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Electrostatic Potential
and Capacitance

Topic-1: Electrostatic Potential and Equipotential Surfaces

An electric dipole is formed by two charges +q and —q
located in xy-planeat (0,2) mm and (0, —2) mm, respectively,
as shown in the figure. The electric potential at point P
(100,100) mm due to the dipole is V.. The charges +q and
—q are then moved to the points (-1,2)mm and (1 ,—2)mm,
respectively. What is the value of electric potential at P

due to the new dipole? [Adv. 2023]
(a) V i ¥ 'Pl'[{ll}, 100) mm
0.‘ ..,-'.
(b) V2 F;s"i
1,2)mm 94 (0.2) o
© Vo/v2 p
{d) 3V0/4 ©. —2—{)’1:1m-°“‘ 2)mm

A long, hollow conducting cylinder is kept coaxially inside
another long, hollow conducting cylinder of larger radius.
Both the cylinders are initially electrically neutral. {2007]
(@) A potential difference appears between the two cylinders
when a charge density is given to the inner cylinder.
(b) A potential difference appears between the two cylinders
when a charge density is given to the outer cylinder.
(c) No potential difference appears between the two
cylinders when a uniform line charge is kept along the
axis of the cylinders
No potential difference appears between the two cylinders
when same charge density is given to both the cylinders.
A uniform electric field pointing in positive x-direction exists
in aregion. Let 4 be the origin, B be the point on the x-axis at
x=+1 em and Cbe the point on the y-axis at v=+1 cm. Then
the potentials at the points 4, B and C satisfy: [2001S]
@ Vy<Vy ®) V>V, (© V<V @ V>V,
For the circuit shown in Figure, which of the following

@

statements is true? [1999 -2 Marks]
V=30V V,=20V
S By st S
—F 1
! R
C,=2pF C, = 3pF

3

(a) With S closed V=15V, V,=20V

(b) With S, closed, /= ¥, =25V

(c) With S, and S, closed, ; =¥, =0

(d) With §, and S, closed, ¥; =30V, ¥, =20V

A charge +q is fixed at each of the points x=x , x= 3re
X=5X,..... x =0 on thex axis, and a charge —q is fixed at
each of the points x =2x, x=4x_ x = 6x,,.... x =, Here
X, is a positive constant. Take t?w electric potential at a
point due to a charge Q at a distance » from it to be 0/
(4ner). Then, the potential at the origin due to the above
system of charges is [1998S - 2 Marks]

b W
(@) 0 (b) 8negy xy(n2
_ qin2
c) o (d) 4?.:8(} 25

A solid conducting sphere having a charge Q is
surrounded by an uncharged concentric conducting
hollow spherical shell. Let the potential difference between
the surface of the solid sphere and that of the outer surface
of the hollow shell be V. If the shell is now given a charge
of — 30, the new potential difference between the same
two surfaces is: [Similar 8 April 2019 (T) 1989 - 2 Marks]
@ v (b) 2V (c) 4V (d -2V

A hollow metal sphere of radius 5 cms is charged such
that the potential on its surface is 10 volts. The potential
at the centre of the sphere is [1983 - 1 Mark]
(a) zero (b) 10 volts

(c) same as at a point 5 cms away from the surface
(d) same as ata point 25 cms away from the surface

A P R e gy

An infinitely long thin wire, having a uniform charge
density per unit length of 5 nC/m, is passing through a
spherical shell of radius | m, as shown in the figure. A 10
nC charge is distributed uniformly over the spherical shell.
If the configuration of the charges remains static, the
magnitude of the potential difference between points P
and R, in Volt, 1s

[Given: In ST units =9x%10”,In2=0.7. Ignore the

TEy

area pierced by the wire. ] [Adv. 2024]
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9.  Two large circular discs separated by a distance of 0.01 m
are connected to a battery via a switch as shown in the
figure. Charged oil drops of density 900 kg m are released
through a tiny hole at the center of the top disc. Once some
oil drops achieve terminal velocity, the switch is closed to
apply a voltage of 200 V across the discs. Asa result, an oil
drop of radius 8 x10~7 m stops moving vertically and floats
between the discs. The number of electrons present in this
oil drop is . (neglect the buoyancy force, take
acceleration due to gravity =10 ms? and charge on an
electron (€)= 1.6x1079C) [Adyv. 2020]

0.01 m

10. A particle, of mass 103 kg and charge 1.0 C, is initiallyat
rest. At time t = 0, the particle comes under the influence
of an electric field E (1) = E ;sin oti, where E;= 1.0
NC-! and ©=10% rads™!. Consider the effect of only the
electrical force on the particle. Then the maximum speed,

in ms~!, attained by the particle at subsequent times is

(Adv. 2018

Stem foi'_Qs. No. 11-2

Two point charges —Q and + Q/ \J3 are placed in the xy-plane at
the origin (0, 0) and a point (2, 0), respectively, as shown in the
figure. This results in an equipotential circle of radius R and
potential =0 in the xy-plane with its center at (b, 0). All lengths
are measured in meters.

[Adv.2021]
[Adv. 2021]

11. Thevalueof Ris  meter.
12. Thevalueofbis_ meter.

13.

14,

15.

(39

\E? & R T !
16. Six charges are placed

17.

Bl1

512 identical drops of mercury are charged to a potential
of 2 V each. The drops are joined to form a single drop.
The potential of this drop is V. [Feb. 25,2021 (I)]

The electric potential ¥ at any pointx, y, z (all in metres) in
space is given by V= 4x? volts. The electric field at the
[1992 - 1 Mark]

A>>>
> | B
&
g y
bg Q..;Q

) ’1%4

point (1m, 0,2m) IS ..cocvnirecrcrnae Vim.
Figure shows line of constant
potential in a region in which an
electric field is present. The
values of the potential are
written in brackets. Ofthe points
A, B and C, the magnitude of the
electric field is greatest at the
point ... [1984- 2 Marks]

6

around a regular hexagon il
of side length a as shown i
in the figure. Five of them i gg°

have charge ¢, and the.? ; g
remaining one has charge
x. The perpendicular from
each charge to the nearest

hexagon side passes
through the center O of
the hexagon and isd A
bisected by the side. x
Which of the following statement(s) is(are) correct in SI
units? [Adv. 2022]
(a) When x = ¢, the magnitude of the electric field at Ois
zero.
(b) When x =—g, the magnitude of the electric field at O
seudo ol
1S 6n gy a’

7q

'(¢) When x = 2q, the potential at O is 4\/311:50 =

] 2
(d) When x=-3q, the potential at O'is — Hix & .

In the figure, the inner (shaded)
region A represents a sphere of
radius r, = 1, within which the
electrostatic charge density varies
with the radial distance r from the
center as p,= kr, where k is
positive.

In the spherical shell B of outer
radius r,, the electrostatic charge

; ’ 2k
density varies as p, =

Assume that dimensions are taken care of. All physical
quantities are in their ST units. [Ady. 2022]
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18.

19.

Which of the following statement(s) is (are) correct?

3
(@) Ifrg= J; , then the electric field is zero everywhere

outside B,

3
(b) If ry = 5:’ then the electric potential just outside B is
k

E{,
(¢) Ifr,=2, then the total charge of the configuration is

157

5
(d) If 75 = =, then the magnitude of the electric field just

2
13nk
outside B is .
Eﬂ

A disk of radius R with uniform positive charge density o
is placed on the xy plane with its center at the origin. The
Coulomb potential along the z-axis is

V(z)=~2—EE;(\J'R2 S —z).

A particle of positive charge g is placed initially at rest at
a point on the zaxis with z =z and z,> 0. In addition to the
Coulomb force, the particle experiences a vertical force

e 8 2 g
F =—ck with ¢ > 0. Let qu—d' Which of the

following statement(s) is(are) correct? [Adv. 2022]

1 25
(@) For B= Z and z; = -.;-R, the particle reaches the
origin.

1 2
For p=—and z, = ;R, the particle reaches the

(b) 2

origin.

1 R
(c) For B= 2 and zp = ﬁ the particle returns back toz

=2
(d) For B> 1andz;> 0, the particle always reaches the
origin.

Two non-conducting spheres of radii R; and R, and
carrying uniform volume charge densities +p and —p,
respectively, are placed such that they partially overlap,
as shown in the figure. At all points in the overlapping
region [Adv. 2013]

(a) The electrostatic field is zero

(b) The electrostatic potential is constant

(c) The electrostatic field is constant in magnitude
(d) The electrostatic field has same direction

20.

21.

22,

23.

Six point charges are kept at the vertices of a regular
hexagon of side L and centre O, as shown in the figure. Given

that K =~ : fi- which of the following statement(s) is
TEp
(are) correct? [2012]

.
 Ht
A,

Bl‘q““"""""'

(a) Theelectric field at O is 6K along OD

(b) The potential at O is zero

(c) The potential at all points on the line PR is same

(d) The potential at all points on the line ST is same

Which of the following statement(s) is/are correct? [2011]

(a) Ifthe electric field due to a point charge varies as r23
instead of 2, then the Gauss law will still be valid.

(b) The Gauss law can be used to calculate the field
distribution around an electric dipole.

(c) Ifthe electric field between two point charges is zero
somewhere, then the sign ofthe two charges is the same.

(d) The work done by the external force in moving a
unit positive charge from point A at potential V,
to point B at potential V;is (V,— V).

A spherical metal shell A of radius R, and a solid metal

sphere B of radius R (<R, ) are kept far apart and each is

given charge *+Q’. Now they are connected by a thin metal

wire. Then [2011]

(a) Eﬁ:side =0
o R

(©) AR
Gp R A

A spherical symmetric charge system is centered at origin.

