Electric Charges

and Fields

1.

Three charges + Q, q, + Q are placed respectively, at
distance, d/2 and d from the origin, on the x-axis. Ifthe net
force experienced by + Q, placed at x = 0, is zero, then
value of q is: [9Jan. 20191]
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Charge is distributed within a sphere of radius R with a
A 2y

volume charge density p(r)=—e¢ where A and a
r

are constants. If Q is the total charge of this charge
distribution, the radius R is: [9 Jan. 2019, II]
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Two identical conducting spheres A and B, carry equal
charge. They are separated by a distance much larger than
their diameter, and the force between them is F. A third
identical conducting sphere, C, is uncharged. Sphere C is
first touched to A, then to B, and then removed. As a
result, the force between A and B would be equal to
[Online April 16, 2018]
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Shown in the figure are two point charges +Q and —Q
inside the cavity ofa spherical shell. The charges are kept
near the surface of the cavity on opposite sides of the
centre of the shell. If o, is the surface charge on the inner
surface and Q, net charge on it and o, the surface charge
on the outer surface and Q, net charge on it then :
[Online April 10, 2015]
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Two charges, each equal to q, are keptatx=—aandx =a

on the x-axis. A particle of mass m and charge q,= % is

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 [2013]
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Two balls of same mass and carrying equal charge are
hung from a fixed support of length /. At electrostatic
equilibrium, assuming that angles made by each thread is
small, the separation, x between the balls is proportional
to: [Online April 9, 2013]
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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, [2011]
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A charge Q is placed at each of the opposite corners of a
square. A charge g is placed at each of the other two
corners. If the net electrical force on Q is zero, then Q/q
equals: [2009]
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If g, and g,, are the accelerations due to gravity on the

surfaces of the earth and the moon respectively and if
Millikan’s oil drop experiment could be performed on the
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two surfaces, one will find the ratio [2007]
electronic charge on the moon to be

electronic charge on the earth
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Two spherical conductors B and C having equal radii and
carrying equal charges on them repel each other with a
force F when kept apart at some distance. A third spherical
conductor having same radius as that B but uncharged is
brought in contact with B, then brought in contact with C
and finally removed away from both. The new force of
repulsion between B and C is [2004]
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Three charges —q, , +¢, and —q, are place as shown in the
figure. The x - component of the force on —¢q, is

proportional to [2003]
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Ifa charge g is placed at the centre of the line joining two
equal charges Q such that the system is in equilibrium
then the value of g is [2002]
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13.

Charges Q, and Q, are at points A and B of aright angle
triangle OAB (see figure). The resultant electric field at
point O is perpendicular to the hypotenuse, then Q,/Q, is

proportional to : [Sep. 06,2020 (D]
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Consider the force F on a charge ‘g’ due to a uniformly
charged spherical shell of radius R carrying charge Q dis-
tributed uniformly over it. Which one of the following state-
ments is true for F, if ‘g’ is placed at distance r from the
centre of the shell? [Sep. 06, 2020 (ID)]
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Two charged thin infinite plane sheets of uniform surface
charge density o, and ¢_, where |c, |>|o_|, intersect

at right angle. Which of the following best represents the
electric field lines for this system ?  [Sep. 04,2020 (I)]
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A particle of charge ¢ 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 : [Sep. 04,2020 (ID]
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A charged particle (mass m and charge g) moves along X
axis with velocity V. When it passes through the origin it
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enters a region having uniform electric field £ = —Ej which

extends upto x = d. Equation of path of electron in the
region x > d is : [Sep. 02,2020 (I)]
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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 ofthe
following options then correctly describe the trajectory of
the mass ? (Curves are drawn schematically and are not to

scale). [Sep. 02, 2020 (ID)]
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Consider a sphere of radius R which carries a uniform
R
charge density p. If a sphere of radius 5 is carved out of

| Ea |
it, as shown, the ratio | Es | of magnitude of electric

field E, and Eg, respectively, at points A and B due to

the remaining portion is: [9 Jan. 2020, I]
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An electric dipole of moment ; =({-3j+ 2/2) x107% C.m
is at the origin (0, 0, 0). The electric field due to this dipole
at 7=+ +3]+5k

(note that 7. p = 0) is parallel to: [9 Jan. 2020, 1]
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A charged particle of mass ‘m’ and charge ‘q’ moving under
the influence of uniform electric field g/ and a uniform
magnetic field i follows a trajectory from point P to Q as
shown in figure. The velocities at P and Q are respectively,
yi and —2\;}', Then which of the following statements

(A, B, C, D) are the correct? (Trajectory shown is
schematic and not to scale) [9 Jan. 2020, I]
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(B) Rate of work done by the electric field at P is 2 (TJ

(©) Rate of work done by both the fields at Q is zero

(D) The difference between the magnitude of angular
momentum of the particle at P and Q is 2 mav.
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A, B and C with charges — 4¢, 2q and —2¢ are present on
the circumference of a circle of radius d. The charged
particles A4, C and centre O of the circle formed an

equilateral triangle as shown in figure. Electric field at O

along x-direction is: [8 Jan. 2020, I]
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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, IT]
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Two infinite plz)icnes each with uniform surface charge
density +6 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: [7 Jan. 2020, 1]
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A particle of mass m and charge ¢ has an initial velocity

= V0§ .Ifan electric field g = Eozl' and magnetic field

[l; = Bof act on the particle, its speed will double after a

time: [7 Jan 2020, IT]
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A simple pendulum of length L is placed between the
plates of a parallel plate capacitor having electric field E,
as shown in figure. Its bob has mass m and charge g. The
time period of the pendulum is given by :

[10 April 2019, 1]
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Four point charges —¢, +¢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: [9 April 2019, IT]
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The bob of a simple pendulum has mass 2 g and a charge
of 5.0 Y4C. Itis atrest in auniform horizontal electric field
of intensity 2000 V/m. At equilibrium, the angle that the
pendulum makes with the vertical is : [8 April 20191]
(take g= 10 m/s?)

