JEE Main Exercise

ELECTROSTATICS
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Central particle is already in equilibrium.
For equilibrium of +Q; ZF =0
KQ*  KQq
2 + 2
(2d) d

= q=—9
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When A and B are touched, charges on each of them
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10.

11.

In gravity free space, angle between the two threads

will be 180°.

KQ®  +Q 7T T +Q k@

(2L)° ¢ | —e— | (@L)°
2 2

and KQ 1Q

(D)
(D)

T=—5= _
(2L)*  4me,(2L)?

Net force on the central particle

(A)

qE =

=

(B)

=8cos560° + 8cos60° =8N

mg
q(10°) = (1.6 x 10~*(9.8)

q=16%x98x10"*C and g=ne

16x98x 10" =n(16 x10™"%)
n=98x10"

Electric force on g = gE

Work done by electric force = gEy

Work=energy theorem, W = AK
gty =K,—0 = K, =qEy

—

(A)
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E=E, +E,

9x10° x5x107% > 9x10"x10x10"° >

- (0.1)? 't (0.1)? '
=135 x 10° N/C, towards — 10uC.

2. (A

i
AP =|AG? +GP? =+/1> + (\/3L)? =2L
Ka Kq q

E= = =
(2L)* 4 16me )’
Net electric field at P = 6EcosB
(g )f «./EL) 343g

\16med” /| 2L )

=6

16me, )’

13.  (C)
Electric field between the two charges is negative. So,
q, will be positive and g, will be negative.

Since, electric field is zero at a point closer to q,,
la,|<]a.l

14. (D)
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F=(—g)(-E]) £

" E:
ma=qE] = a=q—|
m

1
s, =ut+—at’
2

L
L=vi+0 = t=—
v
For droplet to not hit the plate,
5 < d
2
2
= 1.4'],r+l{:1lytzr::E = D+l(q—f]f£] <
2 2 2\mjiv
- qﬁmvyd = g _mv""d
ELl’ R
15.  (B)
K
o KX
{rZ +x2}3,ﬂ'2
r
Electric field is maximum at x = —.
N2

KQlr /+2) HQ(%J

d

2

E

16. ©
E=E, +E,
E,=0+0=0
K 4K
B qz+0= ?
2r Qr
&
KQ  K(—Q
E.= -+ - =
Sr] 5r
2 2
= E,>E, =E_
17 (D)

max 2 (343, B 6+/3me 1’
(r +[éJ J (m]r
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Net electric field =0
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18.  (B)

Charge on the gap element =

¥ 0,002
271(0.5)

=0.002C

e Kd
Electric field due to gap element at the centre = qu

~ 9%10” X 0.002
(05)*
=72x107 N/C

| Electric field due to gap element | = | Electric field
due to remaining ring |

19. (C)

If another identical hemispherical shell is kept upside
down over it, net electric field at any point inside the
spherical shell should be zero.

20.  (A)
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For equilibrium of electron,
K(2eled  Ke’

R  (2d)?
d=R/2
. R
Separation between the electrons =2d = E(E] =R
J
21.  (B)
F=qgE
K(h2ma) x
= F=(=Q|-—5—33
[{92 +x;}3£2.]
— F=-— Qt:}‘x (rx<<a)
2a’e,
[ !
= F=- Qh - |x
ZEDG J

This is equation of SHM,

m 2
T= Eﬂ\/7 =27 |2ma[,a
1Q Y rQ

\|| 2535
22. ©
V=V, +V, +V;
3R 3R
_ k(ATR) N J- k(Adx) N J kAclx
R n X 2 X
= kim + kAIn3+ khIn3=kA(n +2In3)
= A (t+2In3)
4me,
23. (D)

£ jP jT_ Eﬁ
Electric field due to hemisphere at points lying on the diameter is perpendicular to the diameter.
So, all points on the diameter are equipotential.

24.  (C)
A negative charge released in an electric field will go against the direction of electric field.
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So, it will move toward a position of higher electric potential and lower potential energy.

25. (A)
. At oo
Fixed K=10 MeV
EE}-H-u-n-~-n—~-n-n-~-n1————-I
Nucleus o-particle
(+50e) (+2e)
Nucleus
(+50e) V=0
o-particle
., Finin (*2€)

At the minimum distance of approach, speed of o -particle would be zero.
Applying mechanical conservation for o -particle,

k (+50e)(+2e
10MeV+0=0+w
rmin
= . _9><109><100><e><e
min 10x10% xe

=14.4x107" or 1.44x107 % m

26.

Using angular momentum conservation of g about Q,
MVgly = MV (1)

Using energy conservation,
K{+U; =K, +U,
lmvg+0:1mv2+kQ—q (i)
2 2 Fmin

Solving Egs. (i) and (ii), we get

Ly

27.  (C)
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Using energy conservation, K, +U; =K, +U,

kQ
(%)

o)

3 5R R
3 5 R
2
. i[ Q }R:z( Qq ]ﬁq:@
3| 4me,R? 5\ 4megR 3
28.  (A)
F=qE
= 3000=3E = E=1000N/C

AV =Ed = (1000N/C) (1 X 10" ?m)=10V

29. (D)
W =(gE)s cos0
= 4 =(0.2F) (2) cos 60°
s E=20N/C
30. (A)
dV =—E-dr
= fav == [(E,i +E,i)-(dxi + dyj)
v X ¥
= | dv=—[E.dx—[E,dy
Vi 0 0
= V=V, ==E,[xl§ —E, [y’
- V=V, —xE,—YE,
1. (A
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E= j——k
ox dy 0z
:—{—yE\Eﬁ—(—ZK}"xE}}_ -
2z
~ 2 A
:yix/;i+2xy£]+ik
2z
At (2,1, 1),
2 [0 - (2007 |
E=(1241)i +[22(V1] j+
241
—i+4j+k
32. (A
e &V
dy
Aty=25m
dV
E, :_a'_:_ slope of V=y graph
Y
:_(EJ =3
1
Aty=55m,

Vv
E, =-— d— = —slope of V-y graph
dy

fecgh
(1-0)

2.
]k
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33. ©
Loss in KE = Gain in PE

= —AK =AU
= —(0—%mv2]:qﬁsv
= 1m'-.o'2 =q ir:.‘
2 2€,
. _ IJ qod
\ meg
34. (A)
q
dg= (RdD)
TR /2

dp = dpcusﬂi + dpsl'nﬂi:

q Rde]fecoseh( ul Rdﬂ]RsinE}j
R/2 ) mR/2

{2 . w2 O
[ cosed@i + [ sin6 do j '
A

0 g
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2kpcosH

3

- r
tand kpsinB
r3
= tanf =2 cotB
=  tan’0 =2
= 0 = tan"'(\/2)
36. (B)
X4
(1,0, 2) n
(1,0, 0) @--memeememe- +—1pk
pfmﬂ
37
(0,0, 0)
14
Xt
2K
kp/1* (1,0,2)
- " e > 4p
(1,0,0)| 2k(4p)/e?
Pt
@00 5
2k{4 kp\: (2kp\:
E:( 2{ap} —1—le +( 1,:9)]
E=—P j
2TE,
37. (D)

N

\ea

T *+q

&

e

38 (C)
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39.

40.

41.

42.

43.

T=pEsind
Trn:-n: = pET When 0 = 900
=(107°x2x107%) (1.0 x 10°)

=2.0%x10"° N-m
©)

W, =AU + AK
=(U,-U)+0
:—pz.E+p1.E
:{pj_pAQJ'E
=[(7i + j) x 10~ *)]-(4000i)
=28x10"%)

(D) )

/
g +q

+Q * *

\\R

Force on the dipole will be non-zero as electric field produced by a point charge is non-uniform.
Torque will be zero, if the dipole is aligned along one of electric field lines as shown in figure. For

any other orientation of dipole, torque will be non-zero.

(D)

Since, the charge enclosed is zero, flux through Gaussian sphere is zero. Electric field is not zero

anywhere on the sphere.

©)
Put another identical pyramid as
shown in figure.

Total flux emanating from g will be
equally divided between the two
pyramids.

Flux through upper pyramid
_La

21 g,
Flux through each face of upper

.11 Q Q
d=—]— |=——
(B)
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q}:q)q +¢"2q +¢'3q +¢'4q

_a 1429, 143a ), 1f4q)_7a9
g, 4lg,) 2\gy) 8lgy) 2g,

44, (D)
q
hp=—
€0
A
= Omax = Yimax = ¢'rnax = lma:n:
0 €y

The longest wire which is inside the cube is of length

J3a.
J3ha

= q)max =
(0]
45. (D)
E=—200i y, E=2001
— —
% L .
A==100 pﬁ A=1001
¢ J

Flux through right flat face=E- A
=(200 i) (100) = 2 x 10
Flux through left flat face=E A
= (=2001)-(~100i) =2 x 10*
Flux through curved surface =EA cos 90° =0
Net flux through cylinder

=2%x10* +2%x10* +0=4x10*

Using Gauss's law,

¢ — Qinside — 4 % 104 — Ainside
£ 8.85x 107"

= Gingide =35.4%x107° C
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46.  (C)

Using Gauss's law, ¢ = Genclosed

€q
X
p r?) 4mrldr
— E(4nx?)= jﬂ °
€p
3
— E :&
5€,
— E o x3
47, (B)

do=E-dA
= dd =[90r(-1)]- (dAF)
= [do=—90r|dA

— & =—90r (4nr?) \

. Aenclos
Using Gauss's law, ¢ =—tenclosed
£
0

>
/

— —90?’{4?‘[!’2} _ Qenclosed
€o

3
= Qenclosed — = 70 E4 EEO} r

—90x2°
9 % 10°
==80nC

48.  (B)

Flux through cylinder -9
€

Flux through the right flat face = q::ﬁ[h (1—cos8)]
n

_ 9 (4 i] _ 4
2g, 5] 10g,
2
Flux through curved surface = a9 __ 9 _“9

2e, 10g, 5%,

49. (D)
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50.

51.

