CHAPTER

Syllabus

» Electric potential, potential difference, electric potential due to a point charge, a dipole and system
of charges; equi-potential surfaces, electrical potential energy of a system of two point charges and of
electric dipole in an electrostatic field.

» Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and electric
polarisation, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance
of a parallel plate capacitor with and without dielectric medium between the plates, energy stored in a
capacitor.
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TOPIC-1

Electric Potential

Revision Notes
TOPIC - 1

Electric potential Electric Potential ....P.33

» Electric potential is the amount of work done by an external force in TQpIC - 2
moving a unit positive charge from one point to another in electrostatic ~ Capacitance
field without producing an acceleration.

> Itis writtenas V= w
q
where, W = work done in moving charge q through the field, g = charge being moved through the field.

» The SI units of electric potential are %, Volt, NTm

Potential difference
> Electric potential difference is defined as the amount of work done to carrying a unit charge from one point to

another in an electric field.
Work  APE W

Electric potential difference = =
Charge Charge ¢
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Between two points Aand B, Wy = -V p X g
where, V5 = Vp -V, is potential difference between A and B.

» In a region of space having an electric field, the work done by electric field AW, when positive point charge g, is
displaced by a distance ds, then,

- -
AW =qE.ds

B, 5
AV:VAB=VB—VA=—%:—7=—J‘E.L{5
A

Electric potential due to point charge
> The electric potential by point charge g, at a distance r from the charge, can be written as

voLa
dme 1
where, g is permittivity of vacuum
> Electric potential is a scalar quantity.
> Dimension of Electric potential is [M L?T>A™]
> For a single point charge q the potential difference between A and B is given by,

B, 5 B B
AV =Vy—V, =—[ E.ds=-] Edscos0°=—E [ ds
A A A
q
where, E is the field due to a point charge, ds = dr, so that, \

A S 1 PN T

== = -
dmey r° 4meglrl  dmeglrg 1y

Ta

» If rg = o, then Vz = 0 so,

1 9_k

V= =
4me
0'a Ta

Dipole and system of charges
» Electric dipole is two charged objects having equal but opposite electric charges which are separated by a distance.
» The net potential due to a dipole at any point on its equatorial line is always zero. So work done in moving a
charge on equatorial line is always zero.
> Electric potential due to dipole at a point at distance r and making an angle 8 with the dipole moment p is given

- A
1 pcos® _ 1 pr

dme, 12 dme, 12

(r>>a)

> Potential at a point due to system of charges is the sum of potentials due to individual charges.

> Inasystem of charges qy, q,, g5, ...q,, having positive vectors r;, r,, r3,.....r, relative to point P, the potential at point
P due to total charge configuration is algebraic sum of potentials due to individual charges, so,
V=Vi+V,+V3+...+V,

S S U L S
4me,

non n Ty

n
IR o'/} 9,
4meg i35 7;

> Itis known that in a uniformly charged spherical shell, electric potential outside the shell is given as :

LI | (r=R)
4mey 1

where, g is total charge on shell and R is shell radius.
Equipotential surfaces
Equipotential Surface is a surface in space on which all points have same potential. It requires no work to move

the charge on such surface, hence the surface will have no E component, so E will be at right angle to the surface.
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> Work done in moving a charge over equipotential surface is zero.

» Electric field is always perpendicular to equipotential surface.
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» Spacing among equipotential surfaces allows to locate regions of strong and weak fields.
> Equipotential surfaces never intersect each other. If they intersect then the intersecting point of two equipotential

surfaces results in two values of electric potential at that point, which is impossible.
1y

d %

» Potential energy of a system of two charges

__ 1 g9
ey 1,

» Potential energy of a system of three charges

L |39, 315, 92 3 2

dngo\ 12 3z T
» Potential energy due to single charge in an external field
Potential energy of q at r in a external field

U=qo(r) g

"
N 1

Here, u(r) is the external potential at point r / \

.

> Potential energy due to two charges in an external field

U= V% V_> 1 T2
V() +qV(n)+——- = )
4 o 1y 9,

> DPotential energy of a dipole in an external field :
>
When a dipole of charge g; = + g and g, = — g having separation '24' is placed in an external field ( E ).
U(B) = —pEcos 6

Here, p = 2aq and 6 is the angle between electric field and dipole
Key Formulae

» Electric Potential V = K, measured in volt; 1 volt = 1 Joule / coulomb.

q
> Electric potential difference or “voltage” (AV)=V; -V, = au_wW
q q
> Electric potential due to a point charge g at a distance raway: V = 1 1 a
gy 1

s S
> Finding V from E: V;— V; = —[E.dS
i
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> Potential energy of two point charges in absence of external electric field : U =

> Potential energy of two point charges in presence of external electric field : q;V (1) + 4,V (1) +

Q.1.

Ans.

Q.2.

Ans.

Note : All symbols are in their usual meanings.

Objective Answer Type Questions

The electrostatic potential on the surface of a
charged conducting sphere is 100 V.

Two statements are made in this regard :

S; : At any point inside the sphere, electric field
intensity is zero.

S, : Atany pointinside the sphere, the electrostatic
potential is 100 V.

Which of the following is a correct statement?

(a) S;is true, butsS, is false.

(b) Both S; and S, are false.

(c) S;is true, S, is also true and S is the cause of

S,.
(d) S;is true, S, is also true but the statements are
independent. [NCERT Exemplar]

Correct option : (c)
Explanation : The relation between electric field
intensity E and potential (V) is,

E:—_
dr

where, Electric field intensity, E = 0 inside the
sphere
av _

—=0
dr

So that,

This means that V = constant. So, if E = 0 inside
charged sphere, the potential is constant or V' = 100
everywhere inside the sphere and it verifies the
shielding effect also. So, it verifies the option (c).
Equipotential surface at a great distance from a
collection of charges whose total sum is not zero
are approximately

(a) spheres. (b) planes.
(c) paraboloids. (d) ellipsoids.
[NCERT Exemplar]

Correct option : (a)

Explanation : For equipotential surface, these
surfaces are perpendicular to the field lines. So
there must be electric field, which cannot be
without charge.

So the algebraic sum of all charges must not be zero.
Equipotential surface at a great distance means
that space of charge is negligible as compared to
distance. So the collection of charges is considered
as a point charge.

Ans.