(@) tan'(2.0)(b) tan'(0.2)

(c) tan'(5.0)(d) tan"'(0.5)

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 ofh is: [9 Jan. 2019 1]
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Two point charges q, (\/E uC) 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, [9Jan 2019, IT]
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A body of mass M and charge ¢ is connected to a spring
of spring constant k. It is oscillating along x-direction about
its equilibrium position, taken to be at x = 0, with an
amplitude 4. An electric field E is applied along the
x-direction. Which of the following statements is correct?
[Online April 15, 2018]
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(@) Thetotal energy of the system is Emo)zA2 + 3 q P

2qE

k

(b) The new equilibrium position is at a distance:
fromx=0

(¢) The new equilibrium position is at a distance: e

fromx=0
190 1g°E
(d) Thetotal energy of the system is Emw A NS

A solid ball of radius R has a charge density p given by

P =P (1 _L) for 0 < r < R. The electric field outside
R

the ball is: [Online April 15, 2018]
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A long cylindrical shell carries positive surface charge ¢ in
the upper halfand negative surface charge - ¢ 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)

[2015]

A wire of length L (=20 cm), is bent into a semicircular
arc. If the two equal halves of the arc were each to be
uniformly charged with charges = Q, [|Q| = 10380
Coulomb where ¢ is the permittivity (in SI units) of free
space] the net electric field at the centre O of the

semicircular arc would be :  [Online April 11, 2015]
Y

(6] X
@) (50 x 10°N/C) ]

() (25 x 10°N/C) j d (25x10°N/O)1

A thin disc of radius b = 2a has a concentric hole of radius

‘@’ in it (see figure). It carries uniform surface charge ‘c’

on it. Ifthe electric field on its axis at height ‘%’ (h <<a)

from its centre is given as ‘Ch’ then value of ‘C” is:
[Online April 10, 2015]
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A spherically symmetric charge distribution is characterised
by a charge density having the following variations:

r
p(r)=po [I_Ej forr<R
p(r)=0forr>R
Where 1 is the distance from the centre of the charge
distribution p_is a constant. The electric field at an internal
point (r<R)s: [Online April 12,2014]
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The magnitude of the average electric field normally
present in the atmosphere just above the surface of the
Earth isabout 150 N/C, directed inward towards the center
ofthe Earth. This gives the total net surface charge carried

by the Earth to be: [Online April 9,2014]
[Given g =8.85x 10712 C*/N-m% R =6.37 x 105m]

(@) +670kC (b) —670kC

(c) —680kC (d) +680kC

The surface charge density of a thin charged disc of radius
R is . The value of the electric field at the centre of the

disc is . With respect to the field at the centre, the

2 €p
electric field along the axis at a distance R from the centre
of the disc : [Online April 25, 2013]
(a) reduces by 70.7% (b) reduces by 29.3%
(c) reduces by 9.7% (d) reduces by 14.6%
A liquid drop having 6 excess electrons is kept stationary
under a uniform electric field 0of 25.5 kVm™. The density of
liquid is 1.26 x 103 kg m. The radius of the drop is (neglect
buoyancy). [Online April 23, 2013]
(@ 43x107m (b) 7.8x107m
(¢) 0.078x10"m (d) 34%x107m
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: [2012]
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Three positive charges of equal value ¢ are placed at

vertices of an equilateral triangle. The resulting lines of
force should be sketched as in ~ [Online May 26, 2012]
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A thin semi-circular ring of radius r has a positive charge ¢

distributed uniformly over it. The net field E at the centre
Ois [2010]

J

(6}

L R
@) 47 gorz ®) 4r® 8nr2
- J —
© 272280r2 @ 27r2£0r2
Let there be a spherically symmetric charge distribution
r
with charge density varying as P(r) = PO(Z _Ej uptor
=R ,and p(r) =0 for > R, wherer is the distance from

the origin. The electric field at a distance 7(r < R) from the
origin is given by [2010]
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This question contains Statement-1 and Statement-2. Of
the four choices given after the statements, choose the
one that best describes the two statements.

Statement-1 : For a charged particle moving from point P
to point 0, the net work done by an electrostatic field on
the particle is independent of the path connecting point P
to point Q.

Statement-2 : The net work done by a conservative force
on an object moving along a closed loop is zero. [2009]
(a) Statement-1 is true, Statement-2 is true; Statement-2
is the correct explanation of Statement-1.

(b) Statement-1 is true, Statement-2 is true; Statement-2
is not the correct explanation of Statement-1.