490

Lets take a ring of radius r and thickness dr on the disc.
Flux through the ring = dd =E dA cos 0

= dp=E (2mrdr) cos 0
= dd =(2mnrdr) (E cos 6)
Multiplying by ¢ on both sides
= G dd =(62m rdr) (E cos 6)
= ¢ dd =dq (E cos 0)
- cdp=dF = o[do=[dF
F
= =—
c
(B)
E, . E
Al

E, = Electric field due to shell with hole
E, = Electric field due to part of shell within the hole.
Point A is just outside the shell,

E,=E +E,=— (i)
E’D
Point B is just inside the shell,
E,=E,—E,=0 ()]
From Egs. (i) and (ii), we get

E, = o
2€,

(©)
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i +
+ F30 =30
| p=3Q
+ |- T Solid metal P =4
'| }' sphere . ||
A & / .
I 1

} +
AtP,

E=E +E, 6 +E,
= E= HBP} +0+0

r
!
= E= - ﬁ
dme, J r
52. (A)
Y
4+
+ +_:_' iy +
+ i +
e
\

______ .._____'___________|_‘t___.f__.,;{

: /4 (4r,0,0)

: +

:

1

— —_
T F

g=—q and g,=+q

At point P,

E= {Edue :<i{q + Edue to g, } + Ed.m tog,
= E=0+—
(4r)
k
= = qz
16r
53. (C)
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q, = — q (non-uniform distribution)

q, =+ g (uniform distribution)
Potential at the centre,

V=V +V

due tog due tog;
_ka, K0 ke
R 2R 3R
5ka
6 R

+V

due tog.

54.  (A)
Potential of the inner surface of the spherical shell,

N\

V=V, +V,+V,
_k=3u0)  k(+3uC) _ k(+2u0)
(9 cm) (9 cm) (10 cm)
- 9%x10"x2x107°
~ 10x107?

=180 kV

55.  (B)
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At point P,

Vduu tog + vd ue to induced charges on the inner surface =0
= Vduc toinduced charges an the inner surface == duetog = 5 a

56. (B)
Potential at A due to charges outside the conductor is
zero, since the shell is grounded.

V, =V, . +V

due tog due to charges on the outer surface of shell —

0
Vv, . —-—
due tog {ZER}

= V

due to charges on the outer surface of shell

57.
q, =—Q, (uniform) and g, =+ Q
Force onQ,,
F = quctnq] T {qut toay + qu:tul::l} = n + U = D
Force onQ,
F= I:quc toQ; + Fddctuq._:l + quc I'.clq._!: 0+ F—::Iu::uq._!
#0
58. (D)
S N
L+
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d, = —Q (non-uniform); g, = + Q (non-uniform)

(a) Force onQduetoE=QE
(b) Net force on Q=F
=F

due tog,

+(F +F

due tog, dustog; due tof ]

+0

— Vdue toa,

# 0
(c) Net force onQ and conducting shell
considered as a system=gq,E + qE+QE
=QE-QE+QE=QE
(d) Net force on the shell due toE=q.E+ q.E
=—QE+4+QE=0

59.  (A)

mw'r
. -——
b —  ___
1 et
| e [

Due to centrifugal on free electrons, electrons will
accumulate at the right end of the rod and there will be
deficiency of electrons at the left end. These induced
charges will give rise to an electric field.
Electrons will stop accumulating at the right end when
net force on free electron is zero.
2 252
AV = [Edr = [ T2 gp =2
b oe 2e

60.
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Since, B is earth, therefore V, =0

kQ | kix=Q) _
2R 2R
- x=0
Vv, = kQ , kix-Q)
R 2R
_k__Q
2R 8meR

61. (A)
Lets take charge on outer surface of shell to be x after
it has been earthed.

Potential due to outside charges inside the shell=0

At the centre, E + M =0
R 2R

Xx==Q
Total charge on the shell=x —Q
=-Q-Q=-2Q
Charge flown to earth=0Q, —-Q,
=Q-(—2Q)
=3Q

62. (C)

u=u,+U,+U, +U,+U,
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63.

64.

65.

b 2a 2b
2 2 2 2 2 2
kg _kq +kq +kq +kq :kq _kq
a b b 2a 2b 2b 2a

- v B 5

= U=-

+Q[ k(2Q) 1 13kQ*

After closing the switch, the entire charge of inner shell
will be transferred to the outer shell.

~ k(3Q)* 9kQ2

2=

2(2a) 4a

2 2 2

Heat dissipated =U, —U, = 13kQ" _ 9kQ = kQ
4a 4a a
(234)
E=E +E,
£ 2KQ, X | KQ,x
2 2

2x9%10° x1%10” 1_3
4* 5)
9x10" x(—1x10"°)x 3
+ {52}3,’2

E=450-216=234
©)
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EFY =0
= T=mg+2F cos60°

T=(20x10"%x10)+2

(9x10° X (10 x 10"5}?])(3
2

. (2x3x5sin30°)

T=03N
66. (4)

E=E, +E,
_ KQx  KQ_ KQx KQ
{Rz_l_xz}:wz xz 2\'3.-“? xz

x| 14|
X
2—3.-2
_@(HR_] _ka
x* x* x*
N r

KQ{. 3R*)} KQ
:_zll___z Y
x“ 2x X
_ —3KQR?
2 x°

= Eocj}
X

So,n=4

67. (3
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dF

(e —

=%
mg
dF = Adx = A xdx
dt=dFx

.[dT = JL{loxde} X

}L 3
T= J
3
For equilibrium of rod, 21, =0
e
2 3
N _ Smg?
Y
So0,n=3
68. (5
=
¥ \
| * |
\*Ef /
A Img *Va
At the lowest position,
2
T+qE—-mg="_"2
mv:
15mg +3mg —mg = ]
= v, =4/17gl

Applying work-energy theorem between A and B,
W, +Wr + W . = AK—mg(2]) + 0 + qE(2])

ectric

1 z j‘ 2
=—mv. ——mi17gl)
5 M1 =3 V178

v, =/258] = /25X 10 x 0.1 =5
69.  (144)
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Electric field inside a solid sphere,

E:Z—?r
— Slope of E-r graph
K
= tan53° = R—?
- 4. Q
3  4me,(3)°
= Q=144m¢g,
Q=144mne, = nme,
= n=144
70. (6)
For equilibrium,
gEcosO =T sin37°
and gEsin0d = mg —T cos37°

mg

Dividing Eq. (i) by Eq. (i), we get
mg —2mg cos37° -1

tan0 = i —
2mg sin37° 2
2
= cosf=—
J5
= SE[i =2x1x10x%x—
V5
= E=6N/C

71.
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{I kq 2 kq 2
E=
\'Ld cosa)? J ’ Ld sina)zJ

kq [sin*o+costa

" d?2\ sin*acost o
V=V, +v,——K9_, _kd
dcosa  dsino
_ kq (sino+ cosa)

d sinccoso

E_1 V'fsin'“ o+ cos’ o _s
V  d (sina + coso)sinocosol
72. @)
Plx.y)
/
/
/
/
f
Hq [-2q
(-3.0) (3,0)
At point P,
Vo ki-2q9) ~ kita _,
\.‘(x —3)? +y? \f(x +3)2 +y?
= 2\:{(;( +3)% +y? = \J'I(x =3 +y?
= 4x+3) +4y*=(x=3)% +y?
= 3x*+3y? +30x+27=0
= x? +y2+10x+9:{}
= (x+52%+y2=16
= a=5andff=2
oa+P=5+2=7
73. 4)
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kQ _k[da_

V= ARd
R R '[ ¢
| 2F
:E Jlo cos® ORdO
0
2m
_ o Icosz odd
anegy o
Ao J- (1+ c052¢) do
4neg o 2
. 27
_ Ay (cb+ slnzq)] _ Ao
8meg 2 )y 4gg
So,n=4
74.  (6)
V=12V, surface
K9 (5p2_y2)=12%Q
2R® R
= 15R? —5r% =12R?
P =
— r:\/ER: 2 %60 =6cm
5 \5
75.
0=60°
Solid angle subtended by the shaded part
=2m(1—cosB) =2mn(1—cosb0°) =
Solid angle subtended by the remaining hemisphere
=2T—TM=T
kQ k| (4nRrR?
Vcentre :?: E‘rg[ An X TL]‘
_ oR _ (250}{2) -1V
4e, 4g,
76. (1)
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Net torque about the centre = [IdF{ER sin0)) =f R

= T= [jquD[?_R sin0)]—f R
2
= t= [ARdO E,(2Rsin0) - f R
0
= T=2AER*—fR
= lo =2ARE,~fR
1 p2
= o :M D)
mR
For pure rolling, a.,, = Ro.
= izRa
m
f .
= o =— ... (i)
mR

From Egs. (i} and (ii), we get
f _2ARE,—fR

mR mR*
—5 f = ARE,
7. @)
m:i

0, Eﬁ%______?_?::'_::[":ji:;5;.;_;_:.5;_:_:.‘1"%?;‘.';@ _ 4 o,
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\
q)l :ifl—COSﬂ}:i(‘l—E _i
2g, 2g, 5/ 5g,
)
mzziﬂ_cosmzi(1_i _a
0 € 5/ 10g,
q
¢1+¢'2+¢3=E_
Q
= i_{_i_{_qu_i: (bg_?—q
5¢, 10g, 0 10g,
78. (12
;
.
=
51
g ////
A
Oapep =0
. q
Ocpeh = Peren = 24,
(]

O = Oagep + Pepar + Perah
q " q _ q
24g, 24g, 12¢,

=0+ ,son=12

79.  (100)

||« ++++++

CC > kr
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Lets take a ring of radius r and thickness dr flux through
the ring = do

= do = ( )(271:rdr = [do=

MR 885%107%x2
= ¢=_—= 12
2g, 2x885x10™

R
idr
28,

c:-‘———.

