ELECTROSTATIC POTENTIALS

AND CAPACITANCE

IMPORTANT FORMULAE

1. Electric Potential:

Due to a charged conducting sphere or charged spherical shell of radius R.

1 g § . 1 9

(1) Inside, V4, = TP (r =R) (u)Outside,V,,, = ey 7 (r > R)
2. Relation between electric field and potential,
: df/' |14
£ = —— = — (numerically)
dr 7

3. Work done 1n taking a charge q from one point to another 1n electric field.
W= q(V, - V;) joule
where V| = potential at initial point,
V5 = potential at final point.
4. Work done 1n carrying a charge on equipotential surface 1s always zero.

5. Electric potential due to dipole,

| P
1) at axial point V . = A
( ) p (IS 4’T£Eﬂ ¥ 2

(11) at an equatorial point V=20

)
6. Capacitance for isolated conductor, C —%,
Coiiidi
E medium
7. Dielectric constant K = — = ———
Eﬂ (‘ﬂ-ﬂ"
8. Capacitance of parallel plate capacitor
. G .
(1) i€ =
o -~ KegA _ _ ,
(1) C= r when medium of dielectriec constant K fills the space between plates.
(
(111) When the space between the plates 1s partly filled with a dielectric of thickness t, then

. |

d—t(l—[}
K

11. Combination of Capacitors:

capacltance (' =

(a) Capacitors in series:

(1) Net capacitance C 1s given by
1 | | |

— =t —

€ € €, G
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(11) In series charge 1s the same on all capacitors
d1 — 43 — g3

(111) Net potential difference V=V, + Vo + V,

(b) Capacitors in Parallel:
(1) Net capacitance, C = C, + C, + C,

(11) Potential difference 1s same across all capacitors
V,=V,=V,=YV (same for all)

(711) Charge, g = q, + q, + q4

12. Energy stored in a capacitor,

y [
[/ = l(;]ﬂ - Q_ = iQV

2 o 2
13. Electrostatic energy density,
1 >, . | .
U, =§E“E“(m air) and §EE‘3 (In medium)

Effect of Introducing a dielectric between plates of a
charged parallel plate capacitor

S. Physical When battery When battery is removed before
No. Quantity remains connected introduction of dielectric

(1) Capacitance (C) increases K-times increases K-times

(2) Charge (Q) imncreases K-times remains constant

(3)  Electric Field remains constant decreases }1&— times

. : * L
(4) Electric Potential (1) remains constant decreases = times
(53] Electrostatic Energy Stored increases K-tumes decreases i: tines

MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the fﬂllﬂwiﬂg questions.

1. 'The ratio of charge to potential of a body 1s known as
(@) capacitance () mductance

(¢) conductance (d) resistance

2. On moving a charge of 20 C by 2 cm, 2 | of work is done. Then the potential difference
between the points 1s

(@ 0.1V () 8V
c) 2V (d) 0.5V
3. In brining an electron towards another electron, the electrostatic potential energy of the system
(@) 1ncreases (b) decreases
(¢) remains unchanged (d) becomes zero

4. Electric potential of earth 1s taken to be zero, because earth 1s a good
(a) insulator (b) conductor
(c) semi-conductor (d) dielectric
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10.

Some charge is being given to a conductor. Then, its potential
(@) 1s maximum at surface.

(b) 1s maximuin at centre.

(¢) remains the same throughout the conductor.

(d) 1s maximum somewhere between surface and centre.

Equipotential surface associated with an electric field, which is increasing in magnitude along
the X-direction, are

(a) planes parallel to YZ-plane.

() planes parallel to XZ-plane.

(¢) planes parallel to XY-plane.
(d) coaxial cylinder of increasing radi around the X-axis.

What 1s angle between electric field and equipotential surface?

(@) 90" always (b) 0" always

(¢) 0” to 90° (d) 0° to 180°

A positively charged particle 1s released from rest in an uniform electric lield. The electric
potential energy of the charge INCERT Exemplar)|
(a) remains a constant because the electric field 1s uniform.

(b) increases because the charge moves along the electric field.

(c) decreases because the charge moves along the electric field.

(d) decreases because the charge moves opposite to the electric field.

Figure shows some equipotential lines distributed in space. A charged object is moved from
point A to point B. INCERT Exemplar]
. . . . 30V 40V . 30V
| ¢+ 1§ | RN F 1 1

SO ———
o

| A® | @8 | Al e es Y

i
i
i i i :
i | | | | P !
10V 20V 30V 40V 50V 10V 20V 50V 10V 20V 40V 50V
(i) (i) (i)

(a) The work done in Fig. (¢) 1s the greatest.

(b) The work done 1n Fig. (z2) 1s least.
(¢) The work done 1s the same 1n Fig. (1), Fig. (¢) and Fig. (a).

(d) The work done i Fig. (z2) is greater than Fig. (1) but equal to that a1 Fig. (2).

The electrostatic potential on the surface of a charged conducting sphere 1s 100 V. Two
statements are made in this regard: INCERT Exemplar]
S, : At any point inside the sphere, electric intensity is zero.

S, : At any point inside the sphere, the electrostatic potential is 100 V.

Which of the following is a correct statement?

(@) Syi1s true but S, is false.

() Both S, and S2 are false.

(c) S;1s true, So 1s also true and S, 1s the cause of So.

(d) S, 1s true, S, 1s also true but the statements are independent.
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11.

12.

13.

14.

13,

16.

17.

Equipotentials at a great distance from a collection of charges whose total sum is not zero are
approximately INCERT Exemplar]
(@) spheres (b) planes (¢) paraboloids (d) ellipsoids

Four capacitors, each 50 Ik are connected as shown. The DC voltmeter V reads 100 V. The charge

on each plate of each capacitor is :
e |
Pl =
]

Battery
(@) 2 X 107 C (b) 5 X 107 C (c) 0.2 C (d) 0.5 C

A parallel plate capacitor 1s made of two dielectric blocks in series. One of the blocks has
thickness d, and dielectric constant %z, and the other has thickness d, and dielectric constant
ks as shown in figure. This arrangement can be thought as a dielectric slab of thickness d (=

d,+d,) and effective dielectric constant k. The £k is [NCERT Exemplar]
dy | K,
d, Ky

- k,d +k,d, ” kd +k,d,

d +d, k, thk,
bk, (d, + d) 2k
* fydy * kyd, (.) kK,
Equipotential surfaces INCERT Exemplar)|

(a) are closer in reglons of large electric fields compared to regions of lower electric fields.
(b) will be more crowded near sharp edges of a conductor.

(¢) will be more crowded near regions of large charge densities.

(d) all of the above

A 2 uF capacitor 1s charged to 200 volt and then the battery is disconnected. When it is
connected in parallel to another uncharged capacitor, the potential difference between the
plates of both is 40 volt. The capacitance of the other capacitor is

(a) 2 puF (b) 4 uF (c) 8 uF (d) 16 uF

Two 1dentical metal plates, separated by a distance d form a parallel-plate capacitor. A metal
sheet of thickness d/2 i1s inserted between the plates. The ratio of the capacitance after the
insertion of the sheet to that before insertion is

(@) v2 :1 b)) 2:1 () L:1 (d) 1:2

n 1dentical capacitors joined 1n parallel are charged to a common potential V. The battery 1is
disconnected. Now, the capacitors are separated and joined in series. For the new combination:
(a) energy and potenual difference both will remain unchanged

() energy will remain same, potential difference will become nl’

(¢) energy and potential both will become n times

(d) energy will become n times, potenual difference will remaim -
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23,

24.
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26.
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28.