1 | q192
4drney| 1o

1142
475807’12

(1 mark each)

Electric potential due to point charge is,

v=k1
r
which explains that electric potentials due to point
charge is same for all equidistant points. The locus
of these equidistant points, which are at same
potential, forms spherical surface.
. A positively charged particle is released from rest
in an uniform electric field. The electric potential
energy of the charge
(a) remains constant because the electric field is
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. [NCERT Exemplar]
Correct option : (c)
Explanation : As we know that, an equipotential
surface is always perpendicular to the direction of
electric field. Positive charge experiences the force
in the direction of electric field. When a positive
charge is released from rest in uniform electric field,
its velocity increases in the direction of electric field.
So K.E. increases, and the PE. decreases due to law
of conservation of energy.
. Figure shows some equipotential lines distributed

in space. A charged object is moved from point A

to point B.
30V 40V 30V
I N N P I e I
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oo P I e I
oo P I e I
N I I e I
I Aé | 4B I Al & | &BI I Aél B I
P P I e I
oo P I e I
oo P I e I
oo P I e I
e P I e I
10V 20V 30V 40V 50V 10V 20V 50V 10V 20V 40V 50V
Fig I Fig I Fig III

(a) The work done in Figure (I) is the greatest.
(b) The work done in Figure (II) is least.
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(c) The work done is the same in Figure (I), Figure
(IT) and Figure (III).
(d) The work done in Figure (III) is greater than
Figure (II), but equal to that in Figure (I).
[NCERT Exemplar]

el

2Very Short Answer Type Questions

Ans. Correct option : (c)
Explanation : The work done by the electrostatic
force is given by Wy, = q(V, - V;)
As the potential difference between A and B in all
three figures are equal, 20 V, so work done by any
charge in moving from A to B surface will be equal.

(1 mark each)

Q. 1. A point charge Q is placed at point ‘O” as shown in
figure. Is the potential at point A4, i.e,, V,, greater,
smaller or equal to potential, V; at point B, when
Qs (i) positive, and (ii) negative charge?

[Foreign I, 11, 111 2017]
O A+ B-
Ans. (i) V), > V; Y2
(i) V4 < Vg Ya
[CBSE Marking Scheme 2017]
Detailed Answer :

Let r, is the distance of point A from point charge Q
and ry is the distance of point B from point charge Q.

Q« Ip >
® 4 ®
O«1n—>A B
Potential at point A :
1 Q
Vi — =
ra) ey 1y
Potential at point B :
1
Virg) = L
4me, 13
Since r4< rp, so when :
charge Q is positive; V,>Vp )
charge Q is negative; V, <V Ve

Q. 2. Does the charge given to a metallic sphere depend
on whether it is hollow or solid?

[Delhi I, II, IIT 2017]

Ans. No %
Because the charge resides only on the surface of
the conductor )

[CBSE Marking Scheme 2017]

Q. 3. What is the geometrical shape of equipotential
surfaces due to an isolated charge ?
[R [Delhi L, II, IIT 2013]

Ans. For an isolated charge, the equipotential surfaces
are concentric spherical shells and the distance
between the shells increases with the decrease in
electric field. )

P
[CBSE Marking Scheme 2013]

Q. 4. Why are electric field lines perpendicular at a
point on an equipotential surface of a conductor ?

[O.D. I, 11, III 2015]

Ans. If it were not so, the presence of a component
of the field along the surface would violate its
equipotential nature. 1

[CBSE Marking Scheme 2015]

Detailed Answer :

In an equipotential surface, the potential for a

point charge is given by V= k—Q As electric field
7

lines point radially away from the charge, they are
perpendicular to equipotential surface. If the electric
field lines are not perpendicular to the surface of
conductor, there exists a non-zero component of
electric field along the surface of conductor where

charges could not be at rest. b
Y
Q.5. For any charge configuration, equipotential

surface through a point is normal to the electric

field. Justify. [Delhi Set I, 11, III 2014]
OR

Why must electrostatic field at the surface of a

charged conductor be normal to the surface at

every point ? Give reason. [Foreign 2014]

Ans. If the electric field was not normal to the surface,
then it would have a component along the surface
which would cause work to be done in moving a
charge on an equipotential surface. 1

[CBSE Marking Scheme 2014]
Detailed Answer :

Equipotential lines are curved lines with similar
altitude that pertains to electric potential or
voltage. These lines are always perpendicular to
electric field which create equipotential surfaces
in three dimensions. The movement of charge
along equipotential surface requires no work as
movement is perpendicular to electric field. ¥
As work done in moving test charge along
equipotential surface is zero, there appear fixed
potential values across every point on equipotential
surface, so
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W = Fscos 8=0
where,
F = Electric force
s = Magnitude of displacement of charge
In case of non-zero displacement, it exists only

when
cos9=0
= 0 =90°
Hence, force acting on point charge is perpendicular
to equipotential surface. Y2
Q. 6. A point charge +Q is placed at point O as shown
in the figure. Is the potential difference V, — Vj
positive, negative or zero ?
[Delhi Set I, II, I 2016]
Qe - o-—————- -

Ans. Positive. [CBSE Marking Scheme 2016] 1

Detailed Answer :
Let OA = T'ar OB = s

Vv, V. _LQl_l
AT 3_47580' Ty I3

. 1 1. . . .
Since — —— is positive quantity. Hence, V, — Vs
A T8

positive. 1

Answering Tip

o Ifr,<rp

Then l>l
A 1B
So, l—l:+ve
A 1B

Q. 7. A charge ‘q’ is moved from a point A above a
dipole of dipole moment ‘p” to a point B below the
dipole in equatorial plane without acceleration.
Find the work done in the process.

[O.D. L, II, 111 2016]
Ans. No work is done.
W=qV,g=g%x0=0 1
[CBSE Marking Scheme 2016]

Detailed Answer :
A

B

It is seen that potential due to dipole at any point
on equatorial line in equatorial plane is zero. From
the figure, points A & B lies in equatorial plane of
dipole, where work done in moving charge 'q' from
point A to B without acceleration will be zero. 1

Q. 8. Figure shows the field lines due to a positive
charge. Is the work done by the field in moving
a small positive charge from Q to P, positive or
[Foreign 2014]
Q
P

negative? Give reason.

Ans. Negative; 1
This happens as the charge is displaced against

the force exerted by the field. Y
[CBSE Marking Scheme 2014]

Q. 9. In the given figure, charge +Q is placed at the centre
of a dotted circle. Work done in taking another
charge +4 from A to B is W, and from B to C is W,.
Which one of the following is correct ?

