LEVEL 1

Q. 1:

(a)

(b)

Six equal charges have been placed at the ver-
tices of a regular hexagon. Charge at vertex
A is moved to the centre of the hexagon and
there it experiences a net electrostatic force of
magnitude F. Charge at E is also moved to the
centre so as to double the magnitude of the
charge at the centre. Calculate the magnitude
of the electrostatic force that this central charge
experiences now.

A B

E D

Three charges of equal magnitude lie on the
vertices of an equilateral triangle ABC. All of
them are released simultaneously. The charge
at A experiences initial acceleration along AD
where D is the midpoint of the side BC. Find
the direction of initial acceleration of the charge
at B.
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Q. 2: Two identical small conducting balls have positive
charges g, and g, respectively. The force between the balls
when they are placed at a separation is F. The balls are
brought together so that they touch and then put back in
their original positions. Prove that the force between the
balls now, cannot be less than F.

Q. 3: Point charges —q, 2¢, -3¢, ¢, —q. 29, —3q, ¢, —q. 2q,
—3g, and g have been placed at marks 1, 2, 3, 4, 5
respectively on the circular dial of a clock. Find the electric
field intensity at the centre of the dial if distance of each
charge from the centre is r.

Q. 4: Let g, be a positive charge equal to the magnitude of
the total charge on all electrons present in 0.9 mg of pure
water and g, be the charge on a 6.35 mg copper sphere from
which 0.1% of its total electrons have been removed.

Avogadro’s number, N, = 6 X 10
Molar mass of H,O = 18 g

Molar mass of Cu = 63.5 g
(a) Find force between ¢, and g, if they are placed at a
separation of 1 km.

(b) How does this force compare with the weight of a
car having mass of 1200 kg? What conclusion can

you draw from the result?

Q. 5: Three point charges ¢, = ¢q, ¢, = ¢ and g3 = Q
are placed at points having position vectors 7,, 7, and
(7, + 7,) respectively. It is known that [7,| = [7,] = 7. The
net electrostatic force on g5 is V3 times the force applied
by either of ¢, or g, on g;. Find 7,-7,.

Q. 6: Two stiff non conducting rods have length L each
and have small balls connected to their ends. The rods are
placed parallel to each other and the balls are connected by
two identical springs as shown. When each ball is given a
charge ¢, the system stays in equilibrium when it is in the
shape of a square. If natural relaxed length of each spring
is L/2 find the force constant (k) for them.
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Q. 7: Five identical charges, ¢, each, are placed at the
vertices of a regular pentagon having side length /,. The net
electrostatic force on any of the charges due to other four
is F|. Find the electrostatic force F, on any one of the five
identical charges, g, each, placed at the vertices of a regular
pentagon having side length /,.

Q. 8: A simple pendulum has a bob of mass m which
carries a charge ¢ on it. Length of the pendulum is L. There
is a uniform electric field £ in the region. Calculate the
time period of small oscillations for the pendulum about its
equilibrium position in following cases:

(i) E is vertically down having magnitude E = %

2
(i) E is vertically up having magnitude E = #

m
i) E is horizontal having magnitude E = 2.

(iv) E has magnitude of E = g and is directed upward
making an angle of 45° with the horizontal.

Q. 9: Two identical negative charges are fixed on X axis
at equal distances from the origin (O). A particle having
positive charge starts at a large distance from O, moves along
the Y axis, passes through the origin and moves far away
from O in the positive Y direction. Describe qualitatively
how its acceleration charges as it moves. Draw a rough
graph showing the variation of acceleration (a) vs position
of the particle (y). Take the acceleration of the particle to
be positive in +Y direction.

Q. 10: An electron is either released from rest or projected
with some initial velocity in a uniform electric field. Neglect
any other force on the electron apart from electrostatic force.
Which of the graphs shown in fig could possibly represent
the change in kinetic energy of the electron during its course
of motion?

Explain the situation in each case.

KE, KE

t (time)

KE, KE

t t
(c) (d)

Q. 11: In a region of space an electric field line is in the
shape of a semicircle of radius R. Magnitude of the field
at all point is E. A particle of mass m having charge g is
constrained to move along this field line. The particle is
released from rest at A.

(a) Find its kinetic energy when it reaches point B.

(b) Find the acceleration of the particle when it is at
midpoint of the path from A to B.

B

Q. 12: Electric field E = —bx + a exists in a region parallel
to the X direction (a and b are positive constants). A charge
particle having charge g and mass m is released from the
origin X = 0. Find the acceleration of the particle at the instant
its speed becomes zero for the first time after release.

Q. 13: A Sphere of radius R, carries a volume charge
density proportional to the distance (x) from the origin,
p = ax where « is a positive constant.

(a) Calculate the total charge in the sphere of radius
Ry.

(b) The sphere is shaved off so as to reduce its radius.
What should be the radius (R) of the remaining sphere
so that it contains half the charge of the original
sphere?

(c) Find the electric field at a point inside the sphere
at a distance r < R. Give your answer for original
sphere of radius R, as well as for the smaller sphere
of radius R that was left after shaving off the original
sphere.

Q. 14: Draw electric field lines for charge distributions
given below—

(a) Two equal point charges placed at a separation.

(b) Two point charges 2g and —q placed at a separation.
Describe qualitatively how the lines will appear at a
very large distance from the two charges?

(c) Three point charges, each equal to +¢ placed at the
vertices of an equilateral triangle.
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Q. 15: Three conducting concentric spherical shells of radii
R, 2R and 3R carry some charge on them. The potential
at the centre is 50 V and that of middle and outer shell is
20 V and 10 V respectively. Find the potential of the inner
Shell.

Q. 16: The potential at a point in an electric field is given

by V = Rr volt where r is distance of the point from the
origin of the co-ordinate system. Find the electric field at a

point r = (i + 27 + 245k) m

Q. 17: Electric potcential in a 3 dimensional space is given
by V = (% + % + %) volt where x, y and z are in meter. A
particle has charge ¢ = 1072 C and mass m = 107" g and is
constrained to move in xy plane. Find the initial acceleration

of the particle if it is released at (1, 1, 1) m.

Q. 18: A metal plate M is grounded. A point charge +Q is
placed in front of it. Consider two points A and B as shown
in fig. At which point (A or B) is the electric field stronger?
At which point is the potential higher?

1%

\\H[—‘

Q. 19: Equipotential lines arising from a static charge
distribution has been shown in a certain region of space.
(a) Draw the electric field lines starting from point A
(b) If a charge is released at A, will it move along the
field line passing through A?
(c) How much work is done by the electric force if a
charge moves from B to C? Is the knowledge of path
important in this calculation?

50V

60V 70V
40V
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30V
20V 80V
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0
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Q. 20: (a) The equipotential curves in x, y plane are given
by x* —y* = V when V is potential. Draw the

©

rough sketch of electric field lines in x—y
plane.

(b) Repeat the above question if the potential field
is given by V=x2+y2—4x+4

Q. 21: Four point charges ¢, ¢, g and —g are placed at the
vertices of a square of side length a. The configuration is
changed and the charge are positioned at the vertices of a
rhombus of side length a with —g charge at the vertex where
angle is 120°. Find the work done by the external agent in
changing the configuration.

q a q q a q
a a a a
q a —-q q a -9

Q. 22: There is a ball of radius r having uniformly
distributed volume charge Q on it and there is a spherical
shell of radius r having uniformly distributed surface charge
Q on it. The two spheres are far apart.

(a) A point charge g is moved slowly from the centre of
the shell (through a small hole in it.) to the centre
of the ball. Find work done by the external agent in
the process.

(b) The two spheres are brought closer so that their cen-
ters are separated by 4r. Now calculate the amount
of work needed in slowly moving a point charge g
from the centre of the shell to the centre of the ball.
Assume that charge on one ball does not alter the
charge distribution of the other. Does your answers
in (a) and (b) differ? Why?

Q. 23: A uniformly charged sphere has charge Q. An
electron (charge —e, mass m) revolves around it in a circular
orbit of radius r.

(a) Write the total energy (i.e., sum of its kinetic energy
and electrostatic potential energy in the field of the
sphere) of the electron.

(b) If the time period of revolution of the electron in

circular orbit of radius r is 7, then find the time
period if the orbital radius is made 4r.
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Q. 24: A uniformly charged sphere has radius R and charge
Q on it. A negatively charged particle having mass m and
charge —q shoots out of the surface of the sphere with speed
V. The minimum speed (V;)) for which the particle escapes
the attraction of the sphere may be called as escape speed.
Will the value of V|, depend on magnitude of ¢? [Recall that
escape speed of a body from the surface of the earth does
not depend on its mass].

Q. 25: There is a uniform horizontal electric field of
strength E in a region. A pendulum bob is pulled to make
the string horizontal and released. The bob has mass m and
charge q.
(a) Find the maximum angle (6,) that the bob swings
before coming to rest momentarily.
(b) Find E if the bob comes to rest when the string is
vertical.

Q. 26: A conducting sphere of radius R carries a charge
Q. It is enclosed by another concentric spherical shell of
radius 2R. Charge from the inner sphere is transferred
in infinitesimally small installments to the outer sphere.
Calculate the work done in transferring the entire charge
from the inner sphere to the outer one.

Q. 27: The ratio of energy density in electric field (ug) to
square of potential (V¥ ata point A at a distance x from a
static point charge Q is 7.
(a) Write the value of the ratio at a distance 2x from the
point charge Q.
(b) Write the dimensional formula for the ratio 7.

Q. 28: (a) Calculate the largest possible electrostatic
energy in 1 cm® volume of air. The dielectric
breakdown of air happens when field exceeds
3 x 10° V/m.

(b) A conducting ball of radius 10 cm is placed
in distilled water (€, = 80) and charged with
a charge Q = 2 x 107°C. Calculate the energy
used up in charging the ball.

Q. 29: Three short electric dipoles, each of dipole moment
P, are placed at the vertices of an equilateral triangle of side
length L. Each dipole has its moment oriented parallel to the
opposite side of the triangle as shown in the fig. Find the
electric field and potential at the centroid of the triangle.

P L ~ P

Q. 30: Short electric dipole of dipole moment P is placed at
the centre of a ring of radius R having charge Q uniformly
distributed on its circumference. The dipole moment vector
is along the axis of the ring. Find force on the dipole due
to the ring.

Q. 31: Calculate the electric dipole moment of a system
comprising of a charge +¢ distributed uniformly on a
semicircular arc or radius R and a point charge —g kept at
its centre.

LEVEL 2

Q. 32: Two unequal masses, m; = 2m and m, = m have
unequal positive charge on them. They are suspended by
two mass-less threads of unequal lengths from a common
point such that, in equilibrium, both the masses are on same
horizontal level. The angle between the two strings is 6 = 45°
in this position. Find the Electrostatic force applied by m,
on m, in this position.

Ceiling

1 m,

Q. 33: A particle of mass m and charge ¢ is
attached to a light insulating thread of length L.
The other end of the thread is secured at point O. L
Exactly below point O, there is a small ball having

charge Q fixed on an insulating horizontal surface. 3 ©
The particle remains in equilibrium vertically above L
the ball with the string taut. Distance of the ball m%o

from point O is L. Find the minimum value of Q
for which the particle will be in a stable equilibrium for any
gentle horizontal push given to it.

Q. 34: Four identical charges, Q each, are fixed at the
vertices of a square. A free charge ¢ is placed at the centre
of the square. Investigate the nature of equilibrium of charge
q if it is to be displaced slightly along any of the two
diagonals of the square.

Q. 35: A horizontal circular groove is made in a wooden
board. Two positive charges (g each) are placed in the
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groove at a separation of 90° (see figure). Where shall we
place (in the groove) a third charge and what shall be its
magnitude such that all three of them remain at rest after
they are released. Answer for two cases:

(a) When the third charge is positive.

(b) When the third charge is negative.

Neglect friction and assume that the groove is very thin
just wide enough to accommodate the particles.

[Take: sin22.5° = 0.38; co0s22.5° = 0.92]

=
‘q

Q. 36: Two identical positive charges Q each, are placed
on the x axis at points (—a, 0) and (a, 0). A point charge of
magnitude ¢ is placed at the origin. For small displacement
along x axis, the charge g executes simple harmonic motion
if it is positive and its time period is T,. If the charge ¢
is negative, it performs oscillations when displaced along
y axis. In this case the time period of small oscillations is

T
T,. Find ?2
Q. 37: A ring of radius R has uniformly distributed charge
q. A point charge Q is placed at the centre of the ring.

(a) Find the increase in tension in the ring after the point
charge is placed at its centre.

(b) Find the increase in force between the two semicircular
parts of the ring after the point charge is placed at
the centre.

(c) Using the result found in part (b) find the force that
the point charge exerts on one half of the ring.

Q. 38: Twelve charges have been placed at the centre of
each side of a cube as shown in the figure. Find the magni-
tude of Electric force acting on a charge Q placed at the cen-
tre of the cube. Take the side length of the cube to be r.

-q q

2q -2q

2q

Q. 39: A fixed non conducting smooth track is in the shape
of a quarter circle of radius R in vertical plane. A small metal
ball A is fixed at the bottom of the track. Another identical
ball B, which is free to move, is placed in contact with ball
A. A charge Q is given to ball A which gets equally shared
by the two balls. Ball B gets repelled and ultimately comes
to rest in its equilibrium position where its radius vector
makes an angle 0 (6 < 90°) with vertical. Mass of ball is
m. Find charge Q that was given to the balls.

Q. 40: A smooth fixed rod is inclined at an angle 6 to the
horizontal. At the bottom end of the rod there is a fixed
charge +Q. There is a bead of mass m having charge g
that can slide freely on the rod. The equilibrium separation
of the bead from fixed charge Q is x,. Find the frequency
of oscillation of the bead if it is displaced a little from its
equilibrium position.

Q. 41: Two charges, Q each, are fixed on a horizon-
tal surface at separation 2a. Line OY is vertical and is
perpendicular bisector of the line joining the two charges.
Another particle of mass m and charge g has two equilibrium
positions on the line OY, at A and B. The distances OA and
OB are in the ratio 1:3V3

(a) Find the distance of the point on the line OY where
the particle will be in stable equilibrium.

y

Q (@) Q

(b) Where will the particle experience maximum electric
force — at a point above B or at a point between A
and B or somewhere between O and A? Where is the
acceleration of particle maximum on y axis from O
to B?
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Q. 42: A neutral spherical conductor has a cavity. A point Q. 46: Consider a uniformly charged hemispherical shell.
charge ¢ is located inside it. It is in equilibrium. An external What can you say about the direction of electric field at
electric field (E) is switched on that is directed parallel to the points on the equatorial plane. (e.g. point P)
line joining the centre of the sphere to the point charge.
(a) What is the direction of acceleration of the charge
particle inside the cavity after E is switched on.

(b) How is the induced charge on the wall of the cavity
affected due to the external field.

Equatorial
plane

Q. 47: Consider a uniformly charged thin spherical shell
as shown in figure. Radius of the shell is R.

Q. 43: Draw electric field lines in following situations:
(a) A small neutral metal sphere is placed between
the plates of an ideal parallel plate capacitor.
[see figure]
(b) A point charge is trapped inside a cavity in a neutral
metal block (see figure)

* - The electric field at point P(x, 0, 0) is E What is the
+ _ electric field at a point Q(-x, 0, 0). Given x < R.

Q / // Q. 48: There is an infinite non conducting sheet of charge

+ - // / having uniform charge density o. The electric field at a point

P at a distance x from the sheet is E,. Point O is the foot of

* - the perpendicular drawn from point P on the sheet. A circu-

. _ Metal lar portion of radius r << x centered at O is removed from the

sheet. Now the field at point P becomes E—~AE. Find AE.

Q. 44: Three configurations of electrostatic field lines have
been shown in the figure. Are these configurations possible?
Explain your answer.

+
+

_— +
_ +

Q) — — :
+

r +
—_— +

+
(a) (b) (€ +

+

Q. 45: A uniformly charged semicircular ring (ABCD) ¥ +
produces an electric field E, at the centre O. AB, BC and *

CD are three equal arcs on the ring. Portion AB and CD are
cut from either side and removed. Find the field at O due

o remaining part BC. Q. 49: A thread having linear charge density A is in the

shape of a circular arc of radius R subtending an angle 6
at the centre.
(a) Find the electric field at the centre.
(b) Using the expression obtained in part (a) find the
field at the centre if the thread were semicircular
(c) Find the field at centre using the expression
obtained in part (a) for the case 8 — 0. Is the result
justified?
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A thread having total charge Q (uniformly distributed)

is in the shape of a circular arc of radius R subtend-
ing an angle 6 at centre. Write the expression for the
field at the center. Obtain the field when 6 — 0.
Make sure you understand the difference in case (c)
and (d)

+

Q. 50: (a) There is an infinitely long thread uniformly

(b)

()

(d)

charged with linear charge density A C/m. Using
Gauss’ law, calculate the electric field (E) at a
distance x from the thread.

Now consider a semi-infinite uniformly charged
thread (linear charge density = A) as shown in
figure. Find the y component of electric field at
point P in terms of E,. Use simple qualitative
argument.

For the situation described in (b) calculate the
x component of electric field at point P using
the method of integration.

Find the angle that the electric field at P makes
with x direction.

Q. 51: An infinitely long line charge is bent in U shape
as shown in figure. The semicircular part has radius R and
linear charge density is A C/m. Using the results obtained
in last two problems, calculate the electric field intensity at
centre of the circle (point O)

+

+

+ + + + + + +
S S S S S . A o0
!
‘
R
‘
‘
0
+ + + + + + +

Q. 52: Repeat the above problem if the semicircular part is
replaced with a quarter circle (see figure).

+ o+ o+ o+ + 4y

Q. 53: (a) There is a long uniformly charged cylinder

(b)

having a volume charge density of p C/m?.
Radius of the cylinder is R. Find the electric
field at a point at a distance x from the axis of
the cylinder for following cases

(i) x<R (i) x >R

What is the maximum field produced by the
charge distribution at any point?

The cylinder described in (@) has a long cylin-
drical cavity. The axis of cylindrical cavity is
at a distance a from the axis of the charged
cylinder (see figure). Find electric field inside
the cavity.

Q. 54: A pendulum has a bob of mass m carrying a positive
charge g. Length of the pendulum string is L. Beneath the
pendulum there is a large horizontal dielectric sheet of
charge having uniform surface charge density of o C/m’.

[figure (i)]

(a) Find the time period of small oscillations for the
pendulum

(b)

Now the dielectric sheet of charge is tilted so as to

make an angle 8 with horizontal. Find the angle ()
that the thread makes with vertical in equilibrium
position. Find time period of small oscillations in
this case. [figure (ii)]
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Q. 55: A uniform non conducting ring has mass m and
radius R. Two point charges ¢ and ¢’ are fixed on its cir-
cumference at a separation of V2R. The ring remains in
equilibrium in air with its plane vertical in a region where
exists a uniform vertically upward electric field E. Given
4mg
=7
(a) Find angle 8 in equilibrium position (see figure).
(b) The ring is given a small rotation in the plane of the
figure and released. Will it perform oscillations?

