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Chapter 12. Electrostatics

A capacitor 1s charged by a battery. The battery
15 removed and another 1dentical uncharged
capacitor 18 connected in parallel. The total
electrostatic energy of resulting system

(a) decreases by a [uctor of 2

(b) remains the same

(¢) 1nereases by a factor of 2

(d) mereases by a factor of 4 (NEET 2017)

Suppose the charge ol'a proton and an electron
differ shghtly, One ol them 1s —¢, the other 1s
(e + Ae). I the net of electrostatic force and
gravitational force between two hvdrogen atoms

placed at a distance o (much greater than atomie |

size) apart is zero, then Ae 1s of the order of

|Given: mass of hydrogen my, = 1.67 = 104" kg]

(a) 10C (by 1037 C

(¢) 1077 ¢ (d) 1020 ¢
(NEET2077)

The diagrams below show Pegions of

equipotentials.
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A pesiiv@ehargeis moved from A to B in each

diﬂlmz_

(a) In dll the four cases the work done 1s the
sanme.

(b) Minimum work 1s required to move ¢ in
gure (1),

(¢) Maximum work 1s required to move ¢ n
[gure (11).

(d) Maximum work 1s required to move g n

[igure (I11) (NEET 2017)

An eleetrie dipole 18 placed at an angle of 30°
with an electric field intensity 2 > 10° N €1,
[t experiences a torque equal to 4 N m. The
charge on the dipole. 1if the dipole length 1s
2 cm, 18

5.

(@) 8mC (b) 2mC (¢) 5mC (d) 7 uC

NEET =11 2016)

A parallel-plate capacitor el area /. plate
separation d and capacitunee (s filled with four
dielectric material§having diclectric constants
ki k.. kyand &, as showsarin the figure 1fa single
dielectnicamaterial 1s to be used to have the same
capacitance @ indns.capacitor, then its dielectric
constantiis given by

ﬂﬂk ﬂmﬁ Al2
_WW’= I *
- b\ 7= ko =]|(|[| k3 ||| di2
g _
L 2 S iiEaiisaiasasraasiasasrzizsaciiraias
A

(a) k=k, +k, +k +3k,

2
(b) k== (k +ky+ k) +2k,

3
2 3 :
® I Erhth &
1 1 1 1 3
(d) i k1 + k t 5 +2k4 (NEET -] 2016)

A capacitor of 2 ul is charged as shown in the
dhagram. When the switch & 1s tumed to position
2, the percentage ofits stored energy dissipated 15

| 2
Y
y:: EMI?— ::EuF
(a) 75% (b) 80%
(¢) 0% (d)y 20%

(NEET-I 2016)

Two identical charged spheres suspended from
a common poimnt by two massless strings ol
lengths /. are mitially at a distance o (d = < )
apart because ol their mutual repulsion, The
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10.

I1.

12.

charges begin to leak [rom both the spheres at a
constant rate. As a result, the spheres approach
each other with a veloeity v. Then v varies as a
function of the distance x between the spheres. as

(@) veoex1? (h) veex!
(c) woc xi= (d) veex
(NEET-[ 2016)

A parallel plate air capacitor has capacity €,
distance of separation between plates 1s o and
potential difference I"1s applied between the
plates. Force ol attraction between the plates
of the parallel plate air capacitor is

Cvz z'lllf: CEV: Cvz
b 5 (e d
(a) J (b) Ve () >d (d) 3d
(2015)

[I'potential (in volts) 1n a region 1s expressed
as '(x, vy, z) = 6xy —y + 2yz, the electne held
(in N/C) at pont (1, 1, 0) 1s

@ —(2i+3j+k) (b) —(6i+9]+k)
© -@Gi+5j+3k) () —(6i+5]+2k)
(2015)

The electric field in a certan region 1s aeling
rachally outward and 1s given by £'=Ar. Acharge
contained 1n a sphere of radius “a’ centred at the
origin of the field, will be given by
(a) 4meda (b) e da®
(¢) 4me da’ (d) Ae,a®

(2015 Cancelled)

A parallel plate air capacitor of eapacitance € 1s
connected to a cell of emif' [ "and then disconnected
from it. A dielectriess]ab of dielectric constant K.
which can just All the wr gap of the capacitor, 1s
now mserted in it Which of the following is
incorrect?

(a) The echange in energy stored is
lm"ﬁ(l—l].
2 K

(b) The charge on the capacitor 15 not conserved.

(¢) The potential difference between the plates
decreases A times.

(d) The energy stored in the capacitor decreases

(2015 Camcelled)

K times,

Two thin dielectric slabs of dielectric constants
K, and K, (K| < k) are inserted between plates
of a parallel plate capacitor, as shown 1n the
figure, The variation of electric field £ between
the plates with distance ¢ as measured from
plate P 1s correctly shown by

13.

14.

15.

aaill 7.
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(d) t oA : (2014)

0 i —p

A conducting sphere of radius R 1s given a
charge O, The electric potential and the electric
{1eld at the centre of the sphere respectively are

and zero

(a) zero and (h) :
4TEE”.R2 47:1':{]}2

and (d) both are zero

{ ‘:} 4TIE(|R dme ﬂRz

(2014)

In a region, the potential 1s represented by
Fx, v, 2) = 6x — Bxy — 8y + Gyz, where 7 1s in
volts and x. v, z are in metres. The electric force
experienced by a charge ol 2 coulomb situated
at pomt (1, 1. 1) 1s

(a) 65 N (b) 30 N
(¢) 24 N (d) 435 N (2014

A, B and " are three poimnts i a uniform electne
[ield. The electric potential 15
>
—F
>
-

R *A
&

wi
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16.

17.

18.

19.

20.