=100V-m

80. (8)

do=E-dA =EdAcos0°
= [do=E[dA = ¢=E(4nr?)
Using Gauss's law,
jK(R—r] amr2dr
O=FE(4mr?)=2

€y

3 4
(5] 2

= E=
Egr gl3 4

For maximizing electric field,
dE K (R Zr) 2R
= 3L )m0= =y

dr gg\3 4
Depth = R—r—R—ﬁzE 24 =8m
3 3 3
81 (3.6)

20pC

A
+|l/l\'|ll / \
| |
1 o13m”

i\j A
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Potential of sphere,

POtentiaI at the Centre = I|I"r‘l:ll..u: toring + Vl:luc to induced charges
- 9%10”x20%x107° N k(0)
J3'+ 4 R
=36x10"V
82. (9
~ |
1uC
+
+

vy

Electric potential at centre of conductor
_ k(1pc)  9x107x107°

T

- = =9x10*V
(10 cm) 0.1
83. (3
Lt
-
i _|‘/—Q_'
| —SQ:/_
N
S
2
Ulzskq
3R
2 2 2
U2=3kQ LK=Qr | kQ +[H_Q}JQ
5R 2R 2(5R) 5R
L, “(—QJ(— Q
5R R
3kQ*
2
> =X YU sR_
5R U, kQ
3R
84.  (96)

Website: www.iitianspace.com | assessment.stepapp.in


http://www.iitianspace.com/

c’ 4S

28, R
32 2
(Q/4nR")” _ 4S - Q 45

2¢, R (16nR*)2e, R

i
=  Q°=96me,S| %mﬁ) = Q°=96me,SV
.,

So, n=96
85.  (800)
///ff”’__" Q
g 5m/s
1 po \T %
k k
sphere q+_Q_D
X 2
— Q:—E—q
X
(
dt L x® ) dt
2x2x107°
= }{5
52

=08x10"* A=800x10"°A =800 uA
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CAPACITORS

(A)
v=4
C
= U:ﬂ
C
-6
_ mzﬁﬂxlt} ‘:ait
800 x 10
= t=160s
(B)
C:AEU
d
d_C_—AEUd{d}
dt d° dt
dC -Ag,
= — =V
dt d
dc 1
= — e ——
dt d?
(B)

Capacitance will get halved. So, charge on capacitor will
also get halved as voltage across the capacitor is
constant.
E=_
d

Since, V is constant and d is doubled, electric field will
become half of its initial value.

(©)
U, =1cv? =1 x 12107 x (100
t2 2
=600 )
_a_Gvr
‘2, 2e,
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(A)
+2CV, —2CV 2V
]

. .

_ Wy [
(|l =l
| |

Charge flown through battery =CV —(—2CV)

=3CV

Work done by battery = (3CV)V = 3cV*

AU=U,—-U,
2
:lcvﬂ _l2cv)
2 2C
=_—3CV2
2
Heat produced =W, .. —AU

=3CV’=(-15CV?)

+CV

f

=45¢CV?
©)
Energy loss = 1.66 (v, =V,
1+CJ
- -4
=15 4xX10 x2X10 h00- 0y
2 6x10
_8 1072
3
% loss = 8/3x10 x 100 = 33.33%
Exwm""x{zm]’
(B)
2uF 3uF 4uF
AT | E P | e M | e
1 1 H 1

q gV 9 sy q
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v,-d_g-915-9_y
3 4
- v, mg{ﬁ+5+ﬂ)?
2 3 4
13
= 19=—9_7
12
= q=24ucC
(B)
TuF 2uF
|1 |1
11 1]
|1
1]
3uF
12V
I
||
5
CL":IZEH'F

Charge flown through battery = % x 12

=10uC

Charge on 2 uF capacitor = %10

2+3
=4uC

(©)

Equivalent capacitance across battery =2 uF
Charge flown through battery =72 x 2 =144 C

Charge on 1pF capacitor = L i 144
1+5){2+4

=8uC

2

Energy stored in 1 F capacitor = E—E

_ (Bx107%)

= =32
2x1x10°° H
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10. (B)

—_ =

= 2uf SukF = AuF=—= —

|1
_éll_
L
L2
=
U
4
|1

= TuF

I 1
6vV ev

Applying KVL in the loop,

q q 14
+—=7+—=+6=0 = g=—ucC
2 7 q 9 H

3 14 2
Charge on 3 UF capacitor=——x —=—uC
& a P 3+ 4 g 3“
11.  (C)
Isolated syaterr
________ 4uF
—||- =
L — §)
7euC 72uC
K
1
|

[
30V

1 1\
C.=|=+=] =24pF
6 4

Charge flown through battery =30 x2.4=72nuC
BuF AuF

I 4n—
i
180uC ':'

When key is closed, 4 uF capacitor gets short-circuited.
Charge on é UF capacitor will be 180 uC.

Charge flown through the key = Change in charge of
isolated system
=(180+0)—(=72+72)=180uC
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12.  (B)
V, = Potential drop across C, =6V
V, = Potential drop across C, = 4V
In series combination,

c, V, c, 4 2
—_— = = — ==
C, WV cC, 6 3
13. ©)
fuF JeukF
=
BuF  4auF | 8uF | 9uF 9uF
-
40V
1
Bk l
|1
1
4uF 36uF
|1 |1
1 11
BuF
|1
1
40V
|
|I
1 1 1
C., 36 (6+4+8)
C..=12uF

Charge flown through battery =12 x 40 = 480uC
Charge on 8 uF capacitor = 18_8 x 480=213.33uC

=214uC
Potential difference across 8uF capacitor

_a_21% .0y
c 8
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14. (C)

3uF ... R
_id e
ov 4| .
': N 27V
— 13V = 3uF —1uF —_
-1 X
13y W a_ —
TuF Isolated system

letV, =0andV,=x
Applying charge conservation for the isolated system,
= 3[(x—-27)-0]+1[x—(—13)]=0
= Xx=1/V
V, =V, =17-0=17V

15. (B)
Isclated system
10UF eeeee
i I.LIL B
i ’
5V .
10V
16V II Vs
[l A
15y M o

BuF
LetV,=0andV, =x
Total charge on the isolated system =0

- x=125V
+50uC -50uC oV
5V
! ! * 10V
i -J' 200 -
10V S T
-‘- —20uC

BuF v
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Change in charge of the isolated system
=(=50+20)-0
=—30ucC

Charge flown through switch =30u C

16. (A
|+l
— 2V fuF Xt W ar—
—2uC
K i
1
__1+4uC
—ov  pr tEiit N
—4uC
1 2

Charge flown through 4V cell=4—-2=2uC

Work done by 4V cell=4x2=8 )
_(ax107)"  @x107%)" _
S 2x1x107% 2x1x10°
Heat produced =W _, — AU
=8-6=2)

AU

17.  (B)

ol
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Applying KCL at junction A,
5C(x—=V)+C[x—=(V-=x)]+Clx=0)=0

3V
X=—
4
3V 3V
q = Charge flown the battery = SC(V - ?) + C(?)
=2CV
2CV
c.=3-"Y oo
vV Vv
18.  (A)
Let equivalent capacitance between A and B be x
C
Ae—r| \
III
Ceg = X4 C—= _._:: 2X
.B- _/
1 1 1
—=—<+
x C (2x+C)
1 2x+2C
— S —
x Cl2x+C)
= 2x*+2Cx=2Cx +C*?
— w=
2
19.  (B)
Let 250 _c—7uF
d 1
1
2 a4 /E‘LEC .
e
\s | | of
p [f _/ c/2
o : 5
c |
B EI ——
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c i
Y%
_I

A N 3
C%:E=—{? F)=11pF
7
20. (D)

Charge will remain same as the capacitor is isolated.

E=5andv ( )d-—”
K K) K

As dielectric constant becomes three times,

E_E""amzl'w'_E
3 3
21 (A)
cr— Ag, [. N EAED:dAEEd
(d—t)+— 6d g,2
K 3 3K
7 3K 14
— P _—
6 K+2 11
22. ©
V=Ed =25=E(5mm)
= E=5V/mm
—E(2mm]+(K]{3mm)
5
=5x2+—x3 =115V
10
23 (A)
C Ag 1] Ae
2 3.5 2|3
4 g, 4
20
= £, =—
3
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24.  (C)

and i = E
v, 1
Solving equations (i) and {ii), we get
V, =75V
and V,=25V

()]
(i)
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27. ©
Let the final common potential drop be V.

g, T4,=4q,+4q,

= 1x100-2x20=(1x 4V +2V

= V=10V
— 2
U1:|{1x100x10 6] + 1 %2 %107 6x (20)
2x4x107 2
=165x10" 7 )
1 - 2 1 - 2
UE:ExMxlO )(10) +Ex{2x10 ) (10)

—03x10"%)

Heat dissipated =U, =U,
=165%x10"*-03x 10" °

=135%10"7)
28.  (C)
Force on dielectric slab due to capacitor
1 be,V?
_1be, (K —1)
2 d

2
lebe{, || mgd (K —1)
2 d || blK—-1),

mg
mg =T =ma (i)
T—F=ma (i)
Solving equations (i) and (ii), we get
m
0= mg—F: mg—ngi
2m 2Zm 4
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29.  (46)

Equivalent capacitance across battery = C.,

1 1 1 1 60
—=—+—+4—- = C_ =—
C 12 10 5 - 23

cg

uF

60
23

Charge flown through battery =C_E = (—)E

60, _ 24

. 4
Charge on 12 uF capacitor=——x —E =
& M P 4+6 23

Potential difference across 12 uF capacitor
g 24E/23 2E

c 12 23

2E
=4 = E=46V
23
30. (18)
C 20uF
A N T
] 1
40pF == 60uF = — 40uF
I
1
120uF
20uF =/ - 20pF
B
C 36uF
R I Il .
A 11 11 2
1 1 1 1 1 1
= R _=_+_
Cyq C 36 12 C 36
= C=18uF

23
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31.  (1800)
30uC 0

15uC 15uC 15uC  15uC —B0UC
-15uC —60uC

15uC

;

T 4|r:=w —Fs T 40V

Charge flown through battery =60 -15=45ucC
Work done by battery = (45 uC)(40V) = 1800w

32. (42
a,+q,=a, +a,
= 8x125+0=(8+C,)20
=3 C,=42uF

33.  (29)
Charge on capacitor g=CV

=5x120x 10" x50
—30x10"% C=30nC

Induced charges on mica = q[l - %]= (30nC) (1—%]

=24nC
4. (3)
Fcrqu;En=—d—v=M=3Wmm
dx 2-0
Forzc:xﬁ:S;Ez—d—v=ﬂ=1Wmm
dx 3-=-2
£_fo
K
3V
= 1Wmm=ﬂ
= K=3
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35.  (43)

=
A3 A3 W A3

dre | K=3 K=8 K=8

a2 K=2 K=o K=2

Let =C = (C=

b
_ B0, (60)0) , (BC)(@20)

*t" 3c+2C 6C+2C 8C+2C
_43c_43 2he,

10 10 3d

_ 43 Agg

15 d
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1. (A)
Ju}?
ot = 2F cosf
qu( ] .#"f‘:/\{‘h._ L
g7 e =>4 X
:rfi!' [ —
( 'Iy -sz) 1,|'y +a®
2kyg —J
Foer = 2 e )352 (v y<<a)
Fsin Eﬂ-j—-bFsin 8
kqty
= =
i So, flecy 2F cos B
2. (B) o
F=qE =mg (q=6e=6x 1.6 x 10-19)
Density (d) = i i O 5 i
volume 4 3 P
3 mr mud

3

9E

Putting the value of d and m m[= ] and solving we getr = 7.8x10™" m

3. ©
(©) q=1pC=1x105C,r=4cm=4x10"?m

There will be no potential due to induced charges.

kq 9x10° x107°

r  4x10?

k
Induced electric field E = - ?
r

Potential V = =225x10° V.