E E

Q. 56: An infinitely long line charge has linear charge
density A C/m. The line charge is along the line x = 0,
z = 2 m. Find the electric field at point (1, 1, 1) m.

Q. 57: A charged particle is placed at the centre of two thin
concentric spherical charged shells, made of non-conducting
material. Figure A shows cross-section of the arrangement.
Figure B gives the net flux ¢ through a Gaussian sphere
centered on the particle, as a function of the radius r of
the sphere.

(a) Find charge on the central particle and shell A.

(b) In which range of the finite values of 7, is the electric
field zero?

Shell B

Shell A

¢ (inmillion V-m)
[&)]

Q. 58: There are two infinite slabs of charge, both of
thickness d with the junction lying on the plane x = 0. The
slab lying in the range 0 < x < d has a uniform charge density
+p and the slab lying in the region —d < x < 0 has uniform

charge density —p. Find the Electric field everywhere and
plot its variation along the x axis.

Note: This can be used to model the variation of electric
field in the depletion layer of a p—n junction.

Q. 59: In an insulating medium (dielectric constant = 1) the
charge density varies with y Co-ordinate as p = by, Where b
is a positive constant. The electric field is zero at y = 0 and
everywhere else it is along y direction. Calculate the electric
field as a function of y.

Q. 60: A non conducting sheet of thickness d and large
surface area contains a uniformly distributed charge of
density p throughout its volume. The electric field at a point
P inside the sheet at a distance x from the central plane is
E,. Now the sheet is rolled to form a large solid cylinder.
Field at a point P’ inside the cylinder at a distance x from

E
its axis is E,. Find the ratio E—l

2
d
I=
X

Q. 61: A charge distribution generates a radial electric

- ED

-
. pud a —— A . . .. A -
field E = — e k 7, where r is distance from the origin, 7 is

a unit vector in radial direction away from the origin and
a and k are positive constants. The electric field extends
around the origin up to a large distance.

(a) Find the charge (g,) that must be located at the origin
to create such a field

(b) Find the quantity of charge (g) that must be spread
around the charge ¢, at origin to create such a
field.

Q. 62: A pyramid has four faces, all of them being
equilateral triangle of side a. A charge Q is placed at the
centre of one of the faces. What is the flux of electric
field emerging from any one of the other three faces of the
pyramid?

Q. 63: A point charge is placed very close to an infinite
plane. What is flux through the plane?

Q. 64: Point charge ¢ is placed at a point on the axis of a
square non-conducting surface. The axis is perpendicular to
the square surface and is passing through its centre. Flux of
Electric field through the square caused due to charge g is ¢.
If the square is given a surface charge of uniform density o,
find the force on the square surface due to point charge g.
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Qe

Q. 65: In the figure shown, spheres §;, S, and S; have
radii R, § and g respectively. C,, C, and C; are centers of

the three spheres lying in a plane. Angle £C, C, C; is right
angle. Sphere S; has a uniformly spread volume charge
density 4p. The remaining part of S, has uniform charge
density of 2p and the left over part of S, has a uniform
charge density of p.
(a) Find electric field at a point A at a distance R from
C; on the line C,C; (see figure) 8

(b) Find electric field at point B at a distance % from C,
on the line C;C, (see figure)

Q. 66: An electron (charge = e, mass = m) is projected
horizontally into a uniform electric field produced between
two oppositely charged parallel plates, as shown in figure.
The charge density on both plates is £ & C/m?* and separation
between them is d. You have to assume that only electric
force acts on the electron and there is no field outside the
plates. Initial velocity of the electron is u, parallel to the
plates along the line bisecting the gap between the plates.
Length of plates is 2L and there is a screen perpendicular
to them at a distance L.
(i) Find o if the electron hits the screen at a point that
is at same height as the upper plate.
2L L

|
I~ >

FFF + FFF FFF-------

e
NjQ N

—Screen

(ii) Final the angle O that the velocity of the electron
makes with the screen while it strikes it.

Q. 67: A particle is projected at a speed of u = 40 m/s

in vertically upward direction in a place where exists a

horizontal uniform electric field E,.. The specific charge of

L. 4

the particle is —.

3E,

(a) Find the time after projection, when speed of the par-

ticle will be least.

(b) Find the time (after projection) when displace-
ment of the particle becomes perpendicular to its
acceleration.

(c) Assuming that the particle has been projected from a
great height and the electric field is present in large
region, what angle the velocity of the particle will
make with horizontal after a long time?

Q. 68: A charged particle having mass m is projected in a
uniform electric field with a kinetic energy K. After time
f, it was observed that the kinetic energy of the particle

K
was TO and its velocity was perpendicular to the field.

(a) How much more time is required for the particle to
regain its lost kinetic energy?

(b) Write the impulse of the electric force acting on the
particle between the two points where its kinetic
energy is K,,.

Neglect all other forces on the particle apart from the

electrostatic force.

Q. 69: Electric field in xy plane is directed along positive y
direction and its magnitude changes with y co-ordinate as
E = ay2

A particle having charge g and mass m is projected at
point (0, y,) with velocity

~

-
v = vyl

Neglect all other forces on the particle apart from the
electric force. Calculate the slope of the trajectory of the
particle as a function of y.

y

O, Yo)¢—— Vo

Q. 70: Two point charges —q and 18¢ are placed on x axis
at —x, and x, respectively. Draw the variation of poten-
tial along x axis assuming 18g has been removed. Draw
another graph showing variation of potential when only
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18¢ is present. Superimpose the two graphs to obtain the C Q
variation of potential along x axis when both charges are
present.

Q. 71: L shaped rod has equal and opposite charge (£Q)
spread along its both arms (see figure).

(a) What is direction of electric field at point P?

. . . B
(b) Write electric potential at P. P
B P
(0] A
) Q. 74: It is known that there exists a uniform electric
i field in a certain region. Imagine an incline plane (figure)

in the region which is inclined at 8 = 37° to the horizontal.

When one moves horizontally along the incline from A to

B (AB = 1 cm), the electric potential decreases by 10V.

Similarly, potential at C (AC = 1 cm) is less than potential at

Y , A by 10 V where line AC lies on the incline and is perpen-
O+ + + + + + + + +A . . .

| L | dicular to AB. When one moves vertically up from point A

to a point D (AD = 1 cm), the potential drops by 10 V again.

Find the magnitude of the electric field in the region and the

Q. 72: Two point charge ¢, and g, lie on X axis at some

. . . . . o _ 3
separation d. The given figure shows the graphical variation —angle that it makes with vertical. | given sin 37° = 3
of electric potential due to these two charges along the X
axis.
(a) What are signs of g;and ¢,? Which charge has larger C
magnitude?
(b) Origin is the point between the charges where A B
potential is zero. Distance of ¢, from origin is % 9
Find the distance of point P (marked in figure) from /
charge g,.
Q. 75: The quarter disc of radius R (see figure) has a uni-
4 ‘ form surface charge density o.

(a) Find electric potential at a point (O, O, Z)
(b) Find the Z component of electric field at (O, O, Z)

Q. 73: A uniform electric field exists in a region of space.

Potential at points O, A, B and C are V, =0, and V, = -1V, o X
Vp = -6V and V. = -3V respectively. All the cubes shown
in fig have side length of 1 m. Q. 76: Electric field in a three dimensional space is directed
(a) Find Vp -V, radially towards a fixed point and its magnitude varies with
(b) Find the smallest distance of a point from O where distance () from the fixed point as E = 4r V/m
the potential is =2V (a) Draw electric field lines to approximately represent

such a field.
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(b) Calculate the quantity of charge present inside a spher-
ical volume of radius a centered at the fixed point.

(c) Find potential difference (V, — Vj) between two

points A( 1, 1, \/f)m and B(0, 3, 4)m. Take the fixed
point to be the origin.

Q. 77: When a conducting disc is made to rotate about its
axis, the centrifugal force causes the free electrons to be
pushed toward the edge. This causes a sort of polarization
and an electric field is induced. The radial movement of free
electrons stops when electric force on an electron balance
the centrifugal force. Calculate the potential difference
developed across the centre and the edge of a disc of radius
R rotating with angular speed ®. [This potential difference is
sometimes called as sedimentation potential]. Take mass and
charge of an electron to be m and e respectively.

Q. 78: Consider a cube having a uniform volume charge
density. Find the ratio of electrostatic potential at the centre
to the potential at a corner of the cube.

Q. 79: A metallic sphere of radius R has been charged to a
potential of V = 100 volt. A thin hemispherical conducting
shell has dimensions so that it can just fit on the half of
the metallic sphere. The shell is originally grounded. Now,
using an insulating handle, it is placed on top of the charged
sphere so as to perfectly cover its top half. The shell is
removed from the sphere and again grounded. After this
the shell is again placed on the sphere, removed and then
grounded. The process is continued till the potential of the
sphere becomes V' = 6.25 volt. How many times the shell
was placed on the sphere?

Q. 80: A conducting ball of radius r is charged to a
potential V,. It is enveloped by a thin walled conducting
sphere of radius R (> r) and the two spheres are connected by
a conducting wire. Find the potential of the outer sphere.

Q. 81: A thick conducting spherical shell of inner radius
a and outer radius b is shown in figure. It is observed that
the inner face of the shell carries a uniform charge density
—o0. The outer surface also carries a uniform surface charge
density + O.

Wire

(a) Can you confidently say that there must be a charge
inside the shell? Find the net charge present on the
shell.

(b) Find the potential of the shell.

Q. 82: A conducting bubble of radius a, thickness #(t << a)
has potential V. Now the bubble collapses into a droplet.
Find the potential of the droplet assuming that there is no
leakage of charge.

Q. 83: A point charge g has been placed at a distance x
from the centre of a neutral solid conducting sphere of radius
R(x > R). Find the potential of the sphere. How will your
answer change if the sphere is not solid, rather it is a thin
shell of conductor.

Q. 84: There is a hemispherical shell having charge
O uniformly distributed on its surface. Radius of the
shell is R. Find electric potential and field at the centre
(of the sphere).

Q. 85: There is a hemisphere of radius R having a uniform
volume charge density p. Find the electric potential and field
at the centre.

Q. 86: Find the potential at a point on the edge of a
uniformly charged disc. The surface charge density is ¢
and radius of the disc is R.

Q. 87: A solid spherical conductor of radius R has a
spherical cavity inside it (see figure). A point charge g is
placed at the centre of the cavity.

(a) What is the potential of the conductor?

(b) If the charge ¢ is shifted inside the cavity by a
distance Ax, how does the potential of the conductor
change?

Cavity Cavity

(c) How does your answer to the question (a) and (b)
change if the cavity is not spherical and the charge
q 1is placed at any point inside it (see figure)

(d) Draw electric field lines in entire space in each case.
In which case all field lines are straight lines.

Q. 88: Conducting ball of radius a is surrounded by a
layer of dielectric having inner radius a and outer radius b.
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The dielectric constant is K. The conducting ball is given a
charge Q. Write the magnitude of electric field and electric
potential at the outer surface of the dielectric.

(0

Q. 89: A point charge ¢ is placed at a distance x from the
centre of a conducting sphere of radius R(< x).

Dielectric

lS

e x ——

(a) How much charge will flow through the switch S
when it is closed to ground the sphere?

(b) Find the current through the switch S when charge
‘q’ is moved towards the sphere with velocity V.

— > E

Q. 91: Two concentric spherical shells have radii R and
2R. The outer shell is grounded and the inner one is given
a charge +Q. A small particle having mass m and charge —¢
enters the outer shell through a small hole in it. The speed
of the charge entering the shell was u and its initial line of
motion was at a distance a = V2R from the centre.
(a) Find the radius of curvature of the path of the particle
immediately after it enters the shell.
(b) Find the speed with which the particle will hit the
inner sphere.
Assume that distribution of charge on the spheres do
not change due to presence of the charge particle.

Q. 90: A conductor is placed in a
uniform external electric field (see
figure). Sketch the equipotential
surfaces.

Q. 92: There charges ¢, 3¢ and 12q are to be placed on a
straight line AB having 12 cm length. Two of the charges
must be placed at end points A and B and the third charge
can be placed anywhere between A and B. Find the position
of each charge if the potential energy of the system is to be
minimum. In the position of minimum potential energy what
is the force on the smallest charge?

Q. 93: Two square of sides a and 2a are placed in xy plane
with their centers at the origin. Two charges, —¢g each, are
fixed at the vertices of smaller square (lying on X axis). Two
charges, Q each, are fixed at the vertices of bigger square
on the X axis (see figure).

Y

Q

(a) Find work required to slowly move the larger square
to infinity from the position shown.

(b) Find work done by the external agent in slowly
rotating the inner square by 90° about the Y axis
followed by a rotation of 90° about the Z axis.

Q. 94: A certain charge distribution produces electric
potential that varies along the X axis as shown in figure.
[There is no field in y or z direction]

(a) At which point (amongst A, B, C, D and E) does a
negative charge feel the greatest force in positive X
direction?

(b) Find the upper limit of the speed that a proton can
have, as it passes through the origin, and still remain
bound near the origin. Mass and charge of a proton
are m and e. How will your answer change for an
electron?

Q. 95: A simple pendulum has length L. Bob of the
pendulum has mass m and carries a charge ¢g. A point charge
Q is fixed at the point of suspension. Find the minimum
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speed () of projection at the lowest point so that ®Q
the pendulum bob completes the vertical circle.
Give your answer for following two cases:

8me, L* mg
@ Q= ——7— :
2me,L? mg
(b) Q="—7—
qO—>u

Q. 96: Below the fixed end O of the insulating horizontal
thread OB, there is a fixed charge A of Q = 20uc. At the
end B of the thread there is a small mass m carrying charge
Q = 20uc. The mass is released from the position shown
and it is found to come to rest when the thread becomes
vertical. Assume that the thread does not hit the fixed charge
at A. [g = 10 m/s?]
(a) Find mass m.

(b) Find tension in the thread in the equilibrium position
when the thread is vertical.

(c) Is the equilibrium mentioned in (b) stable or

unstable?
| 4 m |
%8
o m
3m
Y Aéq

Q. 97: A small positively charged ball of mass m is
suspended by an insulating thread of length L. This ball
remains in equilibrium with string horizontal when another
small charged ball is placed exactly at a distance L below
the point of suspension of the first ball. The second ball is
slowly moved away from the first ball to a far away point.
(The second ball is moved horizontally so that the first ball
does not accelerate). As a result the first ball lowers down
to the original position of the second ball and the string
become vertical. Find the work done by the external agent
in removing the second ball.

Ball 1

U

(6] L

—a
Ball 2

Q. 98: A particle (A) having charge Q and mass m is at
rest and is free to move. Another particle (B) having charge
g and mass m is projected from a large distance towards the
first particle with speed u.
(a) Calculate the least kinetic energy of the system
during the subsequent motion.
(b) Find the final velocity of both the particles.

Consider coulomb force only.
Q. 99: In the last question, the two particles A and B are

initially held at a distance r = apart. Particle B

2re, mu
is projected directly towards A with velocity u and particle A
is released simultaneously. Find the velocity of particle A
after a long time. Consider coulomb force only.

2

Q. 100: Two positively charged balls having mass m
and 2m are released simultaneously from a height i with
horizontal separation between them equal to x,. The ball
with mass 2m strikes the ground making an angle of 45°
with the horizontal.

(a) At what angle, with horizontal, the other ball hits the
ground?

(b) Find the work done by the electrostatic force during
the course of fall of the two balls.

Q. 101: A and B are two concentric spherical shells made
of conductor. Their radii are R and 2R respectively. The two
shells have charge Q and —2Q on them. An electron escapes
from the surface of the inner shell A and moves towards a
small hole in the outer shell B.
(a) What shall be the minimum kinetic energy of the
emitted electron so that it can escape to infinity
through the small hole in outer shell?

-2Q

Hole

(b) What will be your answer if charge on both the shells
were +(Q? Charge on electron = e.

Q. 102: A thin uniform rod of mass M and length 2L is
hinged at its centre O so that it can rotate freely in horizontal
plane about the vertical axis through O. At its ends the
insulating rod has two point charges 2¢g and ¢ (see figure).
An electric field E is switched on making an angle 8, = 60°
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with the initial position of the rod. The field is uniform and
horizontal.

(a) Calculate the maximum angular velocity of the rod
during subsequent motion.

(b) Find the maximum angular acceleration of the rod.

Q. 103: Two charge particles are moving such the distance
between them remains constant. The ratio of their masses is
1:2 and they always have equal and opposite momentum.
The particles interact only though electrostatic force and
no other external force is acting on them. The electrostatic
interaction energy for the pair of the particles is —U,,. Find
the kinetic energy of the lighter particle. How does the
kinetic energy change with time?

Q. 104: Two blocks A and B are connected by a spring
made of a non conducting material. The blocks are placed
on a non conducting smooth horizontal surface (see figure).
The wall touching A is also non conducting. Block A carries
a charge —q. There exists a uniform electric field of inten-
sity E; in horizontal direction, in the entire region. Find the
value of minimum positive charge Q that we must place on
block B and release the system so that block A subsequently
leaves contact with the wall. Force constant of the spring is
k. Neglect interaction between charges on the blocks.

Q. 105: Large number of identical conducting spheres have
been laid as shown in figure. Radius of each sphere is R and
all of them are uncharged. Switch S, is closed to connect
sphere 1 to the positive terminal of a V volt cell whose other
terminal is grounded. After some time switch S, is opened
and S, is closed. Thereafter, S, is opened and S; is closed,
next S; is opened and S, is closed. The process is continued
till the last switch is closed. Consider the cell and spheres
to be your system and calculate the loss in energy of the
system in the entire process.

P00
I

Q. 106: A short electric dipole has dipole moment p. Find
the distance of farthest point from the dipole where-

(a) potential due to the dipole is V,
(b) Electric field due to the dipole is E|,

Q. 107: Two identical electric dipoles are arranged parallel
to each other with separation between them large compared
to the length of individual dipole. The electrostatic energy
of interaction of the two dipoles in this position is U.
(a) Find work done in slowly rotating one of the
dipoles by 90° so as to bring it to position shown in
Fig. (b).
(b) Find work done in rotating one of the dipoles by 180°
so as to bring it to the position shown in Fig. (c).

o
o . o
o e O, @ 0o
®
[ ] “ [ ]
©p @ °©4 @ © 5 @
(a) (b) (c)

O, and O, are centers of the dipoles.

Q. 108: A ring of radius r has a uniformly spread charge
+¢ on quarter of its circumference. The opposite quarter of
the ring carries a charge —¢g uniformly spread over it. Find
the electric potential at a point A shown in the figure. Point
A is at a distance R(>> r) from the centre of the ring.

