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Topic 1

1. (a) The net charge possessed by a body is an integral multiple
of charge of an electron i.e., g = + ne, where n =0, 1, 2, 3,
.. is the number of electrons lost or gained by the body and
e = 1.6 x 107'° Cis charge of an electron. This is called law of
quantization of charge.

(b) At macroscopic level, charges are enormously large as
compared to the charge of an electron, e = 1.6 x 107'° C. Even
a charge of 1 nC contains nearly 103 electronic charges. So, at
this large scale, charge can have a continuous value rather than
discrete integral multiple of e, and hence, the quantization of
electric charge can be ignored.

2. When a glass rod is rubbed with a silk cloth, electrons from
the glass rod are transferred to the piece of silk cloth. Due to
this, the glass rod acquires positive (+) charge whereas the silk
cloth acquires negative () charge. Before rubbing, both the glass
rod and silk cloth are neutral and after rubbing the net charge
on both of them is also equal to zero. Such similar phenomenon
is observed with many other pairs of bodies. Thus, in an isolated
system of bodies, charge is neither created nor destroyed, it is
simply transferred from one body to the other. So, it is consistent
with the law of conservation of charge.

g 3x10”’

3. (dg=neorn=—=——¢
@q e 1.6x107"
=1.875x 102

50, 1.875 x 10'2 electrons have transferred from wool to polythene,
as polythene acquires negative charge.

(b) Yes, mass of 1.875 x 10'? electrons

ie, m=nm,=1875x10"2x9.1x 103" kg

= 1.71 x 10 ~'® kg has transferred from wool to polythene.

2
4. Asuy=+—-€ andd= —1e
3 3

Charge of proton = —ze+—e—1e
geotproton=+e=3573573

So, configuration of proton is ‘uud’

Charge of neutron = + 26—~e—~6
arge of neutron = + 3673%73
So, configuration of neutron is ‘udd’.
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ANSWERS

orF=6x 107N (repulsive in nature, as the two charges are like
charges.)

2. (a)Given, F;, =0.2N,q; =04 x 107°C,
q,=-08x107°C

ps, Frp= —— 9%
47'580 r
po 1 9%

47'580 F|2

or

o 04x107°x08x107°
=9 x 107 x
0.2
or rP=144x107 =144 x 107
or r=12x10"m=12cm
(b) By Newton's third law, F,; = F,, = 0.2 N attractive
3. The ratio of electrostatic force to the gravitational force

between an electron and a proton separated by a distance r from
each other is

2 2
Felectrostatic - Ke-elr B Ke
Fgravitational Gmemp /I’2 Gmemp

o [ Ke? ]: [Felectrostatic:| oo
" | Gmem, Fyavitational |~ MLT™2
2
Gmgm,
Ke’ 9x10° x(1.6x107"%)?
GMem,  6.67x107 1 x9.1x107 kg x1.67x1072 kg

=0.23x107=23x 10%
This ratio signifies that electrostatic forces are 103 times stronger
than gravitational forces.

4. (a) 2OHO

Thus, the ratio is dimensionless.

C(2uC)

"o 10 cm

F, . NUF
EAUISEN

4 (2uC) B (-51C)

Forces of repulsion on 1 uC charge at O due to 2 uC charge, at
A and C are equal and opposite. Therefore, they cancel. Similarly,
forces of attraction on 1 uC charge at O, due to =5 uC charges
at B and at D are also equal and opposite. Therefore, these also
cancel.

Hence, the net force on the charge of | uC at O is zero.



47'580 r2
O
0,=6.5>107C 4,65 x 107C
—7\2
or F= 9x109w
(0.5)
or F=1520x 10N
4 ’ , r
(b) 91=2%,9;=2q; andr =5
_ 1 ogixg 1 24}
' Amey (1)’ 4me, (r)z
2
o F'=16x1.520x 10 =2432x 10N
or  F'=2432x1073N.
6.
§1=65x107C, ¢,=65x107C

@

g/ =325x107C, fnet=(325+65)x107C
1 =9.75x 107 C

@
q] =325x107C, ¢} =4.875x107C
The new force of repulsion between A and B is

Fr=_1 aqixq
47'580 (r//)Z
-7 —7
or F.=9x1ogx3.25><10 ><4és75><1o
(0.5)
or F'=57x 103N

Topic 3
1. Afield line cannot have sudden breaks because the moving
test charge never jumps from one position to the other.