{... El + El!.lc = OQ El = —E]]J.C]

~9x10° x1x107°

R =-5.625 x 105 V/m
x

4. ©
The work done in moving a charge along an equipotential surface is always zero.
The direction of electric field is perpendicular to the equipotential surface or lines.

5 ©)
It
(c) As, C=%‘—‘?
i_l_ £ 2% 100V/
T C 1x1w0® y
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(©)
(¢) Potential difference between any two points in
electric field is given by,

V4 2
- — = 2
iV= -E- & = | dV=-[30s%dx
Vo 0

Vy-Vo =—{10x°]5 =-80J/C

(A) - . :

(@) Electric field in presence of dielectric between the two

plates of a parallel plate capaciator is given by, E = EG—
Lo

Then, charge density, 6 =K
=22%x885x%x10712x3x 10295 6 x 1077 C/m?

©)
(C) Given E = EU x

i.e, electric field £ acts along +x direction and is a constant.
Therefore the electric flux through the shaded portion whose

am2=ax~r2-a=\ﬁaz

¢ = E.A= EAcosB=Ey(\2a") cos 45° = Eo(\/iaz)leg

=E,a’ (- Angle between E and A, Q =45°)
z
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9. (€)
(c)

—»| dx

Let us take an elemental capacitor of width 'dx'. Then,

(Ko+Ax)A ggd  (Kp+2Ax)Cpd C Ag
- 0=

C =" x a dx d
d
1 dx 1
In(K+ Ax
ch -([(K+Ax)C0d Con J\COd[( o
11 [m(xmd)] - xcoid
Ceqq MCod K m(n—)
10.  (C)

Field line originate perpendicular from positive charge and terminate perpendicular from at negative
charge. Further this system can be treated as an electric dipole.

11.  (A)
KQ
k. S
(a) R i}
K
Now, V= —Q rzR

r

V= m(zﬂ? '), r<R

2R
whenr=R, V :%

My _3KQ KQRP 3o 3. KO

T2 ET_ R2 2 2 VR?
=:~R|={II

R IR
Similarly, Ry = —, Ry =— R, =4R
imilarly, B N =50k
So.R,-R, =R, R

3 442
e Raw Ry-Ry

So, option (a)is CCI]TLL[
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12. (D)

@ ——i

2

2
712739

From figure, O, =

Cx3
0= E(C+3)

Therefore graph d correctly dipicts.
) _2 ( 3CE ) _2CE
~9273(c+3) " Ce3

13. (D)
Given: Length of wire L = 20 ¢m
charge O = 10%,

We know, electric field at the centre of the semicircular arc

r

, ZQ)
2x( 22
E:zKl = E=—W(Asl=£]

r nr
4K 4K 4
= 2Q= Qz" =3O _rsx10°N /i
e rL j 4
14. (A
(@) Initially, |2 uC 12 uC
- +
- +] |
— + e
E il
l2 u(
«Q, +Q)—~(l2+12)uC 0
Fmally, 10 puC

Finally,

{
+ |“ a +||_
HEE Fl=
+ |- +

lSpCa [}lOp(
+ |1~ +11-
_;||: b+ |
HEE HIE
< 5V ne 5V
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Q. t Qg)f= -15+10=-5nuC
So, 5 uC charge fromb — a
s0 ttzgt not charge on plate « and P is zero.

15.  (C)

Inside the cavity net charge is zero.
S Qy=0ando; =0
There is no effect of point charqes +0, -Q and induced
charge on inner surface on the outer surface,
0,=0ando,=0 '

16.  (C)
(¢) Applying Gauss's law

cGoET=L ) [Aans .
§sE-di==; 0= [Zanrtdr 2mpr? a2
a

0 +2rAr® - 2nda®

s Ex4n=
€0
E x4m? = (Q-2nAa?) + 2nAr?
For E to be independent of ‘' /"y
Q-2nAa=(
A=—=
= 2na’
17.  (A)
3uF w222
C,=4uF 12uF=C
(a)ﬁ._'::]— e
, WS — |
2uF ‘
——"gv 8V

By voltage division rule,

12
ChargeonC,isq; = [(4“2) x8:lx4 =24uC

4
The voltage across Cp is me x8 =2V

. Voltage across 9uF is also 2V
. Charge on 9pF capacitor =9 x 2=18uC
.. Total charge on 4 pF and 9pF = 42uC

-6
~E =5§2 =0 x 1o9xizi% =420NC!

r 30 x

Website: www.iitianspace.com | assessment.stepapp.in


http://www.iitianspace.com/

18.

19.

20.

(D)
(d) To get effective capacitance of 6 pF two capacitors of
4 uF each connected in sereies and one of 4 uF capacitor
in parallel with them.
4yF 4uF

i i

U
T
4uF
Two capacitances in series
I 1 11 1

1
S—E—t—=—t—=—
C ¢ C 4 4 2
| capacitor in parallel
5 Ceq=C3+C=4+2=6pF

(A)
(a) T=PE sin 0 Torque experienced by the dipole in an
electric field, 7= Px E

P =poost+psinG}; E =Ei
T,=pxE, =(pcos®i +psin @) x E(J)

tk=pEsin® (-k) i)
E,=\3E,j; T, = pcos8i + psin0j) x3 E, j
th=+3 PE, cos Ok (1)

From egns. (i) and (i)

pE sin® = 3pE cosB;tan® = 3 .. 0=60°

(B)

(b) To get a capacitance of 2jAF arrangement of capacitors
of capacitance | \UF as shown in figure 8 capacitors of | uF
in parallel with four such branches in series i.e., 32 such
capacitors argr quil;ed

L———1000V

BUF BUF BUF BF
250V 250V 250V 250V

1000 Y —8

l L
T atztede g =
('l“l 8 8 8 8 .. Ce‘, o 2 uF
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21. ()
(c) ﬁenetﬂmlhhaiwidmlmdsmﬁmﬂ,,ﬂz,sa&&‘m

1
For surface 5, # = —(2q)
0

1 1
For surface S,, $2 =—(q+q+q-q)=—2q
€9 €0
1 1
For surface S;, 43 =—(q+q)=—(2q)
€0 €0

1
For suracesS,, 64 = -84 -20~40)= ~29)
0

Hence, ¢, =, = ¢, = 9, i.¢. net electric flux is same for all
surfaces.

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

22. ©
{c) Potential gradient is given by,
AV=E.d=08=Ed{max)
AV=Edcos 0=0.8 % cos 60 =04
Hence, maximum patential at a point on the sphere= 5894 %

23. (D)

2

(d Energy of sphere = %(:

-12 : -12
16 x10 16 x10
=———— = C=———=4n¢g(R
=45 2C | 9 . 0
(capacity of spherical conductor)
-12
o _lex107® 1 L gu10°
9 47(80 47“’:0

=9x109 ><l—;l><10—l2 =16 mm
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24.  (B)

K
(b) Potential outside the shell, Vouside = TQ
where r is distance of point from the centre of shell

KQ

Potential inside the shell, Vinside = R

where ‘R" is radius of the shell
vy =Rda  Kas  Koc

T Ty e Y
" | |od4ma’ odnb® odnc’ |
Vg = A + |
4nep| b b ¢ |
2 2
VB = 1[ . b + c}
b
=)
25. (A)

® Q= Upraic ("%}

5
K[.’\f’(l- %—}-—CVI’K 1)=90pF » 2 # [5—1J= 1.2nC

26. (A)
, Equilibrium position will shift to point where
resultant force = 0

- _GE
kxeq gE=x =

Total energy =%mm2A2 + l

2
2%

22
Total cnergy :%mmzAz +%q kE
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217.

29.

—

(D)
(d) Thesimplified circuit of the circuit given in question
as follows: P C 2P _—
A oe—— — i —
S e W |
SuF 2uF
SuF

The equivalent capacitance between C & D capacitors of

2pF SuF and 5 pF are in parallel.
5 Cop=2+5+5=12pF (v
Cm"cl""Cz wew +C)

In parallel grouping

Similarly equivalent capacitance between E & B Cgp

=4+2=6uF
Now equivalent capacitance between A & B
] ) SO | - 1 5

+
C 6

eq 12 6 12
12
=C =?—24pf (" In series grouping,
1 | 1
= — - ———
ch Cl CZ
(D)
C2C3 3x6
'= = =2uF
(d) C2+C3 3+6 2

AS V=V':&__q_2 _‘_l_l_:q_z _ﬂ-l
¢ C | 2 Q= 2

and,q, +q,=(60x1)

=q, +2q,=60= 3q,=60=q, =20uC

and, g, =60 - 20 =40 uC.

(B)
(b) By Gauss law,

4 -
@5 dA=Zn _2%9-¢_0
€o € €,
2 E-;g.rZR

or EX4102= s

So, electric ﬁcld outside is same as point charge insids

the shell.
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30.