H W, >w,
(i) Wy =W,
(iii)) W, < W,

[CBSE SQP 2017-18]

Ans. (ii)
As V,— Vi = Vp— V- magnitude of work done is
same.
[CBSE Marking Scheme 2017] 1

Detailed Answer :

As we know Ez—ili—v and inside a ring there is
r

zero electric field which means constant potential
o VA_VB:VB_VC
. Magnitude of work done is same. 1

Answering Tip

e Points A and B are at same potential lies on a
equipotential surface.

Q. 10. What is the amount of work done in moving
a point charge around a circular arc of radius

r at the center where another point charge is
located ? [O.D. Comptt. I, I1, ITT 2014]
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Ans. Letg, be the charge inside the circle and g, be the charge
moving around the circular arc, then work done

1 g4,

dme, 1’

The work done in moving the charge over the
circular arc is zero, because it is moving over an
equipotential surface.

1
[CBSE Marking Scheme 2014]

iShort Answer Type Questions-|

Q.11. An electron is accelerated through a potential
difference V. Write the expression for its final
speed, if it was initially at rest.

[Delhi/O.D. Comptt. I, II, ITI 2018]

o= [V 1
m

[CBSE Marking Scheme, 2018]

Ans.

Detailed Answer :
Kinetic energy of electron = Electric energy gain by
the electron

= 1m(vz—uz) =eV
2
= Zmv* =eV [as u = 0]
v = ﬁ/ 1
m

(2 marks each)

Q. 1. Write two properties of equipotential surfaces.
Depict equipotential surfaces due to an isolated
point charge. Why do the equipotential surfaces
getcloser as the distance between the equipotential
surfaces and the source charge decreases ?

[RI[O.D. Comptt. I, II, III 2012]

Ans. Characteristics of equipotential surfaces :

(i) These surfaces are always perpendicular to field
lines. %

(ii) No work is done in moving the test charge from
one point of equipotential surface to the other. %2
On reducing the distance of source charge, the
electric field becomes strong and equipotential
surfaces come closer. Y
For an isolated point charge, the equipotential
surfaces are shown below.

Y
[CBSE Marking Scheme, 2012]
Q. 2. Calculate the amount of work done to dissociate
a system of three charges 1 uC, 1 uC and - 4 pC
placed on the vertices of an equilateral triangle of

side 10 cm. [O.D. Comptt. I 2013]

Ans. Given : ga =1%x10°C=gg
gc = -4 x10°C

r=10cm = 0.1 m

A (1pC)

10 cm 10 cm

B(1pC) 10cm  C(4uC)
W = WAB aF WBC aF WAC

1
W = = [9a98 + 989c + qcqal

1
W =9 x10° x ﬁ[1><1-4><1-4><1]><1(r12]

e -9x10° x7x10712 ]
0.1
W =-0.63] 2
[CBSE Marking Scheme 2013]
Q. 3. Draw a plot showing the variation of (i) electric
field (E) and (ii) electric potential (V) with distance r
due to a point charge Q. [Delhi I, II, I11 2012]

=R

25 3 35 4 45 6
—_—

1+1
[CBSE Marking Scheme 2012]
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Detailed Answer :
Due to point charge :

1 Q
Electric field, E= )
4ne, r
1
Eo — V2
72
E
Eo 1
0 >
Electri ial, V -4
ectric potential, V' = dne, 1
Vo 1 Va
r
V
A
1
Viec—m
1o, »r

Now on plotting electric field and electric potential
with distance r

3.07

I 2.57

~ 207

51.5]

M1.07

0.5]

05 1.0 1.5 20 25 3.0
V—
Q. 4. A test charge g is moved without acceleration from
A to C along the path from A to B and then from B
to C in electric field E as shown in the figure.

23) .

B\ E

(2’ 0) A £

\ 4

(i) Calculate the potential difference between A and
C.
ii) At which point (of the two) is the electric potential
p p
more and why ? [O.D. 1, 11, III 2012]

Ans. Since, E =-dV/dr
E=(Vc-Vy4 b
Therefore, V,-V.=-4E Ya
At point C, potential is more )
Electric field is in the direction in which the
potential decreases. b

[CBSE Marking Scheme 2012]

Detailed Answer :

(i) From the figure, as work done is independent of
path, so moving a charge g from point A to B and
further from point B to C, we will take a direct path
from point A to C. So potential difference between
points A and C is given as :

V-V, =-Edl

c
= —jEdlcosG b2
A

As direction of test charge ‘g’ is opposite to direction

>
of electric field E along AC, so angle between E and

N
dl will be 180°, hence we can write this as :
Ve-V, =-Edl

C
=_ JEdlcose 1
A

Vo=V, = (6-2)E =4E
(ii) As direction of electric field is high to low potential,
soVe>V,
Also, Ve—V, = 4E with E as positive 2
Potential increases when charge is moved against
the direction of electric field, so potential will be
more at point C. Vs
. Find the amount of work done in arranging
the three point charges, on the vertices of an
equilateral triangle ABC, of side 10 cm, as shown
in the figure.

[Comptt. O.D. I, II, III 2013; CBSE SQP 2010]
A (6 10)

B (6 uC) C(~6 uC)

Ans. Try yourself, Similar to Q. 2 of Short Answer Type
Questions I 2

Two closely spaced equipotential surfaces A and
B with potentials V and V + 3V, (where 8V is the
change in V), are kept 3/ distance apart as shown
in the figure. Deduce the relation between the
electric field and the potential gradient between
them. Write the two important conclusions
concerning the relation between the electric field
and electric potentials.

[Delhi Comptt. I, II, III 2014]

Q.6.

A

Ans. Work done in moving a unit positive charge along
distance 6!
|E;| 81 =V, -V YV
=V-(V+8V)=-8V
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%
= E/|l =- — 1
Bl =- 5 ;
(i) Electric field is in the direction in which the
potential decreases the steepest. Vs

(ii) The magnitude of electric field is given by the
change in the magnitude of potential per unit
displacement, normal to the equipotential surface
at the point. [CBSE Marking Scheme 2014] %2

Q. 7. Two point charges g and -2q are kept d distance
apart. Find the location of the point relative to

charge g at which potential due to this system of
charges is zero. [Comptt. O.D. 1, II, III 2014]

Ans. {3
g&———> -2
< d > 1
Let P be the required point at a distance x from
charge g
g, 1) .
4me, x 4ne, (d—x)
1 2
— = 1/
x d—x :
d
= X = —
3

-+ The required point is at a distance g from the

charge g. [CBSE Marking Scheme 2014] 2

Q. 8. Three concentric metallic shells A, B and C of radii
a,b and c (@ < b < ¢) have surface charge densities
+ 0,—0c and + o respectively as shown in the figure.