LEVEL 3

Q. 109: Three small equally charged identical conducting
balls are suspended from identical insulating threads secured
at one point. Length (L) of the threads is large compared to
the equilibrium separation (a) between any two balls.
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(a) One of the balls is suddenly discharged. Find
the separation between the charged balls when
equilibrium is restored. Assume that the threads do
not interfere and balls do not collide.

(b) If two of the balls are suddenly discharged, how
will the balls behave after this? Find the separation
between the balls when equilibrium is restored. The
threads do not interfere.

Q. 110: Two charged particle of equal mass are constrained
to move along X and Y direction. The X-Y plane is horizontal
and the tracks are smooth. The particles are released from
rest when they were at positions shown in the figure. At the
instant distance of ¢ becomes 2r from the origin, find the
location of charge Q.

Y

+q
r
2 X
© ~

[« 2r

Q. 111: Consider a uniformly charged spherical shell. Two
cones having same semi vertical angle, and their common
apex at P, intercept the shell. The intercepts have area AS1
and AS2. For a cone of very small angle, AS1 and AS2 will
be very small and charge on them can be regarded as point
charge for the purpose of writing electric field at point P.
Prove that the charge on AS1 and AS2 produce equal and
opposite field at P. Hence, argue that field at all points inside
the uniformly charged spherical shell is zero.

AS,

Y/

A,

Las,

Q. 112: Two point charges +¢q, and —g, are placed at A
and B respectively. An electric line of force emerges from
g, making an angle or = 60° with line AB and terminates at
—q, making an angle of 90° with the line AB.

(a) Find

K1
92

(b) Find the maximum value of angle ¢ at which a line
emitted from ¢, terminates on charge g,.

— 60° 90°
A =60 B
+a; —4

Q. 113: There is a semi-infinite hollow cylindrical pipe
(i.e. one end extends to infinity) with uniform surface charge
density. What is the direction of electric field at a point A
on the circular end face?

7777777 + + + + +
[ ]
A

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R
7777777 + + + +

Q. 114: Two equal insulating threads are placed parallel
to each other. Separation between the threads (= d) is much
smaller than their length. Both the threads have equal and
opposite linear charge density on them. The electric field at a
point P, equidistant from the threads (in the plane of the threads)
and located well within (see figure) is E,,. Calculate the field
at mid point (M) of line AB.

M
A i ': ”””” o B
. -
s -
o—>
PE,
+ | -
+ : -
T .

Q. 115: If coulomb’s law were F = K g, calculate the
JE

electric field due to a uniformly charged line charge at a
distance d from it. The linear charge density on the line
charge is A C/m, and it is of infinite length.

Q. 116: A semicircular ring of radius R carries a uniform
linear charge density of A. P is a point in the plane of the
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ring at a distance R from centre O. OP is perpendicular to
AB. Find electric field intensity at point P.

Q. 117: A small charged ball is in state of equilibrium
at a height & above a large horizontal uniformly charged
dielectric plate having surface charge density of ¢ C/m’.

(a) Find the acceleration of the ball if a disc of radius
r(<< h) is removed from the plate directly underneath
the ball.

(b) Find the terminal speed (V) acquired by the falling
ball. Assume that mass of the ball is m, its radius
is x and coefficient of viscosity of air is 1. Neglect
buoyancy and assume that the ball acquires terminal
speed within a short distance of its fall.

q q

Q. 118: In a certain region of space the electrostatic field
depends only on the coordinates x and y as follows.

for \x*+y* <1,

E = a(xf + yf)/(x2 + yz), for \/x2 + y2 > 1

where a is a positive constant, and i and f are the unit vec-
tors along the X- and Y-axes. Find the charge within a sphere
of radius 2r, with the centre at the origin.

Q. 119: A solid sphere of radius R has total charge Q. The
charge is distributed in spherically symmetric manner in the
sphere. The charge density is zero at the centre and increases
linearly with distance from the centre.

E=0

(a) Find the charge density at distance r from the centre
of the sphere.

(b) Find the magnitude of electric field at a point ‘P’
inside the sphere at distance r; from the centre.

Q. 120: A ball of radius R carries a positive charge whose
volume charge density depends only on the distance r from

the ball’s centre as: p = po(l - é)

Where r, is a constant. Take € to be permittivity of
the ball. Calculate the maximum electric field intensity at
a point (inside or outside the ball) due to such a charge
distribution.

Q. 121: A frustum is cut from a right circular cone. The
two circular faces have radii R and 2R and their centers are
at O, and O, respectively. Height of the frustum is & = 3R.
When a point charge Q is placed at O, the flux of electric
field through the circular face of radius 2R is ¢, and when
the charge Q is placed at O,, the flux through the other

. . . .9
circular face is ¢,. Find the ratio =4
p)

o
222

s

Q. 122: The electric field in a region of space varies as
E = (xi +2yj + 3zk) V/m
(a) Consider an elemental cuboid whose one vertex is at
(x, y, z) and the three sides are dx, dy and dz; sides
being parallel to the three co-ordinate axes. Calculate
the flux of Electric field through the cube.
(b) Using the expression obtained in (a) find the charge
enclosed by a spherical surface of radius r, centred
at the origin.

Q. 123: A ball of radius R has a uniformly distributed
charge Q. The surrounding space of the ball is filled with a

volume charge density p = g, where b is a constant and r

is the distance from the centre of the ball.
It was found that the magnitude of electric field outside
the ball is independent of distance r.
(a) Find the value of Q.
(b) Find the magnitude of electric field outside the
ball.

Q. 124: A uniform semicircular ring of radius R is in yz
plane with its centre at the origin. The half ring carries a
uniform linear charge density of A.
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(a) Find the x, y and z component of Electric field at a
point P(x, 0, 0) on the axis of the ring.

(b) Prove that the field at P is directed along a line
joining the centre of mass of the half ring to the
point P.

Q. 125: A charge —Q is placed at some distance from
a neutral conductor. Charge is induced on its surface. In
the neighbourhood of a point P on its surface, the charge
density is ¢ C/m” Consider a small area AS on the surface
of the conductor encircling point P. Find the resultant force
experienced by the area AS due to charge present on the
surface elsewhere and the charge —Q.

Q. 126: A soap bubble of radius R = 1 cm is charged with
the maximum charge for which breakdown of air on its
surface does not occur. Calculate the electrostatic pressure
on the surface of the bubble. It is know that dielectric
breakdown of air takes place when electric field becomes
larger then Ej = 3 x 10° V/m.

Q. 127: A conducting sphere of radius R is cut into two
equal halves which are held pressed together by a stiff spring
inside the sphere.

(a) Find the change in tension in the spring if the sphere
is given a charge Q.

(b) Find the change in tension in the spring correspond-
ing to the maximum charge that can be placed on
the sphere if dielectric breakdown strength of air
surrounding the sphere is E.

Q. 128: Surface tension of a soap solution is 7. There is a
soap bubble of radius r. Calculate the amount of charge that

must be spread uniformly on its surface so that its radius
becomes 2r. Atmospheric pressure is P,. Assume that air
temperature inside the bubble remains constant.

Q. 129: A point charge Q has been placed at a point
outside a neutral spherical conductor. The induced charge
density at point P on the surface of the conductor is —o.
The distance of point P from the point charge Q is 2R
(where R is radius of the conductor).

Find the magnitude and direction of electric field at a
point outside the conductor that is very close to its surface
near P.

Q. 130: A spherical shell of radius r carries a uniformly
distributed surface charge g on it. A hemispherical shell of
radius R(> r) is placed covering it with its centre coinciding
with that of the sphere of radius r. The hemisphere has a
uniform surface charge Q on it. The charge distribution on
the sphere and the hemisphere is not affected due to each
other. Calculate the force that the sphere will exert on the
hemisphere.

Q. 131: Inthelast question half of the inner sphere is removed
along with its charge (i.e., the remaining half has charge z).

Find the force between the bigger and smaller hemispheres
in the two cases shown in figure (a) and figure (b).

Q. 132: A charged ball with mass m and charge ¢ is dropped
from a height 7 over a non-conducting smooth horizontal
plane. There exists a uniform electric field E; in vertically
downward direction and the coefficient of restitution between
the ball and the plane is e. Find the maximum height attained
by the ball after n'™ collision.
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Q. 133: In the last question, the electric field in vertical
direction is switched off and a field of same strength (E;)
is switched on in horizontal direction. Find the horizontal
velocity of the ball during the n'™ collision. Also calculate
the time interval between n'™ and (n + 1)™ collision.

Q. 134: A thin insulating rod of mass m and length L is
hinged at its upper end (O) so that it can freely rotate in
vertical plane. The linear charge density on the rod varies
with distance (y) measured from upper end as

|

+EO —>E
+

+

+

¥ y

+

*

A= ay’ ;OSyS%
=—by";§<ySL

Where a and b both are positive constants. When a
horizontal electric field E is switched on the rod is found
to remain stationary.

(a) Find the value of constant b in terms of a. Also find n.

(b) Find the force applied by the hinge on the rod, if
Eal® = 45 mg.

Q. 135: Two fixed charges —2Q and Q are located at the

points with coordinates (—3a, 0) and (+3a, 0) respectively
in the x — y plane.

(a) Show that all points in the x—y plane where the elec-

tric potential due to the two charges is zero, lie on a

circle. Find its radius and the location of its centre.

(b) Give the expression V(x) at a general point on the
x—axis and sketch the function V(x) on the whole
X—axis.

(c) If a particle of charge +¢ starts from rest at the centre
of the circle, show by a short quantitative argument
that the particle eventually crosses the circle. Find its
speed when it does so.

Q. 136: A metallic sphere of radius R has a small bulge
of hemispherical shape on its surface. The radius of the
bulge is r. If a charge Q is given to the sphere, calculate the
quantity of charge on the surface of the bulge. Assume that
charge is uniformly distributed on the surface of the bulge
(though it is wrong !) and also on the remaining surface of
the sphere.

Q. 137: A hemispherical bowl of radius R carries a uniform
surface charge density of o. Find potential at a point P

located just outside the rim of the bowl (see figure). Also
calculate the potential at a point A located at a distance R/2
from the centre on the equatorial plane.

Q. 138: Two infinite line have linear charge densities —A
and +A. They are parallel to z axis passing through x axis
at points x = —a and x = a respectively. Show that the

equipotential surface having potential ) is a cylinder

having radius 2\2a.

&

Q. 139: A conducting shell having no charge has radius
R. A point charge Q is placed in front of it at a distance r,
from its centre. Find potential due to charge induced on the
surface of the shell at a point P inside the shell. Distance
of point P from point charge Q is r.

Q. 140: A conducting sphere of radius R having charge
Q is placed in a uniform external field E. O is the centre
of the sphere and A is a point on the surface of the sphere
such that AO makes an angle of 6, = 60° with the opposite
direction of external field. Calculate the potential at point A
due to charge on the sphere only.

A +Q

[,

Q. 141: Consider a solid neutral conducting sphere S; of
radius » = 3.0 m. A point charge Q = +2uC is placed at
point P such that AP = 4.0 m (AP is tangent to the sphere).
Charge Q’ is induced on the surface of the conducting sphere
S,. Consider another non conducting sphere (S,) of same
radius r. Charge Q’ is spread on the surface of S, in exactly
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the same way as it is present on the surface of conducting
sphere S, [i.e., the distribution of charge on surface of S, is
exact replica of the induced surface charge on S;]. There is
no other charge in vicinity of S,. Find the smallest potential
(at a point) on the surface of sphere S,.

5

Q. 142: A and B are two large identical thin metal plates
placed parallel to each other at a small separation. Plate A
is given a charge Q.

®

(ii)

(iii)

Find the amount of charge on each of the two faces
of A and B.

Another identical plate C having charge 3Q is inserted
between plate A and B such that distance of C from B
is twice its distance from A. Plate A and B is shorted
using a conducting wire. Find charge on all six faces
of plates A, B and C.

In the situation described in (ii) the plate A is
grounded. Now write the charge on all six faces.

Q
s 3Q

A C B
0 (ii)

D
@

Q. 143: A non conducting shell of inner and outer radii
R and 2R respectively has a charge Q uniformly distributed
in its volume. Find the electric potential at a point P at a
distance r, from the centre such that R < ry < 2R.

++ + +
+ 4+ + ++

+

+ t+ 4
o+ +
o+ o+
o+

Q. 144: The figure shows equipotential surfaces due to two
point charges +3Q and —Q placed at a separation d.

(a)

(b)
(©)

(d)

Will the shape of epuipotential surface be spherical
very close to both the point charges? What shape of
equipotentials will be seen at very far away points
from the pair of charges.

Find the distance of point P from the negative
charge.

Find the potential of the surface marked as S| is the
figure.

Consider the surface having zero potential. Write the
flux of electric field through this surface.

Q. 145: Three point charge have been placed along the x
axis at points A, B and C. Distance AB = BC. The field lines

(a)

(b)

(a)

generated by the system is shown in figure.

Plot the variation of electric potential along x axis.
Show potential on y axis of your graph.

Plot the variation of electric potential along y axis
with B as origin. Shows potential on x axis in your
graph.

Q. 146: A conducting shell has inner radius R and outer
radius 2R. A charge +¢q is given to the spherical shell.

Find the electric field at a point which is at a distance
x from the centre of the shell. Give your answer for
three cases
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i) x<R (i) R<x<2R (iii) x > 2R

(b) Find the electric potential in all the three cases men-
tioned in (a)

(c) Find field and potential in all the three cases men-
tioned in (a) after a point charge —q is introduced at
the centre of the shell.

(d) Write the electrical potential energy of the system
consisting of the shell and the point charge at its
centre.

(e) Find the electrostatic force that the shell exerts on
the point charge.

(f) Now, another point charge +g is placed at a distance
4R from the centre of the shell. Find electric field
and potential in following cases.

(i) x<R
(i) R<x<?2R

Q. 147: A solid conducting sphere of radius R is surrounded
by a concentric metallic shell of inner radius 2R and outer
radius 3R. The shell is earthed. The inner sphere is connected
to a switch S by a thin conducting wire through a small
hole in the shell. By closing the switch S, the inner sphere
is connected to a distant conducting sphere of radius R
having charge Q. Find the charge that flows to earth through
wire AB.

S

29

BlA

Q. 148: Two small identical conducting balls each of radius
r and mass m are placed on a frictionless horizontal table,
connected by a light conducting spring of force constant K
and un-deformed length L(L >> r). A uniform electric field
of strength E is switched on in horizontal direction parallel
to the spring.

(a) How much charge will appear on the two balls when

they are at separation L.

(b) The system fails to oscillate if K < K. Find K,

(c) Assuming K = 2K, find the time period of oscillation
after the electric field is switched on.

Q. 149: Four charges have equal magnitude. Two of them
are positive and remaining two are negative. Charges have
been placed on the vertices of a rectangle and the electrostatic
potential energy of the system happens to be zero.

(a) Show the arrangement of the charges on the vertices
of the rectangle.

(b) If the smaller side of the rectangle has a length of
1.0 m, show that length of larger side must be less
than 2.0 m.

[Actually you need to solve on algebraic polynomial to
get the exact length of the larger side. Here I am not exactly
interested in making you solve that equation]

Q. 150: On a horizontal table, there is a smooth circular
groove of mean radius R. The walls of the groove are non con-
ducting. Two metal balls (each having mass m and radius r)
are placed inside the groove with their centers R apart. The
balls just fit inside the groove. The two balls are given
charge +3¢ and —¢q and released from state of rest. Ignore
the non-uniformity in charge distribution as the balls come
close together and collide. The collision is elastic. Find
maximum speed acquired by each ball after they collide for
the first time.

\2r

Q. 151: A particle having charge Q and mass M = 2m
is tied to two identical particles, each having mass m and
charge g. The strings are of equal length, / each, and they
are inextensible. The system is held at rest on a smooth
horizontal surface (with string taut) in a position where the
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strings make an angle of 60° between Q
them. From this position the system M
is released. 60°
(a) Find the amplitude of oscillation
of M ! !
(b) Find maximum speed acquired
by M aq
m m

(c) Find tension in the string when
all the three particles get in one straight line.

Q. 152: Four point charges +8uC, —1uC, —1uC and,
+8uC are fixed at the points —V27/2m, —\3/2m, +\3/2m
and +V27/2 m respectively on the y-axis. A particle of mass
6 x 107 kg and +0.1 uC moves along the x—direction. Its
speed at x = +o0 is v,. Find the least value of v, for which
the particle will cross the origin. Find also the kinetic energy
of the particle at the origin in this case. Assume that there
is no force apart from electrostatic force.

Q. 153: A dielectric disc of radius R and uniform positive
surface charge density o is placed on the ground with its
axis vertical. A particle of mass m and positive charge ¢ is
dropped, along the axis of the disc from a height H with
zero initial velocity. The charge — mass ratio of the particle

s 4 _ 48
m o’
(i) Find the value of H if the particle just reaches the
disc.
(i) Sketch the potential energy of the particle as a
function of its height and find its height in equilibrium
position

Q. 154: An infinite line charge v,
is perpendicular to the plane

of the figure having linear

charge density A. A particle _

having charge Q and mass m : R P
is projected in the field of the
line charge from point P. The
point P is at a distance R from the line charge and velocity
given to the particle is perpendicular to the radial line at P
(see figure).

Line charge

(a) Find the speed of the particle when its distance from
the line charge grows to nR (n > 1).

(b) Find the velocity component of the particle along the
radial line (joining the line charge to the particle) at
the instant its distance becomes nR.

Q. 155: A uniformly charged non conducting
rod is suspended vertically at its end. The rod
can swing freely in the vertical plane without any
friction. The linear charge density on the rod is A
C/m and it has a uniformly distributed mass of M.

+ 4+t

Length of the rod is L. A uniform horizontal Electric field
(E) is switched on in the region.
(a) For what value of electric field (call it E;) the rod
just manages to make itself horizontal?
(b) If Electric field E, is switched on, what is the
maximum angular speed acquired by the rod during
its motion?

Q. 156: In the last question let us assume that the uniform
electric field makes an angle 6 with the vertical in downward
direction. With the uniformly charged rod in vertical position
the field is switched on. Mass of the rod, its length and
charge per unit length is M, L and A respectively.

(a) Find the strength of field (E) such that the rod can

reach the horizontal position if 6 = 30°

E

(b) Find the minimum stren-
gth of field (E) such
that the rod can reach
the horizontal position if
0 = 60° Fg\b_

(c) However high the field
might be, the rod cannot

become horizontal if 8 < 6. Find 6,

+ 4+ 4+t

Q. 157: A massless rod of length L has two equal charges
(g) tied to its ends. The rod is free to rotate in horizontal plane

about a vertical axis passing through a point at a distance %

from one of its ends. A uniform horizontal electric field (E)
exists in the region.

(a) Draw diagrams showing the stable and unstable
equilibrium positions of the rod in the field.