31.

or Exdml= LIS{dﬂrE}dr
Ep

\
= E x dmrl = ijl{.ﬁ'r]l{ﬁlnrz Yelr

Ep )
4k | #
or E % dmr= —[L]
Ep 4
k2
B2y’ ¥e

R
i'
4
)

R
Also 20 = [(kr) (4mr®)dr = 4mk
1

kR N
0= i)
From above equations,
2 2
r i
- & Fer—aE-—2 i
2neg R 2ze, R
According to given condition
QE: 1 QE _ Q- Qﬂz - Qz
4r €, (2a)” 2ne, RY 4x €y Aa”
= R=aBl# = g=gr-14
M t=-PEsind

fn=-PE(8)= « =%{—B)

On comparing with
o=- m’%a

o= E - JE:E}E -
®)

() t=—PEsin®
la=-PE(@)= a =¥{—H}
On cﬁnn}%aring with

oa=-
_[PE _ |I gdE (29
NI 2\ md
'lllzm[dJ "

2
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32. (B)
(b) Potential energy of a dipole is given by
U=-PE =-PEcos®

[Where0 = angle between dipole and perpendicular to the
field]

= —(1072%) (10%) cos 45°

=—-0.707 x 10726 J= -7 x 10-27)

3. (A
ey

+Q d2 5 dr +Q

K
Force due to charge + Q, Fy = —E-QZ—Q-
Force due to charge q, = EQ_q

For equilibrium, E, + K =0
k

~ QzQ+ quz w0 e
d°  (d/2) E i

34.  (B)
TA
Q=dev =I,_=""_mn (4m2dr)

i

( e—Zr/a\ R

R
=4nA I e dr=4nA
° 5

Q=2maA(l-e 2R

Y S
R==lo
Fie s
2maA
35. (D)
e - — - -
E =(E + Ey)+(E; + Ey) @ E=2Ecosa—2E cos
= 2kg i D > 2kq - D
(D*+d%) Jp?+a? (D*+Q2d) [D?+(2d)?
__ 2D gD
(02 +d2)3/2 [D2 +(2d)2]3.'2 Z E,
o
Ford<<D T —p— S¢
D 1 q
Eox— o — d
DD £
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36. (D) -
Atequilibrium resultant force on bob must be zero, so

TcosO=mg ... (1)
somO=eglk” . g (ii)
Solving (i) and (ii) we get
_9E
tan0 = > 4B
5x107° x 2000

AT R L
2x107x10 2
[Here, g =5 x 10°%C, E = 2000 v/m, m = 2 x 107> kg]

- (s

37. (B)
Electric field on the axis of a ring of radius R at a
distance h from the centre,
8, kQh
= 3/2
(h2 + Rz)
Condition: for maximum electric fiel & =0
d kQh 0
| RS B e
dh ( R+ hz) y
By using the concept of maxima and minima we get,
R
h=—
V2
38. (A)

Let E, and E, are the vaues of electric field due to
cnarge, q, and g, respectively magnitude of
)

1 q
“man \
ﬂeorl
1 Jioxi0®  y-3

Care (P43

= (9x 109) x/10 x1077 y34
= 9@ x10? 0,0 ::A‘:;-f {‘i.{\':l-w >y

- E; =9V10x10? [cosO, (~7)+sin6, ]]

1 - 3
ﬁEl =9X\ﬁ6x|02[—\ﬁ—6(—1)+7ﬁj]

= B =9x10*[ i +3]]=[ 97 +27]]10?
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Simi - 9
imilarly, E, w2 § Jio
6
5 9x10” x(25)x107® :
)=

(42+32) E,=9%10°V/m 1

=~ E, =9x103(c0502f—sin62]') “ tan 6, -
4

. 4. 3. e ¢ 2 2
..52—9X103[51—ng-(721—54_/)x|0
~E = Ey + Ey =(631 -27/)x10?Vim

39. (B)

(b) The electric potential at the bisector 15 zero and
electric ficld 1s antiparallel to the dipole moment.

r

| -p
S F=0and E = | —
dngg | g°
\
40. (C)
(c) Potential at any point of the charged ring
*q
Kq N
. z —
Ip2 ~ VR +Z
VvR? + 272 s
R=3a,Z=4a T R paaredtt *p

f=yR2+2Z2 =5

The minimum velocity (v,,) should just sufficient toreach
the point charge at the center, therefore

e _.Kq Kq
EmVO‘Q[VC"VP] q[3a Sa]

4Kq* 4 1 ¢

= I5ma _-1_§4neo —ng

|

{
:}vonzL_z—q_
m\ 15 x4neqa

41.  (B)

= !

=]

Electric potential is constant inside a charged spherical shell and outside it varsely with distance.
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42. (D)
(d) Potential atpoint P, v =

kQu + ka + ch
a b c

Since surface charge densities
are equal to one another i.c.,

0,=0,=0, a%

2.5

A 0 % :Qt,:Qc::a2 o ] -

a2 b°
“Q.=[az+b2+c2 ]Q' Qb—[azﬂazw2 :IQ

2
c Q | (a+b+c)
| —_— ." v:
& [az+b2+c2 ]Q 4r & [az +b? +cz]

43. (D)
(d) Let at a distance “x’ from point B, both the dipoles
prod::e sam: potential >R« X i
a _2qa - - -
2
®+x) (x) - .

— \/Zx R+x=x=
v2-1

Therefore distance from A at which both of them produce
the same potential

R_,._2R
J2-1 V21
44.  (C)
{(c) Using conservation of energy
2. kg "fﬁnff1+lmpz
2

i ra

{J'—LF+EM

1 3 | ] kg [1 1]
2 | 2[ﬂ h}:}l’ —_—

M H KB

2x9x10” <107 .
_ w b - 1 - |r1__i|=4xm-rﬁ

a0 7 =10 Y
v=2x10"m/'s

45. (D)

1 |gCq), 90 (-q)Q
ol g T

S g
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46.  (B)
(b) Using, [K+ [.J']J-—[K+U]_,-
o O+ Vg= mv? + vig or mnd = (V- g

s

r r . R
A A g

~ —q [ Edr =g = h‘i m[:— |

i} Mo 1 0 b/

r
= va |In—
"

47, (B)
(b) Potential at origin () oQ(4,+2)
25 K_Q.+£Q-+——KQ +——KQ
| TR T e
and potential at 0 =0
(0.-2%0Q

=KQ [l+71;]

.. Work required to put a fifth charge Q at origin W= VQ
S
= 1+
4re, 7;

48. (A)
(a) For parallel combination
q=10(C, +C,)
q, =500 pC
500=10(C, +C,)
C, +C,=50uF 1)
For Series Combination—

GGy
(C+C,)

Q4,-2)

q; =10

C,C
80=10 ; 02 From equation  ...(ii)
C,C,=400 ...(1il)
From equation (i) and (ii)
C,=10puF  C,=40pF

49. (B)

gl 1 1
U=sU;-U==| —=-—
® s E[Cf Cf]

G x 10)*

[l—-—'J %10° =3.75 x 10-6]
2 \275

Website: www.iitianspace.com

assessment.stepapp.in


http://www.iitianspace.com/

50.  (B)

(b) Capacitance of a capacitor with a dielectric of dielectric
constant k is given by

c=ksd
d
E=Z- CzkeoAE
d Vv
ix10°2 kx886x107"% x107* x10°
500
k=8.5

51. (B)
(b) Energy stored in the system initially

U =1 cg?
2

Ule _(CE)* 1CE?
Fae, Ivac 2 A

[AsQ‘—‘CE, and C,, = 4C]

33 3Q*

8 C

AU = L CE? (E2
2
52.  (C)
a Q

E= = —
©) Eu Az

Q_.
A335rm”x1a1x1
=8.85 = 10°10C

53. (D)

30uC
d
=i S >‘ij

10uF

As given in the figure, 6pF and 4pF are in parallel. Now
using charge conservation.

Charge on 6pF capacitor = < 6 F x30=18uC
+

Since charge is asked on right plate therefore is +18uC

54.  (B) _
b) W=-AU
zui_ur
U, 1 1 1
:u._._i=u-[1__]=_ 2(__=
g =Ui[1- ) =3CV?(1- |=s08Ps
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55.  (B)

y =
—=— Y=
() From figure, i y

o
= o

X

dy=Sn) > —=—Y (429
a

dc  Keggadx  gqadx

Sy ()
—_— —4d-
dc (dnjagg\k Y

Idc =I ycoadx /-4 Iy ) d

k+d-y <Xa d»

v

a
= c=£0a.—l

Goavy(l1)
0od+y| — -1
Yk

k
keoaz l(d+d(:(—l)}
“(1-k)d d s
2 a
225l

56. (C)

Electric field due—chargc O E, = k—Q}

]

Electric field due charge O, E= @

From figure,

(an6=£1='—t'—

E x,
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57. ()
For spherical shell

oD 2
ane, r? (ifr=R)
=) ' (ifr<R)
Force on charge in electried field, F=gE
%= (For r<R)
S . |
41’!80 2 (For r > R)

58.  (C)
The electric field produced due to uniformly charged
infinite plane is uniform. So option (b) and (d) are wrong.
And +ve charge density o_ is bigger in magnitude so its
field along Y direction will be bigger than field of -ve charge
density o_in X direction. Hence option (c) is correct.

-0 =
El E‘R F:R E‘ Y
| :' _’\_ I E "
E, |E 7 \E
2 | =2 —+o e
N

59. (C)
Given, Electric field, £ = £, (1- x?)
- Force, F' =g = qE,(1- x?)

AISO, F=ma= mvﬁ ('-' a= VQJ
dx dx

: dv 2
Sl GE(1=3%) = vy = ZEoll =X )dx

m
Integrating both sides we get,

= [vave [TR=XDdx 2 _oEy( ox
0 0 2 m

m
:X=J§
2 A NG
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60. (B)

F,=0,a,=0, (v), = constant

Time taken to reach at 'P'= L =1y (let)
¥,

(Along - ), y, =0+ '2-

qEt, ; =i
m-vo G VO

v,
tan@ = -
v.l‘

gEd

m'o

0

!
A2

_qu

myy,

No electric field = F,, =0, ¥ = const.

_qEd
y=mx+e, mvl
(d, - Ya)
W = —~ 2’ d+‘r'
mvy
2
mv;
. 2
yaT2Ed,_,  oBd
- —9Edx 1 gEd*
mvg 2 mvg
~gEd 1 gEd*
b e ¢ 3 +—qu2

()

(i)
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61. (B)

Electric field at A [R = g}
Eqds=4

£y 3
0

RY
4w =
o ( 2)
=, =282 _(or
3eg | ey
Electric fields at * &°

4 4 (RY
ko x-mﬁ‘} kxpx—g| =
o a1 )

N
2
et

Eg =

2)
s 2T 8 _17foR
T T "l R T )
5_A=ﬂ=[i)=i 218
Eg| 6x17 (17} 17 2 34
62. (C)
Since F-p=0

E must be antiparallel to p
. E is parallel to (7 + 3_}_15;‘]
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63.

64.

(A) o .
Electric field due to charge +2q at centre O

= 1 2|3}
E‘ = 4 X—T

e, d 2
Electric field due to

charge —2q at centre O

*Tame, d*| 2

Electric field dueto
charge —4q at centre O

g ] x-‘#_q[ﬁi+j]

Tame, d?| 2

. Net electric field at point O

E,=E +E,+E, = \[qu
ne,d

-
s
1

(D)

-
From figure, £, =—— and
280

E, = 59— (- cos 60°% —sin 60°7)
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65.

66.

67.