(b) Two field lines never cross each other at any point, because if
they do so, we will obtain two tangents pointing in two different
directions of electric field at a point, which is not possible.

2. (a) Electric fields at O due to the charges at A and B are
BN ] 3x107°C

_ _ 9 i —
Eoa=Fog= dmey 12 =9 10T 012510 2 m)?
or Epp=Epp=27x10°NC"

+3pC +1EOA EOB -3 uC
A 10cm O 10em B

As, they are directed in same direction, so net electric field at
midpoint O is

E=Epp+Epg=2E0p=2x27x10

or E=5.4x10°N C" directed along OB.
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(b) When test charge g, = —1.5 x 107 C is placed at point O, it
experiences a force
F=qoE=15x10"7x54x 10°

o F=81x 10 3N
In direction opposite to that of £ i.e., along OA.

3. (a)Area ofsquare A a’=10? =100 cm?
=100 x 107*m? = 1072 m?
As the plane is along yz plane, so area vector A is directed along
X-axis
ie, A=(1071m?
Electric Flux through the square is
0=E-A=3x1037).(1027)
or ¢=30V-m
(b) When normal to plane i.e., A makes an angle of 60° with £
, then
0=FEAs60°=3x10°x107%x1/2=15x% 10
or ¢ =15V-m.
4. =0, As the net electric flux with closed surface like cube
in uniform electric field is equal to zero, because the number of

lines entering the cube is the same as the number of lines leaving
the cube.

5. Torque on dipole is, T = pE sin 30°

1
~ort=10x 107

or T=4x10"2x5x 10*x 5

o t=1x10"*Nm.
6. Particles 1 and 2 are negatively charged as they experience

forces in direction opposite to that of electric field E, whereas
particle 3 is positively charged as it experience force in the direction

of electric field E .

Particle-3 has the highest charge to mass ratio, as it shows
maximum deflection in the electric field.

7. Inequilibrium, force due to electric field on the drop balances
the weight mg of drop

ie. gEk=mg or qE=Vpg
4 3 3gE  3x12exE
= —Tr = =
or qE STIPg or r Impg . ampg

36x1.6x107" x2.55%10%

or = 3
4%3.14x1.26%10° x9.8
=0.947 x 1078
or r=0981x10°m=981x10"m
=9.81 x 107" mm.

8. (a) It is wrong, because electric field lines must be normal to
the surface of conductor outside it.
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(b) Itis wrong because field lines cannot start or originate from
negative charge, and also cannot end or submerge into
positive charge.

(¢) ltis correct.

(d) It is wrong because electric field lines never intersect each
other.

(e) It is wrong because electric field lines cannot form closed
loops.

9. Aselectric field increases in positive z-direction from A to B, So

z --< S

Fp=-qEp

q. S
+l 7

I?A =+q EA
2a
dE
Ep=E,+ —-2a
BTEAT
So, the net force on the electric dipole in electric field is
Foet=Fg=Fa=qlEg—E4)

dE
o Fo= Q[EA +W'23_EA:|

dE dE
Fu=q.2a— =p. —
or net q dl’ p dr

or F=107%10° or F. =1072N directed in direction of
I-:B i.e., from B to A or along —z direction.

As the two forces on charges of electric dipole are collinear and
opposite, so net torque on it is equal to zero.

10. Let the point at which the charged particle enters the
electric field, be origin O (0, 0), then after travelling a horizontal
displacement L, it gets deflected by displacement y in vertical
direction as it comes out of electric field.

So, co-ordinates of its initial position are x; = 0 and y; = 0

and final position on coming out of electric field are
X,=Landy, =y

4
Vy
—]

-

e e e e e e e e e e e e e e e
d L n
w Ll

Components of its acceleration are a, =0

F qE
anda,= — = —
y m m
and of initial velocity are u, = v, and u, =0
s0, by 2" equation of motion in horizontal direction,
1
Yoy = U+ Ea;xz‘2
o [-0=u,t+0

L L
t= —=— ¢
UX VX

Uy =V,)

and by 2" equation of motion in vertical direction,

T2
Yy=yi=uyt+ 7 a,t

_ gEU
2mv

oo  JE(LY
or y-0=0+-"" Ve

This gives the vertical deflection of the particle at the far edge of
the plate.

11. If the electron is released just near the negatively charged
plate, then y = 0.5 cm and hence

_ gEL ,  2mviy
B 2mv? or - E
X q
2%9.1%x10kgx (2x10°m s x 0.5 1072 m
1.6x107"° Cx9.1x10% NC!

= 25x10™%m
= L[=16x107%m =16
Topic 4
1. (@¢=8x10°Nm?C’
o L —gx103Nm2C
€

or g=8x10%gy=8x10°x8.85x 1072
or g=7.08x102C

(b) Aso=0
or et _g o Qe =0
€

So, the net charge enclosed by that closed surface is zero, although
it may have some charges inside it.

2. Let us assume that the given square be one face of the cube
of edge 10 cm.

As charge of +10 uC is at a distance of 5 cm above the centre of
a square, so it is enclosed by the cube. Hence by Gauss's theorem,
electric flux linked with the cube is

10x107°
= i:—_12 =1.13x 10 Nm2 !
€& 8.85x10
So, the magnitude of the electric flux through the square is
9 113 6 5 2 ~—1
Ogq = 6= ¢ x 10° 0or o= 1.9 x 10° N m* C
-6

3. 0= 9 _ LOQ =0.23 x 10°

€  8.85x10”

or 9=23x10°Nm’C".
4. (a) On increasing the radius of the Gaussian surface, charge
enclosed by it remains the same and hence the electric flux linked
with Gaussian surface also remains the same.
() 0= o g=o¢
€
or g=-1x10°x8.85x 107"
or g=-8.85x10"7C=-8.85nC.
24 m

. R=———=12
5 5 m,



4
6=80.0pCm?=80x10°Cm™
(@) Aso = 9 5

4R

S0, =4nR? x 6 =4 x 3.14 x (1.2%) x 80 x 107
or gq=145x1073C

1.45x107°
(b) o= = 5 =164 x 10! Nm’ C!
g 8.85x10
6. As both the plates have same surface charge density G, so
+c+r— —:G
«fF > I->
EA i EA . EA
L | S I
i =
>fF > I«
Ep |t Ep 1 Es
i ]
A B
c
E,=E,= —
ATEET el
(@) Inregion-l,
G o©
E=E,—-E,= ——— or £,=0
778 AT 26, 2 !
. G O©
b) Inregion-lll, £, =E,—Ep= ———— or E;,; =0
(b) g m=~Eta—Etp 2e, 264 Il

(€) Inregion-l £y =Ep+ Eg= —+— =
3

. 17.0x10722
I~ 8.85x107"

7. (a) Let us consider a closed surface inside the conductor
enclosing the cavity. As electric field inside the conductor is zero, so

0 =¢ Eds =0 (i)

By Gauss's theorem,

or =192 x 10-10 N C-1.

———

~
- ~

‘ \
\ 1
> Surfaces -

~

o= Genclosed (i)
€
By equations (i) and (ii), we found that
Qenclosed -0 or Jenclosed = 0
€

This shows that there cannot be any charge on the inner surface of
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conductor at the cavity, so any charge Q given to the conductor will
appear only on its outer surface.

(b) Let us consider that the charge —q is induced on the inner
surface of conductor A at the cavity, when conductor B of charge
q is kept in its cavity. Due to this charge of Q + g, is induced on
the outer surface of conductor.

Let us construct a closed Gaussian surface S
inside the conductor A enclosing its cavity.
As, electric field inside conductor is zero, so

¢ =§ E-ds=0 (i)
But, by Gauss's theorem
q-q .
o=— (v
o (i)

By equations (iii) and (iv), we get
qa-q

& =0 or g-q9;=0 or q,=q

i.e., equal and opposite charge, —q is induced on inner surface
of conductor A at the cavity, when conductor B of charge,
+ @ is kept is its cavity. Hence, the charge on outer surface of
conductor is

Q+q,=Q+q

(c) Aswe found that electric field inside the cavity of conductor is
zero, even on charging the conductor, so the sensitive instrument can
be shielded from the strong electrostatic fields in its environment,
by covering it with a metallic cover.

8. r=20cm=020m E=15x103NC",

R=10cm=0.1m
_ 1 q 3_ 9
E= p— or1.5x10°=9x 107 x (02072
3
or _ 1.5x10° x0.04 —667 x 107

9x10°

Since electric field points radially inwards, so charge is
negative /.e.

q=-6.67 nC.
9. E=9x104NC" r=2m=2x10-2m
A
As - 2me,r
So, A= Znsor-E:;9 x9x10%x 2 x 1072
2x9%x10

o A=1x107Cm'=01pnCm™.
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