24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(b) With temperature rise, dielectric constant of
liquid decreases.

(d) In the presence of medium force becomes
lz‘/'mes.
K

(a) Separation between the spheres is not too
large as compared to their radius so due to
induction effect redistribution of charge
takes place. Hence effective charge
separation decreases so force increases.

(a) Q=ne=10"x1.6x10""= Q=1.6x10°C=16uC
Electrons are removed, so chare will be
positive.

(a) When put 1 cm apart in air, the force

between Na and CI ions = F. When put in
water, the force between Na and CI ions

_r
K
(d) Positive charge shows the deficiency of
electrons. Number of electrons
_144x107° _
1.6x107"°
(c)
(c) Initially, force between 4 and C  F= /(z2
E
+0 +0 -0
S 79
r/2 12
r

When a similar sphere B having charge +Q
is kept at the mid point of line joining 4 and
C, then Net force on B is F,,=F,+ F.
PR Y.
O A

(Direction is shown in figure)

=8F.

(a) Let separation between two parts be r =

(Q-9
F=kgq
f2
For F to be maximum — ar =0 = %?:%
Q 1
b) n=="=———-=6.25x10"®
( ) " e 1.6x107" x

1 a9 _F
a) F=——""5=—
@) drey K

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.
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If F is the force in air, then F is less than F
since K>1.

(b) Charge on glass rod is positive, so charge
on gold leaves will also be positive. Due to
X-rays, more electrons from leaves will be
emitted, so leaves becomes more positive
and diverge further.

(d) Negative charge means excess of electron
which increases the mass of sphere B.

(b) Foci:ﬂ:(éfz

AN
2
%:[—8'89 F=1125N
5 0.
(a) Foc:—( i.e. Lmeaum _ 4

(a) In second case, charges will be -2xC and
+3uC

. F QQ
Since F Qie —=—22
= QG FQ, Q,
. 40 _3x8 _ 4 — F—10N(Attractive)
F  —2x3

(b) By using @=ne= Q=10"x1.6x10"" =+1.6C.
(b) F, = force on C due to charge placed at 4
=9x10° XM=1.8N
(10x1072)2
Fg=force on C due to charge placed at B

108 x2x107°

=9x10° x 5
(0.1)

=1.8N

Net force on C
o = (Fa)? +(F)? + 2F,Fpc0s120° =1.8 N

F
(c) By using Q=ne= Q=+2e=+3.2x10"°C

b) Frqa = A_Q% _10x-20_ 8
e £ GG -5x-5 1
2
; _ 9 Q
(c) By using F=9x10 )
2
= F:9><109—(2X10 S 0144w



45. (c) Effective air separation between them
becomes infinite so force becomes zero.

-19\2

46, (a) F=9x10°x L —gx190x 1T o0 oo p
f2 (10710)2

47. (c) Number of atoms in given mass

10 x 6.02x 102 )
5 e

3.
~ 948 x 102 Q/\

A
J 10 cm

o

Transfer of electron between balls
~ 9.48x10%2

-~ 10°

=9.48 x 1016

Hence magnitude of charge gained by each
ball.

0=948x10'°x 1.6 x 1012=0.015C

Force of attraction between the balls

(0.015)2

o = 2x 108 .

F=9x10% x

Charge
Surfacearea

~0+20-0

48. (a) Surface charge density (o) =

-2Q
47b?

_Q
47c?

figure
they are

So O inner = and O outer =

49. (a) In the following since
| Fal=l Fol=l 72| and equally
inclined with eac/lhqother, so their resultant
will be zero. 2%

. F
50. (d)Byusing A\=—25 K=—— =4
(d) By & £, 2.5%x107°

51 (c) |F,;|=|?c|=k.§

Fe F¢ sin 60°

Fecos 60° £no
Fz cos 60° 60 ) 4
60° .
Fp¥ 60° Fp sin 60°
, \

\

52.

53.

54.

55.

56.

57.

58.

59.

60.

€ |

Electrostatics 994

[S—]

Hence force experienced by the charge at 4
in the direction normal to BC is zero.
(d) They will not experience any force if
| Fal=l £l
nr 1 Ved

G = .
(16x107%)?  47gy (16x1072)?
;q7 = 4reyG

(b) On rubbing glass rod with silk, excess
electron transferred from glass to silk. So

glass rod becomes positive and silk
becomes negative.
(c) Fz—ké?z—k.é? [r—é}
(c) By @=nNe or Nzg:. N:%:S 10"
() F=F or 4332 - 4730;222 K- 'J:ﬁ

(b) Dielectric constant & =€i
0
Permittivity of metals (¢) is assumed to be
very high.

(c) Potential energy depends upon the charge at
peaks of irregularities. Since every event in
the universe leads to the minimisation of
energy.

(c) Let us consider 1 ball has any type of
charge. 1 and 2 must have different charges,
2 and 4 must have different charges i.e. 1
and 4 must have same charges but
electrostatics attraction is also present in (1,
4) which is impossible.