®) Q>Q
d) E;ﬂ surface < E;nswface

Given, Electric potential [2006S - 5 Marks]
Q o
K= r< = rs
4meg Ry e dneyr (r>Ro)
Fa
»T
(a) Within = 2R, total enclosed net charge is O

(b) Electric field is discontinued at r= R,
(c) Chargeisonly presentatr=R,
(d) Electrostatic energy is zero for r <R,

R e

24. STATEMENT-1: For practical purposes, the earth is used

as a reference at zero potential in electrical circuits.
and
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1uF 3uF [ 1uF 3uF

A parallel plate capacitor is made of two circular plates
separated by a distance 5 mm and with a dielectric of
dialectric constant 2.2 between them. When the electric
field in the dielectric is 3x10* V/m the charge density of
the positive plate will be close to: [2014]
@ 6x107 C/m> ) 3x1077 ¢/m?

© 3x10*C/m? ) 6x10*C/m?

In the given circuit, a charge of +80 uC'is given to the upper
plate of the 4 puF capacitor. Then in the steady state, the
charge on the upper plate of the 3 pF capacitoris  [2012]

(@ +32puC et

T4pE
(b) +40uC
F 3uF
(©) +48C i s
(d) +80uC =

A 2 pF capacitor is charged as shown in the figure. The
percentage of its stored energy dissipated after the switch
S is turned to position 2 is |2011]
(a) 0%
(b) 20%
(®) 5%
(d) 80%
A parallel plate capacitor C with plates of unit area and
separation d is filled with a liquid of dielectric constantK
= 2. The level of liquid is d/3 initially. Suppose the liquid
level decreases at a constant speed v, the time constant as
a function of time t is — [2008]
GSUR
5d + 3t
(15d +9vt) gy R
2d% —3dvt - 9v*t*
6gy R
Sd —3vt
(15d —9vt) ggR

——
2d° - 3dvi—9*1?
" Two identical capacitors, have the same capacitance C.
One of them is charged to potentlai ¥, and the other V,.
The negative ends of the capautors are connected
together. When the positive ends are also connected, the
decrease in energy of the combined system is  [20028]

(@)

" &

©

10.

11.

12.

13.

B15

@ 3C(R-13) w3

i

© -i—C[Vl | @ %C(Vl 7 ]2

Consider the situation shown in the figure. The capacitor
A has acharge g on it whereas B is uncharged. The charge
appearing on the capacitor B a long time after the switch is

closed is [20018]
9

FFFFF7
A

(a) zero (b) g2 () ¢ (d) 29

A parallel plate capacitor of area A, plate separation d and
capacitance C is filled with three different dielectric
materials having dielectric constants &, k, and k, as
shown. If a single dielectric material is to be used to have
the same capacitance C in this capacitor, then its dielectric

constant k is given by e s [2000S]

bs Lt | apzrr t
@ —=—s—x ==l

K K K 2K3 | / /‘ = =
T L RS L K,

K Ki+Ky, 2Ky v Lil

o J A
© k=2%2 g @ K=k +K,+2K,
1t A2

Two identical metal plates are given positive charges 0,
and O, (<Q,) respectively. If they are now brought close
togelher to form a parallel plate capacitor with capacitance
C, the potential difference between them is

[Similar July 29, 2022 (IT) 1999 - 2 Marks]
@ (0,+0)/20) ®) (0,+0,)/C
© (0-0,/C ) (0,-0,)120)
A parallel plate capacitor of capacitance C'is connected to
a battery and is charged to a potential difference V. Another
capacitor of capacitance 2C is similarly charged to a
potential difference 2V. The charging battery is now
disconnected and the capacitors are connected in parallel
to each other in such a way that the positive terminal of
one is connected to the negative terminal of the other. The
final energy of the confi guration iq [1995S]
@ zero  (b) —CV2 © = @ CV2
Seven capacitors each of capamtancc 2uF aretobe oonnected
in a configuration to obtain an effective capacitance of

1
0} 1F . Which of the combination (s) shown in figure will
achlew: the desired result ? [1990 - 2 Marks]

e

>‘HHH,_ (d] <>HHHHI-
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m FEC T e plates are connected to a source of emf ¥ as shown in the
= = St el figure [1984- 2 Marks]

14. A parallel plate capacitor of capacitance C has spacing d
between two plates having area 4. The region between

the plates is filled with N dielectric layers, parallel to its

. The dielectric

plates, each with thickness 8:%

constant of the m" layer is K, =K 1+%) .Foravery '
N 6

Ke) 4 apci
=102 X : 0 )
large N(>10°), the capacitance C is a( ) - The value A medium having dielectric constant K >1 fills the space

din2
ofawillbe between the plates of a parallel plate capacitor. The plates

[ & is the permittivity of free space] [Ady. 2019] have large area, and the distance between them is d. The
: capacitor is connected to a battery of voltage ¥, as shown
in Figure (a). Now, both the plates are moved by a distance

15. In the following circuit C, =12 uF,C, =C; =4 puF and
C4 =Cs =2 uF. The charge stored in C, is nC.

d
of 3 from their original positions, as shown in Figure (b).

1

Il
1
% l
[ ity ——
c;l— N_CS 2 [Adv.2022] 7 z 7
N
| |

EI
1"y v
16. Threeidentical capacitors C,, C, and C, have a capacitance Pisue (i) Figure (b) _

of 1.0 uF each and they are uncharged initially. They are In the process of going from the configuration depicted
connected in a circuit as shown in the figure and C, is then in Figure (a) to that in Figure (b), which of the following
filled completely with a dielectric material of relative statement(s) is(are) correct? _ _ [Adv.2022]
permittivity ¢, The cell electromotive force (emf) V,=8V. (@) The electric field inside the dielectrie material is
First the switch S, is closed while the switch 5, is kept reduced by a factor of 2K.

open. When the capacitor C, is fully charged, S, is opened 3 : 1
and S, is closed sirnultaneoilsly. When all the 1«:a.pac:itur's. (b) The capacitance is decreased by a factor of K+1
reach equilibrium, the charge on C,; is found to be 5 pC. (c) Thevoltage between the capacitor plates is increased

The value of €, = : [Adv. 2018] by a factor of (K + 1).
= (d) The work done in the process DOES NOT depend
on the presence of the dielectric material.

20. In the circuit shown, initially there is no charge on
capacitors and keys S, and S, are open. The values of the

v, capacitors are C, = 10uF, C, =30uFand C,= C,=80uF.
S\ [Adv. 2019]

iv
S, P b 300

- = ET e

g:
kel
.\0{
70 n—lr T UAY

Q 100 ©

Which of the statement(s) is/are correct?

(a) If key S, is kept closed for long time such that
capacitors are fully charged, the voltage difference
between points P and Q will be 10V,

C

% K e ol
. Two parallel plate capacitors of capacitances C and 2C are

connected in parallel and charged to a potential difference
V. The battery is then disconnected and the region between

! : ; : : b) ThekeyS, iskept closed forlong time such that capacitors
the plates ofthe capacitor C'is completely filled with a material ( L : iy
of dielectric constant K. The potential differences across - are fully charged. Now key Sﬁls closed, at this time, the
the capacitors now becomes............. [1988 - 2 Marks] Instantaneous current across Ormlztor (between points
18. Fiveidentical capacitor plates, each of area 4, are arranged P and Q) will be 0.2A (round offto 1*decimal place)

Attime =0, thekey S, is closed, the instantaneous

h that adjacent plates are at a distance d apart, the (c)
g - P 5 B current in the closed circuit will be 25mA.
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21.

22.

23.

24,

(d) If key S, is kept closed for long time such that
capacitors are fully charged, the voltage across the
capacitors C, willbe 4V.

A parallel plate capacitor has a dielectric

slab of dielectric constant K between

its plates that covers 1/3 of the area of
its plates, as shown in the figure. The

total capacitance of the capacitor is C

while that ofthe portion with dielectric

in between is C,. When the capacitoris ¢
charged, the plate area covered by the
dielectric gets charge O, and the rest of
the area gets charge Q. The electric field in the dielectric
is £ and that in the other portion is £,. Choose the correct

2

option/options, ignoring edge effects. |Adv. 2014]
. ol E_1
(a) E; = (b) E, g
9 _3 (s S
© o "% DR
2 1

In the circuit shown in the figure, there are two parallel

plate capacitors each of capacitance C. The switch §| is

pressed first to fully charge the capacitor C| and then

released. The switch §, is then pressed to charge the

capacitor C,. After some time, S, is released and then S, is

pressed. Aifer some time |Adv. 2013]
Sip  Sie  Sim

_Cl -1 -

W

LA |
Il

(a) The charge on the upper plate of C, is 2CV,

(b) The charge on the upper plate of CJ1 is CV,

(c) The charge on the upper plate of C, is 0

(d) The charge on the upper plate of C, is -CV,

A dielectric slab of thickness d is inserted in a parallel

plate capacitor whose negative plate is at.x =0 and positive

plateis atx =3d. The slab is equidistant from the plates. The

capacitor is given some charge. As one goes from 0 to 3d,
[1998S - 2 Marks]

(a) themagnitude of the electric field remains the same.

(b) thedirection ofthe electric field remains the same.

(c) the electric potential increases continuously.

(d) theelectric potential increases at first, then decreases

and again increases,

A parallel plate capacitor of plate area 4 and plate separation

d is charged to potential difference /"and then the battery

is disconnected. A slab of dielectric constant K is then

inserted between the plates of the capacitor so as to fill

the space between the plates. If Q, E and W denote

respectively, the magnitude of charge on each plate, the

electric field between the plates (after the slab is inserted),

and work done on the system, in question, in the process

of inserting the slab, then [1991 - 2 Marks]
oAV KAV
@) 0= 2 ® o= S22
v : g0 AV 1
B d) W= -
Q. @ 2d [ K]

25.

26.