(b) Calculate the change in electric potential energy of
the rod when it is rotated by an angle A6 from its
stable equilibrium position.

(c) Calculate the time period of small oscillations of the
rod about its stable equilibrium position. Take the
mass of each charge to be m.

tor produces a narrow beam
of protons, each having an
initial speed of v, The
beam is directed towards an
initially uncharged distant
metal sphere of radius R.
The sphere is fixed and centered at point O. The initial
path of the beam is at a distance of (R/2) from the centre,
as indicated in the diagram.

Q. 158: A proton accelera-
l Proton Beam

Accelerator

The protons in the beam that collide with the sphere get
absorbed and cause it to become uniformly charged. The
subsequent potential field at the accelerator due to the sphere
can be neglected. Assume the mass of the proton as mp and
the charge on it as e.
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(a) After a long time, when the potential of the sphere
reaches a constant value, sketch the trajectory of
proton in the beam.

(b) Once the potential of the sphere has reached its final,
constant value, find the minimum speed v of a proton
along its trajectory path.

(c) Find the limiting electric potential of the sphere.

Q. 159: Consider a uniformly charged spherical shell of
radius R having charge Q. Charge Q can be thought to be
made up of number of point charges g,, ¢g,, g5 ... etc. The
electrostatic energy of the charged shell is sum of interaction
energies of all possible pairs of charges.

qi4;

U=2X 47t£0rij

all pairs

Where r;; is distance between g; and g;. For continuous
charge on the shell, the summation has to be carried through
integration.

(a) Calculate the electrostatic energy of the shell. We can
term this energy as self energy of the shell.

(b) Calculate the work done in assembling a spherical
shell of uniform charge Q and radius R by bringing
charges in small installments from infinity and putting
them on the shell.

Do you find the answers in (a) and (b) to be same?

Q. 160:

(a) Use the method in part (b) of the previous problem to
calculate the electrostatic self energy of a uniformly
charged sphere of radius R having charge Q.

(b) Divide the above sphere (mentally) into two

regions-spherical concentric part having radius %

and the remaining annular part (between g and R).

Denote the point charges in
sphere of radius R/2 by ¢,
4> g3 ... CtC.

The charges in annular part
be denoted by Q,, 0,, Q5 ...
etc.

Calculate the electrostatic
interaction energy for all
pairs like [(Q, Q) + (q; + 4))].

Q. 161: A conducting sphere S, of radius r is attached
to an insulating handle. Another conducting sphere S, of
radius R is mounted on an insulating stand. S, is initially
uncharged.

S, is given a charge Q brought into contact with S, and
removed. S, is recharged such that the charge on it is again

0 and it is again brought into contact with S, and removed.
This procedure is repeated n times.
(i) Find the electrostatic energy of S, after n such contact
with §;.
(i) What is the limiting value of this energy as n—oo?

Q. 162: A short electric dipole is placed at the origin of
the Co-ordinate system with its dipole moment P along y
direction. Give answer to following questions for points
which are at large distance r from the origin in x — y plane.
[r is large compared to length of the dipole].
(a) Find maximum value of x component of electric field
at a point that is at r, distance from the origin.

(b) Prove that (for 0 < 6 < 90°) all the points, where
electric field due to the dipole is parallel to x—axis,
fall on a straight line. Find the slope of the line.

y

>
P
(@)

Q. 163: A tri atomic molecule
X,Y has plane structure as shown
in figure. Due to difference in elec-
tronegativity, charge acquired by da/ g \d
each X atom is g and charge on
Y atom is —2q. The bond length E
between Y and X is d, and angle

between the two bonds is 8 = 120° mass of one atom of X
and Y are m and 8m respectively. The molecule is placed in
a uniform Electric field £ and is making small oscillations
about an axis perpendicular to the plane of figure and passing
through the centre of mass of the molecule. Find the time
period of oscillation.

Q. 164: A short electric dipole (dipole moment P) is placed
on the axis of a uniformly charged ring at a distance x from
the centre as shown in figure. Radius of the ring is a and
charge on it is Q.

(i) Write the force on the dipole when x = % and when
x = a. Why the direction of force at two points is

different?

(i) Is the force on the dipole zero if x = 0? If not,
where will you place the dipole so that force on it
is zero.
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Q. 165: Consider two spheres of the same radius R hav-
ing uniformly distributed volume charge density of same
magnitude but opposite sign (+p and —p). The spheres over-
lap such that the vector joining the centre of the negative
sphere to that of the positive sphere is d. (d << R). Find
magnitude of electric field at a point outside the spheres
at a distance r in a direction making an angle 6 with d.
Distance r is measured with respect to the mid point of the
line joining the centers of the two spheres.

Q. 166: A small, electrically charged bead can slide on a
circular, frictionless, thin, insulating ring. Charge on the bead
is Q and its mass is m . A small electric dipole, having dipole
moment P is fixed at the centre of the circle with the dipole’s
axis lying in the plane of the circle. Initially, the bead is held
on the perpendicular bisector of the dipole (see fig.) Ignore
gravity and answer the following questions.

(a) Write the speed of the bead when it reaches
the position 6 shown in the figure.

(b) Find the normal force exerted by the ring on the bead
at position 6.

(c) How does the bead move after it is released? Where
will the bead first stop after being released?

(d) How would the bead move in the absence of the
ring?

Q. 167: A short electric dipole (f’)) has been placed in a
uniform elegtric field (E) with the dipole moment vector (P)
parallel to E. Show the field lines in the region. Mark the
null points (i.e. the points where the field is zero)

ANSWERS IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1. (a) 2F towards point F
(b) In a direction making an angle of 60° with BA
(NOT along BC).
3.  Zero.
4. (a) 120000 N
(b) Force is nearly 10 times the weight of the car.
Two conclusions can be drawn from the result-
(1) Electrostatic force is a strong force
(i) One coulomb is a very large charge.

s -
2
6 po T (2241
h 4re P\ 2
2 2
4 1
1 b
_ L o \E
8. () T=2m 22 (i) T=2rm 2

(i) T = 27“& Gv) T = 271\/%.

10. All graphs are possible.

(a) electron has been projected in the direction of
electric field

(b) electron has been released from rest

(c) electron has been projected making an acute angle
with field

(d) electron has been projected in a direction making
an obtuse angle or right angle to the direction of

field .

11. (a) K; = 7gER ® a =LA
qa
. -

m
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13.

14.

15.
16.
17.
18.

19.
20.

(b)

distance.

@ %
50V

E =} +2] +2v5k) v/im

a=~0+)) ms

E,>Eg V,> Vg

(b) No, (c) Zero, No

(a)

y

/
™~

N
-

(2)1/4

iy
=

Field lines will appear to be radial at a large

21.

22,

23

24,

25

26.

27
28

29.

30.

31.

32,

33.
34.

35

36.

37

38.

39.

40.

41.

42.

(b) ¥4
— Field lines
K 2
S ( 1
a \3
For both (a) and (b) W = —24
8meyr
Qe
. () - . (b) 8T
meyr
Yes, V|, depends on gq.
2KQq
Vo = mR £
_ 41) _ms
. (@ 60—22tan (mg (b) E = 7
0
16me,R
.@g (b) [M'LT*A?
. (a) 39.6uJ (b) 2.25 x 107
E=6@Kﬂv=o
L3
PQ
47160R3
2Rq
P=—7
WT—ﬂm
) 8
32717£0L2mg
q
Stable equilibrium.
. (a) 0 =+3.14¢ (b) 0 =-0.22¢g
1
2 KQ KQ KQ
q q q
- (a) AT = > b — (©—
2nR R TR
8KQq
2
. (6 . (6
0= 8Rsm(§) 27t£0mgs1n(§)
1 ,|2gsin@
f= 21 Xo

@ 3a

(b) Maximum electric force is between A and B.
Maximum acceleration is at O

(a) No acceleration

(b) Not affected
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43.

44.

45.

46.
47.
48.

49.

50.

51.

52,

53.

54.

(b)

(@) +

None of the configurations are possible.

Ey .
5 perpendicular to AD

Perpendicular to the equatorial plane.

-

E

o

4gy 2
_2KA . (6 _ 2KA

(a) E = TSIH(E) (b) E = R

) E=0 (d E= K—g

R

__2 _k
_E_ 2 0

© E = 2 - Ameyx (d) 45

Zero

A

2\2 gy R

@ @) f—gx
0

2

... PR .
(ii) ——— Field at the surface
2gyx
_ PR
max — 280
b) E = P4
®) 2¢,
_ L
(a) T=2rm 70
- 2me,
b) T=2r| L

1S maximum

55.

56.

57.
58.

59.
60.
61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

(a) 6=tan™ (%)

A
4,

(a) 17.7 uC, -53.1uC (b) No where

(b) yes

E G-b

E=—8£(d+x) -d<x<0
0
p
:—%(d—X) 0<x<d
=0 Ixl >d
E
x=-d (0] x=d
pd
Y
b 2
2:1 7
(@) qy = 4ngya (b) g = —-4negya
Q2
6¢,
4
2g,
o)
\5 PR V41 PR
@ 5 & ® S %
2 2
. _ Somdu .. _ 1 Somu
(i) o= » (ii) 6 = tan (2Le- 0')
36 72
(a) g S (b) E S
(c) tanfl(%)
(@) 1, (b) \6mK,
2qa 5,
3m > (y - 0)
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71.
72.

73.

74.

75.

76.

77.

78.
79.

80.

81.
82.

83.

84.

8s.

86.

87.

88.

89.

(a) Parallel to AB
(a) g, > +ve; g, = —ve
g, has larger magnitude

d
(b)) ——
V3 -1
(a) 5V
E =15 V/cm; cos’l(%)

(a) V=8i[VR2+ZZ—z]

€o

o Y4
b) E, = 1-
®) £ 8¢ | VR? + 22

(a) % L4 %
X Y
X ¥

(b) —167me, a (c) —42 Volt

mR*a’
2e

2:1

4

Vr

R
(@) Yes. 4no(b® — a®) (b) 22

vi=v (3t)l/3
1

4dre

% for both cases.

q q

8ne, R¥ 4megR

R R’
4e, 4e,

oR

e,

(a)

E =

q
471:60 R

(c) No change.

(b) Zero.

(b) \Em

(b) No change

90.

91. (a) r= 0q

16\/57[60 R’mu®

Qq
b =1/2 e
®) v u+47reomR

92. 12q and 3q at the two ends and ¢ at a distance of 8 cm
from 2g. Force on ¢ is zero.

8\2 kqQ 8\V2 42 kqQ
93. ()—T (b) (—_T -
5
ZeVO
94. (a) D (b)
Electron cannot remain bound for any speed.
95. (a) \4gL (b) 4.5gL
96. (a) 72¢g (b) 432N
(c) unstable
97. W,,=-3 mgL
98. (a) i mu?
(b) A moves to right with velocity u. B is at rest.
99, (1 +2\5

100. (a) 6 = tan"l(%)

101. (a) KQe

3gE
102. (a) q

103.

q

104. 0=
€=3

105. %EGORVZ

106. (a)
0

here K =
where dre,

2
107. () - X2
>

®) 6

3
®) 3

mgh

KQe
R

E
()iq_

) (

() -

MIL?

2KP\1/3
)

2KP?
’;
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109.

110.

112.

113.

114.

115.

116.

117.

118.
119.

120. E

121.

122.
123.

124.

125.

126.

127.

128.

129.

130.

131.

V=

qr
2 p2
n°eyR

1 1
@ [3) e ® (5)a
Q is at a distance of 4r from O.

q | _2
@l =7
Parallel to the axis of the cylinder.

Ey

(b) o, =90°

max

2
E= Kirn

2d?

1 A
4]‘[60 E ln(\/j + 1)

2

gr
(a) —
20

q = 16mear,
0
@ p(r)=—=r
R

_PE

max — 9¢
(x/ﬁ—3) 10
V10 - 3

13°
(a) 6dxdydz

(a) Q = 27bR?
KART-x
(RZ + x2)3/2
2KAR?
(RZ + x2)3/2

(@) E, =

(c) E. =-
2

O As

2g,

1

P =2 &F, = 39.6 N/im®

Q2

(a) F =
32me,R?

87rr2[80(7P0 + —

12T)]1/2

)V mgr2

or}

4re R

(b)

(b) 8gymr’
(b) E=-—

(b) E,=0

e EoR?

(b) F=—

o . . . o
= in radially inward direction.
0

471QSZR2 (1 - %)
Qq ( 1

8me,R>

2

| - —) in both cases

" 2mnxi?

132. he™
Al i B
133. V,,, =+ < 1+Zel_e and T = 2e <
134. (a)b:%;n:Z (b) V2 mg
135. (a) radius 4a, centre at (5a, 0)
b) V= Q 12
drey |1x = 3a)l  I(x + 3a)l
(c) At x = 9a where V = 0, the charged particle even-
tually crosses the circle.
[ Qq
V= A—
8megma
Or
136. —
36 R

137. At both P and A the potential is %

KO KO

140.

141. 5400 V.
142. (i) i

(i1) M

+2Q||-2Q +2Q||+Q -Ql|+2Q

(i) ]

-2Q +2Q

144. (a) Yes, spherical

+Q -Q

R3
7o

V3 -1
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2KQ -0
(c) 7(2—6) (d) 59

145 (a)

PN
%Zq -q §2q X
(b) S
/
——————  |B A

%

. .. Kq
146. (a) (i) E=0 (i) E=0 (iii) E = —
X
. _Kq . _ ﬁ _ ﬁ
d) () V= R @) V= R (i) V = <

. Kq _ 1 1
© G V=" V=Keg-5]

i) E=0; V=0

(i) E=0; V=0

Kq2
d ———
@ -—
(e) zero
.~ _Kq  Kq Kq Kq
(O F=—3V=gp-T+g
iyE=0;v="4
(ll) - ) - 4R
20
147. —
3

148. (a) +27e ErL (b) ky = 2me,rE”

1 [Tm

© Ve
149. -9 a +q
-q a>b +q

Kq*(4R - 7r)
150. VO = W

151.

152.
153.

154.

15s.

156.

157.

158.

159.

160.

161.

162.

163.

164.

V3 g [1
—1 b) =
@ 4 ®) 4 \mweyml
q
(©) 5 5q +40)
167e,l
(Vmin = 3 m/s, K =3 x 107*J
. 4 . R
(1) H==R (i) H=—
3 V3

A
@@ V=4V, + ﬂaon Inn

(b) V,:\/Vg(l—iz)+ 20

n TEYM
_ Mg _ g
@ Ey= =+ ® o=302 - ¥
(a) Not possible (b) E = (L) @
\3 -1 AL

©) 6, =45

EqgL
(b) AU = - (1 — cos AH)

_ oL
) T=rm Eq

(a)

R/2

N
R
3mpv?
(b) vy/2 © 8: 0
2
(a) Se.R (b) same as in (a)
3 O 147 @

@5 TreR ®) 350 reR

2
. _ G _OR R\
@ U, = 8me R Here g, ==~ [1 _(R+r) ]

2
(i) U_ = oR

87r£0r2
3 KP 1
2 AL b) ——
(a) > rg (b) 5
_ 87 [md
r'= 3 \gqE
KQP

(i) atx=%,F=% g
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alx=a Fe=— KQP (d) Exactly same as it would move in the presence of
rEarE 2523 the ring
(i) No; Force is zero at x = i% 167.

166. () v = \/; g@ﬁ

(b) Zero
(c) The bead oscillates. It stops at a point diametrically
opposite to its starting point.

SOLUTIONS]

1. (a) When there is g charge at the centre and vertices B, C, D, E, F, the net force on the central charge will be towards
A (due to charge at D). The force due to charge at B and E cancel out. Similarly, force due to charge at F and
C cancel out

Where y = distance of centre from any vertex.
When charge at centre is 2¢ with no charge at A and E, the force due to charge at C and F cancel out. Force
due to charge at B and D each will be

Kq(29) _

y2

2F

Resultant is Fy = \(2F)? + (2F)> + 2-(2F)(2F)-cos 120° = 2F towards point F

Fr Fg F
609
C

E b F-qB D -q

(b) Since all charges have same magnitude, the force between any two of them will have equal magnitude. Charge
at B and C must attract the charge at A for its acceleration to be along AD.

Hence, charge at B and C must have same sign. They will repeal each other.
Thus charge at B will experience two equal forces at 120° as shown. Resultant is force Fp.
Hence charge at B gets accelerated in a direction making an angle of 60° with BA.

2. The force between two charges is proportional to the product of the charges. F < q,g,
. . . 91+ D
After touching, the charge on each particle will be ¢ = ————

F,

new

- (611 + 42)2
2
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Since arithmetic mean is greater than or equal to geometric mean for two numbers hence

91t 4

) 2 9,9,
+ 2
(‘h 2q2) ZqIQZ = FnewzF

There are three —g charges which are kept at angular separation of 120° from each other. The resultant of three co
planar vectors of equal magnitude at separation of 120° from each other is zero. Hence, these 3 charges produce zero
field. Similarly, three number of +¢ charges, three number of 2¢g and three number of —3¢g charges produce zero field
at centre.

q, = positive charge equal to the magnitude of the total charge on all electrons present in 0.9 mg of pure water
0.9 x 10°°

13 =5 x 107> mol water

= charge on electrons present in electrons of

= charge on 5 x 107° x N, 4 x 10 electrons (since each molecule has 10 electrons)
= charge on 3 x 10% electrons
=3x10"x1.6x 107" C=48C
g, = charge on a 6.35 mg copper sphere from which 0.1% of its total electrons have been removed.
= charge on 0.1% of electrons on 10~* mol Cu
= charge on 0.001 x 107 x N, x 29 electrons (since each Cu atom has 29 electrons)
= charge on 1.74 x 10'® electrons
=174 x 10® x 1.6 x 107" C=0.27 C
Force between g, and ¢, if they are placed at a separation of 1 km is
2

r

F =9x%x10 = 120000 N

The situation is shown in Fig

—
— — F
IF|| = IF,) = F, (say). Given F = \3 F, W
9> 93
—
F2

\]Fg + F(z) +2F§ -cos® =\V3F, = cosf= %; ie, 6=60°

—> T x Ty
71 Ty =r-r-cos 60° = é 2 >
[*)
Consider the equilibrium of charge at A 0 =
qu 7 G
F = force due to other charge at distance L = —
L F F
’ 2
Force due to diagonally opposite charge 4 __r L F —X
(\2L)? 2 F /1A

The resultant force in X direction F, = F + L cos450 = F (1 + L)

2 2\2 L
This gets balanced by the spring force. k-£ =F|1+ L)

2 2\2 i
7 (22 +1 7 (22 +1
kL = 2 3
dre L V2 drme L \2
2 2
. . . 9, 9,
From dimensional analysis Fyooa— and F, o -
l l
1
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22 E=2
= 2 —(q2 d )2 = F,=F D ll) Gett I me
R ,=F | ==
F, a1, q? l§
8. (i) In this case effective value of g can be taken as ﬂ
mg + gE L mg
8oy = —r— =28
T =21 L
\J2g 77777
mg' ' gE 0

(i1) In this case equilibrium position is as shown in second figure.
Effective acceleration is vertically upward given by—

qE — mg
B = — =8
L
T =omk
"\e
(iii) Equilibrium position is shown
geﬁ = \/jg

L
T = 2myl—=—
2¢

(iv) Equilibrium is shown (thread is horizontal)

L
T =2m\—
7L'g — > Gt =9

11. (a) Work done by the electric force on the particle

B
W = [ qE-dl = qE- 7R
A

Kz — K, = qETR

K, = mgER [ K, =0]
(b) At mid point let the speed of the particle be V. a,
1 2 _ . 7R V2 _ mgE
sz =qE > = R-m %
This is radial acceleration of the particle. It arises due to constraining forces.
qE ar
Tangential acceleration a = -
Resultant acceleration
E
a = a,2.+a,2 =q7 1+n°
12. F =gqE
may = q(-bx + a) [ay = accleration]
dv bg  aq
Vo= m~*m

Vv X X
E[Va’v =—b—n;]£xdx+%_[dx

0
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2 2m m
bgx’  agx 2a
\% =O When 2—=W :}x:7
q
Now ay =5 (=bx + a)
2a
t X ==
‘ b
a
acceleration = % (-2a + a) = - %

13. (a) Consider an elemental shell of thickness dx as shown. Charge in the shell is dg = p47rx2dx = dmox’dx
charge in sphere of radius R, will be

R,
Oy = .[dq = 47mb[ Xdx = meg

(b) Charge in sphere of radius R will be Q = TaR?