(a) maximum at C
(b) same at all the three points A, B and C
(¢) maximum at A

(d) maximum at B (NEET 2013)

Two pith balls carrving equal charges are

suspended [rom a common point by strings of

equal length, the equilibrium separation between
them 1s . Now the strings are ngidly clamped at
half the height. The equilibrium separation

between the balls now become

X ]

(a) [T] (b) [ } () [é]_“ﬂ [;E}

(NEET 2013)

An electric dipole of dipole moment p 15 aligned
parallel to a uniform electric field £, The energy
required to rotate the dipole by 90° 1s

(a) p°E (b) pE
(¢) infinity (d) pk”
(Karnataka NEET 2013 )

A charge g 1s placed at the centre ol the line
joining two equal charges (), The system of the
three charges will be in equilibrium ify is equal to
(a) =01 (b) 04 (&) 02 (d) 02
tharnataka NEET 2013)
An electric dipole of'moment p 1s placed mn an
electric field ofantensity E. The dipole acquires
a positionsuch that the axis of the dipole makes
an angle O with the direction of the feld.
Assumingthatthe potential energy of the dipole
to be zera When 0 = 90°, the torque and the
potential energy of the dipole will respectively be
(a) pEsinB, —pEcosO  (b) pEsm0,-2pEcos0
(¢) pEsin®, 2pEcosO  (d) pEcost, —pEsint)
(2012)

Four pomt charges —Q. —. 2g and 20 are placed,
one at each corner of the square. The relation
between Q and g for which the potential at the

centre ol the square 1s zero 1s

1

Ul} Q:—i}' {h} Q:-E

©) Q=g @ Q=1 (2012
i
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21. What 1s the flux through a cube of side a 1f a
pomt charge of ¢ 15 at one of 1ts corner’

2q q q g 2.2
(a) € {h} BED (c) & ld} Z—Eﬂﬁﬁ'—
(2012)

22, A parallel plate capacitor has a uniform electrie
field £ n the space between the plates. If the
distance between the plates 1s  and area of each
plate 15 ., the energy stored n the capacitor 1s

- ERAd
@ "

1 9
Lo E2
(a) 25[1

|

(©) ZeoE?Ad @ ¢ fAd

(Mains 2012, 2011, 2008)

23. Two metalhicspheres of radu 1 em and 3 cm are
are givenrcharges of =1 » 10-Cand 5 = 10~ C
respeatively If these are connected by a conducting
wire, the final charge on the bigger sphere 1s
o) 2x 10=C (b) 3 x 10=2C
(€ 4x 102C (d) 1=x102C
(Mains 2012)
24. Acharge Q 15 enclosed by a Gaussian spherical
surface of radius R. [I the radius 1s doubled, then
the outward electric flux will
(a) 1increase four times
(b) be reduced to hall

(c) remain the same

(d) be doubled (2011)
25. Four electric charges +¢.+g, —q and —j are placed

at the corners of' a square of side 2L (see figure).

The electric potential at point A, midway

between the two charges +g and +g, 1s

1 2g
) L2 (145
i dme, L ( ) H p——9
1 29{, . 1)
(b) —|1+—= TA
a_ﬂf*.-tEIJ L : \'@;
1 2(. 1 e
() —————|l=—
dnegy L | \/EJ
(d) zero (2011)

26. Three charges, each +g, are
placed at the corners of an
1sosceles triangle ABC of
sides BC and AC. 2a. D and . =
E are the mid points of BC 8 D
and CA. The work done in taking a charge ()
from D to E 13
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27,

28.

29,

30.

39Q

e s —

B:n::zﬂn

qQ)
dmeqa

(Meains 2011)

(a) 59Q (h)

(d) zero
4':H.E[:|ﬂ

(c)

The electric potential V at any pont (x, v, 2), all
in metres m space 15 given by V =4x* volt. The
electric field at the pomnt (1, 0, 2) in volt/meter, 1s
(a) 8 along negative X-axis
(b) 8 along positive X-axis
(¢c) 16 along negative X-axis
(d) 16 along positive N-axis iMains 2011)
Two positive 10ns, each carrving a charge g, are
separated by a distance d. II' F 15 the force of
repulsion between the 1ons, the number of
electrons missing from each 1on will be

(¢ bemg the charge on an electron)

dme Fd” dme Fe?
@) —s— ® —%—
e d=
4me Fd” ey Fd”
(€) f——=— (d) , 5 (2010)
£

A square surface of stde L meter in the plane of
the paper 1s placed mn a uniform electric freld
E(volt/m) acting along the same plané at an
angle 0 with the horizontal side of the square as
shown n figure.

The electrie Aux hinked to the surface, in units
of volt m s
(a) EE®

(¢c) FL*sm®

(b) EL-cost

(d) zero (2010)

A series combination of n, capacitors. each of
value C,. 15 charged by a source of potential
difference 4V, When another parallel combination
of 1, capacitors, each of value C,, 1s charged by
a source of potential difference V. 1t has the same
(total) energy stored i 1t, as the first combination
has. The value of C,, in terms of C, 1s then

2C "

@ . ® 1622,
”1”2 ”1

s 16C,

© 22¢ (d) (2010)
HI ”-1”:

31.

32.

33.

35.

36.

Two parallel metal plates having charges +0 and

—(J) face each other at a certain distance between

them. If the plates are now dipped in kerosene

oil tank. the electne field between the plates will

(a) become zero (b) 1ncrease

(¢) decrease (d) remam same
(Mains 2010)

from the centre

The electrie field at a distance

2

ol'a charged conducting spherical shell of radius
R 1s E The electric field ata distance gi'mm
the centre ol the sphereas
B E
o | s L'l. {4
() 5 (d) 3

(Mains 2010)
Three congentric spherical shells have radu a, b
and ¢ @ = b < ¢y and have surface charge
densifies’ ™= o and o respectively. I 17 1", and
| ’E-dt:unl.e he potentials of the three shells, then,
for c=a+b. we have
@ E.=1,#T
& V.=V, =V,

(a) zero (b) K

(b)y I.#1,#1

@ V. =V. 2V,
(2009)

Three capacitors each of capacitance " and ol

breakdown vollage I are joined n series. The

capacitance and breakdown voltage of the

combination will be

V

18 b
(a) 3C, 3 (£)

fad

v

(c) 3C.3V (d)

w0y wn
w| =<

(2009)

The electrie potential at a pomnt (x, ¥, 2) 15 given
by V'=-xy—xz"+4.

The electric field at that point 1s

@) E=i2xy+ (" +y)+ k (3xz — v

(b) E=12’+ jxyz+kz*

() E=1@xy—z"+ /xy® +k3z%x
(d)

A thm conducting ring of A

radius R 1s given a charge K

+(), The electric field at the

centre O of the ring due to € B

the charge on the part AKB

ol the ring 1s £ The electric

field at the centre due to the

charge on the part ACDE of the ring 1s

(a) £ along KO (b) 3K along OK

(¢) 3L along KO (d) £ along OK
(2008)

E=1@xy+2")+ [ x* + k32 (2009)

[
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37.

38,

39.

40.

41.

