Electric Charges and Fields

Single Correct Type Questions

1. If two charges ¢, and ¢, 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? [24 Jan, 2023 (Shift-1)]
(@) dJk (b) kJd
(¢) 1.5dk (d) 2dk
. A 10 pC charge is divided into two parts and placed at
1 cm distance so that the repulsive force between them is
maximum. The charges of the two parts are:

[13 April, 2023 (Shift-IT)]
(b) 5uC,5uC
(d) 8 uC,2puC

[29 Jan, 2023 (Shift-1)]

. Two point charges Q each are placed at a distance d apart.
A third point charge ¢ is placed at a distance x from mid-

point on the perpendicular bisector. The value of x at which
charge ¢ will experience the maximum Coulomb’s force

(a) 9pC,1uC
(¢) 7pC, 3 nuC

is: [29 June, 2022 (Shift-11)]
_ _d

(a) x=d b)) x= 5
o4 N

© x= @ =35

. A charge of 4uC 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:  [27 July, 2022 (Shift-1I)]
(a) 1pC and 3uC (b) 2pC and 2nC

(¢) 0and4pC (d) 1.5pnC and 2.5nC

(d) For B>1and z, >0, the particle always reaches the
origin

5. Two identical tennis balls each having mass ‘m’ and charge

‘q’ are suspended from a fixed point by threads of length
‘I’. What is the equilibrium separation when each thread
makes a small angle ‘0’ with the vertical?

[27 July, 2021 (Shift-I)]
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. A certain charge Q is divided into parts ¢ and (Q — g).

How should the charges O and ¢ be divided so that ¢ and
(O — ¢q) placed at a certain distance apart experience
maximum electrostatic repulsion? [20 July, 2021 (Shift-I)]

w)Q=§ (b) 0=4q
(©) 0=2q ) 0=3q

. A point charge of 10uC is placed at the origin. At what

location on the X-axis should a point charge of 40uC be
placed so that the net electric field is zero at x = 2cm on

the X-axis? [25 Jan, 2023 (Shift-II)]
(a) x=6cm () x=4cm
(¢) x=8cm (d) x=—4cm



10.

. As shown in the figure, a point charge QO 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 7, Il and 1] is given by: (I : r<a, Il : a
<r<b,ll:r<b) [30 Jan, 2023 (Shift-1T)]

(@) E,=0,E,=0,E,#0 (b) E#0,E,=0,E,#0
() E,#0,E,=0,E,=0 (d) E,=0,E,=0,E,=0
What will be the magnitude of electric field at point

O as shown in figure? Each side of the figure is ¢ and
perpendicular to each other? [27 July, 2021 (Shift-1I)]
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Figure shows a rod 4B, which is bent in a 120° circular arc
of radius R. A charge (—Q) is unliformly distributed over rod
AB. What is the electric field £ at the centre of curvature
o [27 Aug, 2021 (Shift-1T)]
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Charges O, and Q, are at points 4 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 [6 Sep, 2020 (Shift-I)]
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Consider a sphere of radius R which carries a uniform
charge density p. If a sphere of radius R/2 is carved out
| &) | |
of it, as shown the ratio ﬂ of magnitude of electric
EB
field E ', and E »» respectively, at point 4 and B due to the

remaining portion is: [9 Jan, 2020 (Shift-T)]
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14.

15.

:B
18 o
@ 35 ®) 54
18 21
© 5 @ 3

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 % is

[9 Jan, 2019 (Shift-I)]
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Two ideal electric dipoles 4 and B, having their dipole
moment p, and p, respectively are placed on a plane with
their centres at O as shown in the figure. At point C on
the axis of dipole A4, the resultant electric field is making
an angle of 37° with the axis.

The ratio of the dipole moment of 4 and B,% is:
2

(take sin37° = %) [25 July, 2021 (Shift-IT)]

(a) ()

() - (d)

An electric dipole is placed on x — axis in proximity to a
line charge of linear density 3.0 x 10¢ C/m. Line charge
is placed on 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,

W 00w
W | w

16.

17.

18.

find out the amount of positive charge of the dipole.

[22 July, 2021 (Shift-1T)]
(b) 8.8 uC
(d) 4.44 uC

(a) 0.485mC
(c¢) 815.1nC
Two identical electric point dipoles have dipole moments
p = 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:

[6 Sep, 2020 (Shift-1I)]
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Determine the electric dipole moment of the system of
three charges, placed on the vertices of an equilateral
triangle, as shown in the figure

[12 Jan, 2019 (Shift-I)]
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A point charge of 2 x 10C is moved from P to S in a
uniform electric field of 30 N/C directed along positive
x-axis. If coordinates of P and § are (1, 2, 0) m and
(0, 0, 0)m respectively, the work done by electric field

31}_5
(@) 3¢ NGl

will be [29 Jan, 2023 (Shift-IT)]
(@) 1200 mJ (b) 600 mJ
(¢) —600 mJ (d) —1200 m
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19.