(65

If shells A and C are at the same potential,
then obtain the relation between the radii a, b
and c. [Foreign Set-111, 2014]

Ans. g, = 6. 4na%, g5 = 0. 4nb% q. = ©. 4nc?,

Vy=k q—A+q—B+q—C]
La b ¢

Ve =k m}

L c
“, V, =V, we have
k|:CI_A+Q_B+CI_C:| =k qA+qB+qC] )
a b ¢ L c
9a .98 = Gatqs
a b c

Putting the values of g, and g3,
We get a+b=c 1

Q. 9. N spherical droplets, each of radius r, have been
charged to have a potential V each. If all these
droplets were to coalesce to form a single large
drop, what would be the potential of this large
drop ?

(It is given that the capacitance of a sphere of
radius x equals 4megkr.) [CBSE SQP 2013]

Ans. Total (initial) charge on all the droplets

= N X (4neykrV) Y2
4 5 4 3
Also N X —nr’ = —nR b
3 3
o R =NYy
If V'is the potential of the large drop, we have
dnegkR X V' = N X dmeghr X V Y2
V= % .V =N»V Vs

Q. 10. Find the PE. associated with a charge g if it
were present at the point P with respect to the ‘set-
up’ of two charged spheres, arranged as shown.
Here O is the mid-point of the line O,0,.

[CBSE SQP 2013]

Ans.

rn=0P=r*+Qa+b? %
1, =0P =\’ +(a+2b?

V= L [%+%:| )

drneg| n 1y

~.PE. of charge, q,at P= gV

__1 Q n Q,
amey | [F2 +(2a+b)*)*  [r? +(a+2b)*)"

5
Q. 11. Two point charges g, and g, are located at r, and

>
r, respectively in an external electric field E.

Obtain the expression for the total work done in
assembling this configuration.

[Comptt. Delhi I, II, ITI 2014]
Ans. Work done in bringing the charge g; from infinity

=
to the position 7,

Wy =q, V(1) iz
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Work done in bringing the charge g, to the
—
position 7,

919>
4meyr,

W=, V(12) + B+

%Short Answer Type Questions-I|

Hence, total work done in assembling the two

charges
W=W,+W,
W= qV(n) +qV(n) + g %

[CBSE Marking Scheme 2014]

(3 marks each)

Q. 1. (i) Write two properties by which electric potential
is related to the electric field.

(ii) Two point charges ¢, and g, separated by a
distance of r;, are kept in an external electric field.
Derive an expression for the potential energy of
the system of two charges in the field.

[Delhi Compt. I, II, I 2017]

Ans. (i) Properties 1

(ii) Derivation of expression of potential energy 2

(i) (a) Electric field is in the direction in which

potential decreases at the maximum rate. Y2

(b) Magnitude of electric field is given by change in

the magnitude of potential per unit displacement

normal to a charged conducting surface. )

(ii) Work done in bringing the charge g, to a point
against external electric field

N
Wi=qVn V2

Work done in bringing the charge g, against the
external electric field and electric field produced

due to charge g,
I 1
szqZV(r2)+7~M ¥
dme, 1y
Therefore, Total work done = Electrostatic
potential energy :
U=4g.V i 1% > 1 .qqu
71V (1) +q,V (1) + 1
dme) 1,

[CBSE Marking Scheme, 2017]
Q. 2. (i) Derive the expression for the electric potential
due to an electric dipole at a point on its axial line.
(ii) Depict the equipotential surface due to electric

dipole. [R [Delhi I1 2017]
Ans. (i) Derivation of expression for electric potential
due to electric dipole on axial line 2
(ii) Depiction of equipotential surfaces due to an
electric dipole 1
. — (] —
(@) —q +q
« } - o-eoneneenneene e {
A O p
I a | r I

[
Potential due to charge —g at A :
|
~ 4ne, (r+a)

VA :VZ

Potential due to charge +q at B :

L _a
B~ 4ne, (r a) Ve
Potential at point P, V=V, + V;
Net potential at point P :
V= q L + L Y
4dney | (r+a) (r—a)
_ 9 qx2a
ane, (P —d?) Y

(ii)

1
[CBSE Marking Scheme 2017]
Q. 3. Define an equipotential surface. Draw equipotential
surfaces :
(i) in the case of a single point charge and
(ii) in a constant electric field in z-direction.
Why the equipotential surfaces about a single
charge are not equidistant ?
(iii) Can electric field exist tangential to an
equipotential surface ? Give reason.
[R/[O.D. I, 11, I1I 2016]
Ans. Equipotential surface is a surface which has equal
potential at every point on it.
(i) Equipotential surfaces due to single point charge
are concentric spheres having charge at the centre.

(ii) In constant electric field along z-direction, the
perpendicular distance between equipotential
surfaces remains same.
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ANZ
dy<dy!
Y
I o &
! L Equipotential surface
T V
Jommmmmm o >Y
L/X

For single charge, equipotential surface will be series
of concentric spherical shells with charge at centre,

drocl
E

the separation dr between equipotential surfaces

will go on increasing with decrease in electric field.

1

(iii) No, because if the surface is not equipotential then

it would mean that there is tangential component
of electric field along surface.

This component will result in motion of electrons,

but since we have static fields, this is not possible. 1

. Obtain the expression for the potential due to an

electric dipole of dipole moment p at a point ‘d’ on

the axial line. [O.D. Comptt. I, II, IIT 2013]

Ans. Consider an electric dipole of charges
+g and — g separated by 2x distance being placed in
free space. Let P be the point at which the electric
field is to be determined due to the electric dipole.