The electric potential at a point n free space
due to charge O coulomb 1s O = 10" volts, The
electrie field at that point 1s

(a) 4me,O = 10* volt/m

(b) 12me O x 10°* volt/m

(¢) 4me O * 107 volt/m

(d) 12me 0 = 10* volt/m 2008)

Ahollow eylinder has a charge g coulomb within
it, If f1s the electric flux i umts of voltmeter
assoctated with the curved surface B, the flux hinked

with the plane surface 4 1 units of V-m will be
B

¢
(b)) =
& 3

I
Jte e
(¢) & (d) 5 €0

2007)

Charges +g¢ and -q are placed at ponts 4 and
B respectively which are a distance 2L apart, ("1s

the mudpoint between A and B, The work dome 11 |

moving a charge +0 along the semicircle CRIDIS

qQ

(@) 2ne, L

40

bme, L

qQ

(c) () (2007)

dme, L
Three poifit:charges +¢. —2¢ and +g are placed
at points fe=0r=a,z=0), (x=0,y=0,z=0)
and @ =8 y = 0, z = 0) respectively. The
nmgmtuda and direction of the electric dipole
moment vector of this charge assembly are
(a) Ji;_m along the line joining points
(x=0,y=0,z=0)and (x=a,y=a.z=0)
(b) ga along the line joimng pomts (x = 0,
y=0,z=0)and (x=a,y=a,z=10)

(c) ﬁqa along +x direction

V2qa along +y direction. (2007)

Two condensers, one of capacity (" and other
other ol capacity ('/2 are connected to a -volt
battery. as shown i the ligure. The work done
in charging fully both the condensers is

42.

43.

44.

45.

46.

145
— =€ D=8
(a) ifvz (b) %CVE
(¢) %CV‘E (d) 2CT7= (2007)
A parallel plate air capacitor 1s charged to a
potential difference of I volts. Adter disconnecting
the charging battery the distanee between the
plates of the capacitor @8 Insredsed using an
mmsulating handle. A§ @ result the potential
difference betweeri Hie jlates
(a) increases (b) decreases
(¢) does mot change (d) becomes zero
(2006)
An.electnedipole of moment p is lying along
ammiform electric field E The work done in
fatating the dipole by 90° 1s
@ pE (b) 2pE
(¢) pli2 (d) 2pk. (2006)
A square surface of
side L metres 15 in the
plffrfu of the paper. A = 4 W '__t
untform electric field B >
= . —» > &
E (volt/m). also in | & >
the plane of the paper
1s limited only to the lower half of the square
surface (see hgure). The electric flux in SI umts
associated with the surface 13
(@) EIF (b) El72g (¢) ELY2 (d) zero
(2006)
A network ol four capacitors |
of capacity equal to '} =, C,
=2C,C3=3CandCy;=4C & C=¢
are connected to a battery as C,
shown in the figure. The ratio {]
of the charges on (’; and C'4 15 1
(a) 4/7 (by 322 'V
(c) 7/4 (dy 22/3 (2003)
As per the diagram a v
point charge +¢q 1s 4
placed at the ongin ©. 4
Work done n taking
another point charge
~( from the pomnt A
|coordinates (0, a)| to o > X

another pomnt A
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47.

48.

49.

|coordinates (a, )] along the straight path A8 1s
(a) zero

i 3
9@ 1 1. /34

b K
{ } l.,~4mu ﬂh,.’
{ 3
-g0 1 NG g0 1 a
5 —— ¥ 2 ﬂ ]
(c) k‘qT[E“ ﬂl!‘ {d} [4TIIE ,ﬂl JE

Two charges ¢ and o
q, are placed 30 cm _

apart., as shown in
the figure. A third '
charge ¢, 1s moved
along the arc of a s

circle of radius 40 ¢, & 8 -3
cm from " to D, a 0em B B

The change in the potential energy of the system
d3

40 cm

18 k. where k is
4me,
(a) gf."l (b) 51:“
(¢) 8¢, (d) 6g-. (2005)

A bullet ol mass 2 g 1s having a charge of

2 uC. Through what potential difference must
it be accelerated, starting from rest, to acgonré
a speed of 10 m/s ?
(a) S KV

(c) 3V

(b) 50 kV
(dy 50V 2004 )

An electric dipole has the magnitude afats<harge
as ¢ and 1ts dipole moment 1s pn [1i§ placed in
a uniform electric field £ IFats dipole moment
1s along the direction of the field. the force on
it and 1its potential energy are respectively
(a) 2qg-F and muaumum

(b) g-F and p-E

(¢) zero and minimum

(d) ¢-E andl maimum (2004)

Theeeeapaeators cach ol capacity 4 UF are to be

connéeled in such a way that the effective

capacitamee 1s 6 WUF. This can be done by

(a) connecting all of them 1n series

(b) connecting them n parallel

(¢) connecting two n series and one i parallel

(d) connecting two n parallel and one in series
(2003)

A charge ¢ 1s located at the centre of a cube. The
electric flux through any face 1s

2y 4mg
(@) 6(4me, ) ®) 6 4ne)
i

(2003)

M I S
©) 6(4ne,) @ 64ne,)

58.

Identical charges (—g) are placed at each corners
of cube ol side b then electrostatic potential
energy of charge (+¢) which 1s placed at centre
of cube will be
-4J2 ¢° -842 ¢
ne b e b
-4 ¢° 82 ¢°

]
©) 3 me b @D Tre,p

A capacitor of capacity ('y charged upto "volt
and then connected to an uneharged capacitor
of capacity (5. The final peennal difference
across each will be

C,V C\V
B T+E, ® ¢ +c,

L= | C':
o€ e(-g)F
| (2002)

Someeharges being given to a conductor. Then

il ptential 1s

@) maximum at surface

(b)) maximum at centre

(¢) remain same throughout the conductor

(d) maximum somewhere between surface and
centre. (2002)

A dipole of dipole moment p 1s placed in uniform

electric field E then torque acting on it is given by

(b) T=pxE
(dy T=p-E. (2001)

(a) (b)

(2002)

(a) T=p-E
(¢) T=p+E
Energy per unit volume for a capacitor having
area 4 and separation d kept at potential
difference I"1s given by

1. V?
(a) -Z_E“;;T

1y
2€, d°

(b)

QZ
2C"
Accharge O 1 C 1s placed al the centre of a cube,
the flux coming out from cach face will be

L 0 £ 103
6Eu »10) {h] ﬁE” ® 10

(©) %cvl (d)

(2001)

(a)