R? R
L B S
2 2 (2)1/4

As per question (0]
(c) Field at a distance r < R will depend on the inner charge only. Charge lying outside r will not contribute to the
field. Hence, the answer for both cases will be same

1 g 1 mo' o’

drey 2 4mey, 42 4e

15. Electric field inside the inner shell is zero. Potential of the inner shell and all points inside it will be constant.

_av_2
dr 2

The direction of field is along 7 at any point (why?)

16. E =

At Fo=1+2] + 25k
r=V12+22+ (245)? =5 m.
E—%:SV/ E=5($)=i+2j+2x/§12
1.1 .2
17. V—}+§+E

> > > 2
E=—-—i-— —k=—=i+

At (1, 1, ) m
E=f+f+2fc

Resultant force on the particle in XY plane is

1

=q@+1))
107'2C
107"%kg

=Lgah= GC+D=0C+)) s

Ql



@0 Problems in Physics for JEE Advanced

18. Negative charge gets induced on the metal surface, so as to make its potential zero. Field lines
are as shown.

Density of lines is higher at A

E, > Ep

While moving is direction of the field, the potential drops

Vi > Vg
20. (a) E, =_%’=_2x
vV
E, _@_2
(b) V=(x-2"+)

Equipotentials are circles with centre at (2, 0)
Field lines are radial directed towards the centre of the circle.

—field lines

\ |
R

21. On square: There will be six terms in the expression of potential energy for the system, as there are six pairs of
interactions.
U, and Uy, are negative whereas Up- and U, are positive terms of same magnitude. Similarly Uy, and U, cancel
out. Hence PE is zero.

qgC a q a
- B

a < a
P A P

gD a -q 9D a

On Rhombus: U, and U, cancel out with Ug- and U
Length BD = 2a co0s30° = \3a
AC =2a cos 60° = a

U=Upp+Upg=K—-Kg=-——

¢ 4 qu(]_l)
Ga @~ a

1
WexlAgt = URhombus - USquare == a (1 - \/g)
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22. (a) Wext = quallcentre - qVShell centre
%4
_ 13 _1 o 1 0 _ Qq
12 dmey T dmey T meyr
m
3 1 0 Y 70
b) V, == — — =
®) Viaicense 2 4mey T * drwe, 4r  16meyr
1 0 1 0 50
Vibell centre = dmer T | dme. 4r  l6me
0 0 o’
7Q 50 Qq
Were = 4 - =
loreyr l6meyr 8reyr
23. (a) Let orbital speed be V. Electrostatic attraction provides the centripetal force.
mV: 1 Qe
r 4re, 2
Voo
4reymr
E=K+U=Ltmyy L 209
2 dme, T
11 Qe 1 0Co
2 4rey T 4Ame, T
L1 Qe Qe
2 4me, T &re
3
_ 2nr 2 4t 4ntr? _lemegm
(b) T—T = T = e =0 Are, mr = Oe -r
T,\2 r5\3
T2 o 3 - |22 = (_2)
' (Tl) "
T.\2
72) =4 T, = 8T
24. The particle will escape if
1 2 O(-q) _
5 mVO + KT =0
2KQq
Yo = mR
Vo =g
25. (a) let the bob come to rest in the position shown. Using conservation of energy we have
Loss in gravitational PE = Gain in electrostatic PE [+ change in kKE = 0]
L (1 - Cos )
L —

mg Lsin 8, = gEL(1 — cos 6,)
(@)

0, 6, 0
mg(ZSin ?O cos ?O) = gE 2-sin’ 70
6, _gE

tanj —mg

2

= 6= 2tan’1(mg

L sing,
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(b) For 6, = n/2

4~ mg
mg
E=—
q

+++

Initial

1 g In final configura-

In initial configuration there is electric field in all region r > R. The field varies as E = yp >
Sor

tion there is no field in the region R < r < 2R. Elsewhere the field is similar to that in initial configuration.
Thus initial configuration has more energy stored in electric field given by

1 1 ZJR 1oy
AE = | —¢, E*V =~ ¢ (—— 4rridr
22 0 2 V% \dne, 2
2R
_ < ﬂz_Q_z[L_l]: o
8mey k 2 8mrey L2R R 16meyR
0>
Wy =U—U; =
ext = RS T 167€,R
242
1 1_ K0
27. (a) ”E=§GOE2:§€0 =
0
V = K;
1, K20?
w 20 ¢S
v? K*Q? 2x2
2
. €o
Given — =1
2x
At a distance 2x, obviously the value of this ratio will be a
€ ML T A
®) m = ool ML TAT ypoipspiay

(L] [L7]

€ E? = % x 8.8 x 10712 x (3 x 10 J/m’

=39.6 J/m® = 39.6 ul/em®

28. (a) %
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(b) Energy consumed to charge the ball = Electrostatic self energy of the ball

0> 4x10"®

- = 10° = 2.25 x 107J
STe,e R~ 2x80x01 "% X

29. System is equivalent to the superposition of two systems shown in figure:

E =K 2—? Opposite to 2P
r

Potential = 0
2P
r— L
V3
0
30. Each point on the circumference of the ring lies on the perpendicular bisector E
of the dipole. Field due to dipole at these points is E = P directed
. = 4rey R3 .
opposite to P. 5
Force on ring F = QFE
E
_ 1P

(directed opposite to 75)
From Newton’s third law, the ring will exert equal and opposite force on the dipole.
31. A charge +dg on the ring and a charge —dg at O forms a dipole having dipole moment
dp = Rdq (direction as shown in figure)
Summing up all such dipole moment will give the net dipole moment of the system. From symmetry the resultant of

all such E) vectors will be along X direction.

T

T
P =] dp-sing=R [dgsin6
0=0 0
q qu
B = 1 . Rdo = 1~
ut dq R do T
T
-~ R R
P = 761 £ sin@do = —7‘] [cosB];

Rq
[-1-1] =2 = along OX

§|Q

32. F = Electrostatic force.
For equilibrium

tan 0, = 2L and tan6, = mig
mg

tan6, + tan 6,
1 —tan 6, tan 6,
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r [ F
tan45° 2mg e
e TILFE
2 mg M8
= 2m2g2—F2 = 3mgF :>F2+3mgF—2m2g2=0
P -3 mg % \/9m2g2 + 8m2g2
- 2
Negative sign of F'is not acceptable
(Vﬁ - 3)
F = mg
2
4L*mg

oo KqQ
33. In equilibrium S >mg = 0>
(2L) Kq

Now consider the particle in a slightly displaced position

Equilibrium will be stable if tangential component (along 77) of electrostatic /
repulsion is greater than the tangential component of mg.
= Fesin(g) > mg sin@

9 _ 0 o
For small displacement, sin B = 0

K CIQZ_Q > mg6
@L? 2
8L*mg 327‘[80L2mg

°>% q
35. For charges to remain at rest, tangential force on each of them must be zero.
(a) Due to symmetry, the third charge has to be located at A or B.
When it is positive its location is A. For tangential force to be zero on one of the equal charges-
F, cos45° = F,-sin6

0 = M =22.5°
2
And r =2Rcos @
99 1 qQ .
S = = —z-sme
(2R V2 (2R cos6)
Q _ cos’0
q sin@
~ (0.92)2] ~
0 = [1.41 X 038 q=3.14)q
(b) r = 2Rsin(22.5°)
F,
-— = F,-sin(90 — 22.5°)
2R 2 °
7 S = 99 > cos(22.5°)
2\2R*  (2Rsin22.5°)
.2
sin”(22.5°)
0 =

cos (22.57

141 x(0.38)°
- (0.92)
0.22g
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36. SHM along x 0 }i> o
Net force acting on ¢ when it is displaced by x is a.0) o q @0 X
o Koa  Koq
(a + )c)2 (a — x)2 y
4 KQqax 4 KQqax -q
=55 = 2 (x << a) $
(a-x) a . -
4KQq
a
. 4KQq Q a (0] a Q
acceleration = — X
ma
3
T =92 ma
1= Vakoq
SHM along y
Resultant force when —g¢ is displaced by y is
K 2K 2K
Fr = —-2F cosf = -2 ZQq2 : 4 =-— quyg/zz_ %qy
(@+y)\?+y> (@ +y) a
. 2KQq
acceleration = ————y
ma
3 T 1
T, = 27 |4 DL
? 2KQq T, \2

37. With no charge at the centre, there is some tension in the ring due to repulsion of charge present on the ring.
(a) When Q is placed at the centre the tension increases by A7. Consider an infinitesimally small element on the ring
having angular width d0 as shown.

2ATsin (%) - F,

KQARdO
2AT~% = Q—z AT AT
R ATsiVnde ATs*in%
Ar - KOA _ KOq
R 27R?
KQq

(b) Clearly the answer is 2AT = >
R

(c) Answer to (b) must be the answer to (c) also.
38. Consider 4 charges on the square ABCD. Force due to these 4 charges

K 1 7
F, = 2\5% parallel to BC -q 4 l 24
r : 2
Similarly, force due to 4 charges on square EFGH is
| o Q
K :
Fy,=2\2 % parallel to GH R e
2q
- — 4K g
Resultant of F; and F, will be 94 parallel to PQ. B “2q ¢

r2
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4K
Force due to 4 charges at [, J, K, L is also parallel to PQ and has magnitude F = 94
r
. 8KQq
Hence, resultant is along PQ
2
q E
E
> L K
H_2q / -q
J
Q q q Q
2 P
P G
39 Let charge on both A and B be ¢
AB = 2Rsin (Q)
2
Ko
Re— g
4R%si 2(—)
sin”| 5
For net tangential force to be zero
. . 0
o= ran(2-
mg sin sin (2=
. Kq® 0
mg sin@ = 79-cos (E)
4R2sin2(5)

. 3(0 1
32re, mgR? sm3(§) =q [ K= 47‘[80]

q = 4Rsin(g) \2mEy mg sin(g)

Total charge given = 2g
Q = 8Rsin (g) 2rey mg sin(g)

40. In equilibrium

KQq
2
0

= mg sin 6 (1)
X

If the charge is displaced by x(<< x)

KQq .
ma = — mgsin @

(xo + x)

K
:ﬁ—mg sin 6

2 X \2
1+ —)
xo( Xo

KQq X \-2 .
= —(1 + x_o) — mg sin @
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Using binomial expansion and neglecting higher order terms-

KQq [ 2x .
ma = ——|1—-="—| - mg sin0
2 X
%o
2K
ma = — 2Qq~x [using 1]
%o
mg sin 0 . .
ma = —|2 Fo) X [again using 1]

_ (2gsinf ) _ |28 sin6
a=-|—5—)x o= %

_ 1 ,|2g sinB
= 2t Y %o

41. (a) Field due to two +Q charges has a maxima at a distance y, = % on the line OY. Equilibrium will be stable only

if charged particle is placed above y, = % (i.e., at B). Field due to two +Q charges at a distance y on the line
OY is-

2KQy

- (az + yz)3/2

At y and 3V3y the electric force balances mg.
qEy =qk, 5 =mg

q-2KQy _ q-2KQ 3\3y

A+ 21 =3 +y) = 24y =24

a 3
-4 = 33y = 24
y N VB y 3
(b) Maximum electric force on the particle is
2KQq L
ho_ N3 _4KQq _ . KQq 0
0~ A2 T3 & -
a + —
2
Weight of the particle is equal to the electric force at y = —2—
g p q y Nivi
2KQq —L
V12 24KQq KQq ..
mg = o 5= 0.51 > ...(ii)
( 2 a ) 13V13a a
a + E

Net force will be maximum at O where electric force is zero and mg remains unbalanced. Particle will have
maximum acceleration at O.

44. FElectrostatic field is conservative. Field lines cannot form closed loops otherwise the field will perform a net work if
a charge is moved in a closed path along the field line. But a conservative force must perform zero work in a closed
path. For an electrostatic field ﬁé;i)l =0
In Fig. (b) and (c) you can imagine a rectangular path along which ﬂ;EE} =0
Hence none of the field configuration is possible
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45.

46.

47.

48.

49.

51.

Field at O due to three segments will have same magnitude (say E) and o)
will have directions as shown. 30° 30°

Ey = Eg- + E,p sin 30° + Eqp sin 30°
E E EO Ecp Es

e =E+E+E . E
= ) 2

Assume that two perpendicular components of field at P due to the hemisphere are-

E, towards centre (say towards right in given Fig.) and E, perpendicular to the circular equatorial plane (downward
in given Fig.).

Now imagine another hemisphere so as to complete a sphere. This sphere will have its own field at P whose compo-
nents will be-

E, towards centre (towards right in given Fig.) and E, perpendicular to the circular equatorial plane(up in given Fig.).
Since field inside uniformly charged sphere is zero hence E; must be zero.

Hint:If you consider the complete sphere, field at P as well as Q will be zero.
= EHemispherel + EHemisphereZ =0

If r << x, charge on the removed disc is like a point charge equal to g = wlo

1 4q 1=7rr2c7=£r_2

AE = — =
4Are, 2 4me, X2 4g) 2

(a) Consider an element of angular width d¢.
Width of element = Rd¢

Charge on element = ARd¢ dE cos¢
Field at O due to this element dE — X
KARd¢ )
dE = dE sing
R2

Due to symmetry field is along x only. We need to add all dE cos ¢ components.
612

KA 2KA . (0O
E = _[ —cosPpdop =—— s1n(—)
—o» R R 2
(b) For semicircular thread 8 = 180°
_2KA
E="%
(c) As6—>0
sin(g) -0 s E=0
2
0
d) A=—
@ R6 sin(g) in?
e ke "\2) ko ™M)
R 6 R\ 8
2
sing
K
When 00, —2 51 - £=2
6 R
2

The x and y components of field due to the three components 1, 2 and 3
have been shown.
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E,, and E,, cancel out.
KA
Ba =Fa="p
2KA
Es =%

Hence, resultant in y direction in also zero.
52. Resultant is E;.

(3 ) s

E = 4 = /l
: ng 2\2mg,R
mg —qE
54. (a) 8eft = "
- a°
-8 2meg,
T =2r

& 2me,

(b) In this case the electric field makes an angle B with vertical.

For equilibrium

T coso + gE cosf = mg

= T cosa = mg — qE cosf
And Tsina = gE sinf3
From (1) and (2)
Esin
tano = q—,B where E = -2
mg — qE cos 8 2¢,
) qE)2 qE
g =8+ (W +2g S--cos(m— f)
T =2r L

EY _ qE
\Ng“(%) 26 cosp

55. (a) From geometry of the figure o + 6 = 90°
Translational equilibrium

qJ'E + gE = mg
4mg 4mg
'E+—= = v E=—=
qE+— mg [ 77

, _3mg

7 =7E

Rotational equilibrium
gE Rsin® = ¢’ER sinx

4 . _3 0
7sm9—70059 [ a=90 - 6]

3
tanf ==
an )

(D)
.2

(D

my
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(b) Suppose the ring is given a small clockwise rotation.

This will cause the anticlockwise torque due to gE to increase whereas the clockwise torque due to ¢’E will
decrease. There will be a net restoring torque.

Hence, there will be oscillations.

56. Foot of the perpendicular from P on the line charge has co-ordinates (0, 1, 2). z
Fo=10+0j - 1k
PO R i
"= E -k Line charge
Field at P going into the
2 A4 1 1 » = plane
E = 7= — (@ -k
ey amem vzl .
|
= -k
4re, ¢ )

57. (a) The flux through a spherical surface of radius less than that of the inner sphere is equal to ei Where ¢ is the
0

charge on the central particle.

4~ 2% 10° V-m
€o

= g =8.85x10" x 2 x 10° = 17.7 uC

(b) The flux becomes negative after radius becomes greater than the radius of the inner sphere. It means there is a
negative charge on the inner sphere which is larger inmagnitude than the charge on the central particle. The outer
shell has still larger positive charge. One can figure out that the electric field exists everywhere.

58. The field on the surface of the composite slab will be zero.

Consider a cylindrical Gaussian surface of cross sectional area AS as shown in the figure. One of the circular face
of the cylinder is at a distance x from the central plane and the other face is on the

x=—d x=0 x=d
surface of the slab.

- = + o+
Let the field at distance x from central plane be E.

+
From Gauss’ Law

x +

i

EAS = pAS(d - x)lg,

= E =pld-x)g AT
The direction will be towards left. _ _ + o+
Similarly, one can write field in the region to the left of x = 0 S
59. Consider a cylindrical Gaussian surface as shown. - -+ o+
Ad
(E + dE)A — EA = P2¥
“ y
byd
dE = yay
& E+dE
Jar =2 f !
dE == | ydy dy
0 U
y, ,,,,,,,,,,,
by E
T 2g,

60. Field on the central plane of the sheet = 0
Take a cylindrical Gaussian surface as shown.

p-AS-x
&

E,AS =

px
! &
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By rolling the sheet we have just created a cylinder having uniform volume charge density p. Field inside such cylinder
can be calculated by considering a co-axial cylindrical Gaussian surface.

pﬂsz
E,2nx-L =
? &
g =Pr L B2
272 E 1
A B Cross section

T % | —"" of the sheet
'
d

Gaussian cylinder

Gaussian cylinder

61. Consider a Gaussian surface in the shape of a sphere centered at the origin.
Radius of the sphere is r.
Flux through the sphere .
¢ = E-Anr® = 4nae &
Charge inside the Gaussian sphere ,
q =& ¢ = 4ngyae k
(@) When r— 0
q — 4rgya
Hence, charge at the origin is 47w&ya
(b) When r —
q—0
Total charge in entire space is zero.
Charge spread around ¢, is ¢ = —g,.