(c) After following the guidelines mentioned

above



[
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[
8
So, fo - 92210 " _ 5 36.10%
A 3.9x10
Foor= Fac+ o=\ Fa+ R+ 6. () Feqe = 4-4%
2 1 2
Since £F,=F.= k‘72 and FA,= 3/7522 _ 3x108x8x107° _3x8 4
) (3x10°—6x100)8x10°-6x10°) -3x2 1
£ \/_/«72 kg E(N/E-‘rlj— 7 (1+242 .
PETF 27 7 2) ane?| 2 :5=_§:_%:_1.5x1073/v

61. (c) Since both are metals so equal amount of (Attractive)

charge will induce on them.
67. (a) Initially

62. (d) Initially F= k— (fig. A). Finally when a 0 0

third spherical conductor comes in contact
alternately with B and C then removed, so

charges on B and C are Q /2 and 30 / 4 &
respectively (fig. B) Fekg e (i)
© ¢ o 304 Finally
o @ o o 2 p9%%F 2
PR S A 81970,
fe— 12 —fe—r2—
@A) B)
OJ[SOJ QI2? k@
24 Force on C due to 4, F,=XQ/2"_ k&
Now force F:k.[ZT“:%F u AT TR
63. (b) When a positively charged body connected Force on C due to B, £, = KO(/C;/22) = 2/,(202
to earth, electrons flows from earth to body (r72)
and body V‘ neutral. .. Net force on C, £, = Fy— F, = kfj F
+ ++ + P
T 68. (d) F= k% If O is halved, r is doubled then
.
= F— ltimes
16
6 (a) F- 1 (+7x109)(-5x10°) 1 35x10% N 69. (b) The schematic diagram of distribution of
) " 4zg, 2 T 4ng, P charges on x-axis is shown in figure below :
e 1 (+5><‘|O*6)(_7><1O’6):_ 1 35x10" N 1c | 1uC  1uC 1uC 1uC
A, 7 47, 7 Y @ @ @ o—
o x=1 x=2 x=4 -8
65. (a) Gravitational force A;= G”:Zem P T i}
-1 -31 -27 : o
£ - 6.7x10 ><9.1><1E)11 2x1.6x10 ~39x 10 Total force acting on 1 C charge is given by
(6x10°7) £ 1 [1x1x10° 1x1x10°
N e | (7 @7
Electrostatic force £ = 1 ¢ 1x1x10°  1x1x10°®
4rgy 1P 7 T 2
(4) )
9 -19 —
e:9><10 X1.(65><11(3)_11)X21.6><10 — 9'22 % 10_8 .
» .
_10 (l+l+l+l+...ooj:9><109><1O’6 1
N 4reg\1 4 16 64 ;1

4



70.

71.

72.

3.

:9x109x10*6x%:9x103x%= 12000 N

q 1.6 19

@ "= Toxao™ 1

(a) In case of spherical metal conductor the
charge quickly spreads uniformly over the
entire surface because of which charges stay
for longer time on the spherical surface.
While in case of non-spherical surface, the
charge concentration is different at different
points due to which the charges do not stay
on the surface for longer time.

(b) Nuclear force binds the protons and
neutrons in the nucleus of an atom.
Electric Field and Potential
(b) Suppose in the following figure,

equilibrium of charge B is considered.
Hence for it's equilibrium | £,| =| /|

1 @& 1 gQ -Q
_ = = =—
sy 4X°  Amsy X° 7 4

0.=0 q Fe O5=0

y o , ;, £y
A C B
X X2

Short Trick : For such type of problem the
magnitude of middle charge can be
determined if either of the extreme charge is
in equilibrium by using the following
formula.

If charge 4 is in equilibrium then ¢ =—

X 2
%3]
X

If charge B is

X 2
ol

If the whole system is in equilibrium then
use either of the above formula.

(a) Inside the hollow sphere, at any point the
potential is constant.

(d) The force 1is perpendicular to the

displacement.

in equilibrium then

10.

11.

12.

(G|
Electrostatics 996

(c) A movable charge produces electric field
and magnetic field both.

(b) Because current flows from higher potential
to lower potential.

(a) All charge resides on the outer surface so
that according to Gauss law, electric field
inside a shell is zero.

(a) The electric potential V(x,y, 2 =4 voit

Now Z=-[72Y 52Y oY
ox oy 0z

oV oV

Now —=8x,—=0 an
ox oy 0z

Hence £=-8xi, so at point (1m, 0, 2m)

—=0

E=-8i volymetre or 8 along negative X-axis.
(b) Since potential inside the hollow sphere is
same as that on the surface.

(d) On the equipotential surface, electric field is
normal to the charged surface (where
potential exists) so that no work will be
done.

(c) Electric lines force due to negative charge
are radially inward

\/
AR

(b) Potential at the centre O,

1 Q

47[&‘0 ' a/\/E

where 0=%x1o-9c and a=8cm=8x102m

V=4x

SO0 V=5x9x10° x

(b) - E_—% = V,=—x&



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

(b) Obviously, from charge configuration, at
the centre electric field is non-zero.
Potential at the centre due to 2g charge

2 29 @
I/Zq:_q /I\
r ’ N
/ | \
s N
/ \
’ \
/r r ~\
/:’ E, EyE, \:\
_qd ____________ —-q

and potential due to — g charge

V,=- 7 (r = distance of centre point)

.. Total potential V=14,+V +V =0

(a) In non-uniform electric field. Intensity is
more, where the lines are more denser.

(c) »)
//:\\ E(;:E EB=E EBc:E
// ! \\
//E(“;\i/\'EB\\ = =
(//// EA\\\\\
O ( E,=E
E.=0

(c) ABCDE is an equipotential surface, on
equipotential surface no work is done in
shifting a charge from one place to another.

(b) According to the question,

g9
e

eE=mg =

(d) May be at positive, zero or negative
potential, it is according to the way one
defines the zero potential.

) =% = 2_"
m a m,
(C) K= ENithoutdielectric — 2X105 —
E,yith dielectric 1x10°
1 q q
b) E= 4 =9x10% x—~
( ) 4rs, ) 7 ) * 7
Exr?  3x10%x(2.5) 3
:9x109: 9%10° =2.0833x10

g should be less than 2.0833 x 1073, In the
given set of options 2 x 1073 is the
maximum charge which is smaller than
2.0833 x 103,

(a) Suppose electric field is zero at point N in
the figure then

23.