@ 0>0y () V>1y (¢) E>Ey (d) U>U,

~ Four identical tﬁin, square metal shéet;,

B17

A parallel plate capacitor is charged and the charging

battery is then disconnected. If the plates of the capacitor

are moved farther apart by means of insulating handles:
[1987 - 2 Marks]

(a) the charge on the capacitor increases.

(b) the voltage across the plates increases.

(c) the capacitance increases.

(d) the electrostatic energy stored in the capacitor

increases

A parallel plate air capacitor is connected to a battery.

The quantities charge, voltage, electric field and energy

associated with this capacitor are given by 0, ¥, E,;and

U, respectively. A dielectric slab is now introduced to fill

the space between the plates with battery still in

connection. The corresponding quantities now given by

0, V, Eand U are related to the previous one as

[1985 - 2 Marks]

" Matel the Fotlowing e

1, S2, S} al'ld S4,

each of side a are kept parallel to each other with equal

distance d (<< @) between them, as shown in the figure.
2

Let C = f‘_g;_ , where g is the permittivity of free space.

5, 5 85 8

A

i 1did
Match the quantities mentioned in List-I with their values

in List-II and choose the correct option. [Adv. 2024]
List-I List-1T
(P) The capacitance between @y 3G
S,and S, with S,and S,
not connected, is
C
(Q) The capacitance between ) *22
S, and S, with S, shorted
to Ss, 18
C
(R) The capacitance between 3 TO
S, and S, with S, shorted
toS,, is
: 2Gy
(S) The capacitance between (4) 3
S, and S,, with S, shorted
to S, and S, shorted to
S,.is ;
G) 2,

(a) P>3;Q0—>2;R—>4;,8->5
(b) P>2:Q—>3;R—>2;8>1
©) P=>3Q—>2:R—>4,8->1
(d P>3:Q—>2:R—>2:5S>5



29.

1.

2.

PR Ay W ey % r APh; '-‘-;'-' LIS T
Two capacitors 4 and B with capacities 3 uFand 2 pF are
charged to a potential difference of 100 V and 180 V
respectively. The plates of the capacitors are connected
as shown in the figure with one wire from each capacitor
free. The upper plate of 4 is positive and that of B is
negative, An uncharged 2 pF capacitor C with lead wires
falls on the free ends to complete the circuit. Calculate

[1997 - 5 Marks]
2F| | G
|
|

-i auF F I_
A ]- 100V 180 \r]r 5

(i) the final charge on the three capacitors, and

(if) the amount of electrostatic energy stored in the system
before and after the completion of the circuit.

The capacitance of a parallel plate capacitor with plate

area 4 and separation d is C. The space between the plates

is filled with two wedges of dielectric constants K , and

K., respectively. Find the capacitance of the resulting

capacitor. Z [1996 - 2 Marks|
=N

Two square metal plates of side | m are kept 0.01 m apart
like a parallel plate capacitor in air in such a way that one

31.

of their edges is perpendicular to an oil surface in a tank
filled with an insulating oil. The plates are connected to a
battery of emf 500 V. The plates are then lowered vertically
into the oil at a speed of 0.001 ms~'. Calculate the current
drawn from the battery during the process. (Dielectric
constant of oil = 11, £, =8.85 x 10 2C2N 'm )

[1994 - 6 Marks]
Two parallel plate capacitors 4 and B have the same
separation d = 8.85 x 10~* m between the plates. The plate
area of 4 and B are 0.04 m” and 0.02m” respectively. A slab
of dielectric constant (relative permittivi ty) K = 9 has
dimensions such that it can exactly fill the space between
the plates of capacitor B. [1993 -2 + 3+ 2 Marks]

e e h 2
110V

(a) (b) (e}

@ The dielectric slab is placed inside A as shown in figure
(a). A is then charged to a potential difference of 110V.
Calculate the capacitance of 4 and the energy stored in it.

() The battery is disconnected and then the dielectric
slab is moved from A. Find the work done by the
external agency in removing the slab from 4.

(ii) The same dielectric slab is now placed inside B, filling
it completely. The two capacitors 4 and B are then
connected as shown in figure (¢). Calculate the energy
stored in the system.

Topic-4: Miscellaneous (Mixed Concepts) Problems

I MOQs with One Correct Answor
Two large vertical and parallel metal plates having a
separation of 1 cm are connected to a DC voltage source
of potential difference X. A proton is released at rest midway
between the two plates. It is found to move at 45" to the

vertical JUST after release. Then X is nearly [2012]
(@ 1x10°5 7 b) 1x107 ¥
© 1x10° ¥ (d) 1x10710 p

6 MOQs with One or More than One Correct Answer

An ellipsoidal cavity is
carved within a perfect
conductor. A positive /
charge ¢ is placed at the /
centre of the cavity. The /
points 4 and B are on the
cavity surface as shown in
the figure. Then
[1999S - 3 Marks]
(a) electric field near 4 in the cavity = electric field near B
in the cavity
(b) charge density at 4 = charge density at B
(c) potential at 4 = potential at B
(d) total electric field flux through the surface of the cavity
is glg,

G MRl
Six point charges, each of the same magnitude g, are arranged

3.

(A)

(B)

in different manners as shown in Column-II. In each case, a
point M and line PQ passing through M are shown. Let E be
the electric field and I be the electric potential at M (potential
at infinity is zero) due to the given charge distribution when
it is at rest. Now, the whole system is set into rotation with a
constant angular velocity about the line PQ. Let B be the
magnetic field at M and p be the magnetic moment of the
system 1in this condition. Assume cach rotating charge to the
equivalent to a steady current. [2009]

Column-1
E=0 (p)
P =

Charges are at the corners of a
regular hexagon. M is at the centre
of the hexagon. PQ is perpendicular
to the planepof the hexagon.

V=0

Charges are on a line perpendicular
to PQ at equal intervals. M is the
mid-point between the two
innermost charges.
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~Q
=

© B=0 ®

{P +
Charges are placed on two coplanar
insulating rings at equal intervals.
M is the common centre of the rings.
PQ is perpendicular to the plane of
the rings.

&

D) u=o (s) 7 i 0

Charges are placed at the corers of
a rectangle of sides a and 24 and at
the mid points of the longer sides.
M is at the centre of the rectangle.
PQ is parallel to the longer sides.

> -

O T

Q
Charges are placed on two coplanar,
identical insulating rings at equal
intervals. M is the mid-point between
the centres of the rings. PQ is
perpendicular to the line joining the
centres and coplanar to the rings.

& »

Passage-1
Consider a simple RC circuit as shown in Figure 1.
Process 1: In the circuit the switch S is closed at t = 0 and the
capacitor is fully charged to voltage Vj (i.e., charging continues
for time T >> RC). In the process some dissipation (Ep) occurs
across the resistance R. The amount of energy finally stored in
the fully charged capacitor is E..

V,
Process 2: In a different process the voltage is first set to 70 and
maintained for a charging time T >> RC. Then the voltage is

2V
raised to-—BO— without discharging the capacitor and again

maintained for a time T >> RC. The process is repeated one more
time by raising the voltage to V, and the capacitor is charged to
the same final voltage V, as in ?’roccss 1

These two processes are depicted in Figure 2.

R

Vv

Figure 1

V4
v, Process | - ;
o~
IV, 3 —>—!
PI'OCES% 2
/3 > T=>RC

jr T 8

Figure 2

4. In Process 1, the energy stored in the capacitor E. and
heat dissipated across resistance Ep, are related by :

B19
[Adv. 2017]
(@) Er=Ep (b) E-=EpIn2
1
5. In Process 2, total energy dissipated across the resistance
Epis: [Adv. 2017]

1 1 1
@ Ep=-CVo (b) ED=3[ECV§}

T8 B
(©) ED=§[ECV0J (d) Ep=3CV¢

Passage-2

Consider an evacuated cylindrical chamber of height h having
rigid conducting plates at the ends and an insulating curved
surface as shown in the figure. A number of spherical balls made
of a light weight and soft material and coated with a conducting
material are placed on the bottom plate. The balls have a radius r
<<h, Now a high voltage source (HV) is connected across the
conducting plates such that the bottom plate is at +V and the
top plate at -V, . Due to their conducting surface, the balls will
get charged, will become equipotential with the plate and are
repelled by it. The balls will eventually collide with the top plate,
where the coefficient of restitution can be taken to be zero due to
the soft nature of the material of the balls. The electric field in the
chamber can be considered to be that of a parallel plate capacitor.
Assume that there are no collisions between the balls and the
interaction between them is negligible. (Ignore gravity)

6. Which one of the following statements is correct?
[Adv. 2016]
(a) The balls will stick to the top plate and remain there
(b) The balls will bounce back to the bottom plate
carrying the same charge they went up with
(¢) The balls will bounce back to the bottom plate
carrying the opposite charge they went up with
(d) The balls will execute simple harmonic motion
between the two plates
7. The average current in the steady state registered by the
ammeter in the circuit will be [Adv. 2016]
(a) zero
(b) proportional to the potential V,

(¢c) proportional to Véfz

(d) proportional to Vg

10 | St

Four point charges +8mC, —1mC, —1mC, and +8mC are

fixed at the points — 1’£m,—Fm,+ \/Em and+ ’:‘Zm
2 2 2 i

respectively on the y-axis. A particle of mass 6 x 10 kg
and charge +0.1 uC moves along the -x direction. Its speed
at x =+ is V. Find the least value of ¥, for which the
particle will cross the origin. Find also the kinetic energy
of the particle at the origin. Assume that space 1s gravity

8.