A= 9 lé l‘_) ------ }x
x> & —>+g
< 7 >

Let the potential at point P due to positive charge
be V, and the potential at point P due to negative

charge V_
1 9
Vs 4mey (d-x)
= 1 . _q
4me, (d+x)
.. The total potential at point P is given by
V=V,+V_
_ (4 _q )
v 4n£0(d—x d+x
1 2xq
V= ey (@)
2qx =p
1 4

V'= ame, (@)

Now, ifx <<<d

Q. 5. Four point charges Q, 4, Q and g are placed at
the corners of a square of side ‘a” as shown in the
figure.

AQ qB

q 4 QC
Find the
(i) resultant electric force on a charge Q, and
(ii) potential energy of this system.
[Delhi/O.D. CBSE 2018]

Ans. (i) Finding the resultant force on a charge Q 2

(ii) Potential Energy of the system 1

(i) Let us find the force on the charge Q at the point C
Force due to the other charge Q

1 Q?

F = g

47, (u \/5)2
1? - sz (along AC) Ya
1 41‘580 2(12

Force due to the charge g (at B),

1-? = @ along BC
2 4me a>
Force due to the charge g (at D),
z _ ! @ along DC %
47‘580 a
- -
Resultant of these two equal forces F, & F;
S 1 Q(\2)
155 = e 2 (along AC) Ya
.. Net force on charge Q ( at point C)
- - o 1
F = F1+F23=7.%[g+\/5q] v
dmey a“lL 2

This force is directed along AC.

(For the charge Q, at the point A, the force will have
the same magnitude but will be directed along CA)
[Note : Don't deduct marks if the student does not

write the direction of the net force , F]
q
B

_
b3
_
\, 2]
F,
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(ii) Potential energy oi the syzstem _ 1 (2 \/ng 1
= L 4@+L+Q7 47'580 lz %
dmey| a a2 a2
(ii) Net P.E. of the system
1 7, Q 1 P
= 49Q +"=+== 1 =—— A7 442-8
47580“|: V2 2 4dme, | [-4+2-8]
[CBSE Marking Scheme 2018] (_10) qz
= e 1
Q. 6. (i) Three point charges g, — 49 and 24 are placed at 4rne, | %
the vertices of an equilateral triangle ABC of side
‘I’ as shown in the figure. Obtain the expression Work d 1047 _ 5¢° ,
for the magnitude of the resultant electric force oricdone = 4pe,l a 2me,l 72

acting on the charge q.
[CBSE Marking Scheme 2018]

y Detailed Answer :

(i) The amount of work done to separate the charges
at infinite distance is equal to the (-ve) potential
energy of the given system. Now we know that the
potential energy of three (03) charges at the corners

—4q 2q of an equilateral triangle ABC of side [ is given by
B4———»C 1
(ii) Find out the amount of the work done to separate Uy = [% + 0 %]
the charges at infinite distance. 3 dne, | r,  h "
[Delhi/OD CBSE 2018] giveng, =q,q,=-4q,43 =29, 1, =113 =13 =1
Ans. (i) Finding the magnitude of the resultant force = U.. = 1 [q(—‘lq) " 929 " 2‘7(—4’1)]
on charge g 2 oame L 1 I I
(ii) Finding the work done 1 1 ¢
] = —[-4+2-8]
(i) Force on charge g due to the charge — 4g ) dne, | [
- 2
e (42] »along AB U, =100
dmeo \ 1 T 4me

Force on the charge g, due to the charge 2g

b d 1 Zqz
L =—]=],al CA
? 47580( 12) Tons

-104
Therefore work done, W =-U,,, =—
4mel

2
= W=+ 5q
The forces F; and F, are inclined to each other at an 2mel
angle of 120°

Q.7. A particle, having a charge +5 uC, is initially
at rest at the point x = 30 cm on the x-axis. The
particle begins to move due to the presence of
a charge Q that is kept fixed at the origin. Find
the kinetic energy of the particle at the instant
it has moved 15 cm from its initial position if
() Q = +15puCand (b) Q =-15uC

[SQP 2018-19]

Ans. From energy conservation,
U; + Ki = U + K;
kQq/r; + 0 = kQq/r; + K¢ Y
K; = kQq(1/r; = 1/ry ¥
When Q is +15 pC, g will move 15 cm away from
it. Hence r; = 45 cm

Hence, resultant electric force on charge g

1 _ 9 P P 3
F = \F?+E2 + 2F,F, cos® /2 K;=9x10° x 15 X 107° x 5 x 10_ 5(/&2(;?0}%]2/2
= \/Fl2 +F22 +2F1F2 cos120° = 075] 1/2

When Q is — 15 uC, g will move 15 cm towards it.

= JE2+F2-FF, Y Hence 7, = 15 cm

Ki=9x10° x (<15 x 10°) x 5 x 10°°
1 4 [(1/30 x 1072) - 1/(15 x 107%)] ¥
= [41’580 .lz]\/16+4—8 — 2:25] 1
[CBSE Marking Scheme 2018-19]
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?!iLong Answer Type Questions

(5 marks each)

Q. 1. Derive an expression for potential due to a dipole
for distances large compared to the size of the
dipole. How is the potential due to dipole different
from that due to single charge ?

+] «—0—» —a—>» 1

[SQP 2017]
Ans. (i) Derivation 4
(ii) Difference 1

(i) Consider origin at the centre of dipole. As per
superposition principle, potential due to dipole
will be the sum of potentials due to charges g and

1
V- [U} "
dmeg | 1y
Where,

r; and r, = distances of point P from q and —g.
From the arrangements,
12 =1* + a*—2arcos 0 Y
1,2 = 1* + a* + 2arcos 0 v
If r is greater than a, and taking terms upto first

order in a/r
2
712 _ r2|:1— 2acos0 +a ]

2

T T
_ 2 [1_M] v,
r
AISO, 1’22 = 1’2 I:l 4L M] 1
r

With the help of Binomial theorem, keeping terms
upto first order in a/r;
1

1 1—1_2ac056]7
noorl r
= 1 1+Ec059:|
rl r
} 1
1 1 2ac056:|_5
— = —(1+——
1) rL r
= 1 1—Ecose]
rl r
As p=qa 1
V= 1 q(2a)cos6

4me, 7

p cosO
- 47[80 7"2

- A
Now, pcos® = p.r

where,  is unit vector along position vector.
Hence electric potential of dipole for distances

large compared to size of dipole is givenas: %
=a
V= 1 pr

“— for r >>a
4me, 12

(ii) For potential at any point on axis, 8 = [0, 7]

V= + 1 g
4rme, v
It is observed that :
potential is positive when 6 = 0 7
potential is negative when 6 = &t

Hence, electric potential falls at large distance, as
lz and not as 1 )
T r

[CBSE Marking Scheme 2017]

Q. 2. (i) Obtain the expression for the potential to
show due to a point charge.

(ii) Potential, due to an electric dipole (length 2a)

varies as the ‘inverse square’ of the distance of the

‘field point’ from the centre of the dipole for r > a.

