, %02

Here, E is the electric field vector, and A : :
' ' Hence, option(b)is the correct. o _
is the surface area of the surfaces. P andsimilarly, @ =4/5E, %03



59

60

@ _3/5E,x02 _06 _1

Now, =——=_
@ 4/5E;x03

12 2
a a=1

A point charge of +12uCis at a
distance 6 cm vertically above the
centre of a square of side 12 cm as
shown in figure. The magnitude of
the electric flux through the square
will be ........ x10° N-m?/C.

[2021, 24 Feb Shift-II]

Ans. (226)

Given, charge,q=12uC=12x107°¢C

Height of charge from surface,h=6cm
=6x107%m

and side of square,a=12cm=12x10">m

From figure, it is clear that the given
square is one of the face of a cube of
side 12 cm and + 12uCcharge is placed
atits centre. Then, by Gauss's theorem,

>
a

Flux through any face,(p=i
Be,
_ 12x107°
6x8854x107 2
=0226 x 108 N-m?/C
=226x% 10° N-m*/C

Two infinite planes each with
uniform surface charged density
+0 are kept in such a way that the
angle between them is 30°. The
electric field in the region shown
between them is given by

[2020, 7 Jan Shift-1]

y
+o 30° X
o) . xO
_ + /3y ——
(a)28051 V39 -2c
| 0 %O
(b) G%_ﬁ%&_xm
2eod] 20 27
o U R 2D
— il + 3y + =
(c) 250% V3)y 2%

Ans(b)
Electric field of an infinite plate is
perpendicular to the plane of plate and

its magnitude is £ =9
2¢,

We are given with two positively charged
plates with a set of coordinate axes as
shown in the figure.

Y

E,
/Plate 1

Jr()'x

tO0= AT 303 £3 X
\PlateZ

E,

From geometry of figure, net electric
field in region between plates is
resultant of fields of both plates,

Y
E,=E£y
E,=E cos 60° (- X)
X
60° N
E,=E sin 60° (-y)
E1 :E

Now, field of plate 1 can be resolved
along X and Y-axes as shown in above
figure.

Now, E.. =E; +E,
= E cosB0°(—%) + E sin60°(-y) +Ey

Here, £=-2 andXandyare unit
2,

vectors along X and Y-axes.
o dx 3. .0
i
26,02 2
s W —EDA—XD

"8 28 28

61

62

In finding the electric field using
Gauss law the formulalE] =1 s
golA

applicable. In the formula, g is
permittivity of free space, Ais the
area of Gaussian surface and g ...
is charge enclosed by the Gaussian
surface. This equation can be used
in which of the following situation?
[2020, 8 Jan Shift-I]
(a) Only when the Gaussian surface is an
equipotential surface and |[E|is
constant on the surface.
(b) Only when the Gaussian surface is an
equipotential surface.
(c) Forany choice of Gaussian surface.
(d) Only when|E|=constant on the

surface.
Ans. (a)
Equation |E|:qieivesIEmA =Yen
g Al £

Now, in finding the electric field by above
equation, the integral is easy to evaluate,
if [El=constant. Also, if [E|=constant for
the surface, then surface is
equipotential.

Consider a sphere of radius R which
carries a uniform charge density p.

If a sphere of radius 7 is carved out

of it, as shown in the figure the

E

ratioM
B

fieldE, and E5 respectively, at

points A and B due to the remaining

of magnitude of electric

portion is [2020, 9 Jan Shift-I1]
‘B
@2 B g7 @B
34 54 54 34
Ans. (d)

Electric field at points Aand B can be

viewed as a superposition of

(i) electric field due to complete solid
sphere of radius R and charge
densityp.



(ii) electric field due to sphere of radius
5and charge density —p.

Now, we use standard result of electric
field due to a solid sphere which are

Egurtace = PRI3Eg

E

outside

= pR%/3ey”
E

centre

Sphere |l
4

>\

Now, electric field due to sphere | at
points Aand B are

uijs
£ B2 PR
’ 3gq  bBgy
. ‘%g _ PR
® . RO 54

A

and similarly due to sphere I,

Ein=0
1B _g
So, net field magnitude at point A,
Ea=Ep +Eyn
:pi +0 :pi
Be, Be,

and net field magnitude to point B,
E :ﬁ—ﬂ:ﬂﬁ

P 3g, bbg, b4 g,
Hence, ratio

i bR  5hg 18

E, 6g 17pR 34

63 An electric field E =4xi —(y? +1)j
N/C passes through the box shown
in figure. The flux of the electric
field through surfaces ABCD and
BCGF are marked as @ and @,
respectively. The difference
between (@ - @)is

(inN-m?2/C) .......
[2020, 9 Jan Shift-11]

A10,0,2) B

E=4x7- 02+ 1)
AJ(0,0,2) B

8,0,2
D C

0,2,2 3,2 2)

E £
(3,0,0)

3,2,0)

Area vector of face ABCD,
A, =2x3k =6k
Area vector of face BCGF,
A, =2x2i =4
So, flux through face ABCD,
@ =EM, = (4xi ~(y” + 1)) Bk=0
Flux through face BCGF,
@ =EB, =(4xi —(y* + 1)) Bi = 16x
At face BCGF, x=3
So, @ =16 x3 =8 units
O oroe,=0-48
= =48 N-m’ C”'

64 Shown in the figure is a shell made

of a conductor. It has inner radius a
and outer radius b and carries
charge (. At its centre is a dipole p
as shown.