0 .
(c) EEE; (d) EE; 2001)
A charge () 1s situated at the corner ol a cube,
the electric flux passed through all the six faces
of the cube 15

L 674
@) e, ™ g,
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59. Electric field at centre O of semicircle
of radius a having linear charge

density A given as <)
_ 2A ATl
(a) r‘ﬂ (b) m
> g d A 2000
(¢) 27 o (d) TEoa (2000)

60. A capacitor 1s charged with a battery and energy
stored 15 [/ After disconnecting battery another
capacitor of same capacity 18 connected in
parallel to the first capacitor. Then energy stored
in each capacitor 18

(a) U2 (by U/4

(c) 4U (d) 20 (2000)
61. What 1s the effective capacitance between

2 5
points .\" and 17 C =6F
() 12k |
- C,=6uF ;=20 uF| Cy=6uF

ISR g l i

[.c} 24 “-F X A { A I ¥

(d) 6 pF C,=6 |F

(1999)

62. When air 1s replaced by a dielectric mediimof
constant K. the maximum force of attragtion
between two charges separated by 4 distance
(a) inereases A times
(b) remains unchanged
(¢) decreases K times

(d) increases K times. (1999)

63. Inbrnging an electron fwatds another electron,
the electrostatic ggotentidlenergy of the system
(a) becomes #ero (b) mmcreases
(¢) decreascs (d) remaimns same

(1999)

64. A parallelplite condenser with o1l between the
plates fﬁit:it:ﬂlrit: constant of o1l K = 2) has a
capacitance ' If the o1l 18 removed, then
capacitance of the capacitor becomes

€ C
@) v2C @ =

(1999)

(a) B

65. A hollow insulated conduction sphere 15 given
a positive charge of 10 uC. What will be the
electric field at the centre of the sphere 1f 1ts
racdius 1s 2 metres?
(a) 20 puC m?
(C) Zero

(by 2

(b)y 5 puC m-
(d) 8 nC m-

|-d |-d

(1995)

147

66. A particle ol mass m and charge ¢ 15 placed at
rest in a umform electne field £ and then released.
The Kinetic energy attamed by the particle alter
moving a distance v 1s
(a) gEv  (b) ¢E

(¢) gy (d) ¢°Ey

(1998)

67. A pomt ¢ hes on the perpendicular bisector of
an electrical dipole of dipole moment p. I the
distance of O from the dipole 1s r (much larger
than the size of the dipole), then the electric
field at O 1s proportional to
(a) p*and r? () pand r-

(¢) p!and r- fd) pand r? (1998)

68. A point charge + g is placed at the centre of a
cube of side./. The eleetric flux emerging from
the cube 1§

E;n"i (b) fhl'+EU (¢) zero (d) EL%

(1996)

(a)

{ 69 The energy stored in a capacitor of capacity ('

and potential 1715 given by

3

o4 g c*v? . cY 3 cv?
@ 5 & —F @ 5 @ —
(1996)

70. Two metallic spheres of radu 1 em and 2 em are
aiven charges 107 C and 5 % 107 C respectively.
[f they are connected by a conducting wire, the
final charge on the smaller sphere 15
(@) 3x10°*C (by 4 x 107=C
() 1x10=C (d) 2x1072C
(1995)

71. There is an electric field £ m x-direction. If the
work done on moving a charge o' 0.2 C through
a distance of 2 m along a line making an angle
60" with x-axis 15 4 I, then what 1s the value ol £7
(a) 5 N/C (by 20 N/C
(¢) 3 N/IC (d) 4 N/C.

72. A charge g 1s placed at the centre of the line
joining two exactly equal positive charges .
The system of three charges wall be in equilibrium,
if ¢ 15 equal to

(@) =0 (b) 02

(1995)

(c) =04 (d) +0
(1995)

73. An clectrnie dipole of moment p 1s placed 1n the
position of stable equilibrium n uniform eleetric
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74.

field of mtensity £, This 1s rotated through an
angle 0 from the mitial position. The potential
energy ol the electrie dipole m the [inal position 1s
(a) — pk cos 0 (b)y pk (1 —cos B)

(¢) pE cos B (d) pE sin 0O (1994)

The given figure gives electric lines ol force
due to two charges ¢, and ¢,. What are the signs
of the two charges?

(a) ¢, 15 positive bul g, 15 negative
(b) ¢, 1s negative but ¢, 1s positive
(¢) both are negative

(d) both are positive. (1994)

i

76.

17

Charge ¢, 1s at the centre of a circular path with
radius . Work done in carrying charge ¢, once
around this equipotential path, would be

L g4, L a4
: * 5
(c) zero (d) mbimte. (/994)

A hollow metallic sphere of radius 10 cm 1s
charged such that potential of its surface 1s 80 V.
The potential at the centre of the sphere would be
(a) 80V (by 800V

(c) zero () 8 M

Pomnt charges +4¢, —gand +dgare kept on the
X-axis at pomnt ¥ 50, ¥ = a and x = 2a
respectively.

(a) only —g 1s in stable equilibrium

(b) all the charges are in stable equilbrium
(¢) allofthecharges are in unstable equilibrium

(1994)

11.

21.
31.
41.

S1.

61.
71.

( Answer Key )

@ 2. (b) 3. (@ 4 (b) § (o)
(by 12. (¢) 13. (b 14, (d) 15 (d)
(b) 22. (¢) 23. (b) 24. (¢c) 25. (o)
(¢) 32. (&) 33. (d) 34. (b 35 (d)
(by 42. (a) 43. (a) 44. (d) 45. (b)
(b)y 52. (¢) 583. (b) 54. (c) 55 (b)
(d) 62. (¢) 63. (b)y 64. (d) 65 (c)
(by 72. (¢) 73. (b) 74 () 75. (¢)

ﬁl

16.
26.
36.
46.
56.
606.
76.