64. ¢=[E ds
Force F = JO’E'ZS =0¢
65. (a) Field at A:

‘ 2 3 p R
Due to ‘p’ is E = 3_80 (E) parallel to C,C, E,
E.
2 2
Due to 2p’ is E, = 3—2) (%) parallel to C,C; = % g
4
Due to ‘3p’ is E;= 2P R parallel to C;A = PR
3g 8 3gy 2 A

5) 5 \5 pR
EA = \E] +(E2+E3) _———O
(b) Field at B

R parallel to C,C,

Due to ‘p’ is E = 36 2
0
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Due to 2p’ in entire sphere S, is

2
)= 3—2}% in direction C,B
Due to 2p’ in S5 is
R\3
2r(R) .2
1 3" (4) P
?7 4re, (5)2
2
- PR
3gy 8
Eg=1\E} + (E, +E;°
_ a1 pR
24 &
66. (a) Acceleration of the electron

a_é_ecr()
YT om T meg,

Path of the electron from O to A to B
(i.e. between the plates) is parabolic.

The electron reaches O to B in time ¢, = 271‘

At B Vi=u
Vy= 0+ a = o 2
Also, PB=%ayt? =%,Z—g) (27[’)2
:2:1_6]“_2

Time to travel from B to

C
L
tz—g

V, does not change after the electron crosses the plates

2L L _2ec I?
C= V=0 2LL 20l
Q Y27 mg, u u mey 2

According to the problem

d 4ec > d
PB =L . =22
+0C 2 me, 2 2
md g, u*
o= 5
8el

.. Vi
(i) tan@ = —
vy

u (méyu) Eomu2

2lec  2Lec

67. Acceleration of the particle
Vertical acceleration a, = g

in direction C;B

y

L.,

on
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68.

69.

71.

. . qEy _4gE, 4g _ 95
Horizontal acceleration ag = - = 3E, =3 ay= -
6
a =\g*+ (4—g)2 3 g
£7\3) 73
4
tanf = —
3
Consider, x as direction perpendicular to acceleration and y as

direction opposite to a. ay a
Now, the situation is like projectile motion.

Uy 40 cos® _40x3x3 _ 36

= — = = =
@1=3 5S¢ 5x10x5 25°
3
_ 12
(b) 2t = 75 S Ve
(c) Velocity will get almost parallel to acceleration.
~1(3
=t —
o=t (4)

(a) Situation is shown in figure

Particle is projected at A. At time f, it is at B moving L, to the
direction of the field.

/2
AtBspeed=% = 6=60° i 4
Particle will acquire its initial speed when at C. E c
Answer to (a) is t, \Qi
(b) Impulse = AP = 2mu sin u
= 242mK,, - sin 60°= 6mK,,
E
2
Acceleration a, = ﬂ =4
YT m T m
dVy  qay’
Yidy ~ om
14

Vv v, 2ga
Required slope = S A 0 =)
VooV a2 T

One easy way of thinking can be to select one identical element on part OA and OB each. Point P is on perpendicular
bisector of the line joining this pair of charges. It is easy to see that field due to such a pair is parallel to AB. All
such pairs contribute in same direction. Hence, resultant field is parallel to AB. The pair of charges selected above
will produce zero potential at P.

72. (a) Very close to a positive charge the potential will be positive irrespective of other charge in the surrounding.

Similarly, potential will be negative at a point very close to a negative charge. Hence, g, is positive and g, is
negative.
Since V = 0 at a point that is close to g, hence g, has smaller magnitude than ¢,.
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(b) According to the question

Vorigin =0

9> qi
k2 g I
a4t " 3
If q>
dv
At P A4
dx

=0 = ¢q =-3q,

Let distance of P from ¢, be x.

|2

)C2

d+x

d
= _“

V3 -1

=—g; then g, =+3g

=0 = E, =0

_ x4l . = d+x) =37
d+x

= +\3x

73. (a) Let x, y and z direction be as shown.

Va=Vo
E

X

VB_ VO

-6
2E

y

And V.-V,

c o

-3
Solving (2) and (3)

E,
EZ
VQ - Vp
Vo=V,

=-E (Im)

= 1V/m

=-E (3m)-E, (2m) -E_ (1 m)

= -3E, - 2E, -E,

+E =3

=-E(lm) - E,(3m) - E_(4m)
=-1-3E,-4E, = 3E +4E =2

=2V/m

=—-1V/m

=-E(1m) - E,(3m) - E_(2m)
=-1-6+2 = V,-V,=5V

(b) E=E: + E2 + E2 =\1?

+22+12 =6 V/im

The potential will change at fastest rate when we move in the direction

of field.

_ _2Volt =\Em
\6 Volt/m 3

[-ve sign is not acceptable]

(1)
(2)
~(3)
¢ Q
L
L
P /B//Y

o

A

74. Let direction along AB be X and that along AC be Y. Perpendicular to the incline is Z direction.

_Av_1ov

A\
= = =10 —
*  AX 1lcm cm

Field is directed along the decreasing potential.

Similarly,

Similarly,

AV A/
==

E =22
y Ay

\
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75.

76.

But Ey, = E; cos 37° + E; sin 37°

10 =%Ez+10x% — E. =5 Viem

E =\E + E2 + E2 =\10* + 10> + 5% = 15 V/em
= (10i + 10] + 5k) V/iem
Unit vector along vertical i1 = % j+

Angle between E and 7 is given by

cosQo = E)ﬁ
E
coso = &
15
o = cos_l(g)
3
y
f
C
Ey
Al E. B
%)

/

(a) Potential will be given by

th
V= (i) the potential due to complete disc having charge density o

V= S%NRZ + 72 - 7]
0

YV _ o[ ___Z
®) EZ__QZ_SGO VR + 72

(a) The space has negative charge distribution. Radial field directed towards the fixed point terminate on these nega-
tive charges so that density of lines go on decreasing as one moves towards the fixed point
(b) Flux through sphere of radius a is

¢ = —(4a)(4nd®) = -16md’

9 _ 3
E_() = -167a

q = -l6mey
© ry =\I"+ 1+ (2) =2m

rg=V0 + 3%+ 4> =5m
B
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77.

78.

79.

80.

81.

[All points at a distance of 2m from origin are equipotential. Similarly, all points at a distance 5 m are at same
potential]

g 5
Ve —=Vy = —I E-dr= —J (—4nr)dr
2

Ta

=%Mﬁ=2xm=42wm

Vy—Vy =42 Volt )
For an electron at a distance x from the centre (when it is in equilibrium in the reference E\
. —>
frame of the disc) m
Electric force (F,) = mo’x
2
eE = ma’x .'.E=%x

Potential difference between centre (O) and circumference (C) is

T mew’ T maw'R*
VeV, =—] Edx - V-V = | xdx=
xX=0 e 0 28
Consider a uniformly charged cube of side length a, and charge density p. ST

From dimensional analysis

p(l3 AT /

Veomer & —

corner a

2
Vcorner o< pa

a 2a
Now consider a big cube of side length 2a

y/Bi
comer _ (2aff_ 4

a

(1)

Small
14 corner

But it is clear from the figure that

Big _ Small
Vcenlre - 8VComer
Big
Corner 4 Conrner
from (1) — =+ = =
l Big 1
8 Centre

1

Centre 2

Charge on a conductor will always be on its outer surface. Shell is thin and fits perfectly over the sphere. Half the
charge on sphere will reside on the shell. As the shell is removed, the charge on it also goes away with it. When
grounded, the shell will give away all its charge.

Every time shell is mounted and removed, the charge on sphere become half (or its potential become half)

100

=625 =n=4
2n

Hint: the entire charge of the inner sphere will get transferred to the outer ball. On the outer sphere the charge will
be distributed uniformly on its surface.

(a) If there is no charge inside the shell, its entire charge will reside on its outer surface. But the question says that
there is charge on the inner wall as well. Hence, there must be a charge inside it.

There is positive charge inside the shell that is equal in magnitude to the charge on the inner wall.
Net charge on the shell = charge on outer surface + charge on inner surface

qshell = 471'b20' - 4”“20-
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82.

83.

87.

2
(b) Potential of the shell V = —L_4%b"0 _ bo
dme, b &
Given V = ﬁg

Volume of liquid does not change when the bubble collapses to form a drop.
4ma*t = %ﬂﬁ where ‘7’ is the radius of the drop

r=3a’n'?

Charge remains conserved. Hence new potential is
V= 1 9_ V(i)m
drey ¥ 3t
Charge is induced on the surface of the sphere but net charge on the surface is zero. Due to induced charge, the
potential at the centre of the sphere is zero.
. Potential at O

-1 4
dre, X

The whole conductor is at a single potential. Even if the sphere is hollow, the
charge distribution on the surface will remain identical (there is no reason for
it to be different !). Hence answer remains same.

In all cases, a charge —q is induced on the inner wall of the cavity and a charge
+g¢ is induced on the outer surface. [why exactly —g charge is induced on the
cavity wall? why not —2¢? Explain]. The charge on the outer surface is uniformly
distributed in all cases.

The electric field produced by the point charge and the charge on the cavity
wall is limited to the space inside the cavity only.

Resultant field due to these two charges is zero at all points outside the cavity!!
Field lines starting at the point charge +¢ and terminating on the cavity walls
(—g charge) tells us that no field is created due to this pair of charges outside
the cavity.

(a) Field outside the sphere is due to +¢ charge on its outer surface only
. Outside field resembles a field due to a point charge placed at the centre O of the sphere.
.. Potential = work done in slowly moving a unit positive test charge from infinity on to the conductor
1 9

- 4rey R

(b) No change
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(c) No change

(d) Field line are normal to the conductor surface. These lines are all straight when charge is at the centre of the
spherical cavity

88. Hint: The net charge inside the ball is Q though charge will get induced on the dielectric surface.
89. Point charge ¢ induces a charge on the surface of the conducting sphere.

Potential of the sphere = potential at the centre

[whole sphere is at one potential]

The induced charge will cause no potential at the centre.

Kq
Vsphere = VCentre = X

Now, when the sphere is earthed, its potential (i.e, potential at its centre) must become zero. For this the earth supplies

a charge g,
Vsphere = Vcentre + Vinduced + qu
charge
Kq Kq, qR
0O = - 0+ T = {4y = B
(b)i= % = ﬁ@ = ﬂ
dt 2dr 2

91. Charge —Q is induced on the inner surface of the outer shell. There is no charge on the outer surface of the outer
shell as it is grounded.

An electric field exists in the space between the two shells.

E :Kg2 for R < x < 2R

X
Just after the charge enters, it experience a force due to this electric field directed towards
the centre.
Qg
(2R
Component of this force perpendicular to the direction of instantaneous velocity u is
F, = Fsing= F2R __F
2R 2
_ g .
4\2R
If radius of curvature of the path is r
2
mu
— =F
mu’ _ KqQ
T 42R
16\2 ey R*mu’

r

Qq
(b) The potential difference between the two spheres is
_ ( Q0 KQ) _ (K_Q K_Q)

Viner = V., —— -
2R 2R

inner outer

R 2R
_ ko
" 2R
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Energy conservation for the charge entering the shell gives:

lmvz + (_CI) Vinner = lmuz + (_q) Vouter

2 2
%mvz = %muz + q(Vimler - Vouter)
lmvz = lI’I’ll/lz + Qq
2 2 8mweyR

v o= qu’ + _Q4
4rweymR

92. The largest charge 12¢ must be placed at one of the corners,

and the smallest charge between the two charges. 1 éq

Let the position be as shown in figure [The trick is to understand } 12

that PE of a pair of charges o g Therefore, the pair having
r

largest value of gQ must be farthest]

kg2, 2]
U=k [12+ X "12-x
U will be minimum when Y = 0
dX
X2
N Z2__3 :>(12 X)zl —24-2X=X = X=8cm
XX (12-X) X 4
N 12 3¢
In this position force on g is = K — - K— =0
93. Sum of interaction energy of each —g charge with +( charge in original position is
U - | K@ KaQ) . _ 82 Kg0
*T 4 3a T3 a
22
(a) When larger square is shifted to infinity, this interaction energy will become zero.
82 KqQ
Wexl =O_U0:T a

. . . . . a a
(b) First rotation brings the —g charges on z axis at co-ordinates z = — and z = —
\2 \2
The second rotation does not charge the position of two charges.
.. distance of each —g charge from every Q charge is

r=W2=\g'a

... Interaction energy for —¢g, Q pairs is

~KqQ , _ 42 KqQ

U =22y
\E.a 54
2
K
WextzU_Uoz 8\/5_4\/5 qQ
3 5] @
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94. (a) The electric field has maximum strength where the magnitude of slope of the V—x graph is maximum. Among

95.

96.

marked points, we have large slopes at C and D. Positive slope at D means that field is in negative X direction
at that point. At this point a negative charge will feel largest force in positive X direction.

(b) Total energy of the proton shall be less than zero for it to remain bound.
At origin total energy is

%mv2 + (-Vye %mv2 + (-Vpe<0
2eV,
v < o

An electron cannot remain bound as it will always experience a force away from the origin.
The tension decreases as the pendulum rises. In case (a) the electrostatic force between the charges is

1 90

= — =2
0 4rey 12 mg

In this case the tension cannot become zero anywhere. Even if the bob rises to the top and has zero speed there,
tension is the string will be mg.

Therefore, to complete the circle we need to ensure that the bob has enough speed to rise to the top point.

i.e. u = \4gL
In case (b)
mg
F, =—
¢ 2
If v is speed at the top
2
my
T+ -F, =—
mg — I, I3
mg  my’
T+— =
2

s forT>0

Energy conservation gives

(a) Energy conservation

K%+mg(4) =K%
5 1
K00 9% 10" x (20 x 10°9°
"T%s T 10 x 5

=72x10% kg =72¢g

O‘V
At 4
im
Initial position B

Final position

(b) T = mg + KQ;ZQ =72%x 102 %x 10+ 9 x 10° x (20 x 107> =432 N
1
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(c) Unstable.

When released, the mass accelerates and then retards to stop when just below A. It means, if disturbed from

equilibrium, it will experience a force away from equilibrium.

97. Equilibrium of ball 1.

Foe
\2
KqQ mg
2N2 L
Wext - Uf_ Ui

\2L

= -3mgL

K
0- [mgL + LQ] = —[mgL + 2mgL]

1

98. (a) KE will be least when PE of the system is maximum, i.e. when charges are closest to each other. In this situation

both charges will have same velocity (v).

my + my = mu

= y = %
S

(b) A will move to right with velocity u and B will be at rest.

99. Let the final velocity (at o separation) be V| and V, as shown.

Momentum Conservation

mV, —mV, = mu

Vi-V, =u (1)
Energy Conservation
1 2 1 2 q0 1
—mVi+—-—mV; = + =
2T M T ™
= mV: + m(Vy — u)* = 2mu’
= 2V —2uV, -1t =0 =V,

100. (a) The y component of velocity of two balls will be same.

V, =+2gh

For momentum to remain conserved along horizontal direction, the
X component of velocity of the lighter ball will be twice that of the

heavier ball (in opposite direction).

Given tan45° =

‘%< ><<|*<<

[\
=
N | =

tan0@ = =

Bqg A
.—TI L]
r
V.
24—05 Ao—>V1
. qQ
SorE—
2weymu
1+ \/?) ;
2
2m m
pr et
y
Vx 2Vy
459 0
A, v, )X

e——m—X
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(b) Energy Conservation % 2m(V)2€ + Vi) + % m(Vi + (2Vx)2) + Uy
= U; + 3mgh
Where U; and Uy are initial and final electrostatic potential energy of the charge pair
V. =V, =12gh

45m (2gh) + U,

U; + 3mgh

6mgh = U, - U;

Weee = -0, =U) = U, - U
= 6mgh

101. (a) The electric field in the region between the two shells is radially outward and outside the larger shell it is radially
inwards. Once the electron crosses the hole it will be automatically pushed to infinity.

The KE of the electron shall be sufficient enough to carry it to the outer shell.

Kpyn + &)V, =(-e)Vy

Kmin = e(VA - VB)

K.in = eKQ(% - i) (the potential difference depends only on the charge on the inner shell)
1
Kmin = KeQﬁ
(b) In this case the field is radially outwards throughout. The KE must be large enough to carry the electron to
infinity.
Kpin + &)V, =0
0 ZQ) 3KQe
K., =eVy=eK|l—=+—|=
min = €¥a =€ (ZR 2R) 2R

102. (a) w is maximum when angular acceleration « is zero. This happens when rod becomes parallel to the electric
field.

Loss in electrostatic PE
AU =2q-E[L - L cos 60°] — gE[L — L cos 60°]
_ qEL
2
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l]CUZ:ﬁ

2

1 ML) 7 - gEL
2 12 T2
o =P

T ML

(b) The rod will perform oscillation with an amplitude of 60° on either side of the direction of E.

Maximum torque

= 2gEsin60° — gE'sin 60°

max

V3
—gE
5 4

MQ2L)? \3 .
n %=1

33 g

2 mr?
103. Hint: Particles are going in circles about their common centre of mass.
104. A will leave contact with the wall when

kxy = qE,
qE, .. .. .
Xy = X = minimum extension in the spring.

After being released, block B must at least move through a distance x; before it comes to rest.

Energy conservation for motion of B
Gain in spring potential energy = loss in electrostatic potential energy of B

20E
= %kxé:Q-EOxo = Xy = Qko

qEy
But x, must be at least <

208, 4By 4
ko ok )
105. Charge on sphere 1 after S, is closed is

Now S, is opened and S, is closed. Charge is shared between sphere 1 & 2.
Charge on 1 & 2 both becomes %

Thereafter, S, is opened & S5 closed. Charge on 2 and 3 both will become %

Q00 0

This way we can see that final charges on the spheres will be DT
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v
) 76

> s

N<
&<
o<

The final potential of spheres will be

Final energy
2 2
U = l47r €oR [(X) + (%)

2 2
_1 2( 1/4 )_1
=4 eRVIT ) = 6

Energy lost by the cell = Work done by the cell
= QV=4me,RV?

Hence, loss in energy of the system

— 47 ey RV?