In this case, [2019, 12 April Shift-1]

(a) surface charge density on the inner
g
H2H

surface is uniform and equal to 5

4110

(b) electric field outside the shell is the

same as that of a point charge at the
centre of the shell

(c) surface charge density on the outer
surface depends onM

(d) surface charge density on the inner
surface of the shell is zero
everywhere

Ans. (b)

Electric charge distribution at inner and
outer surface of spherical shell due to
the electric dipole can be shown as
below

Here, we need to consider two different
factors

(i) charge on the spherical shellis+0Q
which will be distributed on its outer
surface as shown in figure.

(i) Electric dipole will create
non-uniform electric field inside the
shell which will distribute the charges on
inner surface as shown in figure. But its
net contribution to the outer side of the
shell will be zero as net charge of a
dipole is zero.

[ONet charge on outer surface of shell
will be +0.
Hence, using (ii), option(a)is incorrect as
field inside shell is not uniform. Option

(b)is correct, as net charge on outer
surface is+( evenin the presence of
dipole.

Option(c)isincorrect, as surface charge
density at outer surface is uniform

0_ 0

A 4mb?

Option(d)isincorrect, as surface charge
density at inner surface is non-zero.

So, option(b)is correct.

Alternate Solution Using Gauss'law at
outer surface, let charge on dipoleisq,

9= =cmore=_ 3q
£ Agg
_H0+9-q) _ 0 _0 _ ot
Ag,q Agy g

65 Let a total charge 20 be distributed
in a sphere of radius R, with the
charge density given by plr) = kr,
where r is the distance from the



centre. Two charges Aand B, of —=Q
each, are placed on diametrically
opposite points, at equal distance
a, from the centre. If Aand Bdo not

experience any force, then
[2019, 12 April Shift-11]

@a=s"'R  (blo=3T
(c)a=2"""R (d)a=R/+3
Ans. (a)

Key Idea Force on A is zero only when
repulsion of A and B = attraction of
positive charge distribution of radius a
and charge A.

In given charge distribution, letris
radius of a shell of thicknessdr.

.

Charge d0Q present in shell of thicknessdr
=Volume of shell x Volumetric charge
density
0 d0 =(&T1w? xdr) x(kr)
=47’ dr
Total charge in sphere is
R R

20 :J'dO :Izmkr3 dr
0

4
0 20= zmkE*FDRD k=20
le% R

Now, using Gauss'law, electric field on

the surface of sphere of radiusa is
a

.I a
E dA—— (kr47v? dr)
|

0 Elmna? ——@fﬂk%%

O E:kiz 200

4ey  4mig,R*

Force of attraction on charge A(or B) due
to thisfieldis

20%°
41ig,R”

F1:OE:

Force of repulsion on charge Adue to B
is
I G 2
AL .

4Tig, (20 4TiE, 4a’
If charge Alor B)does not feel any force,
then
2 ,z:] ~f2 2

n e _ 0 P

4mig, R 4Tig, Lo’
O 8a* = R*
0 a=8""R

g Charge is distributed within a

sphere of radius R with a volume

-2r

charge densityp(r)=£2e a,
r

where Aand g are constants. If O is
the total charge of this charge
distribution, the radius R is
[2019, 9 Jan Shift-11]
O O
o , O
(a)alog DioD (b)alog
O

0 2mAD

O 0
a 0 0
g@ (d)=log O———0
2nA 2 .0 g
U 2meal

Ans. (d)

Here, volume charge density,
2r
dr):A@ a
2
r
where,a and A are constant.

Let aspherical region of small element
of radius r.
If 0 is total charge distribution upto
radius R, then

R R4

0 :J[;pml\/:_f?

0

e 29 (41’ dr)

(From figure, we observe
dV=AW@r =410 @r)

:4nAIRe’2”"dr

De—Zr/u

—AMQE%J

=2mA(-a) [e 2R —1]

or  0=2ma A(1-e2R/0)
O O

a u 1 U

or RzglogﬂiaD
_21'[aA

67 The region between two concentric
spheres of radiia and b,
respectively (see the figure), has

volume charge density p=—, where
r

Alis a constant andr is the distance
from the centre. At the centre of
the spheres is a point charge 0. The
value of A such that the electric field
in the region between the spheres
will be constantis  [JEE Main 2016]

\/

0 0
bh)——
(a)ZTro )zn(b2 -a%)
20 20
=~ d)=—
(C)n(az -b?) ( )T[Clz
Ans. (a)

As, Gaussian surface at distance r from
centre,

" A
0 +J’74Ttr2dr

= E4107
€

0
E 41, —O+A7§i%
- 1 o é(—&%
rZ

4TtE, [(
A2na
2t

in o +aen

x A X2TT

E=

41'[80

At the centre of the spheres is a point

charge 0. The value of A such that the

electric field in the region between the
spheres will be constant is

As, 0=2mAd? Q. A=_"

2110°




68 This question has Statement | and

Statement II. Of the four choices
given after the statements, choose
the one that best describes the
two statements. [AIEEE 2012]

Aninsulating solid sphere of
radius R has a uniform positive
charge densityp. As a result of
this uniform charge distribution,
there is a finite value of electric
potential at the centre of the
sphere, at the surface of the
sphere and also at a point outside
the sphere. The electric potential
atinfinite is zero.