(d) mene of the charges 15 1n equilibrium

(1988)
(by 7. (a) 8. () 9. (d) 10. (a)
(d) 17. (b) 18. (a) 19. (a) 20. (a)
(d) 27. (a) 28. (¢) 29. (d) 30. (d)
(d)y 37. (¢) 38. (d) 39. (¢) 40. (a)
(a) 47. (¢) 48. (b) 49. (¢) 5§0. (¢)
(a) 87. (a) S58. (b) §9. (¢) 60. (b)
(a) 67. (d) 68. (d) 69. ) 70. (d)
(a) 77. (¢
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TR DL R EXPLANATIONS HCEAEEEHTEETEERR LR

1. (a): When the capacitor 1s charged by a battery
of potential I", then energy stored in the capacitor,

U =5CV2 @)

When the battery 1s removed and another identical
uncharged capacitor 1s connected n parallel

C, V2
| |
Il
C, V2
Common potential, V' = CC+VC =%
. Then the energy stored in the capacitor,
2
l vy 1 .2 .
U_,- =-2-(2C'][—2-] =ECV (11)
From eqns. (1) and (1)
[/

that means the total electrostatic energy of resulting

system will decreases by a factor of 2.
2. (b) : A hydrogen atom consists of an el&tron
and a proton.
Charge on one hydrogen atom
=g, + q,=—¢ + (e + Ae) = Ae
Since a hydrogen atom carry a net charge Ae,
Electrostatic force.

_ 1 (Ae) |
r"_:l:rrE,, 42 ikl

will act between two hydiogerr-atoms.

— r_.l'

The gravitational force between two hydrogen atoms
IS glven as
Fo- G myhy,
g 3
d’ . ;
Sice, the net force on the system 1s zero, /= F 1
Using eqgns. (1) and (11), we get
¥ 7
(Ae)y=  Gmy
R
4ame,,d 2 d?

(Ae)* = 4me,Gmj

=667 x 107" x (1.67 x 1079 x 10%
Ae= 107

ELD)

3. (a) : Work done 1s given as I1"= gAl’
In all the four cases the potential difference from A to
B 18 same.
In all the four cases the work done 1s same.
4. (b):Here, 6=30°. F=2x= 10°NC?
T=4Nm,/=2em=002m,g="
T = pk sinb = (gl sind
T 4

A . 2

2 sxi0®azme

2108

Beok(A . 2egkeA
N . T C 4 A =
(c) : Here, C 2] 2 Y
| 2epky A
q -l - _ Zokd
3el d
Giverisystem of C . C,, €', and €, can be simphilied as

h

—_—
—
=

Ar—

(]
e

B =0
L ]
w2

el

=1

| 1 |
-+

Cip C+C3+C; Cy

kE”.f"‘l
d

Suppose, C AR =

ggA) 26 26,A
k[[—'] =0kt hy+hky) 0k
dJ) &g G
| 3 |
= —= +
ko 20k + ko +kq)  2ky
2 3 !

— _.|_
k kl + kz ¥ ks ﬂ'4
6. (b) : Initially, the energy stored in 2 UF capacitor 15

I
U = %[’T“ =2 2% 10912=12x 10*]
Initially, the charge stored in 2 pF capacitor 1s
O =CI"=(2 = 1097 = 21" = 10°* coulomb, When
switch 815 turned to position 2, the charge flows and
both the capacitors share charges till a common
potential I". is reached,
total charge Wx107° v

" = = — volt
« total capacitance {2+g}x][]'{’ 5
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Finally, the energy stored in both the capacitors

| e e
L}= E [(2 +8) x 10°F] [E) =? % 10r2)
L i~U'g
% loss of energy, Al/ = — % 100%

)

2,2 6
O =VEIXI0 009 =80%

vZxi07®

From figure, 7' cos 6 =mg k)

i 2
I'smB= _‘32_
X

-.-l{jci':]:
= - 1By qu
From eqns. (1) and (1), tan 6 = mg

...
57

Since B1s small, ~tan O =smb=

8. (d) : Force of attraction between the plates of

the parallel plate air capacitor 1s

0>
2e5A
where OJ 15 the charge on the capacitor, £ 1s the
permuttivity of free space and. 1s the area of each plate,
But O =T’

and C=% or g,A=Cd

F =

. cy? . cv?
2Cd 2d

9. (d) : The electric lield E and potential 1" a
region are related as
4 dV~ dV ~ odV 4
E=-— [,Vi'.‘i“{,vlj'.‘i'{, k
dx dy " oz
Here, V(x.y,2) =6xy -y + 2yz

; 0 A 8 %
E==|—(06xy—y+2y2)i+—(6xy—y+2yz)J
clx dy

+_i{'f:.r}' - Y+ 2yz }.Ejl
oz
=—[(6y }? +(6x—1+ EE]E + @;ﬁ.}i]
At pomnt (1, 1, 0},
E = ~[(6(1))i + (6(1) = 20N j+ (2(1)k]
= —(6i+5]+2k)
10. (a) According 10
question, electrie field variesas
ESr
Here r 15 the radial distance.

Atr=a = la . (1)
Net flux émited from a spherical
q..,
surfaceol radius a 18 ¢ = M
()
= (Aa)x (4m:13;l =4 [Using equation (i)]
£
g = 4ne Ada’
C;=C
1 | A=
q (-:'."! f "
11. (b): =
disconnected

||

L
g=Cl"= I"=q/(C

Due to dielectric insertion, new capacitance
C,=CK

7
o . . q°
Imitial energy stored in capacitor, U, =2..T_C

-

Final energy stored in capacitor. U, = EE:{C
Change in energy stored, AU= U, - U,
- 2
17 (1 1 I
AU =2 [—— |]=—cv3[—-1]
20\ K 2 K
New potential difference between plates
Pl
CK K

12. (c)
13. (b) : For the conducting sphere,
Potential at the centre = Potential on the sphere

__1 0

ey R
Electric held at the centre = 1)
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14. (d) : Here, I'(x, y.2) = 6x - 8xy - By + Oz
The x. v and z components ol electric lield are

Vv 3
E.=- i —E}I{ﬁ.x —8xy—8y+6)yz)
=—(b6—8y)=-06 + By
)
E. = AN (bx—8xy—8y+byz)

YT 9y dy
=—(-Bx—-8+06z)=8x+8-06z

dV 0
B =~y
E=E,i+Ej+E,}

={—6+E}r}?+(31+E—ﬁzlf—ﬁﬁfﬁ
At point (1, 1, 1)

E=(-6+8)i+(8+8—6)] -6k =27+10] -6k
The magnitude of electric field E is

E=\E2+E2+E2 = (2> +(10) +(-6)°
=140=2/35 NC"
Electric force experienced by the charge

F=gE=2Cx2/35 NC' =435 N

(bx—8xy—8y+6yz)=—6y

15. (d) : In the direction ol electrnie field, electric..

potential decreases.

