Electrostatic Potential and Capacitance

Case Study Based Questions

Case Study 1

The potential at any observation point P of a static electric field is defined as the work
done by the external agent (or negative of work done by electrostatic field) in slowly
bringing a unit positive point charge from infinity to the observation point. Figure
shows the potential variation along the line of charges. Two point charges Q; and Q
lie along a line at a distance from each other.
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Read the given passage carefully and give the answer of the following questions:

Q1. At which of the points 1, 2 and 3 is the electric field zero ?
a. 1 b. 2

.3 d.Both a. andb.

Q 2. The signs of charges Q; and Q, respectively are:
a. positive and negative b. negative and positive

C. positive and positive d. negative and negative

Q 3. Which of the two charges Q; and Q, is greater in
magnitude?

d. Qz b Q1
c. Same d. Can't be determined

Q4. Which of the following statement is not true?
a. Electrostatic force is a conservative force.

b. Potential energy of charge q at a point is the work done per unit charge in bringing
a charge from any point to infinity.



¢. When two like charges lie infinite distance apart, their potential energy is zero.
d. Both a. and c.

Q5. Positive and negative charges of equal magnitude are kept at
a —a
(0, 03) and (0’0’7) respectively.

The work done by the electric field when another positive point charge is moved from
(-a,0,0)to (0, a, 0), is:

a. positive
b. negative
C. zero

d. depends on the path connecting the initial and final positions.
Solutions

1 ()3
As —d_V:E , the negative of the slope of V versus
dr r
r curve represents the components of electric field
along r. Slope of curve is zero only at point 3.
Therefore, the electric field vector is zero at point 3.
2. (a) positive and negative
Near positive charge, net potential is positive and
near a negative charge, net potential is negative.
Thus, charge O, is positive and Qs is negative.

3. (b0
From the figure, it can be seen that net potential
due to two charges is positive everywhere in the
region left to charge Q,. Therefore, the magnitude of
potential due to charge Q, is greater than due to O,.

4. (b) Potential energy of charge g at a point is the work
done per unit charge in bringing a charge from any
point to infinity.

5. (c) zero



It can be seen that potential at the points both A and B are zero. When the charge is
moved from A to B, work done by the electric field on the charge will be zero.
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Case Study 2

This energy possessed by a system of charges by
virtue of their positions. When two like charges
lie infinite distance apart, their potential energy is
zero because no work has to be done in moving
one charge at infinite distance from the other. In
carrying a charge ¢ from point 4 to point B, work
done W = gq(V, — Vj) . This work may appear as
change in KE/PE of the charge. The potential
energy of two charges ¢, and g, at a distance r
91492

. It is measured in joule. It may be
dnegr

in air is

positive, negative or zero depending on the signs
of ¢, and ¢,.

Read the given passage carefully and give the answer of the following questions:

Q1. Calculate work done in separating two electrons
from a distance of 1 m to 2 m in air, where e is
electric charge and K is electrostatic force constant.
a. Ke? b. €%/2 c. —Ke?/2 d. zero

Q2. Two points A and B are located in diametrically
opposite directions of a point charge +2 uC at
distances 2 m and 1 m respectively from it. The
potential difference between A and B is:

a. 3x10°V b. 6 x10%V
c. -9x10°V d. -3x10°V



Q 3. Two points charges A = +3 nCand B = +1 nC are
placed 5cm apart in air. The work done to move
charge B towards A by 1 cm is:

a. 20x107 | b. 135107 J
c. 27x1077 J d. 121x107 J

Q4. A charge Q is placed at the origin. The electric

—~

potential due to this charge at a given point in space
is V. The work done by an external force in bringing

another charge g from infinity up to the point is:

a. % b. Vg c V+g d. Vv

Solutions
1. (c) -Ke?/2
W = (PE)finat = (PE)initial
Ke? B Ke? B —Ke?
2 1 2
2. (o) —9x10°Vv
Here, g=2uC =2 x 107°C, rp=2m, rg=1m

g |1 1
V= V= I
S 4“80{‘% "J

~2x10 °x9x10° B—ﬂv

~_9x10°V

3. (b)135x 1077
Given that,
A=+3nC=3x107°C
B=+1nC=1x10"C
Distance r=5cm=>5 x 107%m
and rr=r—1
—5-1=4cm=4x10"m

=~ Required work done = Change in potential energy of the system
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Case Study 3

A dielectric slab is a substance which does not
allow the flow of charges through it but permits
them to exert electrostatic forces on one another.