[Comptt. Delhi. I, II, 11T 2016]
Ans. (i)

V2
Consider a point charge ‘Q’ kept at point O. Let P
be the field point at distance 7.
At some intermediate point P’ the electrostatic
force on the unit positive charge is : )

_ 0Qx1

12
4me)r

Work done against this force from 7’ to v + Ar’ is

—_ Ar' ' 1
AW = tre,r? ”
Total work done 'W' by the external Force from e to r
w=_[_2 Ar' Y2
= 4me,r'
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__Q

4meyr

Hence potential at this point

4me,r

Potential at point P due to charge () ¥
- 1.4
! 4me, (r+a)

Potential due to charge +g

1 q 1
= . v,
2 dme, (r—a) :

Hence total potential at point P

V=V+Vy= 1 [

-1 . 1
4ney | (r+a) (r—a)
qx2a

= —1— 7

4n£0(r2 —a%)

-1
4me, (r* —a®)
-

where, p =g X 2a = dipole moment forr >>a %

1
= V=—-£Z
dme, 1

1

= Vociz. A
r

[CBSE Marking Scheme 2016]

[AI] Q. 3. (i) Two isolated metal spheres A and B have
radii R and 2R respectively, and same charge 4.
Find which of the two spheres have greater :

(a) capacitance and
(b) energy density just outside the surface of the
spheres.

(ii) (@) Show that the equipotential surfaces are closed
together in the regions of strong field and
far apart in the regions of weak field. Draw
equipotential surfaces for an electric dipole.

(b) Concentric equipotential surfaces due to a
charged body placed at the centre are shown.
Identify the polarity of the charge and draw
the electric field lines due to it.

40V
30V
20V

10V

[CBSE SQP 2015-16]

Ans. (i) (a) Cy = 4megR, Cp = 4mey(2R) Y2
0o CB > CA l/b’
(b) u= %SOEZ Y
F-9_Q
gy Ag
1
U o< e
£ u, > U Y
(ii) (a) - _”;i: Y
For same change in dV, E o< El 1
T

where, ‘dr’ represents the distance between

equipotential surfaces.

Diagram of equipotential surface due to a dipole 1
I

AV =0

(b) Polarity of charge : — negative Y
The direction of electric field is radially inward.

\'4
A

)

[CBSE Marking Scheme 2015]

Q. 4. Two point charges g and —g are located at points
(0, 0, —a) and (0, 0, a) respectively.
(i) Find the electrostatic potential at (0, 0, z) and (x, y, 0).
(ii) How much work is done in moving a small test
charge from the point (5,0,0) to (- 7, 0, 0) along the
x-axis ?

(iii) How would your answer change if the path of the
test charge between the same points is not along
the x-axis but along any other random path ?

(iv) If the above point charges are now placed in the
same positions in the uniform external electric
field E, what would be the potential energy of
the charge system in its orientation of unstable
equilibrium ?

Justify your answer in each case.
[Comptt. Delhi/OD I, II, III 2018]

Ans. (i) Finding the electrostatic potential 2
(ii) Finding the work done 1
(iii) Effect of change of path 1
(iv) Potential energy of the system 1

(with justification in each case)
(i) We have, for a point charge,

v _1 4 1
4me, v
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(a) At point (0, 0, z) : Note : Give full credit of part (b) if a student writes
Potential due to the charge (+4) that the point (x, , 0) is equidistant from charges
vV, = L4 A +g and —g, Hence total potential due to them at
ity (e the given point will be zero.
Potential due to the charge (—3) Work done = g[V, - V,] 1
A G V,=0and V, =0
4mey (z—a) Work done = 0
Total Potential at (0, 0, z) Where V; and V, are the total potential due to
I S e L] A dipole at point (5, 0, 0) and (- 7, 0, 0) Ya
dneglz+a z-a (iii) There would be no change
_ —2qa This is because the electrostatic field is a
dmey(z* —a?) conservative field. 1
(b) At point (x, y, 0) (Alternatively : The work done, in moving a test
Potential due to the charge + g charge between two given points is independent
v, = L 1 of the path taken) 1
4me \/x2 +y*+a? (iv) The two given charges make an electric dipole of
Potential due to the charge (- g) dipole moment p =¢q.2a
vV = L 1 P.E. in position of unstable equilibrium (where p
A \/ x4y’ +a? and E are antiparallel to each other) b2
Total potential at (x, y, 0) = + pE = 2aqF A
q 1 1 o " [CBSE Marking Scheme, 2018]

B 4me, L\/xz +y*+a? _\/x2+y2+a2

TOPIC-2

Capacitance

Revision Notes

Conductors and insulators
» Conductors are the materials through which charge can move freely.
Examples : metals, semi-metals as carbon, graphite, antimony and arsenic.
» Insulators are materials in which the electrical current will not flow easily.
Such materials cannot be grounded and do not easily transfer electrons.
Examples : plastics and glass.
Dielectrics
> These are the material in which induced dipole moment is linearly proportional to applied electric field.
> Electrical displacement or electrical flux density D = €,¢,E.
where, €= relative permittivity, €, = permittivity of free space and E is electric field.
» If a dielectric is kept in between the plates of capacitor, capacitance increases by factor ‘«’ (kappa) known as

-

dielectric

dielectric constant, so C = KEO%

where, A = area

K = dielectric constant of material also called relative permittivity k =¢, = —

€9
Material Dielectric Dielectric strength (10° V/m)
Constant (k)
Air 1.00059 3
Paper 37 16
Pyrex Glass 5.6 14
Water 80 -
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» In dielectric, polarisation and production of induced charge takes place when dielectric is kept in an external
electric field.
Electric polarization
> Electric polarization P is the difference between electric fields D (induced) and E (imposed) in dielectric due to
D-E