V,> =¥,
16. (d) : Let m be mass of
each ball and ¢ be charge
on each ball.
[Force of repulsion,

INcost &
X W

1 q r

F=
ame, -

In equilibrium (T (a)

TeosO=mg L (1)
Tsmb=F (1)
1 49
F o Ane,

me Mg

Divide (1) by (1), we get, tant =

From ligure (@),

= o (111)

/2 4Ame, -
y/2 My

L 1v)

191

Divide (1v) by (111), we get
o)

20" 7
r r. F:
7
3. .r r

r =? =1 = %
17. (b) : Potential energy of dipole,

== ,.t:-El[c:m.*{-]1 - EGEB]]
Here, 0, = 0°, 0, = 90°

J=— pk(cosV0® — cos0®) = — pk(0 - 1) = pk
18. (a) : The situation 15 as shownan the ligure.

e | ~
A e &
¢ " ' "

Let two equal charges O eaclplaced at points A4 and
B at a distance.mapart. ' 15 the centre of AB where
charge ¢ 15 plaved,

For equilibrium, feét force on charge O =0

_1_9&24. 1 QI]' =)

dne, = 4dne, (r/2)
1 Q1 4Qg B _Q
dme,, 1* B dme, r” e e Ll 4

19. (a): Torque, T= plisin0

Potential energy, U =—pFkcost

20. (a): _QA' _’.B—q

[l
#
"

a ; E.j

L] o

D

20 7 %4
Let a be the side length of the square ABCD.

AC=B£‘J=1,||'4r-iz+4e:'.2 =c?r\/'§
.er: a
2

V2
Potential is a scalar quantity,
Potential at the centre O due to given charge
configuration 1s

Vz‘i:‘:‘"'_'m [(*_r"@],,,{(:ﬂfﬂlﬂ'f;?)r 0
\V2) \V2) \\2

OA=0B=0C=0D=

5
V2
= = =-q+2¢+20=00rQ+qg=0 or =-¢

[/

21. (b):
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Eight 1dentical cubes are required so that the given
charge ¢ appears at the centre of the bigger cube.
Thus, the electric flux passing through the given cube 15

Aq)_4q
o= 8{ € ] 8¢,
22. (¢) : Capacitance of a parallel plate capacitor 1s
EnA

Potential difference between the plates 1s
V'=Ed (1)
The energy stored in the capacitor 1s
> A o .
U= lcv— = E{E.L ](Ed}z (Using (1) and (1))
2 2\ d |
= %EDEEAJ

23. (b) : When the given metalhe spheres are connected
by a conducting wire, charge will flow till both the
spheres acquire a common potential which 1s given by
Common potential,

_mtg -1 x10™= +5x10™

Ci+G 411:5[]}2] +4mEnR,
B 4x10™
4meg(1x 107+ 3x107)
_ 4x107 oD
dme, x4 x10°=

Final charge on the bigger sphere a5
4x1072
.‘J:TET:'U wad %10

= 4meg x 3x 1072 X -2 (Using (1))

=3x 10°C
24. (c) : AccordingtaGauss's law

0 :mgﬁﬂl_‘m.ﬁ
o
[ the radius of the Gaussian surface 15 doubled, the
outward electnie Tux will remain the same. This 1s
because electric flux depends only on the charge
enclosed by the surface.

25. (c) : A 1s the mudpomnt | qf 9—:
of P§ |
PA=AS=1 A #
AR=AQ=\(SRP+(ASP | -7
5 -
=y@LP + (L =145 -

ilectrie potential at point A due to the given charge
configuration 1s

il { L ) (rr)}
A" 4ne, | PA AS AQ AR
_ 1 Ja,qa__q _ =1__]
dney | L L L\/_ Lv’%

1 [29 24 }

L 15

4HED

26. (d):

Here, AC = B(C' = 2a
D and £ are themidpoints of BC and AC.
AE=k=a and BD=DC=aq
In AADC, AP¥= P1C)* - (DCY
= Qay—(a) =44 —a°=3a°
Aﬂ._:ﬂw@
Stmalarly;potential at point 1) due to the given charge
comfiguration is

v, = 1[q+q+q}
4meo|BD ' DC T AD

m 1+1+1 o 2+i- -
4ﬂLD|:H a 'VEH *"]'JTEDH \)!5 Q)

Potential at point £ due to the given charge

configuration 1s
vy =1 [a+q+tr]
dmeg| AE EC  BE

{ dmeqa ﬁ (1)

47&’11 a ﬂ\lr }

From the (1) and (11), 1t 15 clear that
V=V,
The work done mn taking a charge O from D to £ 1s
W=0(,.-V,)=0 (V=)

27. (a): E=-VV

dx Jf dz

o ’;dV ?dv+£av
dx Ay oz

Here, I'=4x* . E=-8xi
The electric hield at point (1, 0, 2) 15
E 1L,0,2° BiVm'
So electnic field 1s along the negative X-axis.
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28. (c) : According to Coulomb’s law, the force of
repulsion between the two positive 1ons each of charge ¢.
separated by a distance 15 given by

po_ 1 @@
dne, -
F=t
4TIIED:f'_
g° = 4ne Fd
q = \/4ne Fd i)
Since, g = ne
where,

n = number of electrons missimg from each 1on
¢ = magnilude ol charge on electron

n=14
=
b5 angoFd” (Using (1))
¢
B ’mﬂml
E':
29, (d)

30. (d) : A series combimation ol n, capacitors each
of capacitance €', are connected to 417 source as

shown in the figure.
Hy

< >
T —
C] C] E-],

4V

|

Total capacitance of the serigs"@ombiniation of the
capacitors 1s

] = 1 + 1 + 1 +-r.1---..nupfﬂ i‘i’ltE]'ﬂ*IS:ﬂ“
C G G < C;
ort.. =& (1)

Total energy stored in @ series combination of the
capacitors s

;= B C.@aw’ =§[”—1](4V)“ (Using (1)) ...(ii)
1

A parallel combination of i1, capacitors each of capacitance
(', are connected to " source as shown 1n the figure.

C,
Fy
o
”:p_ ;
G,
Y
G

_,_.
b g

IFor kerosene o1l A > |

193

Total capacitance of the parallel combination
of capacitors 15

C,=C, 0 v + upto n, terms = n,C,
or {"’j_——r.lrjf’j i)
Total energy stored in a parallel combination of
capacttors 18

U, =+c V2
P P
1 A g
- E(HEC:)(VJ” (Usmg (111)) (1v)
According to the given problem,
U=U
il ol

Substituting the values of & and t from equations
(1) and (1v). we get

1 G | B
T 4ll'f i = :”*1{:"1 |
3 V) =g (uCIOF
T =n4Cqy or O, = L
", - 1",
31. (e) : Eleetric field between two parallel plates

placed in vicuum 1s given by

5
E=—
Ep

. ‘i . ) G
In a medium of dielectric constant K, E' =—

€
= E'<E e

32. (a): Electric field mside a charged conductor 1s
always zero.