24.

25.

26.

27.

28.

29.

€ |
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——
0,=25uC E; N E, 0,=36uC
* O
X X2
<« x=1lecm —>
At N |Ey| = |Ey|

which gives x, = =5cm

X 11
2] +1 F+1
Q 25

(d) Total charge Q@=80+40=120xC. By using

A

the formula @'= Q{ } New charge on

R+ 1
sphere A 1s Q, = 0{ s }
Ia+1g
4 ... .
=120 {4_6}: 48 c. Initially it was 80uC
+

i.e., 32uC charge flows from A4 to B.

(b) Because E points along the tangent to the
lines of force. If initial velocity is zero, then
due to the force, it always moves in the
direction of E. Hence will always move on
some lines of force.

(b) Electrostatic energy density Z—fj = % Ke, E

R ij o =
av
(a) 9o
/;C\A
i 5
f«— 100 cm —}<— 100 cm —>|

Since V, =1, 50 W, ,z=0
(c) For equilibrium of ¢
[F1] = |F|

Oi=+4de F q F O, =+e

C

X X2

X

X X 21

ﬁ+1 ‘/EH 3

\} Q e

(c) Electric lines of force never intersect the
conductor. They are perpendicular and

slightly curved near the surface of
conductor.

Which gives x, =

-27
(a) Since gE = mg or E:ﬂgzw
q 1.6x10°



30.

31.

32.

33.

34.

35s.

36.

37.

38.

=10.0x108=1x 107 V/m

(c) Since charge O moving on equipotential
surface so work done is zero.

(b) The field produced by charge — 30 at A4, this

is £ as mentioned in the Example.
3Q

. E= = (along AB directed towards
negative charge)
A B
o0 @3¢

Now field at location of — 30 i.e. field at B

due to charge Q will be E':%:EE (along
AB directed away from positive charge)
1 ne _E°
c) E= . = n=—-4
( ) 4re, 72 e o
9:10°x1.6x107° 144
N/C.
(b) e-Y_ 1072 =500 N/ C
d 2x10
(b) For balance mg=e£ = £=79
e
Also ngzzﬁd_%xgx(w 1® x 1000 kg
4/3%x22/7x(107)® x1000x 10
= E= 52107 =260 N/C
(a) Electric field inside a conductor is zero.
(c) For pair of charge U= 1 %%
drney 1
1 [10x10%x10x107®
USystem: 4
€, 10/100
10x10°%x10x10° 10x10°x10x10°®
10/100 10/100
-12
:3X9X109XM:27J

10
(c) Electric field near the conductor surface is

given by < and it is perpendicular to
€0

surface.
(d) w=gqVv=gEd

= 4=0.2 x E x (2 cos 60°)
=02Ex%x(2x0.5)

: 4 1 ) X
. E=—=20NC
0.2

(SR

39.

40.

41.

42.

43.

44,
45.

46.

47.

48.

49.

50.
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(c) Potential at centre O of the square

Y :4[LJ 0 0
" drey(al V2) Ti)\_\_—_—__/:j)
Work done in shifting | a0
(- Q) charge from ¢ [V2 |
centre  to infinity l LN :
- QY. - Vo)= QY @ Y
4@ 2@ ¢ ©
 A4mgea me,a

(b) Using v= \/W =
wlalE

(©) Due to deutron, intensity of electric field at
1 A distance,
9x10°x1.6x107"°
1072

F-_1 € _

. =1.44x10" NI C.
Azey 1P

(c) Lines of force is perpendicular to the
equipotential surface. Hence angle = 90°

(a) Magnetic lines of force always makes a
closed loop.

(b)

(d)

(@) V=Exr = r= v_3000_
E 500

(c) The magnitude of electric field in the
annular region of a charged cylindrical

capacitor is given by E£= 1 2 where A is
27mey 1

the charge per unit length and 7 is the

distance from the axis of the cylinder. Thus

Eo(:l
;

(d) The electric field is always perpendicular to
the surface of a conductor. On the surface of
a metallic solid sphere, the electrical field is
oriented normally (i.e. directed towards the
centre of the sphere).

(d) - 1.6x10°

11
oo - l4ax10 NI C

=9x10%x

q
drgyr?

(a) Electric field due

__9q
Argyr?

to a point charge

g= Ex4neyr® = 2x

llC

1 - [30) — 2 X 107
9x10 100



5. (c) AtO,E#0,V=0

+q 10) -9
GO --—--- ‘—EF’E- @
fe— r —fe—r —
52.  (d) At neutral point

20 Q
k =k
“20x1022 (4010 2)2
53.  (a) Work done in moving a charge from P to L,
P to M and P to N is zero.
OE 3x10°x 80
m  20x107°
Hence v=u+at=>v=20+12 x 3 =56
m/s.
55. (a) Potential at the centre of square
9 —6
V:4X(M}goﬁx1o4 v

2/42

Work done in bringing a charge (¢ = 50 xC)

from o to centre (O) of the square is
W=q(lk-V)=aq%

= 0=80C

54. (b) a =12m/ seé

= W=50x10"°x90v2 x10* =64/
56. (b) In balance condition
= QF=mg = Ozz(imﬁp]g
d |3
3
= roi = ﬁ: A ><ﬁ
4 Q 5 W
Q r\° 600
~_| 2=>0,=0/2
Q, (r/Zj 2400 Q=0
Qv x V

5. (a) F=QE="" = 5000 = 2 -
d 10

58.  (c) After redistribution, charges on them will be
different, but they will acquire common

potential

ie. ko 02 :ﬁ:i
A h Q@ 5

As o= Q = ﬂ:ﬁxé = o1 _0n =
azr o @ 7 o, f

O o€ —

;
i.e. surface charge density on smaller sphere
will be more.

q
59. () | E4l=| Epl= k-1 E 5o
()l Al | Bl 82 E\? 4
S0, =+ B+ Ea+ 2E,E,c0860° /20,:\
/
RELY a N
== ) .