4n

bound and free charges written as P =

> In term of electric susceptibility : P =y E
> InMKS: P = gy E,
> The dielectric constant k is always greater than 1 as %, > 0
Capacitor
> A capacitor is a device which is used to store charge.
» Amount of charge ‘Q’ stored by the capacitor depends on voltage applied and size of capacitor.
» Capacitor consists of two similar conducting plates placed in front of each other where one plate is connected to
positive terminal while other plate is connected to negative terminal.
> Electric charge stored between plates of capacitor is directly proportional to potential difference between its
plates, i.e.,
Q=CV
where, C = Capacitance of capacitor, V= potential difference between the plates
» In capacitor, energy is stored in the form of electrical energy, in the space between the plates.
Capacitance
» Capacitance of a capacitor is ratio of magnitude of charge stored on the plate to potential difference between the

Q

plates, written as C = —
AV

where, C = capacitance in farads (F), Q = charge in Coulombs (C), AV = electric potential difference in Volts (V),

» Sl unit of capacitance is farad (F)
= —=9x10

> 1F=7 % stat farad,

Where, stat-farad is electrostatic unit of capacitance in C.G.S. system
> Capacitance of a conductor depends on size, shape, medium and other conductors in surrounding.
> Parallel plate capacitor with dielectric among its plates has capacitance which is given as :

C=xg, é ,
d

where, g, = 8.85 X 1072 F/m
» Capacitor having capacitance of 1 Farad is too large for electronics applications, so components with lesser values

of capacitance such as u (micro), # (nano) and p (pico) are applied such as :

PREFIX MULTIPLIER
" 107 (millionth) 1uF = 10°F
n 10~ (thousand-millionth) 1nF =17°F
p 1072 (million-millionth) 1pF =10"%F

Combination of capacitors in series and parallel
Capacitors in series

> (i) If a number of capacitors of capacitances C;, Cy, Cs, .ecvvvvvunnnnen C, are connected in series, then their equivalent
capacitance is given by :
e T 1
GG G G G Cy
4 V »

A{I | | | | I}i
I | L
Cl CZ CB Cn

» Inseries combination, the charge on each capacitor is same, but the potential difference on each capacitor depends
on their respective capacitance, i.e.,

=y = 3 e 4, =q

> IV, Vy Vs, , V., be the potential differences across the capacitors and V be the emf of the charging battery,

then

V=V +Vy+ Vit +V

n
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> As charge on each capacitor is same, therefore

q=ViC =V,Cy = V3Cy .
the potential differerjge is ihversely proportional to the capacitance, i.e.,

C
> In series, potential difference across largest capacitance is minimum.

> The equivalent capacitance in series combination is less than the smallest capacitance in combination.
Capacitors in parallel

» (i) If a number of capacitors of capacitances C;, C,, Cs................ C, are connected in parallel, then their equivalent
capacitance is given by,
C=C+CG+ Gt + C,

» In parallel combination, the potential difference across each capacitor is same and equal to the emf of the charging
battery, i.e.,

Vi=V,=Vi= o, -V, =V

I
c)!
Il
e,
while the charge on different capacitors may be different.
> g, Gy Gz e , 4, be the charges on the different capacitors, then
Gttt +4q,=VC,
> As potential drop across each capacitor is same, so
= v - =0 = =
C] CZ C3 Cn

» The charges on capacitors are directly proportional to capacitances, i.e., g o< C
» Parallel combination is useful when large capacitance with large charge gets accumulated on combination.
1{QV
> Force of attraction between parallel plate capacitor will be F = E[%
Capacitance of parallel plate capacitor with and without dielectric medium between the plates
> Parallel plate capacitor is a capacitor with two identical plane parallel plates separated by a small distance where
space between them is filled by dielectric medium

] = 1 QE where Q is charge on capacitor.
2

. L Q Charge .
> The electric field between two large parallel plates is given as : on plate | Plate areaA
c
E:g, Ty FF F A F A FF A FFFF T
(o)
Where, 6 = charge density and € = permittivity d E =l dl

Surface charge density, ’
o= Q o i
A’ i

where, Q = charge on plate and A = plate area

» Capacitance of parallel-plate capacitor with area A separated by a distance d is written as C = 8,802

dielectric

Electric
field E

Plate
area A
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>

If a dielectric slab is placed in between the plates of a capacitor, then its capacitance will increase by certain amount.
Capacitance of parallel plate capacitor depends on plate area A, distance d between the plates, medium between
the plates (x) and not on charge on the plates or potential difference between the plates.

If we have number of dielectric slabs of same area as the plates of the capacitor and thicknesses t;, t,, t5,.... and
dielectric constant x;, K,, K. .... between the plates, then the capacitance of the capacitor is given by

€A
=% 65
+2 43 4
K1 Ky K3

Where, d =t +t, + t; + .....

If slab of conductor of thickness ¢ is introduced between the plates, then

_ SOA _ EOA
@0 " T (@
K 1 oo 1
goA
N do_t (++ ¥ = oo for a conductor)

When the medium between the plates consists of slabs of same thickness but areas A;, A,, Aj;,... and dielectric
constants x;, K,, Ks..., then capacitance is given by
C= gy (1A + KA, +K3A; ....)
d

C,, _ capacitance in medium

K= . -
Cy capacitance in vacuum

When space between the plates is partly filled with medium of thickness t and dielectric constant k, then
capacitance will be :

C= gA _ gA
d-t+! d—t(l—lJ
K K
When there is no medium between the plates, then k¥ =1, so
c_ud

vacuum —
d

Capacitance of spherical conductor of radius R in a medium of dielectric constant « is given by
C = 4mepkR

Energy stored in capacitor

>

Y VY

A\

In capacitor, energy gets stored when a work is done on moving a positive charge from negative conductor to
positive conductor against the repulsive forces.

—_—

Capacitor

Polar atom : Atom in which positive and negative charges possess asymmetric charge distribution about its centre.
Polarisation : The stretching of atoms of a dielectric slab under an applied electric field.
Dielectric strength : The maximum value of electric field that can be applied to dielectric without its electric
breakdown.
Dielectric : It is an electrically insulated or non-conducting material considered for its electric susceptibility.
Permittivity : It is a property of a dielectric medium that shows the forces which electric charges placed in
medium exerts on each other.