(B)
(b) Let v be the speed of dipole.
Using energy conservation

2k

3

I |
= 0- plms{lﬁﬂ“‘]=£mvz+imvl+ﬂ

.| =" Potential energy of interaction between dipole

- = = = -2 cos B
P E,=-PB E =—-PP2577

2 fE
= mvz - -‘?’;Fz = pm "Fhfz
r mr

Whenp =p,=pandr=a
S A R S
a'\|2n g, ma

(B)
(b) By Gauss law

(ﬁz.znﬁn_
eo

41‘:E|:| r

If E=cons.and E |, 4, then || |4|= iﬁ

0

eqi" - And E is always L r to equipotential surface

0 : 4 .
so, gaussian surface is equipotential.

=|[E|=

©) ,

(e} Potential at the centre, V. = %
VO =0 ¥ =0 °F
Let £ be electric field

produced by each charge

at the cemtre, themn
resultant electric field wall
be £~ = 0, since equal
electric field vectors are
acting at equal angle so
their resultant is equal to
ZEFD.
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68. (A)
(a) We have given two metallic hollow spheres of radii R
and 4R having charges O, and 0, respectively.
Potential on the surface of inner sphere (at A)

-4, K0

‘ R 4R
Potential on the surface of outer sphere (at B)

. kO kO,
," B o e 2

PEAR AR &

] b
Here, k » ~—— »
[ dney Y 4 B

Potential difference,
AV =V, _;'B:}..k_ol:__} Q’.

4 R l6xg R

69. (D)
{d) By using energy conservalion,
AKE + [ﬂ'—FE]ﬁlmm +{ﬂPE}mvitalimal =0
O

| [ o
EJ‘J‘IFI +|-‘.I!.|.'m—.ﬁ' _'?FJ = {—J'H'E_F} =1

| S
= Emf-"" = mg|r'+.foq[i— l J

R R+y
= = gy + 2-‘:121?. ¥ .
m R{R+1) 4 farPE
4
dag, AR+ yim 1

70. (D)
{d) Change in potential energy, Aw= gV =1}

Potential of - g is same as initial and final point of tha pat®

y
q
e X
= D =i
= 1 —

: 2 z
.r‘_'ﬁ.a.r:q[ kdg .HgJ __ 4
3di2 did Imegd
~ve sign shows the energy of the charge is decreasing.
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71.

72.

B
((h}2 When capacitors C and 2C capacitance are charged
toV and 2V respectively.

C 2C

—l { -

\ PAY
0 =CV Q,=2Cx2V =4CV
When connected in parallel
By conservation of charge

4CV = CV =(C +2CW sommon
3V

===V

= VI:DIT!.IDL'I'I.
Therefore final energy of this configuration,

l .2, 1 2]_} 2

(A)
(a) Consider an infinitesimal strip of capacitor of

thickness dx at a distance x as shown. o
Capacitance of parallel plate capacitor ofarea A is given

e E‘_:ﬁ . P
[Here t = seperation between plates] (- i
So, capacitance of thickness dx willbe  «*:= |, ‘
ggadx o EN
" d+xtana =g, 24

Total capacitance of system can be obtained by
integrating with limits x=0tox=a

x=a
' Cog =[dC=ae ]——d"—
Gl c'xzoxtanoud
xX=a
dx
o |
=0 d l+—tana)
* ( d
[By Binomial expansion]
a ( 2 \a
_agg _xtana)dx___at:o _x tana
=Ly d’;[l d 2\ 2z JO
2 2
_a‘gy _ _atana)=aoa [1_2)
= Ceg = '(' 2d d \ 2
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73.  (B)
20uC —5uC
> »
Let, charge g be placed at P.

At point P forces due to 20 uC & ~5pC should be in opp-
osite direction

20pC -5uC
&u :#— J.
x P
For net force F = o & from coulomb's law force

1'2 = (5+x)2 x2 = x=5cm

74. (B)
Temmli=ayg - L e oo (i)
qu
Force due to charges = d—2
k 2
Tsing = :qz— ....... (ii) |
From (i) and (ii) we get :
kq* .
d? '
tan = —— &2 d a2
mg
d I
as tanf =~ sinf = 57 | T
ke> _d Kq’
mgd? 2/ d?
2
= 3 = 2kq~/
mg
173 173:  ~ mg
ds (qu2€\ ( qu
= = | ————— =
L mg J LZnsong
b d q
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75.

76.

77.

(A)
~ Consider a small ring of radius r and thickness dr on disc.
dq=o2rndr

d5=ﬂ%
(rr+z°)"" dr
=l(o:r(21tr)drz - > dE
(r2+22)3!‘2
E=[dE= [dE
=? Ko2nardrz . [1_ z ]
2 Qe 222
0(22+r2) 0 \/R +2
B)
Charge per unit length of the rod,
)-[5)-2
A= 2r |=——
RO R? " 2R
/3
K x(+6
E= IdEcosO =E= I x(+ ) Rdzecose
-3 ——R R
3
= 5= 2 K0 o3, - 2 K0, 208
" 2n g2 -3 2x R 2
=E= 3f3Q2(+f)
8’ g R
(B)
The electrostatic field will balance the weight of oil drop,
m, X g,=qE
= Eﬂr3x|3xg=ﬂ€r‘3 {n = no. of excess electrons)
Y rng  damx(@x107) x(3%10%)x9.81
= HN= 3 =3

eE 1.6x107" x3.55x10°
—173.65x10%: 1.73x10'°
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78. (D)
Electric field at point P

E =&(sin6, +sin6,)
a

- x
47[80 ﬁLz 2
— Y T
ane,Lx+\3 g 2\/§u801,2

120 (2xI
=% Bm—rpe L ("] [.,.sin30°=21J

79. (B)
(b) Atbottom surface, electric field is zeroasy=10
.. Electric flux, ¢, = 0; At top surface, y=0.5

- Electric flux, ¢, = EA =(150y? )(0.5)*

=150x(0.5)> x(0.5)
And flux through all other surface is zero because £ | A
for each of them
0 0 L 19
i (0.5)° = g - doul =+ ==
: Qg =150 _Qin
Using Gauss's | =8 = -
sing Gauss's law ¢ = 6 &

= Qp = %xs.sn 1072 =83x107!'C
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80. ©
() Electric field due to P, at axis point S

2
Eni5=TkP] (1)
Electric field dueto P, at perpendicular bisector at point S
T
equator 3 .. (ii)
E P. )
tﬂ.‘l‘l;?n= wor ! 37"
Exis G_'__';'I_h ------- g
KR,
3. R 3
ﬂq_KE:]}] N ,., r »
3
h_Z
P, 3
81 (D)
@

>
>

S
Potential at the centre of ring X

Nt VA Q

vy, = 7
AR d 4geval+s?
Potential at the centre of ring Y

-Q Q

= + ~
dn g a 4ne(,\l'az+s‘

2Q 2Q
Vy - Vy = -
X7 dnga dm gy Vs +5°

Vy

-
2r gl a \/sz+az_J
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d
Ag
d
f:%:iﬁ— {+.r Rzp;]
A =
QP
P dma 2x107'% x40
" TPK & ™ 500 50x8.85 %1012
=0.9 md
83. (©C)
(c) From figure, v; cosa = v, cosp
Kv,
_AF
Kv, | v,cosf
/(\
V,COS0L " Parallel
plate capacitor
1 2
. 5™ B v,z B cos* B
UK, R T
K3 ;mvg v;  cos“a
84. (B)
Consider two metallic spheres A and B both have charge g.
_kq? ;! q
L D)

r )
When sphere C is placed in contact with sphere A, ch arge
on sphere A and sphere C will be = %
Now sphere C is placed in contact with sphere B, charge

"]""H

2
2

on sphere B and sphere C will be =

|

Mow, Jq

1O-1O5-@

b | =
ba|=

The force experienced by sphere C,

kg"‘i_kq) .
4 2)3g 3kq* 3IF

.rl 4 42 4

4

F.=Fz'—
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85.

86.

87.

(A) .
Force on charge ‘¢
K= -—__Jr{;?‘ir"I - KQGH . i
{a—xF (a +x)

_ dey
=KQq, ('{a; _“I:Jz] asa = <y

So, F = KQ‘?":*‘*“X - 4K:?UQ

o
= "|
L

L

) o a
As, F=m’ x
4K
So, mot= —-?ﬂ — i \’-'-U['an o 4n’e ma’
¢ ma’ g g,

(B)
_ Let distance between the two divided charges ber.
From Coulomb’s law, force between two charge,

d—
po Ral : q)
r
For F to he maximum,
dF K
—=—[d4-2q]=0=q=2
&~ lA-2a=0=0
(D)
We have, from the given figure
Foe =2F cos
p s KO- FNele/'F
T - N f
x‘ + - x: + ‘1‘: 4 \
4 4 Ill \\\
: ’ \
7% ZKQ(]I' ,/I = \\\
” 2312 ’ \
(Xz + ‘*1.* J ,I” \\\\
4_ ® * »
For maximum £, Q 4 4 9
dFyes _ o : 2
==

3 . dz —5i2 ﬂrz -3k
= x| el Dx+| 1t +— =1
2 4 4

d: =52 urz
= | x* s o T S My oy
4 4

2 1
= 1};’:" =d_=:.. xl =d_-:>x=i
4 8 2
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88. (D)
Let force between two charge be F. Then

F
Fua™ NF? 4 F? + 2.F.F cos60° {607 o
= 3F Q== /9 v
so, required ratio i
Fe 3F = a
L e ) ¢
F F ! q
89. (B)
From law of conservation of charge ¢; = ¢
= 64g=0=>2 =64 and, 2xR* = 64x 2 s
q 3 3
= R=dr=>L ="
R
O 2
@ bigger 4 _Q_X[L] =64xl=i
asmllev B A q R 16 1
4rr?
9. (A)
W , [ @—r
rr
For charge to stay in equilibrium F,=f
2

ky* 9 10° &
.,fmg x2x10

ﬂ25x1u‘2xm
=12¢m

91.  (A)

&y

g, \43 4R
o E,z_pors(l_i] Ezﬁ[
R 4g,
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92. (B)

(%)
F E)
®) a, = = o 8 m/s
Sx=uxt < Im =X' v
=>1=2xt Pttt 4ttt tdt4 44 :
:1=%scc = 3
20N/ g = = - i'E“”
and,vy=uy+ayt
=>vy=0+8><%=>vy=4m/s
Ve 4
=_y=—=
tan 6 v, 2 2
=0=tan"'(2) o
93. (D)
. r —6
Hefe agq_E.z-——-_4OXI0 ﬂoj =40000m/32
m 100x10

-
As charge particle is moving opposite to direction of £ So
-’

E will declerate the charge and charge will come to rest.
Now, vZ= 42 + 2as

0=200%+2x (40 x10%) x 5
80x 10%s=4 %104

4x10* 40
= =—=0_
80x10° 80 ™
9. (A
— . ..eozye .
(@) Here,sumof g and g willlicalong .
|- | 2 Vs
So, =|Eg|+|Ec+ / 0
net B cTEp Aq2 A4S E,
adhed
= + V2
(\/A;.a)2 2a°
-ﬂ[_u_l_]
a2 2
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95. (B)

E,
— i)
L g < *
+q E_ _q
So,E,, =E,+E.
_, kg _8k

8x107¢
s=—a = 64x10°=8x9x10°x—
(g) x :
2

72x8x10"
d* =w=cfz=9 —=d=3m

96. (B)
As water droplet is at rest
Su‘r Fnﬂ, ='D

m
=«mg=#5=-qr=?g gE

_0.1x107 %98 g
4.9%10°
=g=2=10"%C
mg
97.  (None)

(None) Total flux through complete spherical surface is L.

it

L)

b 'k / ";"'
“-\P * ,"

So flux, through curved surface will be qu
The flux through flat surface will be zero.