1 9 2
free. Given =9x10°Nm?*/C . [2000 - 10 Marks]
0
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Hints & Solutions

Topic-1: Electrostatic Potential and
Equipotential Surfaces

(b) Sinceelectric potential
due to a dipole at general
point is given by

KpcosO

1‘3

cosf
st 1

1_13

Electric potential at point p
(100, 100) V, =V and electric
potential at new point

(-1, 2)

{100, 100)

{0, 2)e 0,
V=

Vi

(0,-2)#

cosB
c'sz : 2
L)

Yl= p, cosO, 3 q[-2}+4j]o(?+]] =

% (1,-2)

Vi pjcosh; q(01+4ﬂ(;+3) 2
Vo
" Vaew =T

(a) According to Gauss's theorem, electric field between two

cylinders E = . This electric field will produce a potential

2?1:80?‘

differences, d¥ =— E .4y . When a charge density is given to the

inner cylinder, the potential developed at its surface is different
from that on the outer cylinder. This is because the potential
decreases with distance for a charged conducting cylinder when
the point of consideration is outside the cylinder.
But when a charge density is given to the outer cylinder, it will
change its potential by the same amount as that of the inner
cylinder. Hence no potential difference will be produced between
the cylinders.
(b) As we move along the direction of electric field the potential
decreases.

Vy>Vp and }E’ = V¢ on equipotential surface.
h

(O.Hrc

(0,0)

(d) The potential difference across capacitor plates remains
unchanged when switch 8, is closed. With the closing of switch
S; and §, the negative charge on C, will attract the positive
charge on C, thereby maintaining the negative charge on C,. The
negative charge on C; will attract the positive charge on C,. No
transfer of charge will take place. Therefore p.d across C, and C,
will be 30 V and 20 V respectively.

(d) Potential at origin will be given by

g { T e U }
Hi= ———t— —— ...
4?’[80 Xo 2x0 3.130 4x0
I, TV
4TEEGXG
(a) The potential inside the shell is equal to the potential on its
surface. When we add— 30 charge on the surface, the potential on the
surface changes by the same amount as that inside. Therefore the
potential difference remains the same (v).
(b) The electric potential at the surface of a hollow or conducting
sphere is same as the potential at the centre of the sphere and
any point inside the sphere.
Hence electric protential at surface of the sphere = potential at
centre of the sphere = 10V
(171) Due to wiredV =—E. dx

V .
fd\f:—_[—%&dx
Ve 0.5

X

2
VR—VP=2k?dna§
=2x9x10?x3x109%x2x0.7=-126V
Due to sphere
kQ kQ kQ -9x10°x10+10~°
VR—VP:‘___‘_'—"“"_":- =
. S 2 2
Vp—Vp=-126-45=—171V
of, Vp-Vp=171V
(6) Let n no. of electrons present in the oil drop

Electric field, E = b = 3@ =2 x 10*V/m
d 001

—45V

When terminal velocity is achieved
gE =mg

d=001lm

mg

As q = ne and m=-:—rtR30
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4 Potential of bigger drop,
2nx16x%10719x2 x 104 ='—E(8 x 1077)3 % 900 x 10 ggs ; Kp s
2 1
(8x10'7)x900><10 el cd x2V=128V.
=n= 3:: T o9 n=6 8r & r
240 1. 6:,‘, 14. (-8) Given electric potential ¥ = 422 volts
10. (2) -+ F=ma..gE=M— g Therefore, electric potential changes only along x-axis,
—dv d(4x*
- qEdt ” gsin1000¢ i pr We know £, = -V = E = ___(_.__1= —8x
m m Sl dx
(- E=sin 103 t i given) The electric field at point (1, 0, 2) (here x = 1)
" i T 2 E ==8V/m
j‘ Ay J’ sin1000¢ dt {max speed is at —= s ] 15. (B) The magnitude of electric field is greatest at point B because
8 m g 2 ox2 at B the equipotential surfaces are closest.
- cos1000]" 1 _ [eos100015'° 16. @bs)
TTml 1000 |, T 100 1000
wm=10"kg, ¢ =1C,Ey = INC™ .
and w=10" rads ™! given He
T
= ~| cos1000x —cos0 | = __1_11= =
A% [ 1000 ] [~1-1]=2 ms
Hence maximum speed attained by the particle.
1. (L73) 12. (3.00) u‘r1 ;
Sol. Let us consider a point P on the circle 4
s B
(@) When x = q, the situation is symmetric
So, electric field at O is zero.
=> (a)is correct.
1 . a4
(b) Whenx=—q, then E, = %2
dneg ( ﬁa}‘
= En, = 3
6meya
k-Q) kQ/\3 0
VP=0=‘(‘~Q“)+‘Q~—-—=>."‘_Q=#Q/‘E = (b)is correct.
| (4 A m () Whenx=2q
! ! Kg , K(29) 7
- Vp =5x—a q ) e 21 9
\[I +y? «f'\{(x ~2)% 437 : \/§a V3a 4/3neya
= 3(x-2y+32=x2+)2 = (c)is correct.
= 3% +4-4x)-x2+22=0 (d) Whenx=-3q
= 22+ 12-12x+2)2=0 Yo=sx Kl Kq KB 1 29
= 1‘2+6 6.7C+y2 0 J‘a 471@0\/,_3 2\/‘11:608
= @-32+)y2=(3) = (d)lsmcorrect
> 17. () We have
or (x—by+y=(\3) =R?
R=3=173andb=3
13. (128) Potential, y = X4

r

If charge on each drop = ¢ and radius = »

4R =S ?
3 3

= R=(512x,)R =g,

= =

au= ;[kr(::mzdr) = %E[R“] =k

r '2
EIB=I2-k—X41rr2dr=8nk e
1 T B

b SIS



Electrostatic Potential and Capacitance

18.

19.

= 4nkr? — 4nk
SO, Qe =qa +qp = dnkr” —3nk
= nk(4r? -3)

\3

(A) Epq =0=>qua =0=4r-3=0=>1=""

So (a) is incorrect

2_
(B) S 1 gt £ 1 ‘J'Ek(41’ 3]
dney r Aneg T
:V:-k—{th‘—é] :>V=L(4xi—gx2)
4 r 4¢ 20
=>V=+k—.Sa(b)iscorrect.

€o
© Hrg=2ier=2
then, g, = k(16 -3)
= 13 mk. So (¢) is incorrect.

2
K Qpet 1 Ttk(4r _3) k |-4 3
(10)] E:-—2—=4 2 =4 L =
r TEp T €p T
:—k_[‘*'ﬁ_“}: k [g]z 22k
d¢g, 25 4e5|25] 25¢
So (d) is correct. AE.
(a,¢,d) Particle will reach the origin i
onlyif q
AKE{] 1 F:KL
=S Wy +Wey >0
£
R
:_2‘31[[4}-{2 +0? —{})J{JRZ 2 —ZUH+CZ0 >0
€
A [R-JR2+Z§+20]+%20
2Euc C

:%[mzo-\/nhz%)»rzuzo

Substitute Z, and B, and check the condition.

If AK >0, particle will reach origin if AK > 0 otherwise if will
not reach origin.

(¢, d) Electrostatic field at P is

Ep=E1+E2 =3—20-EI_P+L3:E%)‘C2_P
- 2 (GP-Ta) =5GP+ PG;)=32-(CC3)

20.

21.

22.

23.

the sphere. Hence electric field

Bl117
(a, b,y ¢)

[ By et i R ST
Here = —|EB|—|Eci'——'2'——|EE|—|EF|—K

Eg=E +Ep+(Ep+Eg)cos 60° + (Ep + E) cos 60°

1 1
=2K+2K+(K+K)x 5 + (K+K) x E = 6K

o SR £ By + E

£ N AN

b s
7 \ 4 \
+i‘?r \V_II
*\ I@\ ,.D

\\ r LN '

Y Fl “ F
_Lq}.: _______ ) o

B C

Electric potential at center, O

¥

0" Weai L [29+g+q-g—g-249]1=0

iz 4 EU

Potential at all points on the line PR is same not on line ST. PR
is perpendicular bisector (the equatorial ling) for the electric
dipoles 4B, FE and BC. Therefore the electric potential will be
zero at any point on PR.

(e, d) (a) Gauss's law is valid only when E oc r2

(b) Gauss's law cannot be used to calculate the field distribution
around an electric dipole.

(¢) is correct as between two point charges we will get a
point where the electric field due to the two point charges cancel
out each other. If two point charges are of opposite sign then the
two fields are along the same direction hence they cannot be zero.
(d) Wp=g@N=1(Vy-V) orW;=Vg-V,

(a, b, e,d) (a) Electric field inside a spherical metallic shell with
charge on the surface is always zero. ie., £ inside =0

(b) When the shells are connected with a thin metal wire then
electric potentials will be equal, ie., V, = V= V.

| s

: Y4 _ S Ry> Ry o 0> A
dney Ry 4dmeg Rp -
24
Fioss? 2
) As T P Q4 X5 SRl 55
op 98 R 08 R} 4neRg¥ R,
4nRY
o o]
(d Ey=—2 and Eg=—-2
e{] q] A

E A O 4 R B
E B g B R A e B
(a, b, d) The given V-r graph is of
charged conducting sphere of radius R, R,
(a) The whole charge Q will
be enclosed in a sphere of L‘{\
diameter 2R, R
(b) Electric field £ = zero inside &
is discontinued at » = Ry, 5 ﬁ{((z‘
(c) Changes in V and E are
continuously present for = Ry, E

Option (c) is incorrect.

(d) Forr< Ry, the potential V is
constant and the electric intensity

~

Ty

R(I
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24,

25.

26.

— T

is zero. Obviously, the electrostatic

energy is zero for 7 < R,

(b) The earth is used as a refrance at zero potential in electrical
circuits for practical purposes.

For spherical capacitor, capacitance C = 4ngyR and electrical

: 2 .0
tential V' ===
i C~ 4ngoR
v
Potential of the liquid bubble ¥/ = L = g = _E

a
Where g = charge on the liquid bubble.
Let after collapsing the radius of droplet becomes R but here
volume remains constant

%m‘f =4na’t=>R= (Eazt)%
Potential of the droplet
Va
yl =,@_=.{<_[_;f7]_= V[f_)%
R (3a21) A 3t
(a) Let P be a point in the X-Y plane with coordinates (x, y) at

which the potential due to charges — 20 (located at
~3a, 0) and + O (located at + 3a, 0) be zero.