(c) Statement-1 is false, Statement-2 is true.

(d) Statement-1 is true, Statement-2 is false.

Let p(r) = Q4 r be the charge density distribution for
7R

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 : [2009]
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A thin spherical shell of radus R has charge Q spread
uniformly over its surface. Which of the following graphs
most closely represents the electric field £(r) produced by
the shell in the range 0 < < oo, where r is the distance from
the centre of the shell? [2008]
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Two spherical conductors 4 and B of radii 1 mm and 2 mm
are separated by a distance of 5 cm and are uniformly
charged. If the spheres are connected by a conducting
wire then in equilibrium condition, the ratio of the
magnitude of the electric fields at the surfaces of spheres
Aand Bis [2006]

(@ 4:1 (b) 1:2 (© 2:1 d 1:4

Two point charges + 8¢ and — 2¢q 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 [2005]

L
@
A charged ball B hangs from a silk thread S, which makes

an angle 9 with a large charged conducting sheet P, as
shown in the figure. The surface charge density ¢ ofthe

(b) 2L (c) 4L (d) 8L

sheet is proportional to [2005]
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Four charges equal to -Q are placed at the four corners of
a square and a charge ¢ is at its centre. If the system is in
equilibrium the value of g is [2004]

@ ~Za+22) ® Sa+22)

© -2as2 @ Lasad)

A charged oil drop is suspended in a uniform field of 3x10*
v/m so that it neither falls nor rises. The charge on the
drop will be (Take the mass of the charge = 9.9x107 " kg
and g=10m/s?) [2004]
(@) 1.6x10718C
(c) 3.3x10718C

(b) 32x107'8C
(d) 4.8x107'8C
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and Gauss's Law &%

H Electric Dipole, Electric Flux
Two identical electric point dipoles have dipole moments

> - R
Py =Pi and P, = —Pi andareheld on thex axis at distance

‘a’ from each other. When released, they move along 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 apartis:  [Sep. 06, 2020 (II)]

P 1 P 1
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An electric field E =4xi —(y? +1)] 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 (in

Nm?*/C) . [9 Jan 2020, 1]
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In finding the electric field using Gauss law the formula

|E|= % is applicable. In the formula € is
permittivity of free space, A4 is 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?

[8 Jan 2020, I]

(a) Only when the Gaussian surface is an equipotential
surface.
Only when the Gaussian surface is an

(b) equipotential surface and | E | is constant on the surface.

(c) Onlywhen |E | = constant on the surface.

(d) For any choice of Gaussian surface.
Shown in the figure is a shell made of a conductor. It has
inner radius @ and outer radius b, and carries charge Q. At

its centre is a dipole p as shown. In this case :
[12 April 2019, I]
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(a) surface change density on the inner surface is uniform

and equal to -, 3

(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

on |p|
(d) surface charge density on the inner surface of the
shell is zero everywhere.-
Let a total charge 2 Q 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. [12 April 2019, IT]
3R

(@) a=8"R b) ="z

(© a=2"R @ a=R/\3

An electric dipole is formed by two equal and opposite
charges g 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 : [8 April 2019, 1]

) 2gE ) )
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An electric field of 1000 V/m is applied to an electric dipole
at angle of 45°. The value of electric dipole moment is
1072 C.m. What is the potential energy of the electric
dipole? [11 Jan 2019, IT]
(@) 20x 107187 (b) —7x10727]

() —10x1072°] (d) —9x10207

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 an electrostatic force F. If Q is now
moved along the equatorial line to P’ such that OP’

= [%), the force on Q will be close to: §>> 2a

oP [10 Jan 2019, I1]
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A charge Qs placed at a distance a/2 above the centre of the
square surface of edge a as shown in the figure. The electric
flux through the square surface is:

[Online April 15,2018]
Qo
(@) 3¢, P
2 a/2
® oo
9
(C) 280
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An electric dipole has a fixed dipole moment Ey , which
makes angle 0 with respect to x-axis. When subjected to
an electric field E, = E{ , it experiences a torque 7, =7/ .

When subjected to another electric field E, =[3E, ] it

experiences torque ]—"2 = —]—; . The angle gis: [2017]
(@) 60° (b) 90° (c) 30° (d) 45°

Four closed surfaces and corresponding charge distribu-
tions are shown below. [Online April 9,2017]

Let the respective electric fluxes through the surfaces be
®,P,,d,,and D,. Then:

(@ ®<P,=0,>D, b) O>D,>P,>D,

() D=0,=0,=D, d O>D,;D,<D,

The region between two concentric spheres of radii 'a' and
'b', respectively (see figure), have volume charge density

A ) .
p =—, where A is a constant and r is the distance from
r

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: [2016]

(&

20 20
(a) (az _bz) (b) TEa2
© =5 3

d —_—
D 2 —a?)
The electric field in a region of space is given by,
E=E,i+2E,jwhere E,= 100 N/C. The flux of the field

2na

65.

66.

67.

68.