98. (C)

Electric field due to infinite sheet is given by 5:%,
clearly |E | is independent of distance

0
So,E,=Ey= 35—

2g
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99. (A) i
(a) As charge particle is moving in circular path. So,

my 1 ) ooty B

Now, by Gauss’s law
Gin p—
= B h 4
pxnR
€0

Ex2nr="_"

Ex2nri=

pR?

2¢yr
From (i) and (ii), we get
2

lmvz = qu pR

2 2° 2¢yr
pgR?

dg,

E=

i)

xr L 3 '

= K.E.=

100. (B)
(b) Since, V,=Vy
kQa _XQp
e
ans ok Qa _Ry_ !
Hcre.K74n€0 Qg Rz 2

EA =—-R—A—- EB —R—ZB— =>—€; QB RE\ RA 1
101. (D) B

(d) We have

V=3x? Volt

E,= 2 e ox =y =6

ox

E, =—_a}_-=

£,=-Z -0

- f_‘.’ 2 2
So, | E|=v—6"+0°+0" =6

_-’ -~
In vector form, E = -6iV/m
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102. (A)
(a) Equivalent capacitance in series,

_ CKC) _ KC
4 CH+KE K+l

K40
2= — [+ Ceg = 244

24(K+1)=40K . K=1.5

103. (A)
id
(a) Wehave,x+y+ — =d
4 +0Q —E | E |-0
d BT
=Xty=-—

4

E 3d
—Ex+—x—+E
AV=Ex+x+ By

T ¥
3E4 e[ 4]
:AV=W+E(X+Y)QAV E[4k+4
o 3d+dk]= Qd [3+k]
AV=C"01 4k ) Ael 4k
Q _c Aso dk |_4kCo [cid_]
AV d [3+k] k+3

104.  (A)

(a) Given thatall capacitors are connected in parallel so,
the equivalent capacitance willbe C = C,+C,+Cy+ C.
=142+4+3=10yF

Voltage of battery V= 20V

We have, Q=CV =10 uF x 20=200 uC

105. (A)
a) AsQ=CV .
(:)Q o V. so, graph will be straight line between V and Q.
Now, Qo = CV
Qmax 5
== - =25x%108V
Vo= C  2x10

So, most suitable option is (A).
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106.

107.

108.

(D)
(d) We have
U__Q_Z_Qoze—Zt/T U —ZHT’Lr=e-2lvt
2C 2C
0
as, U{=1,=_2—
U
-2 20
er 2 Q
_f,/! =‘%:>tl =§-I’;2 and' Qf:l:‘:?o.
-t /1 QD l."t__l B -
Ope =—-§=>e - -§:>t2=tln8:>tz—3t1n-
T
—In2
So,—’]—=l—=l
t, 3tn2 6
A 1 1 1 1 6+4+3 60
+4+
—_— - = = —HF
®C, 105207 0 13

60 ]
So, 0= CWP’= T3—x13u£' =60uC

In series, charge across each capacitor is same and is

equal to net charge.
So, Oysur = 60puC
© )
AE
(c) We have, C; = du = 4pF
“ AED AED ‘1Eﬂ,
Cr= t . d_ d 1o
d-t+' d- d(i_ ] ]
k 2 2x3 2 6
=4—HF—=ﬁ|,_LF
2
i
(D)
d g=CV
:>q= D.E[f k: q
g E
7x107° _ 1933
- —i 1 T 3
=10 x—— qxlﬁxl{]
Anx9x10
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110. (A)

~

(a) U= % As C =constant, U/ o q2

2 U
ﬂl:[ih-] =gt =—1¢}

2
U 2 q __l_
2 i
=24 =g @+ '(q+2]

9 =_l_
T a2 12
= 1.2g,=q,+2 = 0.2¢,=2

= ¢,=10C

111. (12)
IC ¢4, 9> q;

| — L L A 2 -
0! ' ; ' ; —> o

0 1 2 3 4
1“112‘12 +kq|q3 +’“)1q4 +}

Fiom = 2 3

h 2 73

7 e 2 -2 1

C(0)107°  (9x10%)x4x107° N

- 2
4

=12x10°N

112.  (36)

When two spheres charges g, = 2.1 nC and

g ,=-0.1nC are brought into contact and then separated
by a distance = (0.5 m then,

1 1 +
ql =q2=Q'2Q2=1nC

Electrostatic force between the two charged sphere,

A7 -9 -9
Fo_t 0% _g,900 x%:36x10_9N
4ney 12 (0.5)

. X=36

113.  (640)

w- e R o gl ] e
(640) Flux, ¢=E-ﬂ={;5m +gEnJJ-ﬂ

4000
2

:%mha}}-wﬂh ==——(2x0.4)=640 Nm’C"'
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114. (226)
(226) ®Total = 4 ’
o
From symmetry electric flux
. q] ~ 12x107

[ 3
 6x8.85x1072 it

115.  (128)

(128) Potential, = 24

r

If charge on each drop = g and radius = r

Vn = Eq— =2V
-
4 TR =512 flﬂ:r3
3 3
= R=(512xr)" =8r
Potential of bigger drop,

,_KG12g 512 Kg :¥xz V=128V,
,.

8r By
116. (16)
(16) When battery is connected,
When battery is removed and the capacitor is connected
O =CV+CV=20=(2+8)/ V=2V
Therefore charge in C;, = CoF =16uC

117. (6)
(6) Maximum torque,

Itlpax = PE or, t, =PE,; and 1, = P,E,

1 _ BE; _ 12x107"x5x10°

1, PE;  24x107° x15x10°
x=6

1_1
6 x
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118.  (45)

= Pe
45) Here, § = |E.dA = —==E
(45) Here, ¢, _[ =
e PR 2x10%x6
A 36, amgssag iz [P NC
119. (60)
(60) Capacitances of the capacitors,
€ &g A € €, A
Cl - ’ Cz —
4 )

Let V be the voltage of conducting foil. As the capacitors
are connected in series, so charge on the capacitors should

be same
Q,=Q,
= CI(IOO—V)=C2V (" Q=CV)
A AV
.eoe,l (100 - V) = 9,
t t

3x(100-V) 4xV

05x1073  1x107°
=5 600-6V=4V_=V=60V _
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PHYSICS SOLUTIONS

Electrostatics Booklet Exercise #2 (Subjective)

1. By application of Gauss’ Law, the net electrostatic flux associated with a closed surface and the net electrostatic

charge enclosed within it are related by the expression (jA Edg = enc.
B : . 80

Therefore when the position of a charged particle is moved from the geomefric center to some asymmetric point
within the same spherical Gaussian surface, the LHS of the above equation is unchanged, therefore the RHS which
represents the total flux through it remains UNCHANGED.

1 g,
2. From the definition of Electric Potential at a given point, V' = Z [Z— 4 , where g, 7, are the charges and
nE, 1,

respective distances of charges from the given point in the system, the presence of a proton (positively charged)
additionally in a system will INCREASE _the Electric Potential at every point in the vicinity of it.
M

When a proton (of charge +e) is released inside a uniform Electric Field E‘ , the workdone by the constant

electrostatic force F' = ek actingon it is givenby W = JeE.d? = eFs where s is the displacement of the

1
proton and can be shown to be equal to W = 5 mv® where v and m are instantaneous speed and mass of the proton,

by application of Work-Energy theorem. Therefore, the workdone by the Electrostatic Force ( internal conservative
force considering the proton and the uniform Elec field to be a ‘system”) is positive for any given interval.

- 1
Therefore; by definition, the change in Electrostatic Potential Energy AU =—-W, . =— .[eE.d;’ =- E mv’ Or

simply stated the Electrostatic Potential Energy DECREASES.
_M'

3. The electric field at a point on the ‘ Axial’ line for an electric dipole at a distance of ‘r’ from the center of the

I 2p

3 when ris very Jarge compared to the geomeltrical size of the

~

dipole is given by the expression " s ¥
0

dipole. Hence when the distance is doubled, the Electric Field will reduce by a factor of (1/8), therefore the force
F

L
acting on the particle at the new position ©~ — 8

4. (a) Assuming the geometrical size of an electric dipole to be ‘small’, when placed in a non-uniform Electric

- hnd b - = (SE A 5E A (SE ~
filed £ ,the net force acting on it can be showntobe F' = VE.p , where VE = Ex—l + B;— j+ Ek is the

‘gradient’ of the Electric field E‘ and p is the electric dipole moment . Now the above equation can be simplified




to F = ?d; X p for a one-dimensional situation where E and p are both along the same direction (X-axis). This

is the case in the given problem. Let us consider the dipole to be along the Y-axis and it’s bottom to be the origin.

From symmetry, the electric field at any point on the y-axis due to the three charged particles q,,¢,and ¢, will

also be along the Y-axis. To calculate the same consider the following diagram

Y

E ¢/(a-vl
! ,/’P’ T“\\
Wy
4.
<
+q a ‘o a 7 +q
! 29 g

The electric Potential at the point P (0,y) is given by }/ = Therefore the Electric

_l..
47e, \/az+y2 (@a-y)

Filedatp, E=—20 =] 2qy

9
dy  4mey| (@®+y*f" (a-y)
Electric dipole placed at ‘O’

(along the Y-axis) as shown. Now, for a small

Y
p | >
X
24 2P 3,202 4 42 ) 2
The net Force acting on it F=£ﬂ—?—xp= ! 2q(a yj 4 (a y)‘ -q 3 | XD
dy Ame, (a2 + yl)’ (a-y)

also since the ‘position’ of the dipole is y=0, substituting in the above equation,

L[, @) - 2

47, 1 (a2)3 _q(a)3 xp=0

”//%



i.e the total energy

(b) Electrostatic Potential Energyof the system U/ = U an ¥ U — U 0205 +U @+ +a)

being the sum of the Potential energies for all ‘pairs’ of components in the given system.