UNIVERSAL

SELF SCORER
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g _ 3¢
et drg,d
T @29 1 (29(@, 1 (9@
60. C
(©) Usston= 47, @ dng, a  dng 2a
¢
Usystem == 872'50 P

61. (d) Work done in displacing charge of 5 u C
from Bto Cis
W=5x10" (1. - V;) where

A
100 £ C Q@
A

O o T
%
I/B:9><109><M:2x106 1%
0.4 4
6
and 1= 9x10°x 100107 _ 9 0o
0.5 5

So W=5x10"%x 2><106—g><106 :_gJ
5 4 4

62. (a) E= £, Newton! Coutomb

%
63. (a) V= K9 e vel

R R

. Potential on smaller sphere will be more.
6
64. (b) K=gV=2ex10°s=221Y o oy
e

65. (a) Since W=qV =20=5x V= V=2volts

av

66. (a) E=—2Y__ 9 (52 10x-9)-
ax ax

" (B =-10x1-10=-20 VI m

-10x-10

67. (b) For equilibrium mg = gFE
800
0. ozj
1.96x107"° x9.8x0.02
800
1.96x107°x9.8x0.02

= nx1.6x107"° = = n =
800
3.

68. (c) At A4 and C, electric lines are equally spaced
and dense that's why £,= £.> &,

. 1.96x107°%9.8 = gx (

= g-=




69. (b) Joined by a wire means they are at the same

potential. For same potential LO R BEN
g 2]

ﬁ a

Q b
Further, the electric field at the surface of
the sphere having radius R and charge QO is
kQ
F.

E, k@b @ &

E _KkQld Q@ P b
a

70.  (c) Kinetic energy = Force x Displacement =
qEy
71.  (a) The intensity of electric field inside a
hollow conducting sphere is zero.

72.  (b) For electron s= £, £, For proton
me
s=E ¢
m,

2 m p - JRNIE:
L _Mp b _ _P_[_ﬂJ

112 me t] me me

73.  (d) Due to symmetric charge distribution.
74.  (c) In balance condition QF=mg= (% nﬁpj g

4x(3.14)(0.1x107°* x 103 x 10
3x1.6x107"°

75. (a) Sidea=5x%x102m
Half of the diagonal of the square r=-2

= E= =262N/C

J2
Electric field at centre due to charge ¢
kq
=Tz
a
100w vo @
1 N 2E s I E 71
1 \ ! | o / |
: r\\\o/// 2E: - : AN ?f) / E:
| VRN | | VRN |
7/ AN | 7/ AN
:Ek/ E\1\ | : // \\ :
I(/ \\I\ I// \\I
4@ V+2% g @-------- D +2

Now fieldat O =VE+ £ =62 =—*1_ 2

_ 9x10%x10 8 x/2x2
(5x1072)2
(upward)

=1.02x10" N/ C

76.

77.

78.

79.
80.

84.

85.

86.

UNIVERSAL

SELF SCORER

Electrostatics 1000 i,
density

(d) Energy
2
U= te 2 =1 8.86x 10" x(l/]
2 2 r
=2.83 J/m?

(c) Force on each charge is zero. But if any of
the charge is displaced, the net force starts
acting on all of them.

(c) Let neutral point be obtained at a distance x
from 20 xC charge. Hence at neutral point
2—02sz = x=+0.033m
(x0° (10-x

() KE=q V- 15)=2x1.6x107"°x(70-50) =40 eV

(b) Potential inside the sphere will be same as

that on its surface ie. V= |/su,face=%stafvo/t,

Voue = % statvolt

V 2

oout 2 = |/ =

l/ 3 out V

w|N

(a) Potential at mid point 0, vV="2+
+q (0]

— d — d
| 2d

(a) By using U=9x 109@

=9x1073%y

-6 -6
= U:9x1ogxu

(b) In
QI—;= mg=(%m3pjg

equilibrium QF = mg =

12000
2x1072

=r=17x10°%m
(d) Momentum p=+2mk; where K = kinetic

energy = Q.V
:>,0=\/ mOV:>poc,¢mQ:>%: Zege

My

2m

(b) Kinetic energy K = 0.V = K = (+e) (50000
b

= 2x1.6x107"°x

:%EIBXQOOX10

= 50000 eV = 50000 x 1.6 x 1019 J=8 x 10~
15J
(C) AKE=qV=eV=ex1=1eV



87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

(b) Force on electron F=QF = O[La’/j

1000
2x1073

= F:(‘I.6><1O’19)( j:8x10’14N

(b) Spheres have same potential

ie k2 L G R
RRT G R

(c) Length of each side of square is v2m so
distance of it’s centre from each corner is

QZ']m

J2
o9
[N e
| N s :
| \\O//

Jam N
| lm// N |
| 7/ N |
|7 "R

@ -~ —- W

Potential at the centre

10x10® 5x10° 3x10°% 8x10°
T T T

V=9x10°

=18x10°V

1 Q:> 2=9x10°x
drgy PP

- O =
(a) E= 067 = 0 = 8 x

10 "c

(d) £=9x10°x-2=500-9x10°x-2 = 0 = 0.5
r

3)?

y76

-6
(c) Potential at C =[9><109 x 4X0120 ]x2= 36 x

104V Q

5x1078

087

7x10* NIC

(b) E=9x109.—§ =9x10%x
r

(b) Atcentre E=0, V=0

(C) W=U,-U,=9x10°x & a{l_l}
L n

= W=9x10° x12x 10 x8 10— 2 1 2
4x107° 10x10~
=1296J~13J

(b) E4; = Electric field at M due to charge
placed at 4

97.