69.

through a circular surface of radius 0.02 m parallel to the Y-
Z plane is nearly: [Online April 19, 2014]

(@) 0.125Nm%C (b) 0.02Nm?C

(¢) 0.005Nm?C (d) 3.14Nm?C

Two point dipoles of dipole moment ;71 and ;72 arcata

distance x from each other and ;’1 I ;7 2 . The force between

the dipoles is : [Online April 9,2013]
@ 1 4pipy (b) 1 3pipy
dngy  x* dngy 3
1 6pp, 1 8pipy
) ———= d ———
© dngy  x* @ dney  x*

The flat base of a hemisphere of radius a with no charge
inside it lies in a horizontal plane. A uniform electric field

> n
Eisapplied at an angle N with the vertical direction. The

electric flux through the curved surface of the hemisphere
is [Online May 19,2012]

T a5
£

2 b T“’_ZE
(@) ma (b) N
wd2E (Tc+2)rca2E
© S5 (d) 2 ﬁ)2

An electric dipole is placed at an angle of 30° to a non-
uniform electric field. The dipole will experience [2006]
(a) atranslational force only in the direction of the field

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

(c) atorque as well as a translational force

(d) atorque only

If the electric flux entering and leaving an enclosed surface
respectively is ¢, and ¢,, the electric charge inside the surface
will be [2003]
@ (9,-9)e, (b) (o)),

© (9,-9)e, (d) (¢—dye,

A charged particle ¢ is placed at the centre O of cube of
length L (A B C D E F G H). Another same charge q is
placed at a distance L from O. Then the electric flux

through ABCDis E 7 [2002]
D,
c
Oo- ————— =
Hl g 9
A B

(b) zero
(d g3me,L

(@ qgAne l
(© q2mne,l
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(@ Fa—=——F
+Q dn2 q dn2 +Q
Force due to charge + Q,
KQQ
d2

Force due to charge q,

KQq
K = 3

d

5
For equilibrium,
Fa + Fb =0
_ kQQ . kQq Q

@ (a2 70 9Ty

F:

a

®) szpdv = T%e’z”a (41‘cr2dr)

R -2r/a

= 4TCAI e "dr=4n A

2
0 _
a Jo
a
:4TEA - e—2R/a _1
S (7 1)
Q=2maA(l-¢2R2)
a 1
R==log| —
2% Q
2maA
(d Spheres A and B carry equal charge say 'q'
Force between them, F = k;qzq
r
When A and C are touched, charge on both g5 =q¢ = %

Then when B and C are touched, charge on B

q

4+
o2 o 3

B™ o 4
Now, the force between charge q, and q
q
kx—x— 2
pr_Xdadp _ 2" _3ka" 3.
? ? 8> 8

(¢) Inside the cavity net charge is zero.
0,=0and o, =0
There is no effect of point charges +0, —Q and induced
charge on inner surface on the outer surface.
0,=0and 5,=0

A)Y
ESINE
@ - > X
q< a < a >dq

=F'sin 0 Fsin 6
2F cos 6
= F = 2F cosO
q
2kq| =
q(2) Y
Foer = 2 \/ 5 5
( /y2+a2) y+a
ufz)
Frop =—— 5 (- y<<a)
net (y2 +a2)3/2
k 2
q3y So, Focy

In equilibrium, F, = Tsin 0

mg =Tcos0O
F 2
tan9=—e=—q2
mg 4me, X" xmg
. x/2
also tan O ~sin = ——
x__ @
Hence, 2 4ne, x? xmg
2
Gt
4m e, mg

) /3
21 €, mg

Therefore x oc £1/3
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7. () Fromfigure

Tcos O =mg (1)
Tsin0=F, .(11)
Dividing equation (ii) by (i), we get

sin@ F,
:cosezmig = F,=mgtan0
j%zmgtane jqz—@

Since 0 is small

. X
S tan O ~sin 0= 2

’_ x3mg
2kl

mg
Y2 _ 2y
= a2 T

Si da _ t
ince ~, - = const.
12

S voex [ g% ocx3]
8. () Let F be the force between Q and Q. The force
between ¢g and Q should be attractive for net force on Q to
be zero. Let F” be the force between O and ¢. The resultant
of F" and F is R. For equilibrium

AQ) (q)
¢ R F
D —5—¥
P

Net force on Q at C'is zero.

S~ R+F=0 = 2F' =-F
2
= ZXkQ—gz—k Y 3
0 ~20)
= Q——Z\/E

9. () It is obvious that by charge conservaiton law,
electronic charge does not depend on acceleration due to
gravity as it is a universal constant.

So, electronic charge on earth
= electronic charge on moon
. Required ratio= 1.

10. @ GST@B

Initial force, F = KQB_gc
X

11.

12.

13.

x is distance between the spheres. When third spherical
conductor comes in contact with B charge on B is halved

Y o

ie., B and charge on third sphere becomes 5 Now itis

touched to C, charge then equally distributes themselves
to make potential same, hence charge on C becomes

le 30
+=|—=—.
(Q 2/2 4
o))
: _ 90 _ \4)\2) 30
© Few=k 2 =k 2 _kgxz
3
or Fnewng
() Force applied by charge ¢, on ¢,
192
F12=kb—2

Force applied by charge g5 on g,

4193
Fy=k=>>
a

The X-component of net
force (F,) on
qyis F, + F|;sin 0

. F, =kq1—gz+k%sin6
’ ‘ F . 0
15€0S
g Fxocq—§+q—§sin9
b* a

(d) Atequilibrium net force is zero,

. k%+kQ—§]=0

(2x)2 X
R e
Q q Q
Q
= g=-=
1 4
~ _ kO,
(¢) Electric field due charge O, E, = —;
X
. ki
Electric field due charge O, E, = %
1
o
X
0
90-9 0
[0}
E2 X, B QZ
0
Enel E 1
From figure,
tanezﬂ:ﬁj—sz A
12 2 kO x,
2 2
X
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X X
:>Q21__1:>Q2_

X
o or,
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O _

A

14.