When a dielectric slab is placed between the plates,
the field £, polarises the dielectric. This induce
charge —Q, on the upper surface are +Qp on the
lower surface of the dielectric. These induced
charges set up a field £, inside the dielectric in the

%
opposite direction of E as shown.
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Read the given passage carefully and give the answer of the following questions:

Ql In a parallel plate capacitor, the capacitance
increases from 4 puF to 80 pF, on introducing a
dielectric medium between the plates. What is the
dielectric constant of the medium?

a. 10 b. 20 c. b0 d. 100



Q2. A parallel plate capacitor with air between the
plates has a capacitance of 8 pF. The separation
between the plates is now reduced half and the
space between them is filled with a medium
of dielectric constant 5. Calculate the value of
capacitance of the capacitor in second case.

a. 8 pF b. 10 pF c. 80 pF d. 100 pF

Q 3. A dielectric introduced between the plates of a
parallel plate condenser:
a. decreases the electric field between the plates
b. increases the capacity of the condenser
C. increases the charge stored in the condenser
d. increases the capacity of the condenser

Q4. A parallel plate capacitor of capacitance 1 pF has
separation between the plates d. When the distance
of separation becomes 2d and wax of dielectric

constant x is inserted in it, the capacitance becomes
2 pF.What is the value of x?

a. 2 b. 4 c. 6 d. 8

Q5. A parallel plate capacitor having area A and
separated by distance d is filled by copper plate of
thickness b. The new capacity is:

a. SDA . ﬁ C. ;UAb d‘ 280/2
d+ b 2d B d+ 5
2
Solutions
1. (b) 20

Dielectric constant

_ Capacitance with dielectric
Capacitance without dielectric

80uF
=—— =20
4uF



2. (c) 80 pF
Capacitance of the capacitor with air between plates
eqA
C=-0" =8pF
d
With the capacitor filled with dielectric (K = 5)
between its plates and the distance between the
plates is reduced by half, capacitance become
_SDKA _80x5xA
d/2 d/2

-10 C'=10x 8 =80 pF

3. (d) increases the capacity of the condenser

If a dielectric medium of dielectric constant K'is filled
completely between the plates, then capacitance
increases by K times.

4, (b)4
€nA
C=-""=1pF 1
T =P ()
XegA
‘= = 2
Dividing eq. (2) by eq. (1),
. 2 =>XxX=4
2 1
5. (c) ggA
d-b
: ggA
As capacitance, (5= 4

8DA

.. After inserting copper plate, C = d-b




Case Study 4

Potential  difference (AV) — E —
between two points 4 and B |”
separated by a distance x in |+|—— |-

a uniform electric field £ is |, 3

given by AV = —FEx, where x ——>
is measured parallel to the || Pm’Q;

field lines. If a charge ¢,

moves from P to Q, the change in potential energy
(AU) is given as AU = gq,AV. A proton is released
from rest in uniform electric field of magnitude
4.0 x10°vm™ directly along the positive X-axis.
The proton undergoes a displacement of 0.25 m in
the direction of £.

Mass of a proton = 1.66 x 1077 kg and charge of
proton = 1.6 x 107%c

Read the given passage carefully and give the answer of the following questions:

Q 1. What will be the change in electric potential of the
proton between the points A and B?

Q 2. What will the change in electric potential energy of
the proton for displacement from A to B?

Q 3. Calculate the mutual electrostatic potential energy
between two protons which are at a distance of
9x 1072 m,in 92U23'5 nucleus.

Q4. If a system consists of two charges 4 uC and
-3 uC with no external field placed at
(-5cm, 0, 0) and (5 cm, O, 0) respectively, find
the amount of work required to separate the two
charges infinitely away from each other.

Q5. As the proton moves from P to Q, then what will
happen?

Solutions

1. AV=—EAX=—(4x10%) x025=-108V
2. As, AU=qgAV=16x10"" x (-1.0 x 108)
—16x107")



3. Potential energy, U:LQTQZ

4n80 r

9x10°x1.6x107° x16x107"

9x10°1°
— 256 %107
4 U @9
' 4%80 r

B 9x107 x4 x10°° x(—3)x1076
B 0.1

5. As proton moves in the direction of the electric field
or from Pto Q, then its potential energy decreases.

=-11J

Case Study 5

The electrical capacitance of a conductor is the
measure of its ability to hold electric charge.

An isolated spherical
conductor of radius
R and charge QO is
uniformly  distributed
over its entire surface.
It can be assumed to
be concentrated at the
centre of the sphere. The
potential at any point on

the surface of the spherical conductor will be

Capacitance of the spherical conductor situated in
vacuum is

or C =4mng,R

Clearly, the capacitance of a spherical conductor is
proportional to its radius.



The radius of the spherical conductor is 1F

capacitance is R = .C and this radius is about

4TC80
1500 times the radius of earth (~ 6 x 10° km).

Read the given passage carefully and give the answer of the following questions:
Q1. If anisolated sphere has a capacitance 50 pF, then what is the radius sphere?

Q2. How much charge should be placed on a capacitance of 25 pF to raise its
potential to 10°V?

Q3. Metallic sphere of radius R is charged to potential V. Then charge q is
proportional to which parameter?

Q4. If 64 identical spheres of charge q and capacitance C each are combined to form a
large sphere, what will be the charge and capacitance of the large sphere?

Solutions
1. Here, C=50pF=50x10""F

R—1

_ C =9x10°mF'x50x1072F
émeD

=45 x 107°m = 45 cm
2. As, q=CV=25x10""?x10° = 2.5uC
3. Ascharge, g=CV = (4negR)V
.. gdepends on both Vand R, i.e., gis proportional to
both Rand V.
4, 64 drops have formed a single drop of radius R.

Volume of large sphere = 64 x Volume of small sphere

2R3 —6hx a3
3 3

= R=4r and Qiotal = 649
= 47[8[]R = (= (4'}'580) ~4r
= C=4C



Solutions for Questions 6 to 15 are Given Below

Case Study 6

Electrostatics Potential and Potential Energy

Electrostatic potential energy of a system of point charges is defined as the total amount
of work done in bringing the different charges to their respective positions from infinitely
charge mutual separations. The work is stored in the system of two point charges in
the form of electrostatic potential energy U of the system. Electric potential difference
between any points A and B in an electric field is the amount of work done in moving
a unit positive test charge from A to B along any path agents the electrostatic force

WaB _ [E.dr.
d, j g

+q

(i) A test charge is moved from lower potential point to a higher potential point. The
potential energy of test charge will
(a) remain the same (b) increase

(c) decrease (d) become zero

(ii) Which of the following statement is not true?
(a) Electrostatic force is a conservative force.

(b) Potential energy of charge g at a point is the work done per unit charge in
bringing a charge from any point to infinity.

(c) Spring force and gravitational force are conservative force.
(d) Both (a) and (c).

(iii) Work done in moving a charge from one point to another inside a uniformly charged
conducting sphere is

(a) alwayszero (b) non-zero (c) may be zero (d) none of these
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Solutions for Questions 6 to 15 are Given Below


(iv) The work done in bringing a unit positive charge from infinite distance to a point at distance x from a
positive charge Q is W. Then the potential ¢ at that point is

@ WQ b W o ¥ ) WQ

x X
(v) If 1p C charge is shifted from A to B and it is found that work done by an external force is 40p J. In doing so

against electrostatics force, the potential difference V-V is
(a) 40V (b) -40V (c) 20V (d) -60V

Case Study 7

Potential Energy of the Proton

Potential difference (AV) between two points A and B separated by a distance x, in a uniform electric field E is
given by AV = -Ex, where x is measured parallel to the field lines. If a charge g, moves from P to Q, the change
in potential energy (AU) is given as AU = q,AV. A proton is released from rest in uniform electric field of
magnitude 4.0 x 10* V. m' directed along the positive X-axis. The proton undergoes a displacement of 0.25 m
in the direction of E.

Mass of a proton = 1.66 x 10°%" kg and charge of proton = 1.6 x10™'? C

- E _

0 3|
i > |-
B 5|
L o > .

— Pe 0.25m > Q =

(i) The change in electric potential of the proton between the points A and B is

(a) -1x10°V (b) 1x10%V
(€) 6.4x10"7V (d) -64x10"V
(ii) The change in electric potential energy of the proton for displacement from A to B is
(a) 1.6x10'] (b) 0.5x10%]
() -L.ex10'] (d) 3.2x10%]

(iii) The mutual electrostatic potential energy between two protons which are at a distance of 9 x 101" m, in
0;U* nucleus is
(a) 1.56x107'] (b) 5.5x10"]
() 2.56x 107'] (d) 4.56x10"]

(iv) Ifasystem consists of two charges 4 mC and -3 mC with no external field placed at (-5 cm, 0,0) and (5 cm, 0, 0)
respectively. The amount of work required to separate the two charges infinitely away from each other is

(@) -1.1] (b) 27
(c) 2.5] (d) 37

(v) As the proton moves from P to ), then
(a) the potential energy of proton decreases (b) the potential energy of proton increases
(c) the proton loses kinetic energy (d) total energy of the proton increases.



Case Study 8

Potential of Two Point Charges

The potential at any observation point P of a static electric field is defined as the work done by the external agent
(or negative of work done by electrostatic field) in slowly bringing a unit positive point charge from infinity to
the observation point. Figure shows the potential variation along the line of charges. Two point charges Q, and
(Q, lie along a line at a distance from each other.

]’ JX 23
(i) At which of the points 1, 2 and 3 is the electric field is zero?

(a) 1 (b) 2 (c) 3 (d) Both (a)and (b)
(ii) The signs of charges Q, and Q, respectively are

(a) positive and negative (b) negative and positive
(c) positive and positive (d) negative and negative

(iii) Which of the two charges 3, and Q, is greater in magnitude?
(a) Q, (b) @, (c) Same (d) Can't determined

(iv) Which of the following statement is not true?
(a) Electrostatic force is a conservative force.
(b) Potential energy of charge g at a point is the work done per unit charge in bringing a charge from any
point to infinity.
(c) When two like charges lie infinite distance apart, their potential energy is zero.
(d) Both (a) and (c).

a —a
(v) Positive and negative point charges of equal magnitude are kept at [ﬂ, 0, E) and [l‘.}, 0, ?] respectively.

The work done by the electric field when another positive point charge is moved from (-a, 0, 0) to
(0, @, 0) is

(a) positive

(b) negative

(c) zero

(d) depends on the path connecting the initial and final positions.

Case Study 9

Equipotential Surfaces

For the various charge systems, we represent equipotential surfaces by curves and line of force by full line curves.
Between any two adjacent equipotential surfaces, we assume a constant potential difference the equipotential
surfaces of a single point charge are concentric spherical shells with their centres at the point charge. As the lines
of force point radially outwards, so they are perpendicular to the equipotential surfaces at all points.



(i) Identify the wrong statement.
(a) Equipotential surface due to a single point charge is spherical.
(b) Equipotential surface can be constructed for dipoles too.
(c) The electric field is normal to the equipotential surface through the point.
(d) The work done to move a test charge on the equipotential surface is positive.

(ii) Nature of equipotential surface for a point charge is

(a) Ellipsoid with charge at foci (b) Sphere with charge at the centre of the sphere
(c) Sphere with charge on the surface of the sphere  (d) Plane with charge on the surface.

(iii) A spherical equipotential surface is not possible

(a) inside a uniformly charged sphere (b) for adipole
(c) inside a spherical condenser (d) for a point charge
(iv) The work done in carrying a charge g once round a circle of radius a with a charge Q at its centre is
@) 22 b) £ © 2 (d) zero
dnega dneqa 4neqa
(v) The work done to move a unit charge along an equipotential surface from Pto Q
(a) must be defined as —TE’ Al (b) is zero
P
(c) can have a non-zero value (d) both (a) and (b) are correct.
Case Study 10

Electric Potential Energy

This energy possessed by a system of charges by virtue of their positions. When two like charges lie infinite
distance apart, their potential energy is zero because no work has to be done in moving one charge at infinite
distance from the other.

In carrying a charge g from point A to point B, work done W = g(V, — V). This work may appear as change in

KE/PE of the charge. The potential energy of two charges q, and g, at a distance r in air is 9 15 measured
in joule. It may be positive, negative or zero depending on the signs of g, and g,. Anegr

(i) Calculate work done in separating two electrons form a distance of 1 m to 2 m in air, where ¢ is electric
charge and k is electrostatic force constant.

(a) ke (b) &2 (c) —ke’/2 (d) zero

(ii) Four equal charges g each are placed at four corners of a square of side a each. Work done in carrying a
charge —q from its centre to infinity is

2 2
(a) zero (b) V2g (©) V2q @ I
HUH T[‘E[!ﬂ TIIEDII




(iii) Two points A and B are located in diametrically opposite directions of a point charge of +2 uC at distances
2 m and 1 m respectively from it. The potential difference between A and B is
(a) 3x10°V (b) 6x10*V () 9x10°V (d) -3x10°V

(iv) Two point charges A = +3 nC and B = +1 nC are placed 5 cm apart in air. The work done to move charge
B towards A by 1 cm is
(a) 20x107] (b) 1.35x1077] (€) 27x107] (d) 12.1x107]

(v) A charge Q is placed at the origin. The electric potential due to this charge at a given point in space is V. The
work done by an external force in bringing another charge g from infinity up to the point is

v
(a) -{; (b) Vg (¢) V+gq (d) v

Case Study 11

Spherical Capacitor

The electrical capacitance of a conductor is the measure of its ability to hold electric charge.

An isolated spherical conductor of radius R. The charge Q is uniformly distributed over its entire surface. It
can be assumed to be concentrated at the centre of the sphere. The potential at any point on the surface of the

spherical conductor will be =L Q.
4ne, R
Capacitance of the spherical conductor situated in vacuum is C:%: Q Q or C=4ng, R
4ne, R

Clearly, the capacitance of a spherical conductor is proportional to its radius.

1
The radius of the spherical conductor of 1F capacitance is R = e C and this radius is about 1500 times the
radius of the earth (~6 x 10* km). 0

(i) Ifan isolated sphere has a capacitance 50pF. Then radius is
(a) 90 cm (b) 45cm (c) 45m (d) 90m
(ii) How much charge should be placed on a capacitance of 25 pF to raise its potential to 10° V?
(a) 1nC (b) 1.5uC (c) 2pC (d) 2.5uC
(iii) Dimensions of capacitance is
(a) ML2T*AY by (MLt TAY () [M L2T*A?% (d) [ML2T*AY

(iv) Metallic sphere of radius R is charged to potential V. Then charge g is proportional to
(a) V (b) R (¢) both Vand R (d) none of these.



(v) If 64 identical spheres of charge g and capacitance C each are combined to form a large sphere. The charge
and capacitance of the large sphere is
(a) 64g,C (b) 16g,4C (c) 64q,4C (d) 16g, 64C

Case Study 12

Parallel Plate Capacitor

The simplest and the most widely used capacitor is the parallel plate capacitor. It consists of two large plane

parallel conducting plates, separated by a small distance.
In the outer regions above the upper plate and below the lower plate, the electric fields due to the two charged

plates cancel out. The net field is zero.
In the inner region between the two capacitor plates, the electric fields due to the two charged plates add up. The

net field is E.

£
Area=A E=0
[ |
+ |+ + + + | +€—Charge
density + &
d =2
)L 2
-V - - v - - Ve e Charge
| | density - o
E=0

For a uniform electric field, potential difference between the plates = Electric field x distance between the plates.
Capacitance of the parallel plate capacitor is, the charge required to supplied to either of the conductors of the
capacitor so as to increase the potential difference between then by unit amount.

(i) A parallel plate capacitor is charged and then isolated. The effect of increasing the plate separation on
charge, potential and capacitance respectively are

(ii) In a parallel plate capacitor, the capacity increases if
(a) area of the plate is decreases (b) distance between the plates increases
(c) area of the plate is increases (d) dielectric constant decreases.

(iii) A parallel plate capacitor has two square plates with equal and opposite charges. The surface charge densities
on the plates are +c and -G respectively. In the region between the plates the magnitude of the electric field is

(a) 9 (b) g (c) 0 (d) none of these.

0 €o
(iv) If a parallel plate air capacitor consists of two circular plates of diameter 8 cm. At what distance should the
plates be held so as to have the same capacitance as that of sphere of diameter 20 cm?

(a) 9 mm (b) 4 mm (c) 8§ mm (d) 2 mm
(v) Ifacharge of + 2.0 x 107 C is placed on the positive plate and a charge of —1.0 x 10~® C on the negative plate
of a parallel plate capacitor of capacitance 1.2 x 10-? uF, then the potential difference developed between

the plates is
(a) 625V (b) 3.0V (c) 125V (d) 25V



Case Study 13
Dielectric Slab

A dielectric slab is a substance which does not allow the flow of charges through it but permits them to exert
electrostatic forces on one another.

When a dielectric slab is placed between the plates, the field E; polarises the dielectric. This induces charge -Q,
on the upper surface and + Q, on the lower surface of the dielectric. These induced charges set up a field E,

inside the dielectric in the opposite direction of Eg as shown.

T I+l + l + l + l + l+;+q

= = == = ——p
+EFT N +LE= ED_E'P +“4— Dielectric slab
A A oo

(i) Ina parallel plate capacitor, the capacitance increases from 4pF to 80 uF, on introducing a dielectric medium
between the plates. What is the dielectric constant of the medium?

(a) 10 (b) 20 (c) 50 (d) 100

(ii) A parallel plate capacitor with air between the plates has a capacitance of 8 pE. The separation between the
plates is now reduced half and the space between them is filled with a medium of dielectric constant 5.
Calculate the value of capacitance of the capacitor in second case.

(a) 8pF (b) 10pF (c) 80pF (d) 100 pF

(iii) A dielectric introduced between the plates of a parallel plate condenser
(a) decreases the electric field between the plates (b) increases the capacity of the condenser
(c) increases the charge stored in the condenser (d) increases the capacity of the condenser

(iv) A parallel plate capacitor of capacitance 1 pF has separation between the plates is d. When the distance
of separation becomes 2d and wax of dielectric constant x is inserted in it the capacitance becomes
2 pE. What is the value of x?

(a) 2 (b) 4 (c) 6 (d) 8
(v) A parallel plate capacitor having area A and separated by distance d is filled by copper plate of thickness b.

The new capacity is

2. A

(@) S04 b fA (0 foA @ =22
2d d—b L

2

Case Study 14

Energy Stored in Capacitor

A capacitor is a device to store energy. The process of charging up a capacitor involves the transferring of electric
charges from its one place to another. This work done in charging the capacitor is stored as its electrical potential
energy.



T

1 2

If g is the charge and V is the potential difference across a capacitor at any instant during its charging, then
small work done in storing an additional small charge dq against the repulsion of charge q already stored on it

is dW = V.dq=(q/C)dq
(i) A system of 2 capacitors of capacitance 2 uF and 4 pF is connected in series across a
potential difference of 6 V. The energy stored in the system is

(a) 3 (b) 24 pJ (c) 30 (d) 108 pJ
(ii) A capacitor of capacitance of 10 pF is charged to 10 V. The energy stored in it is
(a) 100 pJ (b) 500 pJ (c) 1000 pJ (d) 1w

(iii) A parallel plate air capacitor has capacity C farad, potential V volt and energy E joule. When the gap between

the plates is completely filled with dielectric
(a) both Vand E increase (b) both Vand E decrease
(c) V decreases, E increases (d) Vincreases, E decreases

(iv) A capacitor with capacitance 5 pF is charged to 5 pC. If the plates are pulled apart to reduce the capacitance

to 2 puF, how much work is done?
(a) 6.25x10°°] (b) 3.75% 10°°] (c) 216 % 10°°] (d) 2.55%10°°]

(v) A metallic sphere of radius 18 cm has been given a charge of 5 x 10°° C. The energy of the charged conductor is

(a) 0.2] (b) 0.6] (c) 1.2] (d) 2.4]

Case Study 15

Polarisation of Dielectric
When an insulator is placed in an external field, the dipoles become aligned. Induced surface charges on the

insulator establish a polarization field E’i in its interior. The net field E in the insulator is the vector sum of E;
and E,- as shown in the figure.

¥ ¥ »

E{I E{I E 0

i T e T

(a) (b) (c)
On the application of external electric field, the effect of aligning the electric dipoles in the insulator is called
polarisation and the field Ei is known as the polarisation field.
The dipole moment per unit volume of the dielectric is known as polarisation (p).
For linear isotropic dielectrics, P- IE , where = electrical susceptibility of the dielectric medium.

(i) Which among the following is an example of polar molecule?
(a) O, (b) H, (c) N, (d) HCI



(ii) When air is replaced by a dielectric medium of constant K, the maximum force of attraction between two
charges separated by a distance

(a) increases K times (b) remains unchanged (c) decreases Ktimes (d) increases 2K times.

(iii) Which of the following is a dielectric?
(a) Copper (b) Glass (c) Antimony (Sb) (d) None of these

(iv) For a polar molecule, which of the following statements is true ?
(a) The centre of gravity of electrons and protons coincide.
(b) The centre of gravity of electrons and protons do not coincide.
(c) The charge distribution is always symmetrical.
(d) The dipole moment is always zero.

(v) When a comb rubbed with dry hair attracts pieces of paper. This is because the
(a) comb polarizes the piece of paper
(b) comb induces a net dipole moment opposite to the direction of field
(c) electric field due to the comb is uniform
(d) comb induces a net dipole moment perpendicular to the direction of field

[ HINTS & EXPLANATIONS ]

6. (i) (c) (iv) (b): The work done in bringing unit positive

(i) (b) charge from infinity to a point which is at a distance x

from the positive charge Q is defined as the potential

(iii) (a): Since, E = 0 inside the conductor and has no
tangential component on the surface, no work is done b=W
in moving a small test charge within the conductor

and on its surface. (v) (b): Wy =qAV

at the given point due to the charge Q. Therefore



(Wap)ex = (Vg - Vy)
40u] = 1uC (V -V,)

Vﬂ - VB = —4.'{} V
7.(i) (a) : As AV = —EAx = —(4.0 x 10 V/m)(0.25 m)
=-10°V
(ii) (c):AsAU=gAV=(1.6x10") x (-1.0x 10° V)
=-L6x107"' Vv

(iii) (c) : Here,q, = q, = 1.6 x 1007 C,r=9x 107" m
U 9x10” x1.6x1077 x1.6 x107"
9%107 "

(iv) (a): Here, g, =4uC,g,=-3uC
r=10em=0.1m
Electrostatic potential energy,
1 44, g 4x107°x(-3)x107°
*

U=———==9x10
dne, r 0.1

—2.56x10714 ]

=117

(v) (a): As proton moves in the direction of the
electric field, then its potential energy decreases.

—dVv

8. (i) (c):As =E, . the negative of the slope of
r

V versus r curve represents the component of electric
field along r. Slope of curve is zero only at point 3.
Therefore, the electric field vector is zero at point 3.

(ii) (a): Near positive charge, net potential is positive
and near a negative charge, net potential is negative.
Thus, charge Q, is positive and Q, is negative.
(iii) (b): From the figure, it can be seen that net
potential due to two charges is positive everywhere in
the region left to charge ;. Therefore the magnitude
of potential due to charge Q, is greater than due to Q,.

(iv) (b)

(v) (c): It can be seen that potential at the points both
A and B are zero. When the charge is moved from A to
B, work done by the electric field on the charge will be
Zero.

¥
B fl]_a\{l,],'
’,-r"qr
[~a. 0, 0) /;'m |
+g
9. (i) (d)
(ii) (b)
(iii) (b)

(iv) (d): The electrical potential at any
point on circle of radius a due to charge

() at its centre is = L
41“-::0 v

It is an equipotential surface.

Hence, work done in carrying a charge g round the
circle is zero.

(v) (d): Work done to move a unit charge along an
equipotential surface from P to Q,

Q — —_
w=-|E.dl
P
On equipotential surface £ 1 a1

Q
W = —J' E(dl) cos90° = 0
P

10. (i) (c): W= (PE)g - (PE). .
ke’ ke®_—ke’
2 1 2

(ii) (b) : Potential at the centre of the square due to
four equal charges g at four corners

vo_ 4y
4meg(av2)/2 TMega e
2
Wosseo = We o =—(-9)V = i

TEpa
(iii) (c) : Here,g=2pnC=2x lﬂ‘ﬁc,rﬁzzm,rﬂz 1m

yov, = 41 1
41!;&0 ry Tp

21

(iv)(b) : Required work done = Change in potential
energy of the system

1 1
W= Up- Uiquﬂz_k‘hq = kqqy| ———
ry i foh
W=9x%x10")(3%x10"x1x107%
P
x —
4x1072 5x1072

=27 %107 % (0.05)=1.35%x 107" ]

. 11
—2x10%%x9x%10° [———}V=-9xm3v

(v) (b)
11. (i) (b): Here C=50pF =50 x 107 E V=10*V

1
R=——C=9%x10°mF'x50x102F
41&:0

=45x 102 m=45cm



(ii) (d):Asg=CV=25x10"2x10°=25uC
(iii) ()
(iv) (c) : As charge, g = CV = (4ng ,R)V

q depends on both V and R.

(v) (c): 64 drops have formed a single drop of radius R.
Volume of large sphere = 64 x Volume of small sphere

4 3

4
g E:I[R3=ﬁ4§?l:il" = R=4rand Q= 64q

C'=4mey R = C'=(4mey)4r = C'=4C

12. (i) (b): As the capacitor is isolated after charging,
charge Q on it remains constant. Plate separation

. . A
d increases, capacitance decreases as C:i and

hence, potential increases as v = g

C
(ii) (c):In a parallel plate capacitor, the capacity of
capacitor
KegpA

C= f.f.'.,, Coc A

The capacity of capacitor increases if area of the plate
increases.

(iii) (b): The magnitude of the electric field between

the plates is E = — — (_i] -9
2gg 280 ) &

A g,mD?
(iv) (b): As, 202 = 4me Ror 20 — 4qe R
d 0 ad o
2 2
or d=2 _ (0.09) =4x 107 m=4mm
16R  16x0.10
_4h 9%
v) (c): Here, V=—"——-+=
(v) (o) 3C
2.0%10~° +1.0%10™
= - =125V
2Xx1.2x10
13.0) (b): k Capacitance with dielectric
i : k=
( Capacitance without dielectric
=59 50
4 UF

(ii) (c): Capacitance of the capacitor with air between
plates

£y A
2 _8pF

F, p
With the capacitor is filled with dielectric (k = 5)
between its plates and the distance between the plates

is reduced by half, capacitance become

C'=

_EDkA_EOXSXA
S di2 o dn

=10C"=10x 8 =80 pE.

(iii) (d): Ifa dielectric medium of dielectric constant K
is filled completely between the plates then capacitance
increases by K times.

, goA _
(iv) (b): Cc= ['T =1pF (i)
, - XA ;
=——=2pF ... (ii)
ed) T
Divide (ii) by (i), x/2=2/1 = x=4
(¥) (c) : As capacitance, ¢ — g,4
7 d
After inserting copper plate, C = ;ﬂ“:}

14. (i) (b):As, C, =2 uF, C, = 4 uF
In series combination, the equivalent capacitance will
C
be, c=—1%2 =(2"4]p1= S
C+C \2+4 3
Potential difference applied, V=6V

1
Energy stored in the system, U = ECVE

1 4 6 2
=—x—x10""x(6)" ] =24
%3 J=24y]

(ii) (b): The energy stored in a capacitor is
1 1

U=-CV? = Ex[lﬂxlﬂ_ﬁ][lﬂ)z =500 p
2

(iii) (b): When the gap between the plates is

completely filled with dielectric of dielectric constant

K, then potential is

_Qd
 AggK (i)
and electric field is
__Q
Agy K ...(ii)

From equations (i) and (ii), both electric field and
potential decrease.

(iv) (b): Work done = U,— U, ==L _ 14

2¢; 2G
2
g’ [1 ]_[5}(]0_5)[ 1 1 }
2(C; G 2 2x10° 5x10°
=3.75x 107%].



(v) (b) : Here r= 18 cm = 18 x 1072 m,g=>5x 10°C
18 %1072

9x10°
Energy of charged conductor is

2 —642
5x10 C
i—¥:0_525j

20 axax107M F

As C=4me,r = =2x107"' F

15. (i) (d):In polar molecule the centres of positive
and negative charges are separated even when there
is no external field. Such molecule have a permanent
dipole moment. lonic molecule like HCl is an example
of polar molecule.

Fﬂ
(i) ():As By =2

The maximum force decreases by K times.
(iii) (b)

(iv) (b): A polar molecule is one in which the centre of

gravity for positive and negative charges are separated.
(v) (a)



	2. Electrostatic Potential and Capacitance.pdf (p.1-10)
	2. Electrostatic Potential And Capacitance - 2.pdf (p.11-24)