98.

99.

100.

101.

102.

€ |
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[S—
Ep = Electric field at M due to charge
placed at B

Ec = Electric field at M due to charge
placed at C

As seen from figure | ;|| E.|, so net

electric field at M, E

net

= E,; in the direction
of vector 2.

(a) By using W= Q(EAr)
= W= Ql(e,i + &,/ + e;K).(ai + b)] = Qle,a+ &,)

(b) By using V=9x10° x 2
P
-6
=9><109><M:105V
1 Qr 1
C) E=— — = Ex—
©) drgy R * R

(a) From following figure,
E, = Electric field at mid point M due to +
5uC charge

5x10°°

012

Ep = Electric field at M due to +10uC
charge

=9x10° x 45x10° NIC

10x10°®

=9x10° x =90x105 M C
(0.1)2
SuC M + 10uC
v B, Ey 5
| 20cm ]

Net electric field at M =| Es| | £,

=45x105 MC=4.5x10° NMC,

in the direction of Ejp i.e. towards + 5uC
charge

(d) a-particles are charged particles, so they
can deflect by electric field.

(b) Potential at 4 = Potential due to (+¢q) charge
+ Potential due to (— ¢g) charge
1 q 1 9 _g

= . +
4reg /az+b2 4re /az+b2




103.

104.

105.

106.

107.

108.

(a,d) When two opposite charge separated by a
certain distance then at two points potential
is zero. One point exist between the charges
and other exists outside them. Also no
point, exists between the opposite charges.
Where electric field is zero.

_ mg 5x107°x10 _ _

(b) OF = mg :Qz?z?— 5 x 10

‘ucC.

Since electric field is acting downward so
for balance charge must be negative.

(b) Net electrostatic energy
U:@+ﬁ+@:0
a a a2
kg Q 2g
>—Q+g+—|=0 = Q=-
[ ! ﬁ] 242

(c) Point P will lie near the charge which is
smaller in magnitude i.e. — 6 u C. Hence
potential at P

P —6uC 12uC
oo 9 9
fe— x | 20 cm |
-6 -5
v 1 (-6x10 )+ 1 (12x10 ):O —~x=02
47g, X 4rgy 0.2+ x)
m

(c) Suppose electric field is zero at N. Hence
[Ea| = |E3|
0=10uC E; N E, 0,=20uC
;; °

A

X X2

« x=80cm —>

X _ 80
& +1 \/E +1

Q 10
(b) Electric field at a point due to positive
charge acts away from the charge and due

to negative charge it act’s towards the
charge.

=33cm

Which gives x, =

109.

110.

111.

112.

113.

114.

115.

116.
117.

118.

€ |
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[S—]

(c) When charge enters perpendicularly in
electric field, it describe parabolic path.

(c) Because electric field applies the force on
electron in the direction opposite to it’s
motion.

2el/

(c) Kinetic energy & :%mvz =elV= v=
m

(c) Potential Voclr: V:Lz/:sv

. Energy ‘o : :
¢) Energy density =——22 so it’s dimensions
(c) gy Y =Vorme
2 2
are ML f =[MLT
L

(a) Work done w=3x10"°(V, - V,;); where

Y _1010{(—&106) 2><106}_ 1
/o=

St | = —x10° volt
15x102  5x107| 15

x108 volt

and 1,=10" (2x10°) 5x10°|_ 13
8 15x102 5x102| 15

s W:3x106{lx106 —(—Ex1oﬁﬂ= 2.8J
15 15
(c) Electric lines of force are always normal to
metallic body.

(a)

(c) Inside a conducting body, potential is same
everywhere and equals to the potential of
it’s surface

(d) If charge acquired by the smaller sphere is

Q then it’s potential 120 = kTO

Also potential of the outer sphere

kQ ..
V=— . 11
: (i)



From equation (i) and (i1) V' =40 volt

119. (d) According to figure, potential at 4 and C are
equal. Hence work done in moving — ¢
charge from 4 to 6187

/ N\

120. (a) KE=gqV
121. (b) Given electric potential of spheres are same
e V,=Vg

T e 1@ Q& & (i)

= . = .
drey, a Amey b Q b

as surface charge density o = Q.
477

122. (a) Potential at any point inside the charged
spherical conductor equals to the potential
at the surface of the conductor i.e. O/R.

123. (c) Electric field

EZL(O'—O')IO

20) o o

between sheets

E#0 E#0

+ 4+ + o+ o+ o+ o+
&5}
I
o

+ o+ o+ o+ o+ + o+

-19
124. (¢) V=9x10° ><£?:9><109 XM: 27.2V
r 0.53x10~

125. (a)

126. (b) In the following figure, in equilibrium F, =
Tsin 30°, r=1m

1m

A T cos 30°
30°|

+10 uC O ) F,
H T sin 30° \|+10‘uc

v mg

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

€ |
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[S—]

-6412
xR L =T=18N

= 9x10°.
12

(a) By using —m(Z - )= av

1

= Ex1o-3{ 2 —(0.2)%} =1078(600 - 0)

= v, =228cnis
(a) a=2E = 2-1.76x10" x50x102 =8.8x10" msed
m
(a) Potential energy of the system
Qg  kg? | ka@ _

U=k—+
/ / /

0

= k—/‘7(0+q+ @=0= @=-7

(a) Vertical velocity changes due to electric
field, but no change in horizontal velocity.