YI ; f(x, »

i
b o )f‘:‘,
- 1 \
. e ,’_EQ : \‘
—
3a,0) O X
X . G0 (5a0)

1 (3ax)

27.

-

Y
KQQ) ___K¢0Q
J(;cw .1:)2 + yz J(Sa _x}l +y2

= 2J(3a —x)2 +y2 = \R3a -Hc)2 + y2
= (x- 52+ () = (4a)?
This is the equation of a circle with centre at (5a, 0) and radius 4a.
{(b) Forx>3a
Let us consider a point (arbitrary) M at a distance x from the
origin on x-axis.

+0

20
(-3a,0) 0 (Ba0) M
——h

Potential at M
K(20) , K(+O) 1

x+3a - (x=30) where k= 4neg

28.

Vix)=

Vix)=K
«) Q[x-—Sa x+3a
Similarly, for 0 <|x|<3a

. T [ 1 & 42
e 3Ja—x 3a+x
Since circle of zero potential cuts the x-axis at (¢,0) and (9a, 0)

Henee, V (x) =0 atx=aq, at x=9a
«  From the above expressions

Vi(x)—>watx— 3gand V(x) - —atx > —3a
¢« Vx> 0asx—»tow

=]
== lifor > Sy

«  Vi(x) varies L in general.
X

Function v(x) on the whole x—axis as shown below.
.

¥
T i

,¢——,§——lr—-—rx

Va a ga"-...

o

o
8

(c) From ener.g'y conservation .principle
Let v be the speed of particle
(KE. + PE) e = (KE. + PE) roumference

0+ K [—Qi—-—z—Q-i]=-l—mp2 +K[_Qi_g_Q_q..]
2¢ 8a 2 6a 12a

1 ( Qg

1 o KOg | __
dneg \2ma

—mv” = N
2 4a

(a) Potential at any shell is due to charges
at shell A, B and C.

Potential of shell 4
kq4 kg kqc E
g, = —p = =
A= b c
3 kc(4na2)+k[—-c}(4nbz}+kc(4ﬁc2)
a b c
1 4ma® 1 _(4nb®) 1 (4nc?)
= XgX s + xO
dmeg a 4ng b 4neg o
= Zia-b+e]
&
2
‘ ka4  kqp  kqc cla
Similarly, V, = — & 4 —>+—=or, V= —|—=b+c
PRI T e Nl )
N
And V= i‘i’i.}.ﬂ.}.@ or, Vo= E_‘:ﬂ b +c¢ }
c C el £p Fis
(b) = V=V (given)
M D
1(a—b+c)=.9_{£__b_ic_
&g Ep c

or ac—be+E=a?~b2+c* ore=a+b
Given surface charge densities are equal.

7. 2 [ Surface i q]
e SRR —fe charge density,oc = =
4mr®  4nR? g i A4
or, gR2=(Q~q)P? or, qR*=0r -qr
J or? [q = charge on inner sphere
4q R2 42 Q — g = charge on outer sphereJ

Potential at O due to inner sphere O-q
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Potential at O due to outer sphere
q Q q
(Q 9) =“[Q’ Py rz] Final energy i e
2 -_
K [QR +Qr -Or ] b K(QR)z KQOR g+; By
"R (Rarh _R(R2 +r25= (R2+r2) U = Q% [ LG ] 41 e ZQ;M 2
= TEy 2a =
.. Total potential at the common centre ‘0’ dngglat+x o-x . 2 L )
KOr  KOR KQ(R+r) 20 | 1 a
V=ltly= 2. 22 R R U:_Lj““ A
R+r° R+r R +r 4mey | a (a2_x2)
ﬁ Topic-2: Electric Potential Energy and Work
Done in Carrying a Charge _20q|d-x*-a® | _20p?
q q 4neg a(92 —xz) dngga’
1. (¢) (a) The electric field due to charge E at Aand charge 5 at when 1 << dthen B nbpleciad iy denoaiiatos
B at O will get cancelled. The electric field at O due to charge [ 0q \
E 2
=3 = = . v
[_33] U,-U, LZnsan‘J . U= Uy 2
1 B q 4.  (b) Since net electrostatic energy Tu = 0
E= =
4ne, R  6mne, R Qq q L
AC 2 a ax/_
In A ABC——= sin 30° S
i ; or OV2+qV2+0=0 @=——r— 42 el
_AB 5 il ﬁ+l 2442
SAt=t e TR 5. (b) (a) For~d <x<d, the electric field is along + x-axis.
For all other pomts, E is along negative x-axis. E
BC o B I 3AB Hence, E will not have same direction 2
S AB = ot = HCS i along entire, x-axis. P B

(b) Potential energy of the system K

[(q!3}(2/3)}+K[(q/’3)(-2qf3)]+ {(qf3)(—2q;‘3)jl

2R R NG
kq*[1 2
“9R L i o il
{c) Magnitude of force between B and C
1 ey af
4r e, ( J?—’Rf 54n e, R?
d) Poental V=K | 43 |4k +g"3]+l<[“2q’{3
@ g i R R

the equatorial plane of the dipole.
Potential at 4, V', = potential at B, ¥/ =0
Hence, work done W=gq (V,~ Vp)=gx0=0
v

3. (b) Initial energy

L

(c) Two charges make an electric dipole. 4 and B points lie on

_ 20q + Pt g o q
~ angga dngg 2a x=—a : .‘.}” Z=%+4
mitially

(b) Electric field at £, a point on
y-axis is paralle] to x-axis. It is not

&w}

along x-axis itself
(¢) Electric potential at +4 i g .
origin = zero (—d 0) (0, 0) (d,0)

No work has to be done in bringing a test charge from infinity to
the origin.

(d) The dipole moment is directed from — g charge to +¢ charge,
along negative direction, of x-axis.

- Dipole moment = 2 gd along x-axis.

(b) The work done in moving a charge ¢ from centre of one ring
to other = change in potential energy

(FI Qg
R Y RJE R“‘
1 R : l'
G et {3 !
’ )
Wap=#
9] ] 2
= XG4 ———Fee g
? {[4“80‘? 4negVR? + R?
9
4ng RO NG

e ( ) ](H O 5
P\ aneoR )" | 4re VR + R2
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8. (a) U;= 0 (since the charge is far away)
[Qz G ‘J 1
41!80R \/E o Q X 4-_.-;80 :1?2—

" a2 Qz“gl'] . Y
4B~ 41: & NG & KE=\U;~U| = P
9(0y “Qz)(wr 2l (b) Electric field at ong:m due to dipole
s dnegR k V2 : F= 1 2f~

7. (2) Initial potential energy, U; = 0 4neg 4
Final potential gnergy Hence, force on charge 0
F=QB=-222;
41:800'3

8x7
9. Here total charge-pairs * C; *-I—;E=28

12 pairs of dissimilar charges at a separation of a.
4 pairs of dissimilar charges at a separation of .J'_J-,a_

) _ 12 pairs of similar charges at a separation of /24,
: oKS 99
U;=qV +mgh ____d_2_+ mgh Potential energy between two charges = 4ncyr
L2 L i 12 pairs of dissimilar pr- 1) 127
or, Up = iy +mgh (1) T 1% pes e 4nega 4nega
(26 sin 5) For 12 pairs of similar charges,
2
From AOAB pr- 20 __1g ..,
o +90° — 0+ 90° - 0= 180° dnggav2a  dnega
Lo T20 For 4 pairs of dissimilar charges
3 9
o |k 7 2
From AABC, h= 2{’51;1(:;J sinb PE = 4(‘?)(1 ‘3) =€ 4q %0.577
. 4meq \/ia 47“"-0“
3 h 2£’sin[ Jsm( ] 20sin [ ) Total POten;lal energg of system !
L i - =120 120 | ga074] M o7
Now charge is in equilibrium at point B, therefore from sine rule ~ dn £0a + 4neya AR R nEga .
mg la. qE mg qE -
al sin[180°—29]:> o sin20 —ingoi | 4
sin [90" - —2—} €os 5 s dnega
2
= He - qE = e, qE .. Binding energy of system = 5.824 2 :
O sma o =0 a TEpa 5
coS— cos— 2sin—cos— q
2 2 2 2 <. Work done to separate the charges, W= 5.824 P a]
] 0
= qE= ngsm[-E] 10.  We know, potential due to a ring at a distance of x from its centre
on its axis,
:——gz—k—p~?mg23in(%):>-——lﬂj—q——f V(x)= 41 __Q__
e / 20
2sin S 2(sin E] O NR #x
2 2 (Here Q = (2nR)L)
Potential at '0'
= mgsm[ ][Zf’sm ] 1 2aRA
2 Vo = e
kpq ¥ 41[80 R
= = mgh Substituting this value in equation (i) A
o 2 or VO Sy
[Hsin -—] 2eq
2 Potential at ‘P'
i 1 2mRA A
Ug=2mgh Vpm——_— =

P
4 )
Work done in bringing the dipole s .,’JRz +(J§R)2 e
W=U;~U; =2mgh-0=2mgh

Potential difference between points O and P
W =AU = 2mgh = Nmgh . N=2



R

Kinetic energy of the charged particle is converted into its 3.
potential energy at O.
Potential energy of charge (g) = ¢V

1
Kinetic energy of charged particle = —2-1*1'1\«'2
For minimum speed of particle so that it does not return to P,

2 _ 29V 2gx)

1
—mv? = gV =v
2 m  mxdeg

g
280m

or v=

11.  According to the principle of conservation of energy, total energy
of system of charges when the charge —¢ at ¢’ = total energy
of system of charges when the charge —¢ at D.
F

B

P.E. + K.E. of charge —g at ¢

_ | Kaxg  K@)(=9) Kq{uq)] %4
6 3 5
=PE. + KE., when — g is at D and momentarily at rest.

