Subject : Physics

Topic : Electrostatics

[SOLUTIONS]
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Charges are add algebraically
(-2)+(6)=—=2+6=4

Mass of electron=9.1 x 1031 kg

Charge on electron=—1.6 x 10719 C

Mass is always positive, charge can be
positive or negative

Charge on proton=+ 1.6 x 1071°C

Mass of proton = 1.67 x 10727 kg.

1 coulomb of charge is made of n = g/e.

1C
:—1 6x10-1°C =6.25 x 10'8 electrons
, , 6.25%x10'8
Time required= ———5——5
10

=6.25 x 10 s =200 years
(v 1year=3.17x 107 s)
250 ml = 250g water
18g water has 6 x 1023 water molecules each
molecule has 10 protons, 10 electrons
18g water has 6 x 1023 x 10
=6 x 10%* protons

24

250 water has x 250 protons

% x 250 x 1024 x 1.6 x 1071

= 1.34 x 107C positive charge

As water is neutral, it has 1.34 x 107 negative
charge also.

U=-—pE cos0

0 is max. 1s cosO ismin. in case 3 & 4 U is +ve
so angle is obtuse

7 =pE sin 6 max. is angle is closet to 90°

—pE cos6=-V,
o — Vo 6. — Vo
cos 0= pp 0080, = — 07,
3Vy 4V,
cosO;y = — bE cos0, = pE

The second charge is kept just outside surface.
Flux will not change but another charge
influences the shape.
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(D). Q=100 x G

E=-2 =06=200x2c,=4x10% ¢, =
2¢g

35.4 x 1078C

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

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

(C). a= E = a_e = &

m a, m

P e
v oY 3000
(A). V=Exr = E - 500
(D) V:C1V1+C2V2
C1+C2

10x50+C, x0
20 = 2
10+C2

= 200+20C, =500 = C, =15uF
(D). Point charge produces non-uniform electric
field.

(O). 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.
1
r

(C). After the connection of wire V, =V,

Q _Q Q25
_—— _—=— > >
25 20 0 Q, 20 W
(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.
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+8q —2(1 E2q E\gq
(A).

e N ey

For net electric field to be zero
E E

29~ “8q
K(2 K (8
( q)2 _ (2q) "
(x-L) X
(A). Non uniform field so torque as well as
translational force.
1 2
Energy stored ECV 1

" Work by battery Cv2 2

(B). Let q; and q, be the charges and C; and C,
be the capacitance of two spheres.
The charge flows from the sphere at higher
potential to the other at lower potential, till
their potentials becomes equal.
After sharing, the charges on two spheres

dbe L=V )
wou [§] QB C2V .....
Cl _i
Also, _C2 b (2)

Fromeq. (1), 42
@ b

Ratio of surface charge on the two spheres

O __a_ 4nd’_q b7 _b
100) 41ta2 qQ2 2 a

[Using eq. (2)]
The ratio of electric fields at the surfaces of
two spheres

EL_o b

qz a

Ez 100) a

(D). Oxygen and hydrogen are the examples of
non-polar molecules.
(A). Polar molecules have permanent electric

dipole moment.
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(C). The extent of polarisation depends on the
relative strength of two mutually opposite
factors : the dipole potential energy in the
external field tending to align the dipoles with
the field and thermal energy tending to disrupt
the alignment. There may be, in addition, the
'induced dipole moment' effect as for non-
polar molecules, but generally the alignment
effect is more important for polar molecules.
The material suitable for using as a dielectric
must have high dielectric strength X and large
dielectric constant K.
(C). 3.9x107=ne, 6.5x1079 =n,e,
9.1 x107Y =n,e
ny, n, and n, are integers for
e=13x10""
(D). Correct statement is
The magnetic lines of force of magnetic field
produced by current carrying wire from closed
loops.
(B). Opposite charge of rod is induced on water
and it gets attracted.

2KQq

2

(A)-

U =

(B).

a

_KQq  KQq _ 2KQqa

U =

" at+x a-x (a’-x%)

q q
(_aao) Q (a,O)

a 1
AU =U; -U; =2KQq| —2———~
f i |:(a2—X2) a:|

2
=2KQqa | —————
|:a(a2—x2)
2KQqax” _ . 2 2 .2
= —— —(sincea” —x" ~a”)
a

A).

The potential V is a scalar function, whereas
the field g is a vector function. The three

components of § are given as

E = —a—V: —i(6x2) =-12x
ox x
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aV_ 9
E =——=-—(6x")=0
y ay ay( X) >
EZ=—8—V=—i(6x2)=o
Jz dz

E=—12xi+0+0=-12xi
at the given point, x =1

E=-12i

(D). Let the potential be zero at a point P whose

(34) (B). The diagramatic representation of given prob-

lem is shown in figure.