15.

ox; O X O x°
(¢) For spherical shell
1 9
) (ifr=R)
= (ifr<R)
Force on charge in electried field, F=gF
L F=0 (For r<R)

I &%
dmey 1 (For r>R)

(¢) The electric field produced due to uniformly charged
infinite plane is uniform. So option (b) and (d) are wrong.
And +ve charge density o, is bigger in magnitude so its
field along Y direction will be bigger than field of —ve charge

density 6_in X direction. Hence option (c) is correct.

— 0 .
- - E,

El [ ER ER ]

E, |E;

F:

16.

17.

(¢) Given,

Electric field, E = E,(1-x?)

.. Force, F =¢E = qEO(l—xZ)
Also, F =ma= mvﬂ
dx
mvﬂ =qgE,(1- xz)
dx
qE,(1—x*)dx

m
Integrating both sides we get,

:fvdv:quO(l_xz)dx
0 0

=vdv=

m

\F

=>x=,[-

a

®) F_=0,a,=0,(v) = constant
d

Timetaken to reach at 'P'=—=f;, (let) (1)
v

0

1 gE
(Along—-y), y, = 0+E-%-t§ (i)

18.

19.

—qEd
tan 0 = quz , Slope = 2
m-vy mvy
No electric field = F,, =0, ¥ = const.
_qEd
y=mx+c, mvg
(d, =¥o)
—qEd Ed’
—Yy = 4 > ,d+c:c=—yo+q >
mv mvy
—gEd qEd?
y= 2 x_yO + 2
mv mvy
2
oL aE(d)_1qEd
"2 m v 2 mv}
_ —gqFkdx 1 qEd? . qEd*
mi 2 mvi o
~gEd 1 qEd’ Ed(d
_=q . LLa : y=q—z(——x)
mvy 2 mv mvy \2

(d) Net force acting on the particle,

F= qu + mg}
Net acceleration of particle is constant, initial velocity is
zero therefore path is straight line.

28

ay=g
() Electric field at A [R '= Ej

EA.dS =i
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P G(R / 2) (oR Electric field due to charge +2q at centre O
A 3g, 6g ol 2 NET
Electric fields at ‘B’ ! dne, d* 2
. 4 R kxpx 4 . ( R )3 Electric field due_ to charg_e —2q at centre O
Xpx T P37 2 L1 2q[ VB
B = - E, = X—

20.

21.

22,

Cn
2
3
oy (L)L )
3gg \4mey J3p )\ 3\ 2
)

B3, 54e,

_Ixs4 (0 9 2 18
6x17 17 17 2 34

(¢) Since 7-p=0

Ep

E must be antiparallel to p

. E isparallel to ([ +3) —2/2)
(¢) (A)Bywork energy theorem

1 2 1 2
Wing +Wepe ==m(2v)" ——m(v)
2 2
2
3 5, 3my
== = Ey=——
0+qEy2a 2mv 0=y qa

(B) Rate of work done at P = power of electric force

3 my?
=qEgV =~
4 a

dw
(C) AL, Q, o =0 for both the fields

(D) The difference of magnitude of angular momentum

of the particle at P and Q,
AL = (—m2v2al€) - (—mva/é)
|AZ| =3mva
@) y-axis

X-axis

23.

24,

25.

dme,  dP | 2
Electric field due to charge —4¢ at centre O
Fo__ 1 4q[\Ei+]
Y 4me,  d° 2
.. Net electric field at point O

E,=E +E,+E, = \/ng i
neyd
® v
>X
Using
v2—u?=2aS ..()
Here, u=0,s=x
Also, F, electric ~ M4
E E
=>gE=ma = a=q—:> a:q—
m m
Substituting the values in (i) we get
2 _2qE
m
d E y
@ | QP . {
60°
E. 30 .
to
From figure,
- c . = (e} on . o
Ej=——7  and £ =7 —(-cos60°% —sin60°p)
280 280
c 1. 3.
25\ 2 2

Electric field in the region shown in figure (P)

Fp=F +E :%{—lfw(l—g}?}

€p 2

or, EP = i 1 _ﬁ j} — E

2¢g 2 2
(¢) Inthexdirection y
F.=qE y
= ma,=qE

E
= q,=- Vo
m X
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vé + v)% = (2\/0)2

= v, =3y =ay

Eot
=y =0+ 220 —
m

_ \/g\/()m

Eyq

26. (d) Time period ofthe pendulum (T) is given by

27.

28.