21

+0 v
av av
d) E,=——L=(-5)=5 £, =——L=—
(d) E=-F=A9=5 ="
and Ez:—ﬂ/:— 15
dz

Ei= B+ B+ £ = (6] +(-37 +(-J15)? =7
(c) By using W= Q.AV = AV:2—20:0.1 volt
(c) Inside the hollow charged
conductor electric field is zero.
(b) By using, KE=QV = 4 x 102 x 1.6 x 1071°
=025 x V= V=256 volt
(a) By using KE = QV = KE = 1.6 x 10°1° x
100
=1.6x1017J
(a) By using Q= myg

-6
— E:ﬂg: 107 x10
Q 107°
charge is positive.
(b) By using QE=mg

spherical

=10 Vm, upward because

-3
mg_0.003x10°x10 _ 5 0-10 ¢
E 6x10*

(b) Suppose ¢ is placed at a distance x from

= Q=



141.

142.

143.

144.
145.

+9e, then for equilibrium net force on it
must be zero i.e. |F1|:|F2|

R

Q1=+ 9% F, F O, =
@ o J
— X — e Xy — >

=12cm

Which gives x, =

- x=l6em_— 5

(©) v-_1_ QG
r

; net potential energy
drey

Upy=3x—— 9
4rey
(c) If two opposite charges are separated by a
certain distance, then for it’s equilibrium a
third charge should be kept outside and near
the charge which is smaller in magnitude.

Here, suppose third charge ¢ is placed at a
distance x from — 2.7 x 10~!'C then for it’s
equilibrium |F| = |F,)|
O O, F, 9 F
> —o----—0—
0.2m X

_kQq kG _. =556 m

(x+022 2
[Herek_ ! and01—5><1011002—27x10”0j
4,

(d) Length of the diagonal of a cube having
each side b is +/3 b So distance of centre of

J_b

cube from each vertex is Y=~

Hence potential energy of the given system
of charge is

Uogel 1 o@]|_ -4¢
drey N3 b2 x/gzrgob

F  eE
C = =_
(€) a=—-—

(d) Cathode rays (stream of negatively charged
particles) deflect in opposite direction of
field i.e. towards north.

() KE= QV= KE=(26)200 V=400 eV

(b) When a negatively charged pendulum
oscillates over a positively charged plate

147.
148.

149.

150.

151.

152.

153.

154.

155.

156.

157.
158.

[
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then effective value of g increases so

according to 7= 27[\/7 T decreases.
g

(c) When charge ¢ is released in uniform
electric field £ then its acceleration a=-9£

(is constant)

So its motion will be uniformly accelerated
motion and its velocity after time ¢ is given

£
by v=at=95¢
y m

= KE -\ zl(q_fff _TEf
2 2\ m 2m
(c) KE=Qv=ex 103 V= 1KeV.

(c) Electric field inside a conductor is always

Zero.
(d) Electric potential at P
kQ K9 kq q \e P
“RI2R D—
0 «—>
_2Q . g R/2
4regR Aze,R
(d) Conducting surface behaves as
equipotential surface.
(c)
(c) Electric force g£=ma= a= ?nE
1.6x10™x1x10> 1.6 10"

9x107% 9
uv=5x10% and v=0
a

. From 2 =% -2as = s=—
2a

(5x10%)2x9
2x1.6x10%
(a) Electron is moving in opposite direction of

field so field will produce an accelerating
effect on electron.

50x1.6x107"°
(b) V=9><109><W

(b) Energy =0.5x2000=1000 J

". Distance s= =7 cm(approx)

=8x10°V

(b) AE=2ex5V=10eV= Final kinetic energy

=10eV

(d) Energy =1.6x107"°x100000=1.6x10""*J

(a) Potential is to be determined at a distance of
4 cm from centre of sphere i.e. inside the
sphere.



159.

160.

161.

162.

163.
164.

165.

166.

167.
168.

169.

170.

171.

172.
173.

174.

(c) Work done =(an @

For an equipotential surface.
10x40 10x20
2 4

(c) Firstly being a conductor it is attracted by
the high voltage plate, when charge is
shared, ball is repelled until it goes to other
plate and whole of the charge is transferred
to the earth and the process is repeated.

(d) Energy = =250 erg

(d) Suppose charge on inner sphere is +Q as
shown.

Potential on inner sphere

&,

= 3:0[ l) — R=36esu
(a)

1
4 6
(b) A PE= Work done by external agent

=(V,g-Vig) V,>V,=>APE>0iePE will

increase

(b) It is assumed that charge on earth is 10°C
hence by taking away a negative charge
from the earth, potential energy will
increase.

(a) V- Ed=$x1072 10V

(d) The work done is given by =gV, - 15)=0

(b) Potential energy of the system will be given
by -t _ ¢
drmegr  Ameygr
As r decreases, potential energy increases.

(b) At a point inside the sphere, the potential is
same everywhere and is equal to that of the

surface.
(a) Work done W= Q- V)= (V- |/A):%V
-3
:10”96 JI C=2kV
5x10

(c) v= 195 v, !