20.

21.

22.

A charged particle (mass m and charge ¢) moves along
X-axis with velocity V. When it passes through the origin
it enters a region having uniform electric field ]IE =—EJ
which extends upto x = d. Equation of path of electron
in the region x > d is [2 Sep, 2020 (Shift-I)]
Yk

.
VE
O > >X
Vo
d
gEd qEd*
a) y= (x—d) b) y= X
(@) y 2 () y ny?
© qEd (d x) @ qEd .
) v= = -
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A particle of charge q and mass m is subjected to an
electric field £ = 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

[4 Sep, 2020 (Shift-IT)]
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A particle of mass m and charge ¢ 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) [8 Jan, 2020 (Shift-1I)]

v VA
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.. . x . _-‘ .
A positive point charge is released from rest at a-Histance

r, from a positive line charge with uniform density. The
speed (v) of the point charge, as a function of instantaneous
distance  from line charge, is proportional to

[8 April, 2019 (Shift-IT)]
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In a cuboid of dimension 2L x 2L x L, a charge ¢ is placed
at the centre of the surface ‘S* having area of 4L% The flux
through the opposite surface to © S “ is given by

[29 Jan, 2023 (Shift-T)]

...
H

(a) 4 by 4
12¢, 3g,
o L @ 4

If a charge ¢ is placed at the center of a closed hemi-
spherical non-conducting surface, just inside the flat

surface the total flux passing through the flat surface

would be
(@ L (b -4
€ 2¢,
q q
c
© 4, @ 2n g,

[27 June, 2022 (Shift-IT)]

Integer Type Questions

25.

Three point charges g, — 2g and 2¢q are placed on x-axis

at a distance x=0,x = %R and x = R respectively from

origin as shown. If ¢ =2 x 10° C and R = 2 cm, the
magnitude of net force experienced by the charge —2¢ is
N. [13 April, 2023 (Shift-11)]
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26.

27.

28.
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A point charge g, = 4¢, is placed at origin. Another point
charge ¢, =—q, is placed at x = 12 c¢m. Charge of proton is
q,- The proton is placed on x-axis so that the electrostatic
force on the proton is zero. In this situation, the position
of the proton from the origin is cm.

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

SI Unit}

is x 107N [Given An )= 5

9%x10

[25 Feb, 2021 (Shift-IT)]

A stream of a positively charged particles having

C . .
4 _pxio = and velocity v, =3x10"im/s 1is
m kg

deflected by an electric field 1.8 k¥ /m . The electric

29.

30.

field exists in a region of 10 c¢m along x direction. Due to
the electric field, the deflection of the charge particles in
the y direction is mm. [24 Jan, 2023 (Shift-1)]
The electric field in a region is given by

E= EEOf +§on with E, = 4.0 x10° N The flux ofthis
field ?hrough a rectangular surface areaC0.4 m?parallel to
the Y— Z plane is Nm?’C!

[17 March, 2021 (Shift-II)]
An electric field E = 4xi —(y* +1)] N/C passes through
the box shown in figure. The flux of the electric field
through surface ABCD and BCGF and marked as ¢,
and ¢, respectively. The difference between (¢, — ¢,) is

(in Nm?/C) [9 Jan, 2020 (Shift-1T)]
z
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1. (a)

11. (¢)

21. (d)

\_ ANSWER KEY

\

2. (b)

2. (b) 3. (d) 4. (b) 5. (b) 6. (¢ 7. (a) 8. (b) 9. (a) 10. (a)
12. (a) 13. (b) 14. (d) 15. (d) 16. (b) 17. (d) 18. (¢) 19. (¢) 20. (a)
22. (a) 23. (d) 24. (b) 25. [5440] 26. [24] 27. [36] 28. [2] 29. [640] 30. [-48]
\ EXPLANATIONS \
1. (a) Force between the charges in medium, 3. (d) According to diagram, we can write
I a9,
= e F F
(411:80) kd2 32 31
Force between the charges in air, 3¥g
1 0105
dng, d N
Given, F=F,, P
—_ 9% —= 919> .
dnegkd”  4meyd l&---vmvo-- b o2
d'=dk
) F'31= 32=LQ2:F=2F;10059=LQ)63
Let the charge on first and second part be x & 2 +(g) JV T
10 — x respectively. 2 {xz + (*) }
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Kx(10—x)

7

For F' to be maximum, d_F =0

dx
=£2(10—2x)=0
B
10
=—=5uC
X 2 i

4. (b)

-» For maxima of force, d_F =0

dx

. d
On solving, we get x = ——=

22

2




5. (b)

6. (¢)

dF k
= =0=>—(4-2¢)=0
dq dz( 9=

q=2pcC

Distance between the charges r = £sinf + {sin0
Applying Newton's second law,

2

_ 4
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2
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Ltanf=s —m————
4me,mg4(70

[For small angle, tanf ~ 6]

q
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© 16ne,mgl’ m
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16me,mg/’

Also separation = 5¢sin0 = 2£0
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The electrostatic repulsion force between g and O —q.

e q(Q - q):

dne,r’

da = e (Q 29)

For maxima or minima of force, its first derivative of
the equation of force should be zero.