33, (d): Vy=— {“"J"M“"f]

dmegy la b ¢
.
~dm a'c  b'c g fal o]
41'[2“ il b [
[ & 1 :
l laoo b'C ¢ O
V A= 4 — + 2 O
gy | a b ¢
| la*c ba o Ja
VH - 5 — -+ d '
Eu b JF? i
| |la’c b°c c’o
Ve = . — + ]
En | € C i

Givenc=a+ b,
Ifa=a, b=2aand ¢ = 3a for example, as ¢ > b > a,

i

. 9 - T
| {a 7 4ft“n+f."'n

'l.{‘.l — 4 »
€y | a 2 ¢
' .-' L
| |la’c 44’c o
VH = + —_ + -
€y | 2a 2a &

.
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Vf_' = T -f

] ﬂzf_'l' 4{?‘1:1' z'zn
Aa 3 ¢

It can seen by taking out common factors that
Visleo Vy e, Vo=mVe#®l,
34. (b) : Three capacitors of capacitance C each are
n series.
Total capacitance, C, =%
The charge 1s the same, O, when c‘apuuiturs are 1 sertes,
00
C C/3

35. (d) : The electric potential at a point,

=3V.

total =

J'=—xy—-xz*+4.

’ i el aV » oV » dV a
[he field E=-VV = —i+—j +—k
dx hy oz
E= ?[23}! + :3_} i+ j’xl + i:{ih::z]

A

{JM. ¥ K Q:. 4
.uf:-*
36. (d): ¢ h "r._ B
04 A

D
The fields at @ due to AC and BD cancel each sther

The field due to C'D 1s acting 1n the direction @K and
equal in magnitude to £ due to AKB.

o

37. (¢): V e -£= O.10" valts
dne, r
l - 4TEE” I[:lj !
»
£ = putenllalﬂﬂ 0% 47, - 10"

= F=47g '@ [0%=401t/m
38. (d) :Tet®, .0, and ¢, are the electric flux linked

with 4, B and €'
According to Gauss theorem,
f
Op+0p+0e=—
€0
Simce 0, = P
2,+0p="" or 24=---0p
E 0
_ 4 (i =
or, 204=— (Given ¢y = ).
£q
0p== L0
4" Eq

39. (¢): R

+q m
o----- —————— -
A C b b
>
2L

From figure, AC =L, BC =L, BD = BC = L
AD =AB +BD=2L +L=3L

Potential at (" 1s given by

e 52214
€~ dme,| AC" BC | dmey| & L

Potential at D 1s given by
e x
P~ 4me,| AD - BD | ame,|3L L

EJ_114}.4
dmeg L4 3 ome,,
Work done asmrovingeharge +0 along the semicircle

CRD 1s gived by
o | | —( ~-qQ
™ & I+0) [ﬁnﬂﬂ ]Q} 67E L

Caniments : Polential at (15 zero because the charges
are equal and opposite and the distances are the same.
Botential at ) due to —g 1s greater than that at 4
(#q), because D 1s closer to B, Therefore 1t 1s negative.

40. (a) : This consists of two dipoles, —¢ and +¢ with
dipole moment along with the +y-direction and —¢
and +¢ along the x-direction.

r'y
.
if *P
qxa g
_1II|- {jl i F.\.
if | I+q

The resultant moment = \f g*a’* +q'a’ = ﬁqﬂ_
Along the direction 45° that 1s along OF where P
15 (+a, +a. ),

41. (b) : As the capacitors are connected n parallel,
therefore potential difference across both the
condensors remains the same,

Oy=CV,
b
0, = Sv Yo 1o
== 2 L
O —a b — 2
Also, O =0, + 0,
C 3

= CV+=V==CV,
2 2
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Work done 1n charging fully both the condensors
18 given by

‘J.
W =~1~QV= lx[icv]v =ZCV?2,
2 3 9 4

42. (a) : Capacitance of a parallel plate capacitor
EyA |
C=—— .
d - )

potential difference

Also capacitance = L (1)
charge

When battery 1s disconnected and the distance
between the plates ol the capacitor 1s increased then
capacitance inereases and charge remains constant.

potential difference
charge
Potential difference mcreases.

Since capacilance =

43. (a) : Work done i deflecting a dipole through
an angle O 1s given by

f
w :J‘pEsin 040 = pE(l —cosB)
0
Since 0 = 90°
W= pk(l — cos90°) or, W=pk.

44. (d) : Electric flux, ¢g =‘[E*d3:
= _[ EdS cosB = J.Ed.'i-'t:u:-'. S0==10)

The lines are parallel to the surface.

45. (b) : (. C>and 'y are n series

L 4.1 1 I —
S i e e,
C R A “c A ==
I 6+3+2 11 = )
or ,= = l.":'_,
i i 6C  6€ ]
» flf: i |
or, g i

All the capagifors ifi branch | is in series so the

charge on each capacitor 1s (' = ﬁﬂw’
Also charge on capacitor Cy1s O = 4C17
0" 6CV 3

Q 11x4CV 22

46. (a) : Work done 1s equal to zero because the

Ratio =

I 4
potential of A and B are the same = =
dme, a
A W a)
+f
() B ia, )

185

No work 1s done 1f a particle does not change 1ts
potential energy.
i.e initial potential energy = lnal potential energy.

47. (¢) : The potential energy when g5 15 at pomt’
| 145 & 4243

4meg | 040 f0.40)% +(0.30)?

The potential energy when ¢ 1s at point D

6. ..
| [:ﬂﬂ-‘;ﬁfﬂa} di
ameg | 040 0.10

Thus change in potential
energy 1s

U,

U,y

7, I

&E."" — ..-'F: — {..I'T'I ‘4 H [ J
g5 4 I | iy ” $ds  qids 429
—3 = .
4me, dme, | 040 0,10 040 0.50
e Sffl"{ll'-i = 44_1:8{12‘
050 0.50
. .
48. (b) : Using S mv”™ =4V
o P 2x1073%10%10 _ oo
V—EK Exl{j'ﬂ =50 kV

49. (c) : The total force on dipole 1s zero because

F' = ¢k 1s applied on each charge but in opposite

direction. The potential energy i1s /= —p+ £ _which

1s mimimum when P and E are parallel,

50. (e) : To get equivalent 4uF 4 uF

capacitance 6 uk. Out of H |

the 4 pukF capacitance. two __| [

are connected n senes and 4|+|1F

third one 1s connected 1n |

parallel.