7

The capacitance of a capacitor becomes 6 times 1ts original value if a dielectric slab of
: R i % . ; :
thickness (= ?d 1s Introduced 1n between the plates, where d 1s the separation between the

plates. The dielectric constant of the slab is

14 11 7 11
'Iwo capacitors of capacitances 3 uF and 6 ul’ are charged to a potential of 12 V each. They are
now connected to each other, with the positive plate of each joined to the negative plate of the

other. The potential difference across 3 [F will be

(@) 3V (b) zero (c) 6V (d) 4V

'The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second
plate at — 100 V. The voltage at 3 cm from the second plate is

(@) 200 V (b) 400 V (c) 250 V (d) 500 V

The potential of a charged spherical conductor of radius » is 10 V. The potential at a point
% from its centre 1s

(@) 20V (b) O (¢) 10V (d) 40 V

Proton has a mass of 1840 times that of an electron. If a proton is accelerated from rest by a
potential difference of 1 volt, its kinetic energy 1s

(@) 1840 eV (b) 1 eV (¢) 1 meV (d) O
When charge 1s supplied to a conductor, its potential depends upon

(a) the amount of charge (b) geometry and size of conductor
(¢) both (a) and (b) (d) only on (a)

A dipole 1s placed parallel to electric field. If W is the work done in rotating the dipole from
0° to 60°, then work done 1n rotating 1t from 0° to 180° 1s

(@) 2 W @) 3 W () 4 W (d)

| 12
9

A charge 0 1s supplied to a metallic conductor. Which of the following statements 1s correct?

(a) FElectric field inside it 1s same as on the surface.
(6) Electric potential mside is zero.

(¢) Electric potential on the surface is zero.

(d) Electric potential inside it 1s constant.

Work done to bring a unit positive charge un-accelerated from infinity to a point inside electric
field 1s called

(a) electric field (0) electric potential

(¢) capacitance (d) electric flux

Electric potential due to a point charge —q at distance x from it 1s given by

kg kq
wy: b —
@) K B) —

— kg — g
(¢) 2 d) —

Electric field is always

(a) parallel to equipotential surtace

(b) perpendicular to equipotenual surtace

(¢) it can be perpendicular and parallel as well
(d) 1t does not depends on distribution of charge

Potential and Capacitance | 31



32

29.

30.
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32.

33.

34.

35.

36.

37.

38.

The electric potential due to an electric dipole at an axial point, distant » from the dipole is
related to r as

(a) ' b) (c) 1 (d) r~

A positive charge Q' 1s moved around another positive charge Q on circular path. If the radius
of the circular path 1s r, the work done on the charge Q' in making one complete revolution
1S

Q Q) . Q
Amer () ATEer 4) gere (@) Ameyr

()

The electric potential at a point in an electric field has the unit of

(@) Nm~/C (h) Nm/C (¢) NC/m (d) Cm/N

An electron is accelerated under a potential difference of 200 V. Energy gained by it in electron
volt is

(@) 50 eV (b) 100 eV (¢) 200 eV (d) 400 eV

There exists a potential difference of 5 V between two points in an electric field. Work done in
moving a charge of 7 C from one point to the other is

(@) 5/7 ] (b) 7/5 ] (c) 35 ] (d) 1/35 ]

A charge g contain n electrons each of mass m. This charge 1s accelerated under the potential
difference V. The speed acquired by the charge is

2eV 2qV 2¢ | 2q
(ﬂ') 1 (E] ) Wi ({: ) (d)

ml’ mn

A test charge g, 1s brought from infinity along the perpendicular bisector of an electric dipole.
The work done on g, by the electric field of the dipole 1s

(a) zero (b) negative

(¢) positive (d) proportional to ¢,

If 1000 droplets each of charge ¢ and radius r are combined to form a big drop, then the
potential of big drop, as compared to small droplet will be

(@) 1000 times (b) 100 times (¢) 10 tmes (d) 10* times

The diagrams below show regions of equipotentials.

20V 40V 20V 40V 10V 30V 40 V
20 V
A 48 A 5 4 5 B
10 V
10V 30V 10V 30V oy 40y SO0V
I I I11 v

A positive charge is moved from 4 to B in each diagram.
(@) In all the four cases the work done 1s the same.

() Minimum work 1s required to move g 1n figure (I).

() Maximum work is required to move ¢ in figure (II).

(d) Maximum work is required to move ¢ n figure (II1).

Capacitor is a device used to store
(@) charge (0) elecurostauc energy

(¢) electric field (d) none of these
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45,

46.

47.

48.

Unit of capacitance 1s
(a) volt (b) coulomb

(¢) ohm (d) farad

A parallel plate capacitor is charged by a battery. Once it 1s charged, the battery is removed.
Now a dielectric material 1s inserted between the plates of the capacitor, which of the following
does not change?

(a) Electric field between the plates (0) Potential difference across the plates

(¢) Charge on the plates (d) Energy stored in the capacitor

A parallel plate capacitor C has a charge Q. The actual charges on the plates are

0 Q
(ﬂ’) Q,’ Q, (b) 2 ? 2
© Q-0 @) gf

Three capacitors of capacitances 1 uF 2 uF & 3 puF are connected in series and a potential
difference of 11V is applied across the combination then the potential difference across the

plates of 1 uF capacitor is

Cq C2 Cs

bl | | I I

| | | | |

% I:

: 1V
@) 2V () 3V (c) 4V (d) 6V
On reducing potential across a capacitor, its capacitance
(a) decreases (b) mcreases
(¢) remains constant (d) first increases then decreases
A charge Q is supplied to a metallic conductor. Which of the following is correct?
(a) More 1n case of sphere (b) More m case of cube
() Same 1 both cases (d) Information mcomplete

Energy stored in a in a charged capacitor is given by:

CV (= " o
@) =5 (b) =3 (¢) 2 CV3 (d)

.2

(.
2

If » number of equal capacitors each of capacitance C are connected in series then equivalent

capacitance will be given as:
(@) n X C (D) i—; c)n+ C (d) n C

Capacitance of parallel plate capacitor when there 1s no medium between the plates 1s €. If

{:ﬂpﬂ{:ilﬂl‘ 1S NOW cﬂmplct{:ly filled with diclectric matter of constant X then cﬂpﬂcitﬂnc{: 1S

@ % (b) KCy (©) K*Co (d) 2KC,

A parallel plates capacitor is charged by connecting a battery across its plates. If the battery
remains connected and a dielectric material is inserted 1in between the plates of the capacitor,
then

(a) potential difference across the capacitor increases
(b) electric field remains the same
(¢) capacitance imcreases

(d) all the above
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34

The capacitance of spherical conductor of radius 10 m is

(@) 10 farad @) 19 X 10? farad
(¢) 1 5 farad (d) I 5 larad
9Xx10° 9 X10

Four capacitors, each of capacitance 0.5 uF are connected in parallel. The resultant capacitance

of the combination is

(@) 0.5 uk (b) 0.125 uk (¢) 2 uF (d) 4 uF

Three capacitors, each of capacitance 1 yuF are connected in series. The resultant capacitance

of the combination 1s

I 2 :
(@) 5 uF (b) S uF (¢) 3 uF (d) 0.5 puIf

The relation between the capacitance of an 1solated spherical conductor situated 1n air and its
radius 1s:

(@) Cor &) Calf () Car’ (d) Car™

'Iwo points P and () are maintained at the potential of 10 V and —4 V respectively. The work
done in moving 100 electrons from P to Q is

(@) =10 x 1077 ] ) 9.60 x 10717 ]

(¢) =2.24 x 107°] (d) 2.24 x 107'° ]

A parallel-plate capacitor, with air between the plates has capacitance 3 p K If the capacitor is
immersed in liquid of dielectric constant 4.0, its capacitance will be

(@) 0.75 uF (&) 1.5 uF () 6 uF (d) 12 uF

The distance between the plates of a parallel plate capacitor of capacitance C is doubled. Its
new capacitance will be

(@) 2C (b) l?( (¢ 'C* (d) 4C

Which of the following is the correct relation among the capacitance, potential & charge?