Z[quq+ Ke(-9) . Kq(—q)}w
6 \[x2+32 \!x2+32
_Kgxq  2Kq(-q)

6 \/x2+32
kyxq  2kq(~q)  ,_kixq  2ks(~q)

6 5 TR e

1 1
= 2=k [——-——} 3
5 x2+32 i

or, xX!+9=81 - xr=848m

1. (® Int=10svolume ofliquid
V=250%10=2500cc

Topic-3: Capacitors, Grouping of Capacitors
and Energy Stored in a Capacitor

Capacitance of the capacitor when filled with liquid of
dielectric constant K =3
_Agegk _ 50x107%x10x107 g x3 .
d 5x1072
Capacitance of the air filled capacitor
P Aago _ 50x1072 x40>ch“280
o 5x1072

Cd i)

= 480

B121

Equivalent Capacitance, C=C, + Cy=Tg,
=7x9x10712=63 pF

(d) As we know, the capacitance of a parallel, plate capacitor
s 80A
d

Iniialy, capacitance, C; = 0°

z : il
When two dielectrics of permittivity €y =2 and g, = 4 are
introduced between the plates, then
—d2 —

IF
C=2£05I2=E
i d
2305 4506‘
CAXCB d a‘; Eps
Co = S8
€4 +Cs 6egs 4
d
UL
3 d d
CEZZBLS:Eq:gl:z -_-Clzfﬂ
3 B w8 d
Q IuF

Q, 2pF
2 2
F —Q==
rom figure, 9, 241 0] 3Q
g [ Cx 3) Charge
2=*\c+s |
Therefore graph d correctly dipicts. |
1 1
£
=E(3CE]=2CE IF 3P
2 3(C+3) C+3
(@) Electric field in presence of dielectric between the two
plates ofa parallel plate capaciator is given by, E = K—U—
€9

Then, charge density, o= Ke,E
=22x8.85x1012x3 % 104~ 6 x 1077 C/m?
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5. (¢) The total charge on plate _L & [ Bl e ] [ 2
" ==\ +VE-2nps |=—(Kh -Wa) .
Awilivesopc. - U4 sk o0 ARl e e
: 1 4uF ! 9. (@ When switch S is closed, there will be no shifting o
“?pu"and SRS CRPA s o - : negative charge from plate A to B as the charge — g is held
in parallel. Therefore, o ds ) by the charge + ¢ as unlike charges attract each other.
C, =2+3=5uF S T 13uF Neither there will be any shifting of charge from B to 4.
C;f s th AT o Hence charge on capacitor B =0
Es R sinaeiiorn 10. () Let C,, C, and C, are the Capacitance of capacitor
3uF capacitance with dielectric constant, K , K, and K; respectively
3 L]
g=—x80=48uC
; ; e
6. (d) Initially and when switch § is turned to position ~2 51 G K].g Kz.i;i 2
charge (¢) will remain constant. * J
Initially energy stored 5
U Ii-ixgi-ﬁ 2 St
e a4 v I
When switch S is turned to position-Z then energy stored.
2 2 q2 C=K A ELLE - M
. oed e R P g d
r= = =
ZCf 2 (2+8) 20 - cC K (A}anx2 A50K2
. Energy dissipated, AU= U, U= - L =2 2/ d d
. s 4 20 5 ggx2 24gpKs
.. % of stored energy dissipated G =KLt —="00
=%‘ix100=355xix100=80% Clandcza;einparallel
i _ A8 i
7. (@) Time constant as a function oftime 7= CR Cogq = d (K1 + k)
gqd in this C,, and C in seri
Capicitis C= 0 - Again this Leq 3 are in series
d = T+ =20 _1_ = d + d
k d 65 AEO (Kl " Kz) ZAEQKS
nd, 7'(= thickness) of liquid after time £, = — — vt K4e
. (Filicken)efiqudntin e 3 But C=—— for single equivalent capacitor
: on‘fR d
e TC = CR =
. ae d il
a‘»5§+w)+ ik—— ffAﬂo 1480(K1 ‘;ffz) 24e0K5
Given: A=1and K=2 ; I ey
gg X1x R : s
A= 0 11. (d) Within the capacitor plates, electric field,
H
-2 - EI:QQ] By =2 4
S < €A 2894 L.
3 i ;,
6egR E=E -E, = e
or, TC-_— Qdfsvf 1 2 ESOA(Ql Qz) -
el 5 . s i pt Hence, potential differences V= Ed SBECs
. (¢) Energy ofa capacitor U =— 1 d &
= : 5 : 2 1 LUT;V"‘Z’;‘Z(QI"QZ) =%
Initially, U; = -2—C 7+ —2~C Vi = EC(V,2 + sz) 12. () When c?ipacitors of capacitances C and 2C are
After contact, common potential = I connected in parallel to each other.
: 7 i\ Resultant capacity C,=(2C+ C)=3C
Finally U, = E(ZC)(J—T_Z_J Net potential ¥ = }B— V=v
= e 1 1 ’ 3
2 4 13. (@) The equivalent capacitance

c
= I[zVE + 27 - -1 -2 |
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1 s 1 10
—=—d—t——=— =3 C = —uF
Cop- 21 2 2325, 10 e WL
&
G
C C
3 HE

14. (1) Lettheregion between the platesis filled with N diclectric 17,

layers.
m = number of dielectric layers within x
d = distance between the plates.

d dx
Herc,—x—=— e —x—— o
m N
kl+El-eoA)
N
i dx
8.
: T :
% k(“'EJEoA
N
1 . dx
ok[1+ﬂ)eoa
N 19
d d ;
_J- dx il J-dx
ok(l+%)eoA keg Ayd+x
gt L ¢
C ke A din®

Comparing this equivalent capacitance

C k‘Eo AWith(}, kEo A
ding, din,

15. (8.00) The circuit can beredrawn as

G _
T e Tl
6VT c:l' cﬂ‘ c}l" c;[ Tzv
So, charge stored in C; is given as
Qy=C; X2V =4yF x 2V=8uC
16. (1.50) When switch S, is closed and §, is opened,

capacitor Cy becomes fully charged.
.. Charge on capacitor C3q3=C;V=1x8uC=8pC

]weget,a= 1.00

sv-Q’. T | pF=C,

When switch §, is closed and S, is opened,

When all the capacitors reach equilibrium charge on C, is found
to be 5 uC therefore charges on C, and C, are 3 puC each
Applying Kirchhoff loop rule

= - =4
I g =1
'.5:3[1+L}
8?’
h 2
—=——]=e vmpeiles
8. 3 3 &
Total charge will remain conserved in two cases (1) & (i)
£ KC
’__HIN'_.V
2C —H—‘
e’
Case - (i} Case - (i1}
CV+2CV=KCV'+2CY! V'= o
i

Plate 1 is connected to +ve
terminal so +ve charge on it

A
g=Cv =£—3—xV

Plate 4 is connected to —ve
terminal so charge,
—2ggd
0=y
d
(b) Casea:

._2q =

Caseb:

AEO _AEO_KAEO

Cb= =
2d+d_g a+d dE+D
k K

_ g AKV
d(K+1)
(Bt iictoonic = Laidh _ 96 ___ €p AKV
b Mdielectric K KAE[] d(K+1)KA o
v

d(K+1)

dp

So, capacitance decreases by factor of and same is

K+1
true for electric field. So (a) is incorrect and (b) is correct
work done in process, Ue-U;
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1 30§60 =6 . . e (if)
=~(Cy ~C;V? Solving (i) & (ii), we get i = 0.05 A oy =0077 A
2 21. (a, d) The given capacitor is equivalent to two capacitors in
g V2 KA Eo( . B 1) _ivz __Kf_io_[:_K_) parallel with capacitances
2 d K+1 2 d K+1 o KE[)(AJ’?’) KS{}A
= =
g a1 - ) o
2 a0 |REL) Cz=ﬁ°(2; 3)=2§ZA
So option (d) is incorrect, _ o Sakckviats st
As voltage supply remains constant, so there will be no T g P
change in voltage across capacitor. So option (c) is incorrect. d = distance between the plates
20. (e, d) +8, closed and S, open then at r = 0, charge on each S C=C+ Gy
capacitor is zero. Kind 2ecdinesmt
s gE + ot b = ..L(K + 2)
§; S.V 30Q 3d 3d 3d
|
% EoA(K + 2)
700 1€ .~ g p K
- 1 C! EUAK K
1100 o
fz_‘i:____s_-____=0'025A=25 mA Let V' be potential difference between the plates
R 70+100+30 v 78 E
When switch S, is closed for a long time all the capacitors are fully E, =E and £, = 3 —E—— =1
charged, As the capacitors are in series these carry equal charge g. 2
Current in the circuit is now zero as circuit is in steady state, o Kegd AR e 2894 .
1=0 s, € SV 00 G =GF= 3d Vand =GV = 34
[ QK
= G G 0 2
200 4 *q 8 22.  (b,d) When switch S, is pressed, the capacitor C, gets charged
2 such that its upper plate acquires a positive charge + 2 CV, and
1000 lower plate — 2 CV,.
Applying Krichhoff's voltage law When switch S, is pressed 2nd S, is release. As C, = C, the
charge gets distributed equal. The upper plates of C, and C, now
..i_.g.__q_-— 5 q=40 pe takecharge+CV0eacbmdlowerphte_CV0m_
80 10 80 When S, is released and S, is pressed, the charge on the upper plate of
Potential difference across C, C,is C&o and charge on upper plate of C,is-CV,.
g 40x 1076 23. (b,©) (a) Inregion 1and3,there will beelectric field ., directed
V= "CT T from positive to negative. In region 2, due to orientation u%dipoks,

Now just after closing the switch S7 charge on each capacitor
remains the same, i

P =
| B UL
+ J_ SO}IF
e 30 uF

IuF
300 8011F+
700
1oV
e -

R iZi, 1000 R
Vp=4-70x25x103 =V, ;
o VQ=4+L’?5=5‘75V
In loop MPQS
+10-304,-4-70i=0
70i+30i =6
In loop QROPQ,

+10-301+¢, + s 5 f—i 130+ g 0
5 — S (i—i) X it
RS i 80

there is an electric field Ex present in opposite direction of
Eo. But since Eo is also present, the net electric field is
Eo ~Ekinthe direction of Eq as shown in the diagram.