L
8eff

J(mg)? +(gE)?

m

L
==
2
:geffa/g +[g7j g2+(‘15j
m

> -

> > >
(d) E:(E1+E2)+(E3+E4)
or E=2F coso.—2E cos

T=2n

8eff =

2kg y D 3 2kg " D
T (D*+d?) p2ig? (DP+QdY D24 ay
B 2kqD 2kqD
- (D2 +d2)3/2 _[Dz +(2d)2]3/2
Ford<<D
1

(d) Atequilibrium resultant force on bob must be zero, so
TcosO=mg ... 1)
Tsinb=gE ... (i) vy,
Solving (i) and (ii) we get

tan6=ﬂ 9
mg 0 i

gE <— X

_5x107°x2000 _ 1
2x107°x10 2

= tan”' [l)
2

o

tan O

mg
[Here, g=5x107°C,
E=2000 v/m,m=2 x 103 kg]

29. (b) Electric field on the axis of a ring of radius R at a

30.

distance h from the centre,

kQh
E=——"37
(h +R )
.. . . dE
Condition: for maximum electric field E =0
d kQh 0
= 3|~
dh ( R24 hz)

By using the concept of maxima and minima we get,

h=

@

8, ( 9 e

x=1 x=2 x=3 x=dM X

(0,0)

Let El and E2 are the vaues of electric field due to charge,
q; and g, respectively

magnitude of E = 1 @

47Z'€O ]/‘12
1 AJiox10®
47 & (12+32) 3 J10
e1
—(9%10%) x+/10 x10~7 -

=910 x10?
- E =9J10x10? [cos@l (i )+sin Hlﬂ

= E =9X\/EX102|:%(_;)+%}:|

= B =9x10°[ -1 +3]]=[ -9/ +27] 107

2y

Similarly, E, = 5

747‘560 I

9x10? x(25)x107°
2 (42 +32)

S Ey=9x 10° (cos 0,7 —sin 92}') . tan 6, =%

E,=9x10°V/m

L 3(4, 34) 2 A 2
=~ E,=9x10 [gz —g]j—(721 —54])x10

W E = Ey+ Ey = (631 =277 )x10°Vim
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31.

32.

33.

34.

(@ Equilibrium position will shift to point whereresultant ~ 35. (a) Electric field due to complete disc (R = 2a) at a

force=0 distance x and on its axis
_ qE
kx, =qE=>x_, =— c h
W A P Erll—/i]
1 1 2g R2 4 2 €0 4a* +h
Total energy = —mo’A? +—kx§q
2 2 =i[1_i} [heaelysfhz }
and, R=2a
1 yoa 1 quz 2¢g, 2a
Total energy = —mo“A“ + ———
2 2 k
p
(d Charge density, p=pg (1 _E) 0
dg = pdv
«—x—>
Qin = qu = pdv Similarly, electric field due to disc (R = a)
_ r 2 E, =2 1_ﬁ
—PO(I—R) Amrtdr (- dv=4nr’dr) 2 280( p
R "\ Electric field due to given disc
=4n J‘ (1——)rdr E=E -FE
Po 0 R 1 2
X 2 1{1_%_1{1_&} _ oh
= 47tp0.[0 rzdr—?dr 2¢ 2a| 2g al 4eqa
I 3 R A R R R4 Hence, c¢= 9
=d4npg| | = | —|—=| | =4npy| ——— 4azo
3 0 4R 0 3 4R 36. (b) Let us consider a spherical shell of radius x and
- thickness dx.
3 3 3
R R R
=4npy| ——— | =4npg| —
Pol 3777y } P 0{ 12 }
_ np0R3
773
( ronR3) Shell
EdAnr? = L—“p 0 J
35
Po R3 Charge on this shell
Electric field outside the ball, £ = 12—2 X )
S’ = pAnx?dx = (1——).4 d
(¢) Field lines originate perpendicular from positive dq=pAmcdx = po R e
charge and terminate perpendicular at negative charge. .. Total charge in the spherical region from centre
Further this system can be treated as an electric dipole. tor(r<R)is
(d Given: Length of wire L = 20 cm r <
charge Q = 10380 q= qu = 4“90[(1 _Ej x%dx
We know, electric field at the centre of the semicircular arc 0
T
2K\ X x* ot 5|1 r
E= =A4npy| ———| =4npy| ————=|=4 ———
p pOL 411}0 pOL» 4R | [3 4R}
20
2K [j , 1 q
.. Electric fieldatr, E= —
or, E:—W[Askzg} dngy 12
r va 3
2 _;M[LL}_& ror
_AKQ _AKOn” _AmKQ s 103N/ Ci ane, 2 |3 4R| |3 4R

Ttr2 an I?
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37. (¢) Given,
Electric field E=150N/C

Total surface charge carried by earth q=? dx
o, q=e€yEA
= egEn 12,
=8.85x10712x 150 x (6.37 x 10%)2.
= 680Kc
Aselectric field directed inward hence
38. (@ quz_t6'80f Kl(zi intensity at the centre of the disc 4n sro1r npol’3 [é_ij
. ectric field inte . = —— | =
Y P43 R s 3 R
E= i (given) . Electricfield atr,
0 _ 1 q
47 € ' r2