(@ q=CV (k) g=C"'V € g=C"V" (d) q=CV

What is the area of the plates of a 3F parallel plate capacitor, if the separation between the
plates 1s 5 mm?

(@) 1.694 X 10° m" (b) 4.529 x 10° m*

(¢) 9.281 x 10° m~ (d) 12.281 x 107 m~

A parallel plate capacitor has plates with area 4 and separation d. A battery charges the plates
to a potential difference V. The battery 1s then disconnected and a dielectric slab of dielectric
constant K and thickness d i1s introduced. The ratio of energy stored in the capacitor before
and after the slab is introduced is

|
K2

Five capacitors are connected as shown 1n the figure. 1'he equivalent capacitance between A

and B 1s

(@) K &) + ) K* (d)

2|IF
< 1
. _|21F
THR qiF :
B |
21IF
(@) 1pF (b) 2 uF () 3 uF (d) 4 puF
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62.

63.

64.

65.

66.

67.

68.

69.

A capacitor is charged by a battery. The battery is removed and another identical uncharged
capacitor 1s connected 1n parallel. The total electrostatic energy of resulting system

(@) decreases by a factor of 2 (b) remains the same

(¢) icreases by a factor of 2 (d) mcreases by a factor of 4

8 small droplets of water of same size and same charge form a large spherical drop. The
potential of the large drop, in comparison to potential of a small drop, will be

(@) 2 umes (b) 4 umes (¢) 8 times (d) same

A capacitor is charged through a p.d. of 200 volts and possesses charge of 0.1 coulomb. When
discharged it would release an energy of

@) 1] ) 2] © 10] @) 20 ]

A 500 pF capacitor is charged at a steady rate of 100 nC per second. A potential difference of
10 V will be developed between the capacitor plates after

(@) 3s (b) 10's (c) 20 s (d) 50 s

A parallel-plate capacitor has a plate area of 2 m” and a plate separation of 10 cm. It carries a
charge of 8.85 X 107" C. The electric field is

(a) zero between the plates

(0) zero outside the plates

(c) different at different points between the plates

(d) 25 NC ! between the plates

A capacitor of capacitance 2F has been charged to 200 V. It 1s now discharged through a
resistance, the heat produced in the wire 1s

(@) 400 ] (b) 0.02 ] (¢) 0.04 ] (d) 0.08 ]

An air lilled parallel plate capacitor has a capacitance 1 pE The separation of the plates 1s
doubled and wax inserted between them, which makes the capacitance 2 pF. This implies that
dielectric constant of wax 1s

(@) 2.0 (b) 4/5 (c) 4.0 (d) 8.0

Three capacitors of capacitance 3 1k 9 uF and 18 uF are connected first in series and then in

parallel. The ratio of equivalent capacitance in two cases (C,/C,) will be

(@) 1L:1B (b) 15:1 (¢) 1:1 d)1:3

Two 1dcentical capacitors joined in parallel arc charged to a common potential V/2. The
battery is disconnected. Now, the capacitors are separated and joined in series. For the new
combination:

(@) Energy and p.d. both will remain unchanged.

(6) Energy will remain same, p.d. will become I,

(¢) Energy and potential both will become 2 times.

(d) Energy will become 2 times, p.d. will remain I

A parallel plate capacitor with air between the plates has a capacitor of 9 pl. The separation

between its plates 1s ‘d’. The space between its plates i1s now filled with two dielectric. One
d

of the dielectrics has dielectric constant X; = 3 and thickness 3 while the other one has
dielectric constant K, =6 and thickness 23—d . Capacitance of the capacitor is now

(a) 40.5 pF (b) 20.25 pF

(¢) 1.8 pF (d) 4.5 pF
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70.

11,

72.

73.

74.

75.

76.

77.

78.

9:

The capacitance of a capacitor becomes % times its original value if a dielectric slab of

|

thickness i = ?d is introduced in between the plates, where d is the separation between the

plates. The dielectric constant of the slab is

14 11 8 1
@ 17 ©) T4 © 7 @) =~

Two capacitors of capacitances 3 IF and 6 uF are charged to a potential of 12 V each. They are
now connected to each other, with the positive plate of each joined to the negative plate of the
other. The potential difference across each will be

(a) 3V (b) zero () 6V (d) 4V

The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second
plate at — 100 V. The voltage at 1 cm from the first plate is

(@) 200 V (b) 400 V (c) 250 V (d) 500 V

If the potential of a capacitor having capacitance 6 pF is increased from 10 V to 20 V, the
increase in energy is

(@) 9 X 107*] (b) 4.5 X 1077 ]

(€) 12 x 10°°] (d) 2.25 X 107" ]

A battery 1s used to charge a parallel plate capacitor till the potential difference between the

plates becomes equal to the emf of the battery. The ratio of the energy stored in the capacitor
and the work done by the battery will be

@) 2 b ©) 5 d) 1

1'hree concentric spherical shells have radii a, b and ¢ (a < 6 < ¢) and have surface charge
densities G, — g, ¢ respectively. If V,,V; and V. denote the potentials of the three shells, then
forc = a + b, we have

@) Ve = Vp#1, b) Ve = V=1,
) Ve=Vp =1V, (d) Ve=Vy# Vg

The electric potential at a point (x, y, ) 1s given by V' = —x°y — xz° 4+ 4. The electric field E at
that point is

L

(@) F =29yi+02+97) j+@xz— )k ®) E=2"7+x2]+2k
() E=©@xy—2)i+x?]+32xk d) E =29 +2%) i +x2 j+3x:2 1

Three capacitors each of capacitance C and of breakdown voltage I are joined in series. The

equivalent capacitance and breakdown voltage of the combination will be

@) 3C, % (b) ‘; 3 ) 3C, 3V (d)

m|{:‘:

I/
il

A particle A has charge + g and particle B has charge + 49 with each ol them having the same
mass m. When allowed to fall from rest through same electrical potential difference, the ratio
of their speeds v, : v; will become

(@) 2:1 (b) 1:2 c) 1:4 (d) 4:1

The electric potential V at any point x, y, = (all in metres) in space is given by V = 4x” volt. The
electric field at the point (1 m, 0, 2 m) in volt/metre is

(@) 8 along negative X-axis (b) 8 along positive X-axis

(¢) 16 along negative X-axis (d) 16 along positive Z-axis
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81.

82.

83.

84.

85.

86.

Two identical thin rings, each of radius R metre are co-axially placed at distance R metre
apart. If O, and Q, coulomb are respectively the charges uniformly spread on the two rings,
the work done 1n moving a charge ¢ from the centre of one ring to that of the other 1s

7(Q, - Q) (V2 -1)

(@) zero (D) ﬁ.é:ﬂ:a B
o 12@Q-0 @ 1% -2+ D)
’ 4ne, R | V2 .4me, R

A particle of mass 2 g and charge 1 11C 1s held at rest on a frictionless horizontal surface at a
distance of 1 m from the fixed charge of 1 milli coulomb (mC). If the particle is released it will
be repelled. The speed of the particle when 1t 1s at a distance of 10 m from the [ixed charge 1s
(@) 100 m/s (b) 90 my/s (¢) 60 m/s (d) 45 m/s

A hollow charged metal SPhEI‘E has radius r. If the pntential difference between 1ts surface and

a point at distance 3r from the centre is V, then the electric field intensity at a distance 3r from
the centre 1s

|4 |4 V. . I
@) &7 ) 4 (©) 37 d) 5,

When a charge of 3 C1s placed in a uniform electric field it experiences a force of 3000 N. The
potential difference between two points separated by a distance of 1 cm within this field 1s
(@) 10 volt (b) 90 volt (¢) 1000 volt (d) 3000 volt

A uniform electric field having magnitude and direction along positive X-axis exists. If the
electric potential Vis zero at x = 0, then its value at x = + x will be
£

(@) V, = xE, (b) V, = —xE, ) V. = -x°E, (d) V, = -x"E,

A metallic shell has a point charge g kept inside a cavity. Which one of the following diagrams
correctly represents the electric lines of force?