Statement| Whenachargeqis
taken from the centre of the
surface of the sphere, its

qp

potential energy changes by ——
380

Statement Il The electric field at
adistance r(r< R)from the

centre of the sphere is Pr u

3eq
(a) Statement | is false, Statement Il is
true
(b) Statement | is true, Statement Il is
false

(c) Statement |is true, Statement Il is
true; Statement Il the correct
explanation for Statement |

(d) Statement | is true, Statement Il is
true; Statement Il is not the correct
explanation of Statement |

Ans.(a)

Statement | is dimensionally wrong while
from Gauss'law,

pDﬁ w’
Eam?l)=—3 0 g=PC
€, 3¢,

gives Statement Il is correct.

69 The electrostatic potential inside a

charged spherical ball is given by

(0] =ar? +b, wherer is the distance
from the centre and a,bare
constants. Then, the charge
density inside the ball is [AIEEE 2011]

(a)-Bagyr (b)-24T0 &
(c)-6agg (d)-2410 &1
Ans. (¢

Electric field, £ = -39 = — g
dr

By Gauss' theorem,

0
71 Letplr)=——
o TR

Eum?)=9 0 g=-8ngar’

&
p=da_dg, dr
dv.dr adVv
B 1
=(-241g50r )Qﬁ@
s
=-6¢gyx

% Let there be a spherically

symmetric charge distribution with
charge density varying as

plr)=pg %—%ﬁ uptor =R and

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

[AIEEE 2010]

o B o R
0 0
‘*Pof% M%L
3eg Q o 3¢€g Rg
Ans. (b)

Apply Shell theorem, the total charge
upto distance r can be calculated as
followed

dg =41v? @Arip
=417 @r@bg E

=411, grzdr —Ldrg
R D
3

_ rD5 2 _r O
qu—q—leng)fo%:rdr Edr%

5rd 170
g=4m -
RS RAH
As electric field intensity
kq
E="1
2
T bo*g 40
= —@T%BéL -0
4g, 1 o 3% 4R
p=Pord_rO
4e, 5 RH

r be the charge

density distribution for a solid
sphere of radius R and total charge
Q. For a point P inside the sphere at
distance r; from the centre of the
sphere, the magnitude of electric

field is [AIEEE 2009]

(a) zero P
(o) 0 (@) 20

4miggR STEgR
Ans. (¢

or?
4TI R"

o E=

72 Athin 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<x, wherer is
the distance from the centre of the

shell? [AIEEE 2008]
E(
(a)
o) R !
E()
(b) \
0| R !
E(r)

(©)

(d)




Ans. (a)
Foruniformly charged spherical shell,
E=0r<R
= 0 2,rZR
LTEgr

E A charged ball B hangs from a silk

thread S, which makes an angle ©
with a large charged conducting
sheet P, as shown in the figure. The
surface charge density o of the
sheet is proportional to [AIEEE 2005]

A+t
@

B

(a) cosB (b) cot® (c) sin® (d) tan®
Ans. (d)
Electric field due to a charged
conducting sheet of surface charge
. o o
density oisgivenby E = ——.
€€,

where, g, is the permittivity in vacuum
and g, is the relative permittivity of
medium.

Here, electrostatic force on B,

oe=22
€08,

FBD of Bis shownin figure.

In equilibrium, T cos® =mg

Qo

and Tsing=—"
€€,

Thus, tan@= 0o 0 tan60o
€,€,Mg

ﬁ If the electric flux entering and

leaving an enclosed surface
respectively is ¢ and @, the
electric charge inside the surface
will be [AIEEE 2003]

@ (@ -, (o) O Y
€9
(o) @9 (d) (@ + @)e,
€9
Ans. (a)

, Charge enclosed
From Gauss Iaw,g—

€
=Net flux
0 T=¢ -9
€
or a=(@ —@¢,

% A charged particle g is placed at

the centre O of cube of length
L(ABCDEFGH). Another same
charge g is placed at a distance L
from O. Then, the electric flux
through ABCDis [AIEEE 2002]

£ F
g a
H
A B
I L |
(a) — (b)
4rgy L 2T L
(c) q (d) None of these
2me L
Ans. (d)
Electric flux for any surface is defined as
(p=IEs
£ F
P 9,....1c.|.3g
e Je ©
A= B

As flux on the cube =49
€

_1g

Flux on each face=— -~
6 gy

So, flux on the face ABCD = 1i

€&
The options(a), (c)and(d)are
dimensionally incorrect, so they cannot
be answers.
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