Electric field along the axis at any distance x from the
centre of the disc

1 np0r3[§_ij Por(é_ij
o X 747160' rz 3 R 7460 3 R
E'= 1-
2¢ Vx2+R2 41. (¢) Electric lines of force due to a positive charge is
From question, x = R (radius of disc) spherically symmetric.
All the charges are positive and equal in magnitude. So
SE=-S%_|1- R repulsion takes place. Due to which no lines of force are
2 JRZ +R? present inside the equilateral triangle and the resulting
lines of force obtained as shown:
_© V2R -R
269 V2R

4y -

14
.. % reduction in the value of electric field

(E —iE) x100
14

= 1020 % =70.7%

_ 42. (¢) Letusconsideradifferential element d/ subtending at angle
—qF — —fa— 19
39. ) F=qE=mg (q=6e=6x1.6%x10"") dQ atthe centre Q as shown in the figure. Linear charge density
Density (d) = mass  m k:i
cstty volume 4 _3 or
—7r A
A J
or 3=
—nd
. 3 ( qE\ .
Putting the value ofd and m L: —J and solving we getr 7
g Cd
=7.8x10"m
40. (a) Let us consider a spherical shell of radius x and dE d
thickness dx. dE sin 0
Charge on this shell g
5 5 5 Charge on the element, dg = [—j dl
dg = p.Amx’dx = Po [Z—Ej-“ﬂx dx g w
.". Total charge in the spherical region from centre tor(r<R) is I (rd0) (v dl=rdb)

,
5 x
q=qu=4rcp0j[z—§]x2dx —[%)d@
0
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Let us consider a spherical shell of thickness dx and radius

Electric field at the center O due to dg is
x. The area of this spherical shell = 47x2.

1 dq L 9 4
dE = dre. 2 dme ) The volume of this spherical shell = 4mx?dx. The charge
0 7 0 mr B
. . enclosed within shell
Resolving dE into two rectangular component, we find
the component dE cos 0 will be counter balanced by Ox 2 40 ;
another element on left portion. Hence resultant field at O dg=|"_4 [4rocdx] — — Xdx
is the resultant of the component dE sin 6 only. TR R
n The charge enclosed in a sphere of radius r; can be
o E=[dEsin6 = I%sin 0d0 calculated by
04t g . -
9 os0l" 40 | a1 o
= cos0 = - 37— - 4
e o-Jin 2] a2 G
0
= % (+1+1) = % .. The electric field at point P inside the sphere at a distance
anrT & 2T & r, from the centre of the sphere is
The direction of E is towards negative y-axis. e
- q A - =
LB E=
2n%r? =N / ank ”12
43. (@) Let us consider a spherical shell of radius x and 0 4
thickness dx. 1| »* Ul 1
Due to shpherically symmetric charge distribution, the = E= R = Y ,,12
dney  n 2 dney R*

chrge on the spherical surface of radius x is
5 x 2 46. (a) Theelectric field insidea thin spherical shell of radius

= dVo-4dx = Pol ———= |- 4nx?d. . phe .
dq = dVp-4mx“dx = Po [4 RJ e R has charge Q spread uniformly over its surface is zero.

.". Total charge in the spherical region from centre to 7 (r<R) is

q= qu = 4np0} [%—%)xzdx
0

dx
Outside the shell the electric field is E = k%, These
characteristics are represented by graph (a).
+Q, Q)
47. (c)
dmp {5 Pl 1’4} i r3[5 rj
= ol == ——— =npgr” | = ——
4 3 R 4 3 R A 5
.. Electric field intensity at a point on this spherical surface When the two conducting spheres are connected by a
o 1 q conducting wire, charge will flow from one to other till both
4ne, ) acquire same potential.
3 . After connection, V; =V,
1 7mpr' (5 r r(s r
_ L ey [___]_m(___j TR RN )]
4 €p r 3 R 4 € 3 R n o) n o)
44. (a) The ratio of electric fields
45. (b) 2

2 2
AR _E_o R
= =
E, £ E {0
7’22
2
E E 2
B _rnixn B _n_2

Ey wxn B on o1
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K2g N K8q . 52. (b) Let v be the speed of dipole.

48. (b) AtP — 2 2 Using energy conservation
(x-1L) by
K, +U; :Kf- +Uf-
= L __4 2 . | 1 1
(x-L)* x> = 0P ) c0s(180°) = —mv? +—m? +0
P 2 2
L2
o x-L x
=x=2x-2Lorx=2L ** Potential energy of interaction between dipole
8g g :MJ
=0 L s B drneyr
&> 2 2k
—m? = kP;Pz — = / Plfz
X r mr
9. © P When p,=p,=pandr=a
S
a\2n g ma
53. (-48)
Flux of electric field g through any area 4 is defined as
o= IE Acos6
Here, 6 = angle between electric field and area vector of a
surface
Tsin 0=gFE e (3) For surface ABCD Angle, 6 =90°
Tcosb=mg - (i) 4 =[E.Ac0s90°=0
Dividing (i) by (ii), o
For surface BCGF ¢, = | E . d4
tanezﬂzi[LJ og R IA )
mg  mg\ oK )eoK.mg ody :[4><i—(y2+l)j]4i =16x
;. coctan O )
50. () Forthe system to be equilibrium, net field at 4 should by = 48 Nm
be zero =
\/§E1+E2 :E3 ¢1_¢11:_48
54. (a)
kO x J2 kQ kg 55. () Surface charge density depends only due to Q. Also
B + =
@ (2a7 (ajz $Ea4-0%
2 2
E QB 1
’ 43\ /Q or EX4nr2:22E= g,rZR
El ‘A AN e ) 4TCSO i
E, g s ~ 2 37 _din
ﬁE e N 56. (a) @Ed/l:—
1 E A-Q -Q €0
2
:—Q{ +%:2q :>q=%(2\/5+1)
51. (¢) Given, Electric field, E=3 x 10*
Mass of the drop, m=9.9 x 1015 kg
Atequilibrium, coulomb force on drop balances weight of drop. a a
qE=mg
-15
Ix1 1 _
jng :M:&g,xw 18