(" Ey>E))

(b) The direction of electric field remains the same. In region-2
electric field is less an compared to region 1 and 3.
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24.

25,

B125

E4
d 24 3d
0 —>x

¢ q g it .
(c) When one moves opposite to the direction of electric field,
the potential always increases. The stronger the electric field,
the more is the potential increase. Since in region 2, the electric
field is less as compared to 1 and 3 therefore the increase in
potential will be less but there has to be increase in potential in
all the regions from x =0 to x = 34.

Hence option (c) is correct and (d) is incorrect.

(a, ¢, d) Initially, When dielectric slab is inserted
Eg KSUA
C=—'A T ——
o § =2
//
K/ V':ji
K
%
g=cry
=‘E?TA"V 0- 2 c

Q will remain same as no charge is leaving or entering the plates
during the process of slab insertion because battery is removed.

Now,Q=C'V'=C'E'd

GUAV
0] d 1 V
T e, e L
e KA d Xi
d

Work done is the change in energy stored
1 1
wW==CVE-—Cy?
2 2

2 2
_ 1504V 1Kegd [f_) [:V':E'd*——i]
2 4 2%y K K
ISDA 2 1
o= 2Lp2 |
e [ K]
(b, d) Charge on plate is ¢ ty 4
. g94
Capacitances, C = ——
d
q
= V=—
g=CV = C’
U= -;*qu S g

‘Iﬁ th;:r plates of the capacitor are moved farther a part so
>

gpAd +
c=-2 .c<c fog
d
V= i o e
d! I

26.

27.

(a, d) Capacitor
without dielectric with dielectric

V. Vo
(i) Potential difference = ¥,

Capacitance = C
(i) Charge Q,=CV

Capacitor

Potential difference = ¥,
Capacitance = KC

[K is the dielectric
constant of slab K > 1]
New charge = KCV,,

(iii) Potential Energy New potential energy

1.3 1 2
- =P - ~KC¥:
et ALl
(%) Electrid seld 5= 12 5= 20
iv) Electric = 4 = d

(¢) For P, the capacitance between S, and S,, with S,
and S; not connected, all are in sertes and in series

Ikl g 1
— e — L —
il Cuih G ek Es

—1_=.,1_+_1_+_l_.'lcaq—_-_cz_0
Cy C5 Co € 3



126 B bhysics
WG Befie suchargelspacier e Kib(dx) gy Kibe(dx) go _ Kidze(&)
Charge on capacitor 4 4 dc, = = = T
g =3 x10°x 100=3 x 107C {12 a1 d({-x) (£-x)
Charge on cggéacitor B % g « = ¢
=2 x107%= 180=3.6 % = 3 -
V\&en uncharged capacitor falls, 3;‘1: 2;; Similarly. dC. = K gq(bdx) a K ggpdx
Let the charge on capacitor 4, C and B 100\; o IR CC s d=d' xd
be qE g, and g, respectively. d-d+ 3
By charge conservation,
Tﬁe sun? of charge on +ve plate of +q2 _C{2u i Koggbtdx K,gpddx
capacitor 4 and C = g - &
g+ g, =3x10% .0 ,," - "‘f d(e—fg -+
Similarly the sum of charge on —ve = =
plates of capacitor C and B = gp dC ~ Kydeg(dx) KpAgg(dx)
& —gy—g3=-36x107C ” 3 KK, Asods
or, q2+q =36x104% .. ii) o 1 (g 1 2. =d
Applying ?(jrchhoﬂ"s law in the _“‘ }’:——"‘l = Kzgd'i'd(Kl —Kz)x
closed loop, 3,11:' o Hence capacitance of the whole capacitor,
| NI, SR L [ 9 q, pord ¢ K KyAeydx
3x107® 2x107%  2x107° 0 Kptd +d(K; - Kp)x

29.

or, 29, — 34, +39;=0 (1)

Solving (i), (11) and (iii), we get

q,=90x10%C, g,=210x 105C,and g, =150 x 106 C,
(ii) Amount of electrostatic energy in the system before
completing the circuit

1 G | 2

Ui=UA+UB =ECA(VA) +'2-CB(VB)
1

=%x3x104'(100)2+ EXZXI()’G(ISO)Z

=474 x 1072) | i
Arount of electrostatic energy stored after completing the circuit

_lgt 14 1a

Fepe, 3¢ 3C.

190x10%)2  1(210x107%)2 1 (150x107%)?
= i o ams =
2 3x10 2 2x10 2 2x10

1 (150x107%)2
e SRR I
2 2x1®
Let £, b the length and breadth of the capacitor plate.

Therefore ¢ xb = A . d be the distance between the plates.
Let us consider a small dotted element of thickness dx as shown
in the figure.

=18x%102]

The small capacitance of the dotted portion 2.1 = —l—+ —-1—
dC dCy dC,
where dC, = capacitance of capacitor with dielectric K
dC, = capacitance of capacitor with dielectric K,
K (bd).‘)ﬁg
dc,= ———2

1 d’

; dis x
ot

30.

31.

Kk J'l dx
=K% Jo Rotd v a (K, - Kq)x

£
- K K e, lilog{Kgf’d +d(K; - Kz)x]]
d(Ki-K3)
KleAﬁo B ﬁ
d(Ki-Kp) " K
Here the system as shown in the figures, is equivalent ta two
capacitors in parallel one with air and other with oil with dielectric.
C=C,+C,
keg(x x1) 5 gol(1-x)x1)
=T d
&9
C=—lhkx+1-x
e +1-x]

x = side of the dielectric = Im and d = 0.0lm

0

or, C=

L geratl -
..q_CV_Om[Hx(K 1)]

dq EUV dx
10l
e 0.01[ I
~12
Squﬁi’%}l_"_sﬂ[ual] x0.001 = 4.425x10™° 4

(i) Here capacitor 4 with dielectric slab can be considered as two

capacitors in parallel, one having dielectric slab and area% and

another one is without dielectric slab and amai;;.

ll'm.ﬂ
.

Now, capacitance C, = C; + C, i
iy (Af2]£0+ (A!JZ)SUEr = A L) 1+
d d 2 d

0.4x8.85x10712
===t =9 soadF
2x885x1074 [ ] ;

&l
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8l27

Energy stored in this capacitor when connected to V= 110 volt battery.
1 1
Uy= 2C4V2—‘Z-X’XI0‘9X(110)2

=121 %1057

(il) While taking out the dielectric, the charge on the capacitor plate
remains the same but capacitance of A will get changed, hence energy
will change. This change in energy is equal to work done.

T agln
b 208 2C,
Aegy 0.04x8.85x10714 2
g —4 =04x 107 F
d 8.85% 10
g=C,V: 2*10’9\<1]U 22x 107 C
o T Nl ]
2 [04x10? 2x107
or, =484 x 1075 ]
gp €A
(iii) Capacitance of B = —“_j—i
335x10"3x9x002 %
= =18x 107 F
8.85x10
Charge on 4, g, = 2.2 x 1077 C gets distributed into two paits.

4+ 4y =32 x107 C
Alsod!le potential difference across 4 = p.d. across B

O B e B T
Cy G =0 g BRpagop ¢t

022 g, +q,=22 % 1077

2
x107-18x10—?c

TR
= q1'0.4><10‘7C'
2 2
Total energy stored = %};4—%
04x04x10™% 1.8x18x10” 14
2%0.4%107° 2%x1.8x107%

=02x10°+09x10°=11x102]

5:] Topic-4: Miscellaneous (Mixed Concepts)

1L

=) Problems

(¢) According to the question, a proton is released at rest mid-
way between the two plates and is found to move at 45°, so
net force is at 45° from i) =1
vertical and two forces acting on the qE
proton just after the release are as
shown in the figure,

gE=mg

q(_}i)zmg ﬂlg
. _
mgd 1, 6710727 x10x10°2

q 1.6x107°
Hence X is nearly 1 x 107° V
(c,d) The potential of all points lic on the conductor is same.
Thus potential at A = Potential at B

Total electric flux through cavity = 4. this according to Gauss's

V= =107V

theorem.

Option (a) and (b) are dependent on the curvature which is
different at points 4 and B because cavity is elliptical.

(P) Here PQ is perpendicular to the plane of the hexagon.

."’

P i

Clearly electric field at the centre M of the hexagon due to the
charges at the corners of regular hexagon is zero.

120°
E, Here|E, [=|E_|.

ie, £ =0 at M. (By symmetry)

The electric potential due to all the charges at M is zero.

e, V=0aM

When the system of charges is rotated about line PM, the net

current will be zero.

Hence magnetic field B = 0 at M.

When B=0then u=0

(@) M is the mid-point between the two innermost charges.
P

= o =t = 4

P ST R B

Q
Electric field due to the inner most positive and negative charges
at M El = 2[15 9
2
Electic field due to the next positive and negative charges at M

:‘ towards left.