4rey r r
(b)

(a) The work done in moving a charge on
equipotential surface is zero.

gt gqg(V) 10" 50
a) g=1=—=-4| 2| =
@) a=- m[dj 10 5x103

=108 m/ seé

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

€ |
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(a)
(c) For non-conducting sphere £, =% _ 2~
R 3g

(a) E:Z:wzzooo Vim.
d (2x107?)

(c) Electric potential inside a conductor is

constant and it is equal to that on the surface
of conductor.

(d)

(a) E=9x109?0:>

_ ExA 1x(0.1)
9x10°  9x10°
(a) In equilibrium

-1.11x10"2¢

16
QE=mg = n:ﬂg: 9.6x10 X1019 =3
Ee 20,000x1.6x10~

(c) Potential inside the conducting sphere is

same as that of surface i.e.

4regR
(a) At centre 0 :1) 5 0
E=0 ]
|
and V=0 . E>< |
| ONE |
[ AN
7 N
~00 - ----- 9o
D C

1 (29 _g 400, 47x1:6x107

a) v = =1.99x10°V
@) 475, 34x10 " *
(b) » c D c

Q- - . Q- b 4

N i | AN P |

| i | BV

 Ec 0 1 = | 2E oF!

[ Ex : ! !

L7 AN L7 Encl \I~

D------ ) D--—--- )

A B A B

E,=EEy=2E E.=3E E,=4F

(c) Potential will be zero at two points

¢@=-1uC N
x=4 x =6 x=12
«— | De—]"—>

q
o

= 2uC M

J
x[=0

6

At internal point
N -6 -6
1 [2x10° 1x109)]_,
| 6-) /

=[=2

(M)

47,y




So distance of M from origin; x =6 -2 =4

At exterior point (N)
—6 —6
1 [2a10°  1x10)]
4rey | (6-1) /
= /=6

So distance of N from origin, x =6 + 6 = 12
187. (a)

Equipotential
surfaces

188. (b) By using %mvz _av

= %x2x10*5x(10)2 =2x10°V = V=504V

189. (¢)
190. (b) In the direction of electric field potential
decreases.

191. (c) A free positive charge move from higher
(positive) potential to lower (negative)
potential. Hence, it must cross S at some

time.
192. (a) Net field at origin £=—7 LI I T
4rey |12 22 42
-9 1+l+l+ ..... oo:|
drz,| 4 16

__9 | _qax10%gniC

B 47[50 1_1
4
193. (a) From symmetry of the figure all corner
have same electric ¢~77"7777 ¢
potential.  Therefore 1 < .7 |
work done in moving ! //5\\ :
the charge ¢ from the 1,- S
9@ ------ Y g

corner to the diagonally
opposite corner is zero.

194. (C) T=4(mg?+(QB?

= J(30.7x10°° x9.8)% + (2x10® x 200001 =5x107* N

195. (b) Relation for electric field is given by

E= 4
2megr

UNIVERSAL
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(Given : E=7.182 x 108 N/C)

r=2cm=2x102m

T _9x10° = 4:2ﬁgor5=—2X2”‘90fE
47y 2
1x2x10%x7.182x10°
- 2x9x10°
F_mg 9x10°%'x9.38
g e  16x10™®

197. (b) By using £=9x10° x%

=7.98x10"*CI'm

196. (c) E= =55x10""N/ C

= 3x10°=9x10° x-& = 0=3x 103 C

(3)°

198. (a) Since 4 and B are at equal potential so
potential difference between 4 and B is zero.
Hence W=Q.AV=0

199. (a) Change in potential energy (AU) = Uy— U;

—
N \\\\
N ~
N\ \\
N N
40 cm \\\ \\
50 cm "« \
\ \
\\ q>2 \\
91 N o
O— 0 -»D
30 cm 10 cm
40 cm
= AU= 1 £71‘73+‘-72L73 _ ‘71‘73+¢72%
4rey |\ 0.4 0.1 0.4 0.5
1 q
= AUZ4_[8C72‘73]= : (8g,)
&g 47[80
Sok= 8‘]2
200. (b) 7Tsing=gE +
a
and 7cos6 = mg B
a
= tanH:q_E:i A N T ‘ T cos@
mg mg\ 2, N Y
PR { qE
— oo«tand. - T'sin@

mg

201. (c) The net field will be zero at a point outside
the charges and near the charge which is
smaller in magnitude.

+8¢q

Suppose E.F. is zero at P as shown.



Hence at P; /(.(L8q/)2 = kg@ =I[=L.
+

So distance of P from originis L + L =2L.

202. (d) Potential at the centre of rings are

203

204

205

206

+q -4
R[ =T R]
O 0,

_kg, K9 _k=9 kg
o ot R +d° » e at VR + d?

1_1}
R IR+

27s,

C(b) E=—T k204 T j-_20%

2¢, 2¢, 2¢, &,

. (c) Electric field between the plates is

o _(9) o -
2eg  2s,
O *—>—>

= — volt/meter EE

€0

. (a) The negative charge oscillates, the resultant

force acts as a restoring force and
proportional to displacement. When it
reaches the plane Xxv, the resultant force is
zero and the mass moves down due to
inertia. Thus oscillation is set.

. (c) Electric field outside of the sphere /:‘0,,,:/(70
(1)
Electric field inside the dielectric sphere
E,- ’%X ...(ii)
From (i) and (i1), &,= g,u,x%
2
= At3 cm, E=100x 3%2) —120Vim
207. (d) The total force on Q
Qq - ¢ _, 40 , 0
/ Ars,P ) =Y
4”50(5] ¥=0 x=1/2  x=1

[
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[S—
Qg 4@ ~ -

( /jz ry:
4rgy| —
4

08. (b) KE.=q (V- V) =16x10"°(70-50)=3.2x10"%
09. (b) According to the figure, there is no other

charge. A single charge when moved in a
space of no field, does not experience any
force. No work is done.