10

AU =47 e, RV - %-47: € RV? = %47: €y RV:= D mey RV

106. (a) Potential at position (7, 6) is

V= KP02030
r
At a point where potential is V,
P o= Kp cosb [= P o cos 0]
Yo

Maximum value of cos @ = 1 (for 8 = 0°)

. _[kP
max VO

E = K—f V1 + 3cos’0
r

(b) Field at (r, ) is

When E = E,

P =EP (1 1 3c05%9)2
E,
r is maximum when cos 6 = 1

KP\1/3
=2 )

107. U = K'qu N K(—q)r(—q) K q(=q) N K(—q)(q)
\/FZ + d P+ &
1 1
= 2Kd* [? 3 = d2)1/2]

2Kq’ 1 &
= [1 -1+ E ?
Kq'd® 2
= q3 - kP [P = dipole moment of each dipole]
r r

b
-q —P +q
© @
r
© @

When one of the dipoles is rotated by 90°, interaction energy become zero. It can be easily seen as the potential

due to a dipole on its perpendicular bisector is zero.
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108.

109.

(@ W= Uy — U

initial = 3 3

KP* KP? 2KP?
W = Usina = Unnitial = — ==

E E E
Consider a segment of ring of angular width d6. Consider another segment at diametri- Nt 4
+
cally opposite end. The two small elements make a dipole. Its dipole moment is +++
dP = (Ard0)(2r) = 2A1% d6 W
dg .
2
A = linear charge density = ﬂ—z _ g > x
X component of dipole moment is dP, = 21 cos0d O —
Y component is dP, = 27 sin@d 6 I
Adding contributions from all such dipoles
2 Y
P, =2Ar _[ cos8d 8 = 21"
0
P
72 45° oA

P, =2Ar _[ sin@d @ = 2 A1
i 0

The charge system can be treated like a single dipole of dipole moment

4\/§qr
T

P =221/ =

The resultant dipole moment vector make an angle 45° with the x-axis
Potential at A is

_ 1 Pcos45°
r
ey

In equilibrium, the three balls are on the vertices of an equilateral triangle

in horizontal plane. Resultant electrostatic force on charge A is
2

F, = Kq—zcos 30° x 2 (Horizontal)
a

2
= 3_K‘21
a
F
Fg \/§Kq2 e
tan0@ = o = >
8 mga
But tan zsin9=£=i
L 3L
Using above two equations we get
£ a £ . 3K4L

a g (1)
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(a) When one ball gets discharged, it will experience no electric force. It will be in equilibrium with string vertical.

The other two balls will be in equilibrium in position shown.

F,
tan 01 = m—g
X, qu .
— = ——— [X, = separation between B & (]
2L mg-Xf
2 =@
(2) -2
al) T3
1
-

(b) If B and C are discharged, all the balls will collide at G.
Each of them will acquire charge g and then repel each other.

Equilibrium separation (X,) can be obtained from (1)

Neutral

2
3K(2) L
X =3
2 = mg
x.3
T2 _1
a 9
1\
X, = (=)
2 (9) ¢
K K
110. Force on g along y is F, =— 99 ~ -cos 6 = 99 y
+ =
SRR D
. KqQ . KqQx
Force on Q along x axis is F, = 3 5 sin@ = — 0
o+ & +y72 y
F 9 ) Fa
— == 5
Fo F
acceleration of the particles is in the ratio of their respective distance from origin.
In the interval ¢ moves a distance r, Q will move through 2r.
111. The solid angle at the apex of the cone is
AS,

AS,  AS,
AQ = — = —=
n "
. ) cAS, OAS,
If o is surface charge density — =
" r
dq, _ g,
7
A A
! "
E, = E,

\/ Aq,

AS,

The entire spherical surface can be divided into many such pair of small area which produce zero resultant at p.
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112. (a) Solid angle formed by a cone having semi vertical angle « is
Q=27 -cosax) =2m (1 — cos60°) = 7w Sr

Therefore, one fourth of the total number of lines emitted from g, = Half the number of lines terminating on g,

N, = 2N,
lg:] = 2lg,|

(b) Half the lines emitted from ¢, do terminate on g,. Remaining half will go to .
s = 90°

max
113. Consider the cylindrical shell to be of infinite extent on both sides.
We can imagine it to be made of two identical part I and II.

I E En
+ + +  VTA +4A + + 1 +
Exn E.
+ + + + + + +

X & Y components of electric field at A due to part I may have directions as shown. Due to symmetry, the field at
A due to part II will have components as shown (Ex; & Evyyp.

Using Gauss law we can shown that field at A is zero.
= Ex; = Exy
and Evi+Eyy =0 = Ey=Ey;=0

Hence, field at A due to part I has X component only.

114. At p
b A, A _ A [ o g]
O T 2reyr  2meqr re,d ' 2
2
27
E, = e
0= Zed ey

+ - + -
1 3 3

+ - + -

y
+ E,, - LX + = -
E2x E4x

A freommeene e T e B e

+ E1x _ i E3X

E1y E4y
4

2 4

+ - + -

+ - + -
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Had the threads been very long on both sides of AB, the field at M would have been E|,
IE\yl = Eyyl = |E5yl = IEyl

In the given situation, E,, and E,, cancel out and resultant is along AB given by

Ey
E=E2X+E4X=7

115. Note: gauss law is not applicable as F' is not proportional to %
r

Consider an elemental charge as shown in figure.

X
dE cos 0
X
_ d l\‘dE
dE sin 6
+
x=dtan® = dx = dsec’0d6
dq = Adx = Adsec*0d 6
. Kdqg
Field dE = 3
r
Due to symmetry field is along X. Hence resultant field is
Kd
E=[dEcos6 = [ L= KA e 2040 _ gy p [se”040
r (dsec 6)*
= KA _fcos2 6do
dz
For infinite line charge, limit charges from 8 = _%t to 6 = g
_ KX KA T KA
J cos’0d6 =2 [ (1 + cos20)df = 222
d* - 2d"—m2 2d

116. Consider an element of angular width d ¢ as shown in figure.
Charge on the element dg = ARd¢
Distance of the element from point P = 2Rcos 6
d ARd
% _ K_¢’2
I (2Rcos 0)

Due to symmetry, field will be along X and we need to add dEcos 8 for all elements on the ring.

Field at P due to the element is dE =

Field = JdEcos 6= % Jsec 0d¢
- ’2(—1? [sec6do [ ¢ =20, dp =2d6]

6 Changes from —g to + g or else, we can integrate from 0 = 0 to 0 = g and double the result.
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KT KA
Field = Zﬁ b[ sec 640 = T[In sec 6 + tan 0](’;/4

= B2 ez + -] = B2 1z 4 1) atong x

117. (a) In equilibrium,
o
=qgE |E=—
mg =4q [ 2e,

(1)

The removed disc is like a point charge = onr
-. Unbalanced force created by removal of disc

_ 1 O'n'rz_q= or .qzmgrz
dney B 4e 21

[where we have used (1)}]

. r
". acceleration a = -
2h
(b) When terminal speed is acquired
2

6 V mgr
nxV, =
7 o
mgr’
VO = 72
12xnxh

118. Notice that the field is radial.
Apply Guass law on a sphere of radius 2r,
121. When charge is at O, the flux through the face having radius 2R is

_ g 2n(1 - cos6)
" T am

-1 .4
= 2e, (1 — cos6)

A PO =i[1_i]
280[ (2R + (3R)2] 261 13

Similarly, 6, =i[1_37R]:i[1_i]

2¢, JR? &+ (3R)> 2¢, \N10
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f_({T-2).
¢ \N10 - 3/ V13
122. (a) Flux through two faces parallel to y — z plane is z

= [(Ex)at(x+dx) - (Ex)atx] -dy-dz Z+ dzp-------- @x .
Zp--=mmes X+ dx

=[x + dx — x]dy-dz = dxdydz

= dV = Vol of cuboid. y
Similarly, for faces parallel to xz plane, flux is = 2dV
And for faces parallel to xy plane, flux is = 3dV X
APpoia = (1 +2 + 3)dV = 6dV = 6dxdydz
(b) Charge inside the elemental cuboid
dg = 6gdV
Ch it volume 24 — 6
— = £
arge per unit volume 0
*. charge inside the sphere
q = %ﬂr3-6£0 = 8¢y
123. The quantity of charge in the space R < x < r is given by
r r x2
q = J. p4nx*dx = 41h J‘de '
R R
2| 2 2 Gaussian
=47rb[?R=27rb[ - R7] surface

Let strength of field at a distance r from the centre be E.
Applying Gauss law over spherical surface of radius » we get

E-4nr = [Q +27b [ - R*1)/e,

(Q—27rbR2) 1 27b
E=|222020 L,
4re, P72 4rg

For E to not depend on r it is necessary that Q = 2 ThR*
E = 2nb _ b

In this case = =
4re, 2¢

124. Consider an element as shown.
Field at P due to this element is

dE = K/lede [r=VR? + 2]

%

dE, = dEcos o = 4K/1Rd9.£
2 r
E, = .[dEx _ KARm-x

3
r

dE. = —dEsino -sinf = —

Z

KAR R Gno-a6

I
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)

2 7 2
E, = -KAR [ Gn gag = - 2KAR

z - -
r 0 r

From symmetry E, =0
The resultant field is in xz plane making an angle § with the x axis.

anp = 5= (3)x
:

Clearly the direction of E is along CP

When OoC =y, = 27R

C is COM of the ring.

O 1
126. P = 2 = —¢ E2
2gy 27070

Gmax_E
&g 0

- % x 8.8 x 1072 x (3 x 10%)? = 39.6N/m>

2

127. (a) Electrostatic pressure on the surface P = %
[charge on a small area As = 0 As] 0
o’ As

Radial force on the area As is AF = PAs = 7o
0

Due to symmetry, the resultant force on one half is along x direction and
is obtained by summing up AF'sin 6

2
F =Y AFsin0 = 9 > Assin 8
2¢,

Q

2 2
O 7R = 0 = 5
4R

T28 0 32aeR

Note: Electrostatic force AF on a charge oAs is actually force due to repulsion from all the charges on the sphere.
It includes interaction with charges present on the half of the sphere on which we are calculating the force. But
such internal interaction cancels out in pair and the force F obtained above is the force due to one half of the
sphere on the other half.

(b) Omax = Omax 4TR* = (§,Ep) 4TR* = 4 e E R’
- ne EQR?
T2
128. Pressure inside a soap bubble of radius r is
P, =Py + 4—rT
After expansion, the pressure becomes
P, = —[. volume becomes 8 times and temperature is constant]
P,
8 2r
. T 1P,
Now, Excess pressure is AP =Py, — Py=——-—
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2
. . O
The electrostatic pressure is —

2¢,
2
L+AP :4_T
2¢, 2r
o T _Th _4ar
2gy 2r 8 2r
o _31 Th
& r 4
3T 7P0 12
o = £0 T+T
172
0 = oyan(2’ = 16770 = 817 | g 121 + 7P0)]

130. The sphere can be replaced with a point charge (g) at its centre. We can either
calculate the force applied by g on each ring element of the hemisphere and add
it to get the resultant force or we can calculate electric field produced due to the
hemisphere at its centre (by considering similar ring elements). Let’s proceed by the
second method.

Recall that field due to a charged ring on its axis is given by

1 Ox

~ drg, R+ )P

Consider a ring element on the hemisphere as shown.

ro = Rcos@
X = Rsin6
(o0
Charge on the ring = | —— | (2 7try) (RdO)
2R?
= QcosBdo
dE 1 (Q-cos 0dO)(Rsinf) O cosBsinOd 0

ring —

Amey (R + RPsin? 6012 4meoR® (1 + sin)2

l
0 ? cosOsin 040

E =
4rmeyR® 0=0 (1 + sin’6)*?
Putt =1 + sin’ 6
dr_ 2sin@ cos8 = 1 t = sin @ cos 0d O
de 27 T
£ = e 4]
871'80R2 P P

= _SNi,RZ [%E B 47501{2 [l _%]

Required force
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131.

132.

133.

Complete the outer sphere.
Now this sphere will exert no force on the inner hemisphere.

This means the two hemispheres in the outer sphere exert equal and opposite force on
the inner hemisphere.

Call the forces on inner sphere due to two halves H; and H, of outer sphere as F, and
Fz.
F, =F, = F (say)

Now complete the inner sphere with outer sphere as hemispherical

Now, force between one half of inner sphere (hl) and the outer sphere is very much
like that between H1 and inner hemisphere in previous drawing.

Force between £, and outer hemisphere is like F, in previous drawing.
Resultant force on inner ball due to outer hemisphere is F; + F, = 2F (=)
This force is already known to us from the previous question.

Force between the outer and the inner hemispheres = half the answer obtained in
last question

el
JE 8weyR? 2
8ett =8 T 77

Velocity just before 1% collision V, = \2 g4 h

Velocity just after 1% collision V, = eV,
Velocity just before 2" collision = Vi

Velocity just after 2" collision = ev, = e Vo

Hence, Velocity just after n'™ collision V, = "V, = " \2 g h

v, B e 28 h

. Height attained after n'™ collision h, = —"— = = h
28 it 2 8est
As done in last Q., the vertical velocity after n™ collision
Vy, =€"Vy=¢"\2gh
The time of flight between n™ and (n + 1)™ collision is
2V, 2e"\2gh o
T = =~ =2 =
8 8 8

The total time that has passed from start upto n™ collision is

2 e'\2gh ¢ 2gh 63\/2gh
=\ + 2 2 + 2 + 2 +

4 4

. Horizontal velocity at the moment of n™ collision is

w e =R 1257

V

=
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L .. . . . LLLL L O
134. (a) From y = 0 to y = = the rod has positive charge. Force on it (F) is towards right due o
to Electric field. A
The lower half has negative charge and electric force (F,) on it is towards left. y +
The torque due to F; and F, must balance. +
+
T = Tp +
L 5 day  +J|——
2 n +
| E@?dyy =] Ey'dy) y y
0 L

+

2

al* b (2"*2—1)Ln+z )

? T n+2 on+2 -
Comparing the powers of L we get n = 2. - -
dF,~—_ dy
: a _b(2-1) _,_a
) 26 4\ o4 15 _L
17 Eal®
(b) F, = Ea-| ydy =28
0 24
T 2, Ea7l® _ 1 Eal’
d F, = Eb- dy = =— —— = —
an 2 2V YT 4 T15 24
Net horizontal force 5 45
EalL mg
Fo = F = F, == (9) = — = = mg(=)
Weight of the rod = mg(i)
Force by hinge F, =mg(«<)
=mg (1)

y

Fiinge = \Fs + F; =\2mg

136. The bulge will acquire a small charge. Therefore, charge on remaining sphere can
be assumed to be = Q.

Charge density will be inversely proportional to the radius of curvature of the

surface.
o,r = 0,R
o,r = 0
: 4 R?
__ 9
! 4nRr
Or
=0, 2nr = 2 = =
1 ! ' 47R? " 2R

137. Potential at centre

E

_KQ 1 27R* 0 _OR

\% = o Vo2
€7 R " 4mg, R 2¢g,

Potential at point P and A will also be same because the electric field at all points
of the circular base is perpendicular to the circular surface. When one moves from
C to P, he is travelling on an equipotential surface.
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138. Electric field at a distance r from an infinite line charge of charge density A is

__A
2megr

Taking potential to be zero at r = r;, we have

%4 r
Jav =-] Edr
0

To

r

1
A 2 x=0
2we

__A Inr +
2re, 2re,

V =

Inr,

V=- 2 Inr + C
2re,

If the line charge has negative charge density the constant will be —C [ it depends on A]

Now consider a point P as shown. The position vector of point P is R = xi + yJ + zk

Vo=V, +V
= [— 27e, In(r,) + C| + 27e, In(r) — C]
A r. A (x+ay+y A (x+ay+y
= — ln(r—) = In = n
2ng +) 2mg (x—a) +y*| 47g (x—a) +y*
Aln(2)
For P 4re,

()c+a)2+y2 =2(x—a)2+2y2 :>x2+y2—6ax+a2=0
= (x-3a)+y* -84 =0

(x - 3a)2 + y2 = 84°
Radius of this circle is 22 a

. Q KQ
139. Potential at centre Vo=V, + V;, =K ot 0= T

Potential at centre = potential at all the points of the shell

KQ
Ve =Ty
KQ KQ KQ
P p _RY p _RY A/RY
Vin + VQ T in Ty r
140. Potential at A = potential at O
Vi =V [- sphere is conducting]

Vae + Vag = Vor + Voo

ERcos O + Vyy = 4;8 %
0
1 O ER
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141.

142.

For sphere S1
Induced charge will produce zero potential at the centre O.

KQ 2x10°
X775

potential at 0 = —= =9 x 10° = 3600 V

Because it is a conducting sphere, potential at all points in the sphere will
be same. Potential at a point B on the surface of the sphere will be
VB = VQ + Vinducded

J _6
Ve pog = 3600 — 2% 10 >;2 x 10

Where d is distance of point B from P.

Potential due to induced charge will be minimum at a point where d is
minimum. Such point will lie on straight line OP

Potential due to induced charge will be least at point B,
d =BP=20m
18 x 10°
2

Because charge distribution of surface of S, is identical to that on S, hence
5400 V is least potential on the surface of S,.

The inner faces must have equal and opposite charge. Let it be + x

(Vinduced) at Bl = 3600 — = 5400 V

Field inside any of the plate (say B) must be zero.

—+ _— =
2 265 2e, 2g

L2
2
Note: In general if charge O, and Q, is given to two plates, charge on both outer surface is same equal to
0, +0 . . 0,-0
! > 2 and charge on inner faces is * 1 > 2
+ [ ]+ -]+ [ ]
X X + +
- Q
+ + + >
-X
Q- %) + + - + 0
-t +
+ + - +
+ + - +
+ +
1 2 3 4
+ ]+ -]+ | |
A B

(i) The inner faces facing each other must have equal and opposite charge. And the outer walls of A and B must

have equal charge to ensure zero field inside the conductor.
Hence, the charge distribution can be as shown in figure below.

2y-(3Q -1 -x=0
2y =40 = y=20
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Ve—Vy=Ve— Vg

Vy =V
E\d = E,(2d)
X g (BQ-x2d
3x =60 = x=20
From (1) y =20
e _ Y
+[ - -+ -1+
—X
+| |- - |+ - |+ vy
(3Q-x)
Y +| |- - |+ - |+
+ _ +X _ . _(30_ )_ N
+| |- - |+ - |+
1 = 4 = 4
+ - E, -+ E, -+
A C B
d 2d

+2Q

(1) When A is grounded, the charge on outer walls of A

Zero)
For Vy =V
Ed = E,2d
x =230 -x)
3x = 6Q
x =20
L _ 1
- +| |+ -
X (3Q-x) _
X + + - (SO'X)
L~ E +| |+ E L
L A c B
d 2d
3
143. Charge density p = Q = 0 ;
%n@R3—R3 28R
Charge in the region R < r < x (x < 2R) is
4 Q
g=p3r - R)=—
7R

Electric field at distance x from the centre is

K.
E =4

2
X

7R? x

:59@_E)

2

and B will become zero (so

_ R3)

+ +2Q

as to make their potentials
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Vs 2R
[av = -] Eax
Ve To + + 4+ + + + + +
- - + + 4+ + + + + 4+ o+
VS—VP=—K—Q3dex—R3J@ o+ o+ o+ o+ o+ o+ o+
R’ |n ry X
S
K K
21, e Fer 4]
2R TR 2 2R 7o T + + + F + o+ o+ 4+
+ + + + + + + + +
V6KQ KQ[V()R3] O+ o+ o+ o+ o+ o+ o+
PEUR T2 R
144. (a) yes. Spherical
(b) At p electric field is zero.
3
Q0 dex_g o, d
x d + x) V3 -1
3Q -Q P
(c) Potential of surface S| = potential at P @ © .