2 2 2
U=—1— 44,9 1 [o+pq+o]
4re, a2 2a a«[2- 47r£0 a

5. Workdone to remove each of them to infinity is W = AU = 0 — U where U is the Potential Energy of the
system in the given configuration whereas when removed to infinity the PE will be 0.

U= Z 9,9,

47zao 7
—_ ﬁ(—_u—_u—_ul 1 1+—1]+[-_1+—_1+L+L+L+—_1 N L L U I S A
4nsoalllﬁﬁﬁﬁ11ﬁﬁﬁﬁllﬁﬁﬁ

LR EDEF S D DR DGR
0 € Gpooz {4

Note: The above expression can be most simply deduced from the fact that the given cube has 12 sides, 12 face
diagonals and 4 body diagonals (geometrically) and any side chosen has opposite sigh charges at both ends, any face
diagonal chosen has same sign charges and any body diagonal opposite charges (from the charge distribution)

Therefore, {7 =ﬁ 432 [3{%“]]”[%]} W=-U= 4;50 4—31[3 x{l —%}{%ﬂ

6. If the particle is projected with a speed v, the condition for it to penetrate to a point P at » = (R / 2) = 20cms

1
from the center is given by 5 mv? > +q(VP -V, )where V,and V, are the electric potentials at the initial point

of projection A (r>R) and at P, (For minimum value of v take limiting condition in the inequality)

Vs

= (since A is a point ‘external’ to the dielectric shell)
dme, ¥




Whereas for the Point P which is ‘inside’ the shell, potential can be calculated by integrating over differential
spherical shells of radii ‘x” and thickness ‘dx’ (0 < x < R)

1
: I
[}
1
1

The distance OP=(R/2). Now, for a shell with x<(R/2), the potential

_— —L,Where dg= px4m’dx and p = 3Q3 or dq=3—%x2dx
dzs, (R/2) 47R R
Whereas for a shell with (R/2) <x<R, the potential
av = ! gclwhere. dg =2x2dx
drs, x R
x=R/2 x=R
Therefore V), = ! I dq + I ﬁ
dne, 2, (R/2) dmey 5, x
x=R /2 x=R
=V, = 1 g szdx+ 1 2 dex ’
4ng, R° 5 4me, x=R/2
r
I [{ER T
dne, R 3\ 2 2 2
SNSRI
4ne, R 8

1
Therefore from the equation 5 mv® > +q(V,, - VA)



I Qqf1

V= ——
\/27[80 m

[ﬁ'?]

1 1

The Electric Field at the point P will be ZERO (By application of Gauss’s Law and spherical symmetry)

To calculate the Potential at the point ‘P’ as shown, consider differential spherical shells of radii

‘@’ ((R/2) < x < R), potential due to such a shell at P,

‘x* and thickness

‘ dv = : ﬁ ,where dq = px4mxidx and p=——-&——ord =_2i(_zxzdx
3 q 3
dre, x axl B3 R 7R
8
1 x=R
>V, = ﬁi
dre, =2 X
x=R
=V, = ! 24(3 '[ xdx
4me, 7R° 1, 7
1 24Q(1 1 - Eae R W d
=V, = —| = 1 -— o gL A4 T “ﬁg
F 4ng, TR [2[ 2? H b o
= VP = 1 (&]
dne, \ 7R




8. The flux here can be calculated by application of superposition and symmetry in Gauss’s Law, Consider a cubical
Gaussian surface of dimension (21 x 2L x 2L), with the particle +q at the geometrical center as shown

L
4 D A

] - 1 1

, s | )

7 ¥ T ]

1 ! | 1

‘ i ' :

P

3o __'__‘__l___ R 4

| PRI P

SRRl b et---- ik G

| i 1 1

' 1 1 1

] ' ' 1

1 4: =z T

R Loegfmacan ..,

Now, the total flux through the entire cubical Gaussian surface is <J- EdS = Gene_ it the flux through each of the

&
0

sides of dimensions (2 x 2L ) being equal (by symmetry) and therefore equivalent to Ze"c , now further
2

subdividing each side into four symmetrical squares of dimensions ( L X L ), the flux through each again being equal
onc q

1
(by symmetry) and therefore equivalent to — X —~ = ———
6g, 24g,

The total flux associated with a spherical Gaussian surface of radius # = +/ R? +a” as shown in the figure is

Cj EdS = g Now, this flux is distributed symmetrically in 3D, therefore the fraction of it passing through the
&g

shaded disc shown will be proportionate to the solid angle subtended by the disc at the center (where the charge Q is
located). Therefore if this is (1/4™) of the total flux, the solid angle subtended by the portion of the spherical surface




‘sliced’ out by the disc must be 7 (total solid angle for a closed surface being 4 7 steradians). Hence the area of the
portion of the spherical surface

hY
S = 7 (solid angle = —)
v

Therefore from the figure below

Taking an elemental ring of radius #Sin@ and thickness rd@, the area of the sliced portion,

6=Cos™'(alr)
S= J2772Sin6d€ = m?
6=0
3[1—3}=%:>r=2a:>\/a2 +R*=2a
¥

:>R=aw/§




0. For the given situation, in order to minimize the flux, the portion of the rod enclosed within the cubical surface

o _ Q.

has to be minimized which will be for the config shown below giving Flux (j. E .dS" = 2
& &

11. The Electric Field at E at a any point on the axis of the disc shaped hole which is at a distance ‘x’ from the

sheet can be calculated by application of superposition, £ = E; 5 creer — Epy,

g g X g X
= E= - 1- =
2g, 2¢, \/R2 +x° 2&y \/R* + x*

Therefore the potential difference between the two points P (x = R\@ ) and O (x=0) can be calculated from the
relation AV = — IEdF

x=0 *=R

AV = Jg_x_dxz’__ff_,/—Rsz _oR
=il 260 VR +x7 2g, 1=R3 28,

Now, by application of Work Energy to the electron released at P,

eoR

lmv2 =eAV =
2

eoR
V=
V me,

2¢,
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13. Consider a section of the rod of differential length ‘dy’ at a distance ‘y” above the surface of the ring. The force
! O .
5 is
4z, (R2 + ))2)3

experienced by this differential element would be dF = dgF , where dg = Adyand E =

the Electric Field due to the charged ring at the location of the diff’ element.

y—o
S F= 1 AQydy _

=0 4re, (R2 +y2)3
l" y—reo
‘SF=_l g0 1

2 2

47[80 \/E +y 40

=>F= AQ

B 4rg,R

\A, 14. Since all the three charges will have to be in equilibrium, the third charge has to be a negative one placed
somewhere between the other two positive charges as shown in the figure below

F, A F, F, C F, F, B F,
<+——@ » 4+—Q@—r———4¢—0—»
+4Q, X “Q* {L-x) +Q

Balancing forces,

2 1 t ]
40 = 400 and 400 90 solving these, — Q'= —%Q and x = %L (distance from +4Q)

Lz xz x2 - (L—x)2




Therefore at equilibrium T= mg + qE : Tension in the string, E is Electric Field)

= "_["i = \/(mg)z + (qE)2 —-%(qE)COSB =mg' where the time period can now be expressed as

=27 —1—= T / mi
t \/; ? \/( g)2+(qE)2—2(mg)(qE)Cos|3

fvenby ¢ =Tan™ qESInp
mg —qECosp

and the angle g is

;‘I"
The force acting on the particle is given by
1 Ox

4ze, (R? + %7 )"

F= -qE where E is the electric field due to the positively charged ring given by £ =

where x is the distance from the center of the ring and the direction of the field is directly away from the center
X 1

99 qQ3x for x<< R

along the axis.
1 o~
dre, (R2 +x? )3’2 Are,

Since the particle is negatively charged, it experiences a force ' =
directed towards the origin (center of the ring). Hence if released from such a position, it will experience an

d*x 1 x
~ 90 {(for x<<R). Comparing with the standard equation of SHM

acceleration @ = — 5~ 3
dt 4dme, m

d*x A7ze,mR’
-@’x, time period T =27 _|—2—
qQ

dr*




In Air e

In Liquid

From these it is evident that if the angle remains the same 15°, B= Buoyant Force = Wt of liquid displaced, F,:

Electrostatic force and k is the dielectric constant for the medium,

£, = (Fe /k) and also for a completely submerged object B = _.Mg_ where p, and p,are
Mg (Mg~ B)

(pm/pl)

densities of the material of the object and the liquid respectively.

)1
L (7755 R e

418./ As is evident from the question, the second particle might be either attracted or repulsed by the first
due to electrostatic forces such that the maximum value of this Electric Force is equal to the limiting

1 gx1.0x107° '
4rg, (0.1

value of static friction F, < umg =

<0.1x80x10x10

= |q| <8.7x1078C . Therefore the charge q can range between ——(8.7>< IO‘B)C and + (8.7 x107

}Z/Let the charge on spheres A and B be ‘+Q each and the distance between them is ‘’

1

7E,

Therefore the electrostatic repulsion F =

2
2 _2x10°N

2

A T T T




Now, when a third sphere C is made to touch C and placed at the mid-point, the charge on A gets
‘shared’ equally between them (they have identical capacitance)

A C ‘ﬂl B
! FB FA '
’ (L/2) ' (L/2)

Therefore, the net force on C,

"dms, (L12) 4ms, (L12)  4me, D

F=F,—F, = 0x(0/2) 1 (@12 1 O, 105y

$
(2041e electric field at any point on the disc at a distance of 'r’ from the center can be calculated from
the formula (E at an equatorial point for an electric dipole)

1 ox2L
B 4ne, (r2 +L2)3/2

the electric flux through a differential ‘ring’ sliced out on the disc of radius ‘r" and thickness ‘dr’ would be

E

with direction as shown in the figure (normal to the plane of the disc). Therefore

dg, = ExdS = L. 20l o X 27rdr = QL—L‘,’/W, therefore the total flux through the
4s, (7> + Lz)3 & (7 + Lz)3

r=R

disc gy =L QU 1 _9_[ ___L_]

Tog % (r2 +17 )3/2 & (r2 + L2) € VR? +L?
r=0
o= e
-Q L L +Q
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