Wy=We=Wp=0

10. (b) Potential ¥ any where inside the hollow

1 Q

sphere, including the centre is V=
ey I

Electric Dipole

(c) Potential energy =— pE cos@

When € = 0. Potential energy = — pE
(minimum)

k2p 1
i

When » — doubled; F — %times

(d) Force on charge F=g(E)=gx

(b) Electric potential due to dipole in it's
k.pcosé

general position is given by V= >

Voc%

(d) Potential energy of dipole in electric field
U=-PEcosd ; where 6 is the angle between
electric field and dipole.

(a) As the dipole will feel two forces which are
although opposite but not equal.

. A net force will be there and as these
forces act at different points of a body. A
torque is also there.

(b) Maximum torque = pE
=2x10°%%x3x102x2x105=12x 103
N-m.

(d) Work done
270

= Igo PESING db =[ - pEcosé] 53,° =0

)+

@ 9



10.

11.

12.
13.

14.

15.
16.

17.

(d) Field along the axis of the dipole
_ 1 2p_ 1 2Agx). . g
drgy & Amsy o T &
(b) p=gx(2DH=16x10"x10"1=1.6 x10°

29 C-m

12
®) E= s

(c) Dipole moment p = g (2])
=3.2x107"9x(2.4x107%) = 7.68x 102 C-m

(©)
(b) Y E\Q .
a,’
ey
/// \
-0 /40 \\
3 4
—0—7 A =
P

0="+a where tana:ltanz
3 2 3

= a=tan'y3/2 so, 9:%+tan"¢§/2

(©)

A -
p
@ *4
s\
2 Pt
\
1
Vi \
Vi \
/ \ 600
p@ -0 < &
+q -2q p

Prot = P+ P +2ppcos60° =3p=y3¢g/ (" p =
q)

(b)

(b) The direction of electric field at equatorial
point 4 or B will be in opposite direction, as
that of direction of dipole moment.

N

(d) Dipole moment p =4 x 108 x2 x 104 =18
x 10712 m
Maximum torque = pE =8 x 10712 x 4 x 103
=32x10% Nm
Work done in rotating through 180° = 2pE
=2x32x10%=64 x104J

18.

20.

21.

22.

23.

24,
25.

27.

28.

29.
30.

31.

32.

UNIVERSAL
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_2p o,
(b) We have £, = > and £, =

(d) Point charge produces non-uniform electric
field.

kp i
(d) Eequator/’a/:?p rLe. Exp and Eor3

. E,=2E,

2p kp
(d) Eax/a/: Eequator/‘a/:> k7:7
1/3
i(:2—=§/5:‘I
y 1

(c) In uniform electric field dipole experience
only torque, but no force.

(a’) —-q +q
o——@ - @
k=10 cm —t 20 cm |
| 25 cm |
By using E=9x109.(r22_p/r2)2; where
p = (500 x 10 x (10 x 102) =5 x 1075

cxm,
r=25ecm=025m,[=5cm=0.05m
E:9><109x2><5><1075><0.25

{(0.25)2 _(0_05)2}2 =6.25x10'N/C

(a)

9 P
(a) V=9x10 1

(1.6x1079)x1.28x107"° _
x (221070 0.13V

(d) v=22% 1f 9= 0° then 1, =max.
I

If 6=180° then I, =min.
(d) Potential due to dipole in general position is

=9x10°

given by
k.pcosf kpcosOr k.(pr)
V= = V= =
P r r
(c) In the given condition angle between p and
E is zero. Hence potential energy

U= - pEcos0 =—- pE=min.
Also in uniform electric field F,,., = 0.
(b)
E, 2

_ k2P _k_ 5 _2
(b) /_-;_kr,) and EE—r3:> £

(C) Twax = PE=g(RNE =2x10°x0.01x5x10°
=10x10° N-m

(d) w=PBR1-cost) here = 180°
o W= PE(1-cos180°) = PE1-(-1)]=2PE
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.. Total flux through cylinder =¢,+gz+¢.=

33. (a) U=-PEcoso
It has minimum value when €= 0° 0
i.e. (U, =—-PExcos0° =—-PE 2. (0)E=0/Qg)
34. (b) Stationary electric dipole has electric field 3. (a) By Gauss's theorem.
only.
35.  (a) Suppose neutral point N lies at a distance x
from dipole of moment p or at a distance x;
from dipole of 64 p.
- <
p N 64 p
Do——o--f--0—" 00
«—— x —>
25¢cm

At N [E. F. due to dipole ®|= |[E. F. due to

dipole @|

1 2p 1 264p

= = :
Az, X dmey (25— X)°
! 64 = x=5cm.

= =
X (25-x°

36. (a)
37.  (b) Potential energy of electric dipole
—(gx2/Ecosd

U=-pEcosf =
U=-(3.2x10"""%x2.4x107°)4 x10° cos®

U=-3x10"% (approx.)

38. (c) The direction of electric field intensity at a
point on the equatorial line of the dipole is
opposite to the direction of dipole moment.

39. (c) When the dipole is rotated through at an
angle of 90° about it's perpendicular axis

then given point comes out to be on equator.
So field will become E / 2 at the given

point.
Electric Flux and Gauss's Law

1. (d) Flux through surface A4 ¢,=ExzF and

bg=—Ex R
ds
A
|
oy e
74)5
il — - >
A C B| .
> >
surface C

Flux  through  curved
= I_EE;:IEdSCOSQO”Z 0