145.

146.

147.

V =

KO 30 2KQ
—T+Kd+x—7(2—\/§)

(d) One can easily show that potential is zero at a point at a distance g to the right of —Q charge. Now, g < \/§d .
Hence, this point is to the left of point P. Looking at the given diagram, we can say that zero potential surface
will enclose —Q charge only.

Required flux = —g
€o

Hint: Number of field lines originating at A = no. of lines originating at C = 2 times number of lines terminating
at B

woIf qp =4

Then qs =qc=12q

For graphs see the answer

Solution for (f)

If a charge ¢ is placed in front of a conducting sphere,
the induced charges plus the charge g creates a potential

Kq .
V = —= at all points of the sphere.

In our case, the point charge —qg at the centre of the shell
induces +¢ charge on the inner surface and the charge induced
on the outer surface will be just as shown in fig (with r = 4R).
The system of charge shown in fig above will cause a potential

v =X9 . all points 0 < x < 2R -
= 7 2 all points 0 < x < 2R.

Two sphere of equal size will share charge till both of them acquire same potential. Let charge on inner sphere
be g.
A charge —q is induced on the inner surface of the shell.
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Potential of the inner sphere = potential of distant sphere

.4 -9 ,0-q PO
=Kp+Ksp=K—F= = ¢=20-2

charge induced on the inner surface of the shell = —g = ——

2
charge that flows to earth = +g = TQ
148. (a) Let ball A acquire charge +¢ and B acquire charge —q after the field is

switched on

Kg Kq —q
VB =VO—T+T
K K
v, =V0—EL+7q—Tq

Since balls are connected by conducting spring.
(V, = potential of point B in electric field E if our system of balls were not there)

VA=VB
Kq Kgq Kq Kg
= _EL+T_T :_T T
1 1 q9 1 1 1]
2Kg|—-—-—| = EL —=EL |+ = —
= q[’ L] = 2rey ¥ [ L
q =2meyErL

(b) The electric force on the two balls stretches the spring. As the balls move out, induced charge (¢) on them increases
(as it is directly proportional to separation L between them)

This increases the electric force stretching the balls. The system can oscillate only if spring force increases at a
much faster pace. When separation between the balls increase by x, charge on them change by

Aq =2rmeyrE-x
Electric force increases by
AgE = 271'€OrE2-x
For oscillation
kx > ZneOrE2~x
k >2me,rE?
For no oscillation k < 2me rE?
ky = 2me,rE?
(c) Consider the motion of ball A. Let it be in equilibrium when length of spring is [,
k(ly — L) =2meylyrE? (1)
Consider A to be further displace by x (in the same time B also move by x and spring length increases by 2x)
ma =2me rE*(ly + 2x) — k(I + 2x — L)
Using (1)
ma = —x[2k — 47we  rE’]

(2k—47teOrE2
a=—-\——-—|x

- m
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B (871»50rE2 - 47l'€0rE2) .

— [ k = 2k

(47teOrE2)
| X

= - [SHM]
471'eorE2
O=\"m
T=27r’ n =(I”’”),l
4me,rE? \eor ) E

149. (a) There are 4C2 = 6 terms in expression of potential energy and two of them are positive; remaining 4 being nega-
tive. The arrangement shown in Fig. (a) and (b) cannot result in zero potential energy because the negative term
is less then positive term.

-q a +q -q a -q
b b
_q + +q
4 [a> b] q [a> b]
(a) (b)

An arrangement of kind shown in Fig. (c) can result in zero potential energy

_q a +q
b a>b
-q +q

()

9 qq @ @ g -9 (q)
—+ —+ + + +

b)) U=K
b b a a \/a2+b2 \/a2+b2
2.2__ 2 _,
b a ‘/a2+b2
With b = 1.0 m
a-1 1

1+a

[@® + 1 - 2a]la® + 1]

d+d -2 +d*+1-2a

a@-2)+@-1)7°

Q

S Q Q T
[N S

[~

The second term is positive.
First term can be negative only if a < 2
l<a <2
150. Let speed of both be V just before collision

Energy Conservation

Lovisos KG9 (9 _ KG9 9

2 2r R
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1 1

3 [Zr R -
-q

In elastic collision, exchange of velocity will take place and charge on both balls will now be

= g. Now, the

two balls repel each other. Speed will be maximum when separation between the centers of the balls become 2R.
2 2

1 2 Kq 1 2 Kq
Lovixoe 2L L p2 0 29
Mo X st o Ty X et
2
2 _ ZL_l] Ki[l_l
Vi =3¢ |5 -5 v 5[5 %

Kq2 Kq2 Kq2
— B3R -6 R-r]=——@R -1 S Vo=\=—=WURrR-"7
2rR [ T 7] 2rR( ) 0 Zer( r)

Note: Energy loss takes place when charge redistribution takes place during collision.

151. (a) In original position, the COM of the system is located at cen-

tre of line AD (i.e. at a distance of AG = ﬁ [ from A). The

particles move such that the COM does not get displaced.
When all three come to rest again, particle of mass 2 m will be
at D [This particle experiences net force along AD and moves
on this line itself] and the other two will be symmetrically
placed at B” and C”. B%; o) e D‘ Py,

A and D are extreme positions of oscillation of particle Initial position Position when all three
of mass 2 m are at rest again

Amplitude = ATD = ﬁl

(b) Speed of the particle of mass 2m will be maximum when all three fall in a straight
line passing through COM (G) v v
Momentum conservation MV, = mV + mV B

2mV, =2mV = V, =V

Energy Conservation
KQq

mv? +% Qm) V? = K# + 2-T

Oq 99 1 ., 1
2 K= +K—+= =
7 + ; +2mV +2

Kq’ JKE g [T
2mV? = — V=\—7—==
= " a7 aml = 4 \megmi ®

(c) Particle of mass m may be viewed to be rotating about particle of mass M with a velocity of 2V (for the moment,
when all three are in straight line, the central particle is un accelerated. Frame attached to it is inertial)

m@v?® _ . K¢ KqQ

! @ P
K¢ Kg' KgQ o
T =—+—+—— [using ()] Y
T
q B
= —— (5 + 40)
16 eyl A
152. EP a4y = Electric field at P due to charges at A and A" = 2 1 9atr -i) o i’
(AA") 47[80 (yi + xi)yz X
I 2 1 dpXp A A
Similarly, Epgpy = 2( ) ——an U
4”80 (yB + 'XP) B

For E, =0
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X X
2(1) daXxp =2(1) qpXp — x=\335m

amey) o2+ 22 4w o2 4 2

To the left of point P the field is towards left and to the right of point P it is towards right.
Hence, v, should be just enough to enable the particle to reach P.

2 4p 4a
Alternatel Vix) = +
[Alternately, () 477750(()1123 PR (yfx N x2)1/2)

Field will be zero at point where

av
*) =0 = x=0andx=i\/5

dx 2
. . V(x)
V at x equal to infinity is zero. /‘ [ !\
And at x = B V(x) is positive = V(x) is maximum at x = & ‘ ‘
x =45 V@ isp x X =143 X=—[5l2 _x=0 x=J5i2 X
So, if the particle is able to cross x = \/g then it would automatically reach the origin.]
1 5, _ 2 4a s
= 2™ T 4g 2 2 * 2 2
% \/yA tXp \ij"'xP

Solving we get, vy = 3 m/s

Kinetic energy at origin = loss of PE = (PE)p — (PE) g, = 3 X 10747,
153. Hint: Apply conservation of energy. Remember there is gravitational PE apart from the electrostatic PE.
154. (a) Electric field due to the line charge at a distance r is

A
_27r£0r

Potential difference between two points at distance R and R is

nR 2 an
AV = - Ed = — _r = — 1
,{ " 2re, ,{ r 2re, nn
Gain in KE of charge = loss in its electrostatic PE
1 2 1 2 AQ _ 2 AQ
= EmV —EmV0 = 2 7e, Inn = V=AV;+ ﬂgomlnn

(b) If V| is the velocity component L, to radius, angular momentum conservation about the line charge says

V()
mVJ_-T]R =mVOR S VJ‘:W
V2ie V=V
2
AQ Vi
2 _ 2 2 _ 2 o
Vi =V VL_V0+ﬂ80mlnn > . dx
A o ——F
_ 2 1 AQ FoEF o+ 4
V. = \/Vo (1 _F) + ngomlnn

155. The torque of electric force on the rod is initially larger than the gravitational force
torque. This provides an angular acceleration to the rod and it speeds up. Beyond a
certain point, the gravitational force’s torque becomes dominant and slows it down
to eventually bring the rod at rest when it becomes horizontal.

—_—
E, (uniform)

e e N N
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(a) E, can be found by applying law of conservation of energy.
Let potential at line AB be V,

Electrostatic potential energy of the charge on the rod when it is vertical is U; = AL-V,
When rod becomes horizontal, we can write its Electrostatic potential energy as

L
Uy = gvxldx [V, = potential at distance x from end A = V|, — Ex]

2

S —~

Loss in Electrostatic potential energy

L2

This is equal to gain in gravitational potential energy
12
5 =

Mg
AL

(b) The electric force on the rod is F, = ALE,. Force can be considered at centre for writing the torque.

My =Mek = Ey=

In equilibrium,

Tpe = Ty [tOrque about A]

lLEO% cos 6 Mg% sin 6

Putting E, = % we get0 = 45°

The rod has maximum KE at this position.

KE = (loss in Electrostatic PE) — (gain in gravitational PE)
L L
= JEOx sin OAdx — Mgz(l —cos0)
0

EyA p? L
Mgz (1
2 gz(

" - %)= M- 5)
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156. A small charge on the rod located at A will reach A" when the rod
gets horizontal.

If 8 < 45° then A” will lie on an equipotential having higher potential
as compared to point A.

Therefore, the electrostatic potential energy of rod in horizontal
position will be more than that in its vertical position. At the same
time the gravitational potential energy also increases. This is not

possible. o
It means rod cannot become horizontal if 6 = 45°, however high the
field might be.
Ans. to (a) is that it is not possible for rod to become Equipotentials
horizontal.
Ans. to (c) is 6, = 45°
(b) With 8 = 60°, let’s calculate the loss in electrostatic PE when the rod )
becomes horizontal. . dx
A charge element (Adx) at distance x from O will be on two differ- H—j’u—
ent equipotentials when the rod is vertical and when it is horizontal. ? + +OC,’ + 3 : t + + + F
Distance between the equipotentials will be 4 60// 60
X |+
d = (x——) sm60°—(\/§_1)x + ¢
V3 2 ;
ax, ,
*. loss in PE of the elemental charge will be T_:
dU = AdxEd = (@)AExdx v i
S+
-. Total loss in electrostatic PE of the rod T/’V2

Equipotentials

AU = (V%) AE i xdx = (\/%)AELZ

This must be equal to gain in gravitational PE of the rod.

L (x/? - 1) >
Mg= =| ——|AEL
£3 4
- (L )B
3 -1/ AL
157. (a)
E
Jo—eo— o Jo——o—q
L I L
4 4
Stable equilibrium E Unstable equilibrium

(b) When the rod is rotated by A6, charge at the end A moves —(1 — cosA6) in the direction of field and the charge

at end B moves — (1 — cos AB) opposite to the field. - >F

A
Charge at B gains PE (as it moves to a location of higher potential) and the charge 'q\‘
at A loses PE. !

AU = g-E %L (1 — cos AB) — q-E% (1 — cos AB)

gL
=F T [3-3cosAB -1+ cosAf]
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EqgL EqL
AU = e [2 — 2cosAf] = — (1 —cosAB) (1)

(c) Let the angular speed of the rod be @ when it is at small angular displacement 6 with respect to its stable
position.
KE + PE = a constant
Taking PE to be zero in position of stable equilibrium
We can write PE at position 6 using (1)

EqL
U = — (1 — cos6)

_1 2_l(m_Lz 9mL2) > 5mL?
KE =5 10" = 3|5+ 7] = 5
5mL> 5,  EqL B
T w + > (1 — cos @) = a constant.
_5mL2 a)d—w+%sin9d—9 =0 [d—0=a)andd—w= a]
16 dt 2 dt d dt
3 4Eq) o
o = (5 3 0 [sin @ = O]

SmL SmL
T = 21— = my——
d 4Eq d Eq

159. (a) Just remove a small point charge g; from the shell. This will hardly change the potential of the shell which is
equal to

_10
4rey R
1 G 92 493 | 44
= — =+ —+—
dreg LT T2 T3 T4

+ ...| [g; is not there]

= potential at the location of g; due to all other charges

a4

gs
Q4
ag
gi

g
° 97

Interaction energy of ¢; with all other charges

1 qi 92 43
+ + =

= - + . |q
drey T T W @
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(b)

160. (2)

If we continue like this interaction of each pair will be counted twice. Hence, the interaction energy shall be
written as

1 49:9; !
47[80 123 rij 2
j=1.23..

The summation will be performed using integration.
Interaction energy of dg with all other charges.

I,
4mey R
Term inside the bracket is the potential at location of dg due to all other charges
Q
1 0 1
U= = dg x —
{ dme, R Y172
_ 0 f e &
8meyR 1 8meyR

Consider that charge ‘g’ has already been gathered. Potential of the shell is
1 9

- 4rwey R

Work done in bringing next installment of a small charge dg from infinity

AW =dg-v=-—_44

W=|dw =
I 4meyR |

The two methods calculate the same thing — self energy of a uniformly charged shell.

Imagine that we assemble the sphere by piling up a succession of thin spherical layers of charge of infinitesimal
thickness. At each stage, we gather a small amount of charge and put it in a thin layer from r to r + dr. We
continue till we arrive at a final radius R.

Let g = charge on sphere of radius r

= p% nr

@/

dg = charge on layer having thickness dr
= p-47rr2dr
Work done in bringing charge dg from oo to the sphere of radius r is
4mp*rtdr dq
dU = Lﬁ.d _mprdr
ey T 3¢
Total energy required to construct sphere of radius R is
4rp? § 4 7 p?
U =—p J.r4dr=—p R
3g o 15¢,
Put p= n Q
2R3
37
2
3 0
U== (A
54ngyR (A)
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(b) The desired interaction energy is

T _
U' =U-U,

. . . . 0
Wh U = int t f all bl de th h ==
en teraction energy ol all pairs possiole mside € Sphere 5 471'80R

U,o = interaction energy of the sphere of radius § (having charge °‘q’) with the charge in the annular part

(i.e.,Qy, Oy)....
4 (RV dr
v =573) 0 =
Potential due to this charge at radius r(= R/2)
L a_Rp1 h

" :47t£0r:2480 r

Energy of charge in the layer of thickness dr, in the electrostatic field of ¢q is

du, , = (p47tr2dr)-V = ﬂR3p2rdr
qQ r 680
U = 7TR3PZJIg dr = R’
0 = g "~ T6g
0 RI2 0
= 9 gz p = Q
256mey R 4R
1
U =U-Uy

__ 3214 o
4regRLS 64 320 4y R

162. We know that field at point A has components (radial and tangential) given by

E = K2 Pcos 6; E, = KPsin 0
r 3 3

r r
3Psin@ cosO

r3

E, = E.sin + Egcos0 = K

E, = E,sinf — Egcos 6 = K—f(Zcosze — sin*6)
r

= K—f (3cos’6 - 1) E
r
(a) For a given r = ry, E, will be maximum when 6 = 45° A
6
g _K3P 1 1 _3kp ;
xmax r?) 2 ’\/—Z 2 rg 6 Eo
P
(c) Field is parallel to x axis if E, =0 = 3cos’0-1=0
1
cosf = —
\3

E| will be zero at all points on the line defined by cos 6 = %

. 1
Slope of line = tan(90 — 0) = cotO = —.
P 2
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163. The resultant dipole moment of the molecule is -29
P = 2q~d~cos(g) —dg [+ 6=120°]
6
Position of COM is as shown. d
S22, osf) =4
x =gd cos|7)=7 +q +g
Moment of inertia N
P
I =1, - 18m-x*
2
= 2md?* - l8m-‘é—1 = %md2
Torque when dipole is at an angle o to the field is
T = PEsinox = PE o [for small o]
2
Icm-d—f‘ =-PE-«
dt
da_ 1 ¢E 9 4E
d 16/9 142 16 md m
o = (9¢E _3 [4E
“V16md 4 \md
2w _3,/9E
T 4 \md
_ 8 |md
~ 3 \qE «
164. Electric field at distance x from the centre is
X
E = KQ p

(a2 + x3)3/2

Potential energy of dipole placed in this electric field is

_ 0 _ X
U = —-PEcos0” = -KQP 7@12 g
Force on the dipole is

du

@ + " —%x(az + )2 2x)

F =-—=KQP
dx Q0 (a2 + x2)3
- KOP @+ x° - 3x° _ a> - 2x°
( 2+ xz)s/z ( 2+ xz)s/z

For x = %

_ 16 Kop

- 323
For x =a

_ KQP

- 2512 3

Force on the dipole basically depends on d—E
X

E Y
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(i1) No force is not zero at x = 0, because i,—E #0

X
dE
F=0atx=-% where &= = 0
X 7 w I
165. For writing field at an outside point, we can consider the charge
on each sphere to be located at respective centre.Thus we have
a dipole of dipole moment

p =qd
4 3
Where q = p-gﬂR
Field at A
E = 3\J3cos20+1:
4rmeyr

& r

ol

3
3LR—d V3cos?6 + 1

3

E
i A
r
—>
)
b -q +q
fe—qg—>

166. (a) Let us apply the law of conservation of energy for the bead having mass m and charge Q:

Pcos0 _1 . QKP cos (m/2) _ 0o

2 2770 2

lmv2 + QK
2 r r

We can then express the velocity of the bead at angle 6 as

KPcos 0
y = 1—2%, (’—Tg < 717).
mr 2

(b) The circular motion needs a radial force equal to mv/r.

The radial component of electric field due to the dipole E, = 2

(1)

KPcos 0

}"3

Using the expression of the velocity (equation 1), we notice that the radial force on the bead (= QE,) is just equal
to — mv¥/r, the required centripetal force. Thus the ring need not exert any force on the bead to sustain circular

motion.

(a) The bead would move along a circular path until it reached the point opposite its starting position. The bead
would stop there, and then go back to its starting point. It will repeatedly retrace its path executing a periodic

motion.

(b) Since the ring does not apply a force on the bead, its absence will make no difference to the motion.