(30) Q-C,V,=20)2V)
distance is x metre from the charge =4CV
Q) =5 107°C The net charge shared between thet
The distance of P from q, = -3 x 10~ 8Cis © net charge shared between the two ca-
(0.16—x) metre. pacitors is
Q=Q,-Q,=4CV-CV=3CV
% 1? % The two capacitors will have the same poten-
) < 016 tial, say Y'. The net capacitance c?f the pgral-
0.16m ' 4 lel combination of the two capacitors will be
' i’ C=C,+C,=C+2C=3C
Potential at P due to The potential of the capacitors will be
1 a 7 2CV
q1:4TC€ N V,:Q:—:
0 X ¢ 3C
Potential at P due to The electrostatic energy of the capacitors will
S 1 4P be
2 47 EO 0.16—x E'=lC'V'2=l(3C)V2 =§CV2
But total potential at P should be zero. 2 . 2 2 . .
(35) (D). When S; is closed, due to attraction with
I q 1 Q2 _ opposite charge, no flow of charge takes
dntey x  4mep 0.16—x places through S,. Therefore, potential
difference across capacitor plates remains
016-x _qp _3X 1078 unchanged or V; =30V and V, =20V.
X qQ  5x107° Alternate : Charges on the capacitors are
or 8x =08 or x=0.1m q; =(0) (2) =60 pCand q; = (20) (3)
=60 pC
I |z9Q, a)=a) | Q(—Q)} ~0 or q;=q,=q (say)
@D (©O. Ameg |t 2r r The situation is similar as the two capacitors
in series are first charged with a battery of
4 .
_Q+ q Q=0 or 2Q= q or a_= emf 50V and then disconnected.
2 2 Q 1 q )
(32) (C). As we know that electrostatic field is a s +I -
conservative field therefore work done does 2F  3pF 4= 60pC 4= 60pC
not depends upon path. —I I——-] }—
= Wy =Wp=W¢ [ =30V V,=20V
(33) (C). Atany point over the spherical Gaussian sur- ! ISOV
face, net electric field is is the vector sum of
electric fields due to +q,, —q; and q,. When S is closed, V, =30V and V, =20V.
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(36) (D). Applying

d—ty -ty + ——+ =
1T

] A2 ] A A

K an K, an

K3 a2 an

U
o
A

In parallel

42
We have “42)

£0(A/2)

d—d/2—d/2+ﬂ+M

Ky Ky

gg(A/2) _ KegA

d—d/2-d/2+3/2, 472 d

2 Ky

+

Solving this equation, we get
_ KiKs | KoK,
Ki+K3; K, +K;
(A). Due to attraction with positive charge, the
negative charge on capacitor A will not flow
through the switch S.

(C). AU = decrease in potential energy
=Up= U

37
“3)

(38)

- 1C<VE+V§>—%(2C>(

1 V4V, jz
2

2 (44)

1
= CV ~V,)*

(39) (B).Redistribution of charge will take place due to
mutual attraction and hence effective distance

will be less than d.

2p 1 1

47580 r3 ? :>F°<r—3

C)

40) (B). E=
Hence, the force will become F/8.

(A). Let r be the radius of each small drop and q
coulomb be the charge on each.
Then potential at the surface of each drop is

(41)

1
V= ar (1)
ey r

Volume of big drop = n x volume of small
drop

4

4
—Tl',R3 =n. gnr3

Fromeq. (1), q=V x4neg,r

nq

4rey R

Potential of big drop V' =

ndnen, X VXr
_ 0 _ rl2/3V

4me X n!3r

= V’

(D). For series combination
_ GG
TG +G,
‘When connected in series the maximum charge
that can flow through the combination equals
the lower value of charge accommodated by
the first capacitori.e. 6000 pC
Q, = 6000 uC and 8000 uC
_Q _ 6000uC
o C, (2/3)uC

2
:>CS :EHF

=>V,= okV

(B). dV = —Edf =—(-2x"1).(dxi + dyj + dzk)

=2x° dx

v 2
= [dv=[@x)x10%dx = V=-75x10°V
0 1
(A). Total flux out of all six faces as per Gauss’s

Qx107°
€0
Therefore, flux coming out of each face

- 10
6 EO
(D). Length of body diagonal = /3¢

Distance of centre of cube from each corner

theorem should be

3
r= £E

2
PE. at centre=8 X potential energy dueto A
_ gy Rax(a)

T
—4q®
= 8X———F=—X2XqX(—q) =
4me,, NEY; Brey!
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