=4
E 3x10%
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1
or Exd4m?=—[S(4nr®)dr
€0

1}
or Exdm?=—[(kr)(4nr?)dr
80 0

4
or Ex4n?= 4—M(F—J

€p 4
k2 .
E= 4g, (1)
R 4|R
2 r
Also20= [ (kr) (4mr?)dr = 4mk s
0 0
4
kR ..
= (i
0=— (i)
From above equations,
2
Jo— ) ...(iii)
27‘580R
According to given condition
o* .
=FEQ ———— Y
Q 47, (20)> @)
From equations (iii) and (iv), we have
a=8 4R,
57. ) t=-PEsin0
or Ilo=-PE(0)
PE
o=—-(-0
~(-0)
On comparing with
o=-n0
_[PE_ | qdE _\/qu
N1 2\ md
(o)
2
58. (b) Potential energy of a dipole is given by
U=-PE
=—PE cos 0
[Where0 = angle between dipole and perpendicular to the
field]

= —(1072%) (103) cos 45°
=—0.707 x 10720 ] =—7x 10727]

59. () Electricfield of equitorial plane of dipole
__ kP
r3
P!
Yoo T
3
A® l J' ®B
0
—-q Iq

2a

60.

61.

62.

63.

) KP
s AtpointP,=+—-Q
y

KPQ3 =27F.
(y/3)
() When cube is of side a and point charge Q is at the
center of the cube then the total electric flux due to this
charge will pass evenly through the six faces of the cube.
So, the electric flux through one face will be equal to 1/6
of the total electric flux due to this charge.

At Point P!, Fl=+

Flux through 6 faces = %

Flux through 1 face, = Q
6 <,

(@ T=PE sin 0 Torque experienced by the dipole in an
electricfield, T = Px E

p =p cosb f+psin6}
\=Ei

t

T =pxE, =(pcos®i +psin®])xE(()
th=pEsin® (- k) ()

Ez = \/gElj

T, = pcos®i + psin®)) x3E, ]
th = \/ngl cos Ok

From eqns. (7) and (i)

pE sin® = /3 pE cosd

tan0 = /3 0=60°
() Thenet flux linked with closed surfaces S, S,, S; &S,
are

(i)

1
For surface S, ¢; = 8—(2(1)
0
1 1
For surface S,, ¢2 =—(q+q+q-q)=—2q
€0 €0

1 1
For surface S5, d3=—(q+9)=—(29)
€0 €0

1 1
For surface S, ¢4 = 8_(8(1 -2q-4q)= 8—(2(1)

Hence, ¢, = ¢, = ¢; = ¢, i.€. net electric ﬂu)? is same for all
surfaces.

Keep in mind, the electric field due to a charge outside (S4
and S,), the Gaussian surface contributes zero net flux
through the surface, because as many lines due to that
charge enter the surface as leave it.

(¢) Applying Gauss’s law
$sE s = Q2
<0

. 0 +2ndr? - 2nda®
_ -

S ExX4w
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64.

65.

_dr
P
Q:p41rr2

0= J‘é4nr2dr = ZnA[rz _ a2]

1'2

1 |Q-2rAa’
4n g,

+ 27‘[A:|

For E to be independent of ‘7’

0-2nda*=0

A

0

B 21a

2

% A A
@ E=Egi+2Ey)
Given, E, =100N/c

- ~ ~
So, E =100i +200]

Radius of circular surface = 0.02 m

Area= mr’ =2—72x0.02x0.oz

P-253

Gaussiam
surface

~1.25x101 m> [Loop is parallel to Y-Z plane]

Now, flux (¢) = EA cos0
- (100% + 2003).1.25 x10731cos 0° [9=0°]

=125 x10"3 Nm?/c
=0.125Nm?/c
(¢) Force of interaction

F:

4n g

I_4

*q

66.

67.

68.

69.

() We know that,
o= PEAS=EPS cos 45°

In case of hemisphere
¢curved = ¢circu1ar

1 Emna

Therefore, = Ena®— =
0 a \/5

curved \/5

As the dipole is placed in non-uniform field, so the force
acting on the dipole will not cancel each other. This will
result in a force as well as torque.

(@ The electric flux ¢, entering an enclosed surface is
taken as negative and the electric flux ¢, leaving the surface
is taken as positive, by convention. Therefore the net flux
leaving the enclosed surface, ¢= ¢, — ¢,

According to Gauss theorem

_ 1 e b= _

= o =q=¢€yd=€y(¢,— ;)
(None) Electric flux due to charge placed outside is zero.
But for the charge inside the cube, flux due to each face is

1
—{i} which is not in option.
6 €p

C