On differentiating /' w.r.t ¢

dF _ 1 0
2 0=>g==
40 am - ——(Q-2¢)= 9=

Since second derivative is always negative so maxima
will occur at this value of g.

7. (a)

8. ()
9. (a)

10. (@)

11. (o)

IOIuc P 40Iuc

Py

0 2em x,
—r—
2cm (x—2)cm
For the electric field to be zero at x = 2 cm from the
10puc charge.

_K><10_ Kx40
P 2 (x—2)2
12
2 x-2
x—2=4
x=06

_Q
Rx2m/3
The electric field at the centre of curvature,

r 2k 0 »
EzT 1n[2j(—z)

The linear charge density of wire, A =

r — ~
:>E=2— Qs1n60°(—i)
R 27R
r 3430
=E= 8n’e Rz( )
0
A
o,
xli /7\
e
E 0-,:______________0_‘_C:.2
a Xy B
s E,

Net field along AB at O must be zero
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E,cosa=E sina

K X2 KO x
X2 AB  x2 AB
G _x
O x
12. (a) For asolid sphere
PR g = PR
2(3g,)" " 6g,

=P for (r<R); E, =
3g,

Electric field at point B =E,=E , + E,

E, , = Electric field due to solid sphere of radius R at

point B = PR
3g,

E, , = Electric field due to solid sphere of radius R/2
(which having charge density —p)

KQ'x4  pR
9R’ 54,

E, ,=R/2=-

pR
E,=E +E,, =—-—
i H 4 3g, S4dg,
_i_ 2x9 _E
17 2x17 34

pR 17pR
54¢,

EA

Ly

Electric field
kQOx

13. (b)

For maxima d—E =0
dx

. R
After solving we get, (x = i_J
N2

14. (d) Electric field at an axial line of a dipole, E, = 2%
r
Electric field at on equatorial line of a dipole,
4
E, =k
7
tan37° = E_p 3
E 2p 4
EZ
E
37 E,
n_2
P 3

15, @ [F=o([E|-|£) 2020 1L
1

16. (b)

17.

18.

19.

1
n
;
|F|=2><9><109><3><10‘6 1000 1000 g
10 12
4=9x10%¢q

- _saauc
1= 9510° H

Here,
(K.E.+PE), i

0+ ! 2 ><P:2><lmv2+0
dne, o’ 2

PP 1
2ne, ma®  a\2mey ma

= (K.E.+P.E),,

<
I

B, =2Pcos30°(-]) =P3(-))

net

=3 ql(-j)=—34]

»
»

E=307

® P(1,2,0)

»

[ ] S(Oa Os O)

I
ol
[*%1)

!

qE-S
=2x102 [305-(—5)}

=2x107(-30)
= W =-600mJ

U
= I
I

(c) Vi
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mV,
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mVe  2mV§
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vdv qE,
_:q 0(1 2)
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2
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23. (d) Total electric flux through the cube ¢ =¢ /¢,

2L

®q

A
Y

2L

Flux passing through the face opposite to surface

q
S =—
6¢g,

24. (b) .. Flux through curve surface of hemisphere ¢ = ZL

€

Note: Flux through flat surface should be zero, but

option is not given. Hence it is bonus.

25. [5440] 9 —2q 2q
(] —e—>» °
A F, B F, C

Force on B due to 4

_ Kq(2q) B K324*

B4 2 2
9R
5%)
4
Force on B due to C
_ K(29)(29)
BC="—, o
i)
¢
_ 64Kq®
==

Net force on B

544Kq°

Fy=Fpe —Fpy = 9R2

2
544x9x109><(2x10‘6)
- — 5440 N

9x(2><10*2)2

26.[24]

[
\4

0,0} «—12 S>>
|
4q, 4 ‘D)
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As the net force on the proton is zero

4
:q_(z): oo 2

X (x+12)
x=12

= Distance of the proton from origin=x+ 12 =24 cm.

27. [36] ¢ =wnc
sphere)

=1nC (final charge on both

(0.5)

7

~36x107° (F =% ]

28. [2] 3
T3 10wy | B 18X10Nm

F— 1=10em —

a=%=(2x10“)(1.8x103)

=3.6x10"m/ s>

d
Time to cross plates = —
v
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=t

_0.10

3x107

1, 1 [ 0.01
——at* ==(3.6x10") ——
Y73 2( )(9><1014
=0.2x0.01
=2mm

29. [640] ¢ = (%EO X 0.4) = 640Nm*C"

30. [-48] Flux via ABCD
¢ =[Edd=0
Flux via BCEF

)

(Atx=3)