4 x4
== == +4 =244 =6uF.
=~ 314 2

51. (b) : The total [Tux through the cube ¢,y = Ei

§

the electric flux through any face
g 4Ang

Prace = 6g, O6(4ne,)’
52. (e¢) : There are eight corners of a cube and in
each corner there 1s a charge of (—¢). At the centre
of the corner there 1s a charge ol (+¢). Each corner
1s equidistant from the centres ol the cube and the
distance () 1s hall of the diagonals of the cube.
Diagonal of the cube = \[p2 + b2+ b> =3 b

d=3b/2
Now. electric potential energy of the charge (+g) due
to a charge (—¢g) at one corner = [J
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g _ hg)X(-q) Qz
T odmegr 4meg(~3b/2) T 2me (N3b)

Total electric potential energy due to all the eight

- i'i-:_.r2 B -4{_.*!
Zﬂ:E{] @? ﬁ ﬂEU!J

53. (b) : Charge on first capacitor = ¢, = C'|I”

Charge on second capacitor = ¢, = (

When they are connected, in parallel the total charge

q=q+qx g=CyV,

and capacitance. C' = 'y + (5

Let 1 be the common potential difference across each

capacttor, then ¢ = C17",

r_ 4 = C|
v C C+0G, 4
54. (e¢) : Llectne field intensity £ 15 zero within a
conductor due to charge given to it

Also E = -d—'{ Or ﬂ =0 . (insi1de the conductor)
dx e

"= constant, [T"1s potential]
So potential remains same throughout the conductor.

identical charges = 80/ =

55. (b) : When an electric dipole 15 placed m a uniform
electrical field E . the torque on the dipole 1s given

by T=pxE

P

56. (a) : Energy density = lZEu 1"_1
d
57. (a) : For complete cube ¢ = EQ:{ 109
(1
l'or each face ¢ = lg‘x 10°
E L
58. (b) :

As al a cornéf, 8 cubes can be placed symmetrically,
(Tux linked with each cube (due to a charge O at the
corner) will be 'B?"' :

Now for the laces passimg through the edge A, electric
field £ at a face will be parallel to area of face and
so flux for these three faces will be zero. Now as
the cube has six faces and flux linked with three
faces (through A1) 1s zero, so {Tux inked with remaining
three faces will be E“

Henee. electrie [Tux passed through all the six faces

ol the cube 18 —
[the cube 1 SEH

39. (¢)

60. (b) : Let ¢ be the charge on each capacitor.

2

e Lomat o 1

Energy stored. /= =CV-==1-

& T2 2C
Now. when battery 1s disconnected and another
capacitor ol same capacity 1s connected 1n parallel
to the first capacitor, then voltage across each capacitor,

.
V=3¢
L gV _11¢ 1
Energy stored = EC(EJ =E'EE=EU-

61. (d) : Reconstruction of cireiils gives

& B
W /\ 6Fu 3uF
;. __ I6uF
T 20 1 — — "—l’i‘*‘
6UF N\ oy JuF

- F, )
62. (c) 4 & =«%f i.e., decreases K times

63. (b) : Tn Bringing an electron towards another

eleetton. work has to be done (since same charges
| repcheach other), The work done stored as electrostatic
I poteritial energy, and hence. electrostatic potential

emergy of the system increases.

" 64. (d) : Capacitance of capacitor with o1l between

KeyA

the plate, ' = ﬂ?

=i [ e Fin . oyl e » :M = —E'.— = C
If oil is removed capacitance, g
65. (c) : Field mside a conducting sphere = 0.

e, a -4 E

66. (a) : Asv-=0-+2av=2(F'my = 3(%)."-'
KE = %mvz
+ KE. = %m[z("f }y] = K.E. = gEy

67. (d) : The electrnie field at a pomt on equatorial
line (perpendicular bisector) of dipole at a distance
P I
dne, (r*+a’)
where 2a = length ol dipole

For, r > > a;

[. . | &
=P " ie, E«pand F o r?

dme, r

ris given by, E = Yo

68. (d) : Electrie lux emerging [rom the cube does
not depend on size ol cube.

Total flux = Ei
0

69. (d)
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70. (d) : Radu of sphere (R )=l em = | x 107" m;
(R,) =2 cm =2 x 107 m and charges on sphere:
(0))=10"Cand (Q,)=5x 1072 C.

_ Total charge O + 0,
Common potential (1) = Total capacity = i+ C;
(1x1072)+(5x1072) 61072

4meql072 +4dme, (2x1072) = 4mey (3x1072)

Therefore final charge on smaller sphere (',
6x 107
dmey x3x 1072
71. (b): Charge (g)=0.2 C, Distance () = 2 m; Angle
6 = 60" and work done () =411,
Work done in moving the charge (1)
= Fdcos = gEdcos 0

=4me, x 107 x =2x10=C.

W 4 4
or, F= = =
gd cos @ 0.2x2xcos 60" 0.4x0.5
= 20 N/C.

72. (¢) : For equilibrnium of charge O, the force of
repulsion due to simular charges (J should be balanced
by the foree of attraction due to charge ¢ and

187

b

] g¢ , 1 0

b3 —_— =)
4dme, (r/2 )? dne, r?
2

0

or dx=g=-=
re re

ordg=—-0Cor ¢ =‘g~

73. (b) : To orent the dipole at any angle O [rom 1ts
mitial position, work has to be done on the dipole from
B=0"100

Potential energy = pE(1 - cos 0)
74. (c¢) : Electrie hnes of force start from the positive
charge and end at the negative chargie. Since the electric
lines for both the charges are.cnding, therefore both
¢, and ¢, are negative charg@s.
75. (c) : Work done on earmyfig a charge from one
place to another.on an equipttential surface 1s zero.
76. (a) : Potential inside the sphere is the same as
that on theSuiface ser;, 80 V
77. (c) ¢ Nétforee on cach of the charge due to the
other gharges is zero. However, disturbance in any
dweetiorvother than along the line on which the charges

| Tie, wallnot make the charges retumn.

. .
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