Ey =2lk
| @n?
the outermost positive and negative charges at M

towards right. Electric field due to

E3 =2 k
L (3r)

The electric potential due to the charges at M
+ S

A k{_'l_i+i_i+£__i '8
¥ 2F G2r 3 3F

Net current due to the innermost positive and negative charges is
zero. Similarly the net current due to other charges in pairs is
zero, Therefore, B=0 .u=0

(¥)

2

:l towards left. i.e., El - Ez +E3 =d0

The net electric field due to negative charges E; . = 0. Similarly
the net electric field due to positive charges E .. = 0.
s E=0
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The electric potential due to negative charges at M is different from
the electric potential due to positive charges at M.

S Vz0atM.

When the system of charges rotate, we get a current I, due to
negative charges and another current / due to positive charges.
The magnitude of B at M due to the currents is different.
L B#0and p=0.

Here electric field due to different charges cancel out in pairs.

L E=0

(s)
—t
_— * —
i -
P 7 0

. x g . d
The electric field at M due to all the charges is zero because
The potential at M due to the charges

vei| X4, 9 J_ﬂ} 40

al2 al2 [Jﬂ

4

When the whole system is set into rotation with a constant
angular velocity about the line PQ we get three loops in which
current is flowing.

The magnetic field due to these currents produce a resultant
magneic field at M which is not equal to zero. Therefore a net
magnetic dipole moment will be produced.

SB20andp=0

P
* =

0 Sk

Q

Here E # 0 as there will be a net electric field due to the arrangement
of charges at M towards the right side.

Electic potential ¥ = 0 at M due o symmetrical arrangement of
positive and negative charges.

Net current is zero when the system of charges rotates about PQ,
due to symmetrical arrangement of charges, . B =0 and p=0
(a) In process 1, work done by battery, w=q x V=CV_ V,=CV 2

1

Energy stored in the battery E = ECVnz
Heat dissipated across resistance,

1 1
Ep=W-Eg=CV,2 —ECVC,2 = Ecvﬂ2
Pt EC = ED
(¢) Let V; and Vbe the initial and final voltage in each step of
process 2. Then
Energy dissipated = Wbam - AU

1
= C(V; -V))V; —Ecwf =“W)?

1
= ‘2—C(Vf V¥
~. Total energy dissipated across the resistance,

2 2 2

1 {V ) (:w V) [ 2V)
En==] 2 e L ol
D=3 [3 I M O i U

1
or, E;= -6~CV02

(c) After colliding the top plate, the ball will gain negative
charge and get repelled by the top plate and bounce back to the

7.

bottom plate. But ball do not execute simple harmonic motion
as force on it o« x

(d) Average current, L& q:% i)

HereQ o V) ..(ii)

From S = ut +5 at?

e 1 9_E~t2=1 [M]xtz [ a= ..F_= iE.‘_)
2 m 2 mh m m
toess (i) [+Qex V]

a
From eq. (i), (ii) and (jii)
Iy o 1—0' =l ":Voz

Vo
Let P be any point at a distance x from the origin. As shown in
the figure, there are two forces of repulsion acting due to two
charges of + 8 mC. The net force is 2F cos o towards right.

Similarly there are two forces of attraction due to two charges of
— 1 mC. The net force due to these force is 2F cos B towards left.

For net force to become zero,
2Fcosa=2F'cos

Kx8><10_6><0.lx10‘6x x
([ 5 \P 27
2 b
x° =
W +7) 2
lexlo—ﬁxﬂ.}xlﬂ'ﬁx ¥ Dfcp *JE
= - x= =
r 2 3 * 12'1""3' 2
X hr )
W +3) Vo2
p) : :
Atx> 3 m force is repulsive towards + ve x-axis and for x <

5
E m force is attractive towards negative x-axis.

5
Electric potential of the four charges at x = J;

o 2x9x10° x8x1076  2x9x10° x1076
527 L

272 272

8 1
=2x9x10%x 10-6 [Z—E}-——ZJ"XIO“V
Kinetic energy is required to overcome the force of repulsion

5
fromoctox =,/— .
L iox 2

The work done in this process W= q ("N
Y OW=00%x10°%x27%104=27 %103
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1
By energy conservation Em Vnz =27x 1073

= Sx6x10747F =27x107 = vy =3
K.E. at the origin

Potential at origin
~2x9x10° x8x10%  2x9x10° x107°
x=0~ 27 i 3
2 7
=24 x 104

Again by energy conservation
K_E_ =q L;=:J_-5: ‘p’.l:(]

2
KE.=0.1 x 107° [2.7 x 104 - 2.4 x 10
=0.1%x109%x03x10*=3x 104
(@) Given a = radius of disc, ¢ = surface charge density,
g/m=4g.glc
Potential due to a charged disc at any axial point situated at a
distance x from O

o L H

= —[Va* +x* -
V@) 250[ a +x" -x] (m.8)
Atx=H "'—.,__
() = E:—[ (a2+H2-H] il %

0

And D}“"CFi

d _.280

When the particle is dropped along the axis of dise, energy is
conserved. Loss of gravitational potential energy = gain in electric
potential energy

mgH = gAV = g [V(0) ~ V (H)]

mgH=g 5‘:_ [a~ {,}(.::2 +H?) - H}] (i)
0

2 4dgyg
From the given relation — = . 2mg
m Lo ] 280

Putting this value in equation (i),

4
mgH =2mg (a—{\(a* + H?) - H}] ot H= ?"

(b) Total potential energy of the particle at height H
U (x)=mgx+ gV (x)

= mgx + -giwaz +x° -x)
0
= mgx + 2mg [\}(az +x2) -x]

(i)
U(A) = mgH+2mg[ a’+ H? -—H]
=mg[2 a® + H* —Hz] e (i)
I
For equilibrium : -g% =0 2mga
4 \Emga
t H=-—¢
3 V3
i = \/5 mga —x
al3 H=4a3

10.

11.

From equation (i), graph between

Ulx) and x a parabola, is as shown

below.

Hence H = %15 stable equilibrium position.

(a) Let S, contain charge Q before contact with Sy
On contact, let a charge ¢, shift from S, to S,.

k(Q-a1) kg =i AL R
__r___?wherek— s or gy _Q(R-H")

On second contact, similarly,

Ko-(02-a)] g
r R

orrg; = RO—-Rq, + RQ(_Rf r)

gy Q[[Rf-r)+(}€f-r)2}

On third contact,

il )
B=C Rer \R+r R+r

On n'! cotact,

i ] o)
In R+r \R+r) 7" R+r
a(l-—rf’)

orrq; = RO~ Rgy + Ry

In G P, S, =———=where » is common ratio.
(1-1)
OR ( R J"
==—l1-
el da r[ R+r

Electrostatic energy of S, after n such contacts
2 2
=g

" 2C  2(4neyR)

= 2
;11 4mi0Rx[%?{l‘(Rf-r] H

or U,=—x

(b) Limiting value of energy as # — o0,
Let us calculate g, when n tends to .

For GP, S, = l—a_ where 7| = common ratio
=y

_ OR 1
R+r1 R

R
UES Or 4, =Q_r’

R+r

=£=[gfz)2 1

2C ¥ x2>c(4rceo)x(R)

2
or U, = s dopdll) om ——Q—E—2
r* x2x4nggR 2(4ney)r
(@) A charge is uniformly distributed over a non-conducting

spherical volume of radius R. Letus consider a shell of the thickness
dx at a distance x from the centre of a sphere

an

4 4
Volume of the shell = —gn[(x + dx)3 —Ertxs]
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12.

4
= Eu[(x+dx)3 —x"’]
3 "_—‘—""\
= inxz’[[Hgf-) —1} et N
3 x l, \\
i 5
:i x3[1+§d—x—l] :L i ,:
x l\ -"
= iﬂ:xz’ X.:i_ = 41t.12dx \\‘ R #F

Let p be the charge per unit volume of the sphere 5 ¢
Charge of the shell = dg = 4r®pdx ... (i)
Potential at the surface of the sphere of radius x
4
| Pxym™x

3
= ® .__i_._. ['.' V = ki]
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2

X
.. Potential at the surface of the sphere of radius x = -2—8—

Work done in bringing the charge dg on the sphere of radius x W
2 2

xdg = dW= T
380 380
Work done in accumulaung the charge Q over a spherical

volume of radius R
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1§ R4np x4dx=4ﬂp Lyl
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4z [ 0 ] Rt 308
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This work done is equal to the energy stored in the system.
(b) The corresponding energy needed to completely disassemble

the planet earth against the gravitational pull.

x 4n 2 p dx
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Replacing or Kby Gand 0 by M2. . E=
41'[80 5R
GM
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(c) If the same charge of O conlomb is given to a spherical
conductor of the same radius, then C = 4neyR and energy

g 1o

As shown in Fig, AB =

Tonque on the rod AB, t = gE({ sin 6)
When 6 is small, t = gE® ...(i)
Moment of inertia of the rod about O.

13.

2
t=m(1/2)? +m(1/2)* ="

Ast=la

Clearly, « is directly proportional to 8, and torque is trying to
decrease 0.
The motion of the rod is S.H.M., with

ZqE FZqE 21:_ T=2n ml
2q9E

The rod will become paralielto E from a position, g = 90° in atime

N
2q 2qgE

Each pamde will be in cquih'brium under the act of three force
tension of string T, weighting, resultant electrostatic force F of
the two other charges. Force F and mg are perpendicular.

Resolving 7' in the direction of mg and F and applying the
condition of equilibrium,

T cosf = mg;

tan 6 = il w (D)
mg

F= \/ng +F§H +2F¢ Fepcosa
F= JF&A +Fcz-A +2F§A X—;—

2
= JA 2L :
()
lf_?cg l=]?ca | and & = 60° ]
Let 7 make an angle 0 with the vertical

oC= % (0.03)% - (0.015)
OM = 0.9997
g < 0C._ 00173
- YT oM T 0.9997
From eq. (i), (i) and (iif)
00173 3x9x10° xq”
0.9997  (0.03)> x10™ x9.8
L g=316x107C.

Tsin@ =F

e (i)

=0.0173 m

... (iif)
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