OR
It is the measure of resistance that is encountered when forming an electric field in a particular medium. More
specifically, permittivity describes the amount of charge needed to generate one unit of electric flux in a particular
medium.
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Key Formulae

>

>

Capacitance, C = Q , measured in Farad; 1 F = 1 coulomb/volt

Parallel plate capacitor :

A

C =xg—

'd
Cylindrical capacitor :

L

C = 2mke, 7ln(b/u)

where, L= length [m], b= radius of the outer conductor [m], a = radius of the inner conductor [m]

Spherical capacitor :

ab
C = 4nxeg, [b—a)

where, b = radius of the outer conductor [m], 2 = radius of the inner conductor [m]

Maximum charge on a capacitor :

Q=VC
For capacitors connected in series, the charge Q is equal for each capacitor as well as for the total equivalent.
If the dielectric constant x is changed, the capacitance is multiplied by x, the voltage is divided by x and Q is
unchanged. In vacuum x = 1 and when dielectrics are used, replace g, with x €.
Electrical energy stored in a capacitor : [Joules (J)]

v _or @

u =~ __
E™ 2 2C

» Surface charge density or Charge per unit area : [C/m?]

>

o
Energy density :
® Electric energy density is also called Electrostatic pressure.
® Electric force between plates of capacitor

1

F=Z¢gE*A
2

® Energy stored in terms of Energy density
E _ 1
Axd 2

|
|
2]
S
[ael
N

u

Il
|
o
S
o
N]

where, U = energy per unit volume [J/m’], g,= permittivity of free space, = 8.85 x 1072 C¥/Nm? E = energy [ ] ]
® Capacitors in series :
Cyp G C

® Capacitors in parallel :
Ceff = Cl + CZ
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Q.1

Ans.

Objective Type Questions

A capacitor of 4 uF is connected as shown in
the circuit Figure. The internal resistance of the
battery is 0.5 (). The amount of charge on the
capacitor plates will be :

4 uF

_H_/\/\/\_

10Q

(@) ouC
(c) 16uC

(b) 4 uC
(d) 8 uC

[NCERT Exemplar]
Correct option : (d)
Explanation : As capacitor offer infinite resistance
for DC circuit. So current from cell will not flow
across branch of 4 uF and 10 (). So current will flow
across 2 ohm branch.

So current flows through across 2 () resistance from
left to right is,
Vv
(R+7)

25V
(2405)
=1A
So Potential Difference (PD) across 2 () resistance
V =RI=2x1=2Volt
As battery, capacitor and 2 branches are in parallel.
So PD will remain same across all three branches.

As current does not flow through capacitor branch
so no potential drop will be across 10 ().

So PD across 4 F capacitor = 2 Volt
Q=CV=2uFx2V=8uC

Q. 2. A parallel plate capacitor is made of two dielectric

blocks in series. One of the blocks has thickness
d, and dielectric constant x; and the other has
thickness d, and dielectric constant x, as shown
in Figure. This arrangement can be thought as
a dielectric slab of thickness d (= d;+d,) and
effective dielectric constant k. The xis :

7

1
)

d, k,
N\

kd +k,d,
k,+k,

kd +k,d,

@ 444,

(1 mark each)

kiky(d,+d,) 2k k,

(c) (k1d1+kzd2) (d) k1+k2
[NCERT Exemplar]

Ans. Correct option : (c)

Explanation : Capacitance of a parallel plate
capacitor filled with dielectric of constant k; and
thickness d; is,
:klsoA
dl
Similarly, for other capacitance of a parallel plate
capacitor filled with dielectric of constant k, and
thickness d, is,
k,e,A

d,
Both capacitors are in series so equivalent
capacitance C is related as :

1_1,1_d . d

Cl

C,=

C C C keAd kgA
:'1[h¢+h%}
Al ki,
So, C=—ikt A ..4)
(kl dZ + kZdl )

_ ke, A

C ...(ii)
d
where, d = (d;+d,)
So, multiply the numerator and denominator of
eqn. (i) with (d;+4d,),
_ kkeA . @+d,)_ ki, . gA

(kldz +k2d1 ) (dl +d2 ) (kle +k2dl ) (dl +d2 )
Comparing eqns. (ii) and (iii), the dielectric constant
of new capacitor is :
k= kik,(d,+d,)

(kl d2 +k2d1 )

..(iif)

. In the circuit shown in Figure, initially key K; is

closed and key :

K, is open. Then K is opened and K, is closed
(order is important). [Take Q,' and Q,' as
charges on C; and C, and V; and V, as voltage

respectively.]
K, K,
(o) (o)
\°) \°)
— C— C,—
E
Then

(a) charge on C; gets redistributed such that V; =V,
(b) charge on C, gets redistributed such that Q,' = Q,'
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(c) charge on C,; gets redistributed such that C;V; +
GV,=CE
(d) charge on C, gets redistributed such that Q;' + Q,'
=Q [NCERT Exemp. Q. 2.11, Page 12]
Ans. Correct options : (a) and (d)
Explanation : When key k; is closed and key k, is
open, the capacitor C; is charged by cell and when
k, is opened and k, is closed, the charge stored by
capacitor C; gets redistributed between C; and C,.

So, the charge on C; gets redistributed such that Q'
+Q'=Q
As C; and C, both are in parallel combination, so
their potential will be equal, i.e., V; = V,. It verifies
the answer (a).

Q. 4. A parallel plate capacitor is connected to a battery
as shown in Figure. Cons1i<der two situations :

?jVery Short Answer Type Question

A : Key K is kept closed and plates of capacitors
are moved apart using insulating handle.
B : Key K is opened and plates of capacitors are
moved apart using insulating handle.
Choose the correct option(s).

(a) In A : Q remains same but C changes.

(b) In B : Vremains same but C changes.

(c) In A : Vremains same and hence Q changes.

(d) InB:Q remains same and hence V changes.
[NCERT Exemp. Q. 2.13, Page 13]
Ans. Correct options : (c) and (d)
Explanation :

(i) In case A : when the space between the plates of
capacitor increases, the capacitance decreases by
relation,

_Ke A
Cd

But battery remains same, i.e., potential difference
across plate remains 'V’ same. So by Q = CV
relation, Q also decreases verifies answer (c) and
discards answer (a).

(i) In case B : K is open, and capacitance decreases by
moving apart plates of capacitor, so by relation Q
= CV, here K is open, so charge Q remains same in
turn V will increase on decreasing C. Hence answer
(d) is verified.

C

(1 mark)

Q. 1. Does the charge given to metallic sphere depend
on whether it is hollow or solid ? Give reasons for

your answer. [Delhi I, II, 111 2017]

Ans. No, b3
Because the charge resides only on the surface of
the conductor. Y2

[CBSE Marking Scheme 2017]

Detailed Answer :
No, the charge given to a metallic sphere does not
depend on whether the metallic sphere is hollow or
solid. Y2

7