Jer @

Two thin wire rings, each having a radius R are placed at a distance °d’ apart with their axes

coinciding. The charge on the two rings are + ¢ and - ¢. The potential difference between the
centres of the two rings 1s

g |1 | ] ; gh
(@) 2ne, R \/Rf"} + d° (©) 4;-[8(}011’
7 L_ | g 1
@ 4,;[8” R JHQ+(1g (d) zero
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91.

92.

93.

An electric charge of 10~ uC is placed at the origin (0, 0) of XY coordinate system. Two points
A and B are situated at (y/ 2.9 ) and (2, 0) respectively. The potential difference between the
points A and B will be

(a) zero (b) 2V (c) 4.5V (d) 9V

A parallel plate air capacitor 1s connected to a battery. The quantities charge, voltage, electric
field and energy associated with the capacitor are given by Q, V,, E, and U, respectively. A
dielectric slab 1s now introduced to fill the space between the plates with a battery still 1n
connection. The corresponding quantities now given by Q. I E and U are related to previous

ones as
@) 0 =0, b) V>V, ) £ > E, d) U > U,

A number of condensers, each of capacitance 11F and each one of which gets punctured if a
p-d. just exceeding 500 V 1s applied, are provided. Then an arrangement suitable for giving a
capacitor of capacitance 11k across which 3000 volts may be applied requires at least

(@) 6 component capacitors (6) 12 component capacitors

(c) 72 component capacitors (d) 36 component capacitors

A parallel-plate capacitor of plate area A and plate separation d is charged to a potential
difference V and then the battery is disconnected. A slab of dielectric constant K 1s then
immserted between the plates ol the capacitor so as to hill the space between the plates. 1f g, £
and W denote respectively the magnitude of charge on each plate, the electric field between
the plates (after the slab is inserted) and work done by the system, in question, in the process
of inserting the slab, then which of the following 1s false?

g, AV g, KAV
(@) q= i (b) o = 4

.V L_Eﬂﬂﬁé L
©) E=%7 @) W=—5; ( K)

Two identical metallic plates are given positive charges Q, and Q, (Q, < Q,). If these plates
are brought together to form a parallel plate capacitor, then potential difference between them

will be

Q10 Q+Q Q-9 o A%
@ —9¢ ®) — ¢ © —¢ @) —5¢

Consider a situation shown in figure. The capacitor 4 has charge g on it whereas B 1s uncharged.
The charge appearing on the capacitor B. a long time after the switch § is closed 1s

i o

S

+ + + + + +
i

(@) zero &) = ©) g d) 2

Each of two 1identical capacitors has capacitance C. one of them 1s charged to a potential V, and
the other to a potential V,. The negative terminals of capacitors are connected together. When

their positive terminals are also connected together, then energy loss of whole system is

| PR ; | SR 9 | S : L o o oppund
@) 7CWy -Vy) (b) FCI7+Vy) (£) TCW -K) d) 7 CU+1y)°
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94.

95.

96.

97.

98.

99,

100.

101.

Which one of the following statements is true for the given circuit?

V,=30V V,=20 V

S _ S _ S
i Y 7 T g e
11 12 3l 14
C,=2pF C.= 3pF

(@) With S| closed, IV, = 15 V, I/, =20 V.

(b) With S, closed, V' =1, =25 V.

(c) With §; and S, closed, V|, = 1, =

d) With S; and S, closed, V', =30 V, IV, = 20 V.

A parallel plate capacitor is made by stacking n equally spaced plates connected alternatively.
If the capacitance between any two adjacent plates 1s *(’, then the resultant capacitance is

@) m +1)C by (n-1)C (¢) nC (d) C

A fully charged capacitor has a capacitance C. Itis discharged through a small coil of resistance
wire embedded 1n a thermally insulated block of specific heat capacity ‘s’ and mass ‘m’. If the
temperature of the block is raised by AT the potential difference I’ across the capacitance is

mC AT \/Em.(f AT | \/Qm.ﬁ AT L oms AT
(@) " (b) : (¢) C (d) C

Two spherical conductors 4 and B of radii 1 mm and 2 mm are separated by a distance of 5
cm and are uniformly charged. If the spheres are connected by a conducting wire, then in
equilibrium condition, the ratio of the magnitudes of the electric fields at the surfaces of
spheres 4 and B 1s:

(@) 4: 1 ) 142 ) 2: 1 (d) 1: 4

A network of six identical capacitors, each of value C 1s made as shown in fig. The equivalent
capacitance between points A and B is

A
. 1 1
———,
C 3C 3 4
@) 7 ) =~ () 5C (d) 3¢

A parallel plate capacitor with a dielectric of dielectric constant K between the plates has a
capacitance C and is charged to a potential V volts. The dielectric slab 1s slowly removed from
between the plates and then reinserted. The net work done by the system in this process is

(ﬂ?) (17 (;:5:— l) (b) (K— 1) CI/FE ({,) 7eT0 (d‘) %(K_ 1) CI’FE

If 343 droplets each of charge g and radius r are combined to form a big drop, then the
potential of big drop, as compared to small droplet will be

(@) 343 mmes (b) 49 umes (¢) 7 times (d) none of the above
An electric dipole consisting of charges + g and - ¢ separated by a distance L is in stable

equilibrium in a uniform electric field E . The electrostatic potential energy of the dipole 1s
(CBSE 2020 (55/1/1))
(@) qLE (b) zero (¢) —qLE (d) — 2 gL L
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102. 1If a positive charge in displaced against the electric field in which it was situated, then
|CBSE 2020 (55/3/1)]
(@) work will be done by the electric field on the charge.
(b) the mtensity of the electric field decreases.
(c) energy of the system will decrease.
(d) energy will be provided by external source displacing the charge.
103. The capacitors of capacitances CC; and C, are connected in parallel. If a charge Q is given to
the combination, the ratio of the charge on the capacitor C; to the charge on C, will be
[CBSE 2020 (55/3/1)]
C, C, C, C,
@ T () e (<) \/: (d) )

104. A charge 0 is kept at the centre of a circle of radius r. A test charge q,, is carried from a point X to
the point Y on this circle such that are XY subtends an angle of 60° at the centre of the circle. The
amount s of work done in this process will be [CBSE 2020 (55/3/2)]
TORE. oy e

4me, 2r e, 2r
| V3 Qd,
(¢) zero (d) ine, 7

105. A parallel plate capacitor is charged to V volt by a battery. The battery is disconnected and the
separation between the plates 1s halved. The new potential difference across the capacitor will
be [CBSE 2020 (55/3/2)]

i
@ &V
f V
(¢) 2F (d) T
106. A charge O i1s uniformly distributed over the surface of a spherical shell of radius R. The work
done in bringing a test charge Q, from its centre to its surface 1s |CBSE 2020 (55/3/3)|
1 QY 1 9
@) 4ne, R ) ine, 2R
)0
(¢) ({;;g (d) zero
Answers
1. (a) 2. (@) 3. (a) 4. (b) 5. (¢) 6. («) 7. (a) 8. (c)
9. (c) 10. (¢) 11. (a) 12. (b) 13. (¢) 14. (d) 15. (¢) 16. (h)

17. (b) 18. (a) 19. (d) 20. (a) 21. (¢) 22. () 23. (¢) 24, (c)

25. (d) 26. (D) 27. (d) 28. (b) 29. (d) 30. (c) 31. (D) 32. (c)

33. (¢) 34. (b) 35. (a) 36. () 37. (a) 38. (b) 39. (d) 40. (c)

41. (c) 42. (d) 43. (c) 44, (c) 45. (b) 46. (b) 47. (b) 48. (c)

49. (d) 50. (¢) 51. (a) 52. (a) 53. (d) 54. (d) 55. (b) 56. (a)

57. (a) 58. (b) 59. (b) 60. (a) 61. () 62. (c) 63. (d) 64. ()

65. (¢) 66. (c) 67. (a) 68. () 69. (a) 70. (¢) 71. (b) 72.(a)

73. (a) 74. (¢) 75. (d) 76. (d) 77. () 78. (b) 79. (a) 80. (b)

81. (b) 82. (a) 83. (a) 84. (b) 85. (¢) 86. (a) 87. (a) 88. (d)

89. (d) 90. (b) 91. (¢) 92. (¢) 93. (¢) 94. (d) 95. (b) 96. (¢)

97. (¢) 98. (d) 99. (¢) 100. (b) 101. (¢) 102. (d) 103. (a) 104. (c)

105. (a) 106. (d)
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CASE-BASED QUESTIONS

Attempt any 4 sub-pa-r'ts f-mm each questiﬂn. Fach que‘stimz carries 1 mark.

1. FARADAY CAGE:

A Faraday cage or Faraday shield 1s an enclosure made of a
conducting material. The fields within a conductor cancel out
with any external fields, so the electric field within the enclosure
is zero. T hese Faraday cages act as big hollow conductors you can
put things in to shield them from electrical fields. Any electrical

shocks the cage receives, pass harmlessly around the outside of

the cage. |CBSE Sample Paper 2021 |

(1) Which of the following material can be used to make a Faraday cage?

(@) Plastic (b) Glass
(¢) Copper (d) Wood
(i1) Example of a real-world Faraday cage is
(a) car (b) plastic box
(¢) ightming rod (d) metal rod
(221) What 1s the electrical force inside a Faraday cage when 1t is struck by lightning?
(@) The same as the lightning (b) Half that of the Lightning
(¢) Zero (d) A quarter of the ightning
(iv) Anisolated point charge +¢ 1s placed inside the Faraday cage. Its surface must have charge
equal to
(a) zero b) +¢
() —q (d) +2¢

(v) A point charge of 2 1C 1s placed at centre of Faraday cage in the shape of cube with surface
0of 9 cm edge. The number of electric field lines passing through the cube normally will be
(@) 1.9 x 10° Nm*/C entering the surface
) 1.9 X 10° Nm?%/C leaving the surface
(¢) 2.0 X 10° Nm~/C leaving the surface
(d) 2.0 X 10° Nm“/C entering the surface

Answers
1. (1) (c¢) Copper (Electric field mside a conductor 1s zero.)

(2) (a) car (Body of the car 1s made up of conductor.)}
(tir) (¢) Zero (As electric field 1mnside it 1s zero.)
(2v) (c) —q (As from Gauss's law g, must be zero for electric field inside it 1s zero.)
(v) (¢)g=2uC =2x10°C

g, = 8.85 % 10“‘\%’2

Now, total number of electric tield lines = (é;m = 2x107 5

0 8.85X 107
9
= 0107 N leaving the surface

C
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2. EQUIPOTENTIAL SURFACES:

All points 1n a field that have the same potential can be 1imagined as lying on a surface called an
equipotential surface. When a charge moves on such a surface no energy transfer occurs and no
work 1s done. The force due to the field must therefore act at right angles to the equipotential
surfaces and field hines always mtersect at right angles.

Equipotential surfaces for a point charge are concentric spheres; there is a spherical symmetry.
If the equipotential are drawn so that the change of potential from one to the next is constant,
then the spacing will be closer where the field 1s stronger. The closer the equipotentials, the
shorter the distance that need be travelled to transter a particular amount of energy. |'he surtace
of a conductor 1n electrostatics (2.e., one in which no current 1s flowing) must be an equipotential
surfacc since any difference of potential would causc a redistribution of charge m the conductor
untl no field exist in 1t

+«— Field lines Field lines
F 3
+ \ + +
|| b
+) e I
I

Equipotentials

Equipotentials

(1) Equipotential surface at a great distance from a collection of charges whose total sum is

not zero are approximately
(@) spheres (0) planes
(¢) paraboloids (d) ellipsoids

(11) Two equipotential surfaces have a potential of — 20 V and 80 V respectively, the difference
in potential between these surfaces 1s
(@) 100 V 0) 90V
(¢) 80V (d) OV

(111) Equipotential surfaces

(@) are closer in regions of higher electric fields compared to the regions of lower electric

fields
(6) will be more crowded near sharp edges of a conductor

(¢) will be more crowded near regions of large charge densities

(d) all of the above

(iv) The work done to move a charge along an equipotential from A to 5

B B
(@) cannot be defined as — f E.dl (b) must be detined as - f E.dl
A A
(¢) 1s zero (d) can have a non-zero value

(v) The shape of equipotential surface for an infinite line charge is
(@) parallel plane surface

(6) parallel plane surtace perpendicular to lines of force
(¢) coaxial cylindrical surface

(d) none of these
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Answers

2.

(¢2) (a) A collecuon of charge located at a very large distance may be considered as a point
charge. Also, the equipotential surfaces for a point charge are spherical. Therefore, the
equipotential surfaces for a collection of charge form spheres.

() (a) Equipotential surface has same voltage (potential) at every point on the surface.
e, 1V, ==-20V, 1V, =80V
AV =V,-1,=80-(-20)= 100V
So, Al =100V
i) (d)

() Relation between electric field £ and potential gradient is £ = —

dl”
dy

illteusity 1S il'n-'ersely prmpmrtimual to the separatiml between equip{jtential surfaces.

. So, electric field

(/1) The clectric field 1s larger near the sharp edges, due to larger charge density as A4 1s very

small.
0 = 7, SO, equipotential surfaces are closer or crowded.
S
Kq
(IIT) As the electric field £ = —- and potential or field decreases as size of body increases or

2

] - [ }.ﬂ [l ] ] (
(vice-versa). So, equipotential surfaces are more crowded if the charge density |5 =

A,

icreases.

(2v) (c); As the potential on equipotential surface does not change so (I'y - 17}) = 0
and W= (Vo-V;)g=20
So, work done in moving a charge on equipotential surtface is zero.

(v) (¢); The shape of equipotential surface for infinite line charge 1s coaxial cylindrical surface.

THE PARALLEL-PLATE CONDENSATOR:

A condensator 1s a device that stores electrical Surface P
energy m an electric field. It 1s a passive charge density 0 /
electronic component with two terminals. | 1 A
Condenser or condensator are commercial

names of capacitor. The ctfect of a capacitor 1s

known as ca pacitanc:e.

Today capacitors (condensator) are widely

used 1n electronic circuits for blocking de

current while allowing ac current to pass.
Surface

In electric power transmission system, they |
charge density — o

stablize voltage and power flow. The property
of energy storage 1n capacitor was exploited as dynamic memory in early digital computers, and
stll in modern DRAM.

1 he ssmplest model of capacitor consist of two thin parallel conductive plates each with an area
filled with a dielectric with permittivity €. It 1s assumed that the gap d 1s much smaller than the
dimensions of the plates. Since, the separations between the plates 1s uniform over the plate
area, the electric field between the plates E 1s constant and directed perpendicularly to the plate
surface, except for an area near the edges of the plate where field decreases because the electric
field lines bulge out of the sides of capacitor.
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(1) If a parallel plate capacitor has n number of interleaved plates, area of plates 1s 4 and
separation between them is d, then the total capacitance would be

S | g.nA
(@) — &) —

e,(n—1)4 g, A
(€) y ) —

(11) A capacitor’s dielectric material has dielectric strength U; which sets the capacitor’s
breakdown voltage at V = U,;d. The maximum energy stored in the capacitor 1s

() 'Emwd (b) eAdU,
(c) éeAde (d) eAdU;

(ii1)) A capacitor is constructed from two conductive metal plates having 30 cm X 50 cm
dimension which are spaced 6 mm apart from each other and use dry air as its only
dielectric material, then the capacitance of the capacitor 1s
(@) 0.22 uF (b) 0.221 nF
(¢) 2.21 pF (d) 2.21 nF

(1z) A capacitor of capacitance 1 pF is filled with two

dielectric of dielectric constant 4 and 6. The new T
capacitance would be

(@) 10 pF
(b) 7 uF l
() b uF —T
(d) 4 uF

(v) A parallel plate capacitor is charged. If the plates are pulled apart
(@) the charge and potential difference remain the same
(b) the total charge increases

)
¢) the potential ditference increases

(
(d) the capacitance increases
Answers
3. (1) (¢); For n number of plates in an interleaved capacitor, the total capacitance would be
EU.E';I.
C= g m-1) = n-1)C,4

where (¢ fﬁ =&, A/d 1s the capacita nce for a single platf.-. and »n 1s the number of interleaved
plates.

(2) (c); A parallel plate capacitor can only store a finite amount of energy before dielectric
breakdown occurs. The maximum energy that the capacitm' can store 1s therefore,

—
E =—Cl?
et
_ 1 &4 - PR %
=5 (Ud)* = SeddU, 03

(2a2) (b); The capacitance of parallel plate capacitor is given as

A 8851072 x30x50%x107"

d 6x10
. C=0.921 nF

¢ =0.221x107°F
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(tv) (c); The arrangement is equivalent to a parallel combination of two capacitors, each with

plate area 4/2 and separation d,

(v) (c)

| , | SN ,
C =G +Cy = (K, +Ky)
| , €y |
= E(KI i) [ Gy= g =1pF(given)]

Cz%(ffi-l—ﬁ)::ﬁpF

V = Ed,

As F remains the same, so I increases as distance increases.

ASSERTION-REASON QUESTIONS

In the following questions, a stalement of Assertion (4) is followed by a stalement of Reason (R).
Choose the correct answer oul of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are lrue but R is not the correct explanation of A.
A s true but R is false.

A is false and R is also false.

(a)
(b)
(c)
(d)

1.

Assertion (A)
(R)

Reason

Assertion (A)
(R)

Reason

Assertion (A)

(R)
Assertion (A)

Reason

Reason (R)
Assertion (A)
Reason (R)
Assertion (A)
Reason (R)
Assertion (A)
Reason (R)
Assertion (A)
Reason (R)

¢ A capacitm‘ can be given Gnl}f a lmited amount of charge.

: After a hmited value of charge, the dielectric strength of dielectric between the

capacitm‘ plﬂtE‘.S breaks down.

: An applied electric field polarises a polar dielectric.

: lhe molecules of a polar dielectric possess a permanent dipole moment, but

i the absence of electric field, these dipoles are randomly oriented and when
electric field 1s applied these dipoles align along the direction of electric field.

: The capacitance of a parallel plate capacitor increases with increase of distance

between the P lates.

: Capacitance of a parallel plate capacitor v.e., € o< d

: The capacitance of a parallel plate capacitor increases when a dielectric constant

of medium between the plates.

Capacitance of a parallel plate capacitor 1s directly proportional to dielectric
constant of medium between the plates.

When a charged capacitor 1s filled completely with a metallic slab, 1ts capacitance
1s increased by a large amount.

: The dielectric constant for metal 1s mmfinite.

: When charged capacitors are connected 1 parallel, the algebraic sum of charges

remains constant but there 1s a loss of energy.
During sharing a charges, the energy conservation law does not hold.

Ghange never flows from a condenser of higher Cﬂpﬂtit}’ to the condenser of

lower capacity. [AIIMS 2018)]

: Flow of charge between two bodies connected by a thin wire is determined by

the chﬂl‘gES on them.

The force between the plates of a parallel plane capacitor 1s proportional to

charge on 1t. [AITMS 2018)]

. Electric force 1s equﬂl Lo charge per unit area.
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9. Assertion(A) : In the absence of an externally applied electric field, the displacement per unit
volume of a polar dielectric material 1s always zero. [AIIMS 2018]

Reason (R) : In polar dielectrics, each molecule has a permanent dipole moment but these
are randomly oriented in the absence of an externally applied electric field.

10. Assertion (A) : Lines of force are perpendicular to conductor surface. |AIIMS 2016]

Reason (R) : Generally electric field is perpendicular to equipotential surface.

Answers
1. (a) 2. (@) 3. (d) 4, (a) 5. (a) 6. (¢) 7. (d) 8. (c)
9. (a) 10. (a)

HINTS/SOLUTIONS OF SELECTED MCQs

2 W =g (Al . L
@ Eg@h = Ar= T =g

= 0.1V

3. (a) Due to repulsion between two electrons. The potential energy of the system increases.

4. (b) Because earth 1s a good conductor.

5. (¢) Charge are reside on the surface of conductor. So, £ = 0 mside the conductor then,
W=gqAV) =0 = AlY =0, so, IV = Constant.

6. (a) Electric tield lines are always perpendicular to the equipotential surtace.

7. (a) Electric field lines are always perpendicular to the equipotential surface.

8. (¢) The positively charged particle experience electrostatic force along the direction of electric
field, t.e., from high electrostauc potental to low electrostatic potenual. Thus, the work
done by the electric field on the positive charge, hence potential energy of positive charge
decreases.

9. (¢) Thework done by an electrostatic force 1s given by W = ¢g(Al”). Here in1tial and final potentials
are same 1n all three cases and same charge 1s moved, so work done 1s same 1n all three cases.

dl dl
= F = (0tl
dr et dr

Thus, £ = 0 mside the charged conducting sphere causes, the same electrostauc potental

10. (¢) E = - = = V =constant

100 V at any point mside the sphere.

11. (a) The equipotential due to point charge are spherical in shape as electric potential due to

- - Kq
pomt charge g 1s given by, V' = -2
100 %< 100
" = — [
12. (0) (fﬁ.,? 100 = 100 O ©F
Qo
V?ﬂ]tmf:ter = Lr.f B — (. — 100 Y

In parallels, 7 = same.
Then, § = CF= 50 x 107% x [00= Bx 10T,

13. (¢) In series combination,

1 11 ) C, Gy

—=—+—=— = (., =

g & G 4 C, + G,
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Kl eﬂA 112 E”ﬂ

X
d 8 K K,e.A
C, == ==
4 K.e.A " Ky&,A K. d,+ K,d
d, d,
Ke A K, Ky(d, +d,)
B ari 1th € = . = ,. - #
y comparing wi (W 1 +d, then K K, d, + K,d
—d . ; i 6 : .
14. (d) E = d';_ﬂ , since the electric field (E) 1s mversely proportional to the separation between
equipotenual surface. So, equipotential surface are closer 1n regions of large £.
: }, hTGlh _ 2x200+0
15. (E‘) i common ("1 (‘53 i U = 9 + Lz
320
== "y =
Co 20 Sk
6. ) C-= E”;’-I? - €,/ _ € _ 2E 4
. i-t(-5) d-S(1-1) ¢
_. % o\l - =5
c . 2
= =20 = —=—=2:
(' = 2C C 2l

17. (b) In series potental difference are additive, I = nl.

| R : .
V. = E{”C“) I”", where C, = Capacitance of each capacitor

I C{}) 9
S = — 9 1/ —
If 2(? (nl) T?
E[}f“l E“A
18. (@) (= — (= —
(1)
0 d ~ d 3K
= € 1y . 9 11 K+9
r]ur(l “K) nf_g-d.[lu H
N 7 = SK 2 K — _1_4._
6 K+ 9 11
o Gh-GH gxaaosxizse o
] € il 6+3 9
() ¢ 6
them, ... = — = t & l? =4V
x C 3x 107"
Al 300 — (-100)

e M . T
y 1 100 V/cm

Voltage at 5 cm trom second plate = 300 — (1 X 100) = 200 V.

20. (@) E =

21. (¢) The given point lies inside the conductor and electric field mntensity mside the conductor
1s zero. So, no work 1s done 1 bringing the charge from the surface to the given point.
Theretore, the potential 1s same ¢.e., 10 V.
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22. ) KE=W=q.V

=leX V=1eV
23. (¢r) Amonunt of change, geometry and size of conductor
24. (¢) W = PE (cosB9;—cos By)

= PFE (cos 0° — cos 60%)

ol LYy 1,
'PE(I 2)"2”?

W' = PE (cos 0° — cos 180°)
= PE {l -(-1)} = 2PE

1o
w_92°% 1
w'  2PE 4
W'=4 W
28. (b) Aswork done to move a charge on equipotential surface 1s zero.
kp
29. (@) V= 5
2

30. (¢) Asthc charge returncd to the mital position.

32. (¢) E =W =gV

0
33. (¢) W=gqll=7X5=35]

34. (b) }?ﬂwg =W =qV
36. (b) Let radius of bigger drop = R, radius of smaller droplet = »
4 4

~TR? = 1000 X -7
3 3
= R = 10r.
o (1000 ¢q) 100 kg
. Potential of big drop = = —

LOr }
kq
Potential of small drop = —
V.
hig dro
. igdrop 100
small drop

37. (a) Work done 1s given as W = gAV
In all the four cases the potential difference from A4 to B 1s same.

;. In all the four cases the work done 1s same.

39. (d) -‘(ﬂ_? called farad (F)
42. (d) C1 Co Cs
‘ | | | | ‘
| | |
; I
11V
1 1 1 1
C, 17273
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43.

14,

406.

47.

49.

50.
51.

52,

o |
] |

N O L
=% = YT M

6

q=(,ff__q \Y ZWXII =06 pC

Also,g=Cl',= 6=1XT,
V=6V
) As 0 =CV
O

C ===

";f

It 1s a ratio so doesn't depends on either Q or IV and thus remains constant.

(¢) In all conductors chm‘gc 1S samc.

(b) (; = (1: + (L g T n times
_ 7 L Pemned n umes
(.
1 _n
(Jm? £
¢, =%
‘¢ 7

(6) As we know by mserting dielectric material capacitance increases K timnes.

C = KC,

(d) Cqphere = 4 MEGr = : X 10 = 1 farad
7! 9% 10" 9% 108

€¢) C,,=nC=4X0.5=2uf

_c _1
(ﬂ) (‘ﬁq _ ? _ 9 IU‘F
(@) G =4ne,r
@ W =Qg-Vp)

= —100e(—4 - 10)

= -100 X 1.6 x 1077 x (-14)
= 9.94 x 10719
d) AsC=KCy=4x3=12uF

b As C=t
( ) 5 = d
e
C 2
Now if distance be double capacitance will be hallf.
A C—-— .f’fE”
(ﬂ’) S _ d
: & R -3 0
a= x4 SXOX10 ) 694 %109 m?

S 8.85%1[}_]2

(b) We know that

L = —{12—( . V{;Z (Initial energy)

Also capacitance after 111t1‘mduc:11:1g dielectric = KC, and pmtenual —{1mes

K
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C_ 1
SO bf—E(IV

:L(KGH)( ‘ v;,)_ - Ly,

3 K K
59. (b) C,and C, are connected in series, their equivalent capacitance is .
1
¥
o ¢, Gy Ao |
12 (j] + CE e
& & 55
e <l 5 . e
= - — = 1 p'F
212
o b i 4 so—L |
Similarly, capacitance of Cy and C, o

The circuit represents Wheatstone’s bridge and capacitﬂr Cy 1S neglectﬁ-d.

Equivalent capacitance of circuit

SRR &
60. (a) U. = E(}ff”r = o0
After connecting another capacitor in parallel,
4 9 . B
c ¢ 4 1 0

hitp=¢ = 4§53

= Battery 1s disconnected, =

( 0 9 0\
?) 2 ) ff U,

—
—

Theretfore, charege 1s constant = [/, = — + — =
» charg YrTTec TTec Tac T2

Hence, total electrostatic energy of resulting system 1s decreased by a factor of 2.

61. (b) Charge is invariant Q = 8g and mass is invariant

M=8m = %T{R:jp:&%mﬁp:;ﬁ:?r
f 1 Q 1 ¢
/7 — 3 m—
[ 4?‘[6” R and V 4?{5{} T
A T N g
F—q.H—sz—ri = "=4J
| pp—— —
62. (¢) U=§Qif =5 X0.1X200=10 ]
) gt
S W) =1 =¢
_ ¢ 10x500 _
= [ = / — 100 = H0s

L : _ 9 s
64. (b) Electric field outside the plates = O %, ()

Electric field mside the plates = 5—+ 7

{aﬂ*’i’ {
=2 -1 —s5N/C
€ &  AE

h0 | Physics—XIl: Term-1



O = x2X 1070 X (2000 = 4 X 107 = 0.04 ]

M
Euf’l
66. () C=—2—=1pF
. Ke A _ Ke A _E}{(EUA ]
‘ d’ 2d 9 d
& 2pF K _
C T IpF 2 ~ K74
1 1 | 11 1 1 9
67. @) T Lt T3 TO T IR T 18
C,=2uF
g =g 4 = HaF 2 bbbl
=2 S THEI R - UH T, 30 15
68. (b) In series potential differences are additive, I/ = ; =Y

£y

1] ] 1 V cl .‘ 1 ] | 3 [ |
L T Ay T '] it om0 4 A — N i 1 &t v nl ¥ % r - sy W - - »
Initial energy I’; =35 (2( ;”) 5 ) where C, 1s capacitance of each capacitol

. oo (G e
Final energy, ij. 51 (1) U.
€,41
69. (a) C:T:QPF
v €y
= fad ]
fo- {‘( K, )-HQ( KE)
512%,522%{1,K1253,K2=6
. 94 9 ¢ _ "
= ( =9 —§><J]:)F—4D.;Jpl’
&4 , &,
70. (c) (.= T (= ]
d-i{1-)
. _ d _ d _ . ok
O o
“ a-di-%) d._-;-dll—% nEw
. 8 __SK N K=-8—
9 2K+1 11
Q-0 “4-1)x10
71. ) V=—"0—t= =6V
G+ G, 4 +1
300 — (—100
712. (a) E=%= L 4(1:11’1 14 = 100 V/ cm

Voltage at 1 cm from first plate = 300 — (1 X 100) = 200V

; R N I I T 690} 2 4
73. (@) U=5CVy—5Cl =5CF; -V)=g5x6x10 [(20) —(10F]=9x 107! ]
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1

' ' R e
74. (c) Energy stored in capacitor, U, =5 CV

3
Energy supplied by battery, U, (= ¢V)=C /2

7
o

s

[

s L
S

75. (d) Potenual (V) due to a charged sphere at internal point 1s same as on 1its surface and at
1

external pomt, V' « Pe
= 1 [4ma~o B 4mh= G " 4?&:20}
4 Ane,| o« h ¢
p =1 |4mo—4nb’e | 4mco
B Ane, b ¢
V- | | 4ma®6 — 4nb” 6+ 4nc’6
G dme, ¢

. _ __ o y
withec =a + b, wenote V, = I # I

. [0V [ adV | OV
76. (d) ji——(.?. ox v dy th BZ)

Here |7 = —xﬂ_fy _xz° + 4
R . , 3\ - 2 h L NP EA
=2xy +z°)1 +x~ j+ 32"k

” e T
77. (b) In series Ceq = 3
and I, . =1, + Vs + Vg =3V

78. (b) Work done = Gain in K.E.
R 20V
= (Y =—my- = y= ~
s 2 m

2qV \/ 2(4q) V
L, =
m ' B 1

9y =

T"';*I B |
=R

Up 2

dlV  d

79. (@) E 4x7)

x T Tdx T dx\
=-8x=-8X1=-8
E = -8% or8 V/m along negative x-axis
80. (b) Potential at centre of ring 1

T | (QA Qg)

— +
L 4ne, \ R /2R
Potential at centre of 1*i11g 3.

I(QEJrQi)
R = 2R

I, =
2 4:115”
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Potential difference,
| -0, Q-0
4ne, R J9R )
] (Q] -,

= \/‘5}{, )(\/5_1)

4m€“

V-V, =

Work done, W = g(V; — T,)

me, 2R

81. (b) Imiual energy = Final energy

4 4o 4 4. ;
1 4% , 1 4% —I-{mei

2

|

] Q:{JIQE ]___]_)
- dme, \h T

2 24,4, (1. 1
% dme,m \ N %

_ 2x1x107X1x1077 x9x10° (1 HL)

9%107 I 10
=9x10°X9
v =90 1m/s
,__1 (9 ¢ )z 1 24
% © I 4:16“( p Gr)  Amsy 3 w
1 g9_3 ”
4?‘[6“ r 2
I R A R A
© 4ne, (3ry 4me, 9 Or
/ \ ¢ : -2
83. (@) v=W o Fd_ 3000x1x10 _
q g 3
s4. &) E =_2¥ L Tl
- 0 E=- T EeTo3Ip T LT

85. (¢) Electric field 1s zero within the metal, so there should be no line of force within metal and
lines are always normal to equipotential surtace.

86 S B KA
4 dne, | R JR%+d? |
1 q ¢
I{J = 1 + 0} ¢
2 dame,\ RO R?+ 2 )
0 T Al I N R S
1 >, 4715”}!{ *./HE""’F R VR2+|§£EJ
¢ |1 |
one, | R VR +d°
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87.

88.

89.

90.

91.

92.

93.

o4

(a) Potential difference between 4 and B
V., _ 1., = 1 ( /| ) .A(E’E)
4778 4me \OA OB,
OA = \/(\/5)2-1-(«/5)2:2111
OB =2m 0(0, 0) B(2, 0)
Vy=Vg=0
g 1 T2 ¥ s 1 e 72 T e IT7T7T T
@) U, —g(i , U —E(R(J) V* = U=KU, >U,
(d) Potentials are added in series. Number of capacitors in series arrangement,
_ 5,000 5
"TU500 7

It m 1dentical rows are connected 1n parallel, then

| .
= =5

(1/6)

[Least number of capacitors mn = 6 X 6 = 36

(b) When battery 1s disconnected charge remaims same

)= CV g, AV

Q=tV=—7

[‘ 0 (Jd E[}fi I I/

K €, - AK €, ~ dAKe, Kd

» 1 e 1 €A
Initial energy, U, = 5 (V= = 5 I

07 (e, AV g ,AV7
L BT 4 g

Final energy, U TR c, KA/d) = oK

AT172
_ E{)AI

Al ~+1- T 7 =TI] _
Work done by system, W =U, U_;' 5

So, ‘b 1s false

Net charge on plate A

A=0,-0,

Net charge on plate B
b=0,-0,=—0,-0)
So charge on capacitor = (J; — (Js
0, -0,
C

P.d. between the plates, I =

Charge mnduced on plate A due to charge O, on plate B 1s — Qo , charge 1
induced on plate B due to charge Q, on plate A 1s - Q,.

The charges on the plates of the capacitor A are bound to each other, so no charge will flow

to B, so there will be only equal and opposite induced charges on second plate of capacitor

A are held by strong electrostatic force. Hence, charge on capacitor B is zero..

CY+CV, ¥ +V,

C-FL 2

(¢) Common potential, "=

W2

. Energy loss, AU = ,]TC(VIE + If’f) — 3?(2(:)(
_ I_(* V. —17.)?
— 4 *( 1 f_g)

Physics—XIl: Term-1
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94.

96.

97.

98.

99.

100.

101.
102.

103.

(d)

(0)

()

()

(b)

(d)

(@)

Initial charge on €; = 30 X 2 = 60 pC
Iniaal charge on Cy = 20 X 3 = 60 pC

Clearly initial charges on (0, and (, are same; so when §; and S, are closed; the capacitors are
connected i series, so charges do not redistribute and potential differences across C; and G,
remain as before I, = 30V, I’y = 20 V.

n-plates form (n — 1) capacitors in parallel.

" Net capacitance = (n — 1) C

Electrostatic energy = Thermal energy

%(IVQ = ms AT
. \/ Oms AT
—s I = :
C
In equilibrium potentials of spheres are equal, i.e.,

Vy =1,
L VIR, R, 2mm 2

E, V/R, R _ lmm I

“9 ]
Equivalcnt circuit 1s shown in ﬁgurc
G C 2C [
A |I 1 1 | |
| ' [ | I | |
C ——
e = 3%
A B
| ] i i
| 1 B . ;
C C C 2C

,_CX9C 2

“ovn 3
. _2,..2._4,
L =3 LT gl= 30

Init.iall}f work 1s done on the system and while I'Eiuserting the slab equal work 1s done b}-‘ the
system. So, net work done by the system 1s zero.

Let raclius of bigger drop = R.

. Tar? = 343 x 2m®

3 3
= R="7r |
k(343q)  49kq

Potential of big drop =

10 9
_ kq
Potential of small drﬂp =
L Py
4 o =¥ big drop TS small drop

‘small d rop
— gLE

Since the positive charge is displaced against the electric field so the energy will be provided

by external source 1n displﬂciug the Eharge.

| IC
- _ 2
Potential ditterence across C; = V — S—
Potenual difference across Co =V 1
= V 5
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I
|

g % 9 G
G 6 ° O O

105. (@) V/2

When the battery 1s disconnected the charge on the capacitor, Q = CV

Capacitance of parallel plate capacitor, € = Eif
“ &5
When the separation between the plates is halved, "= 75 20
Q_cv_v
New potenual difference I© = 3 =S¢ ~ 9

106. (d) Zero
Potential at the center 1s equal to the potential at the surface so the work done in moving the

test chm‘ge from i1ts centre to its surface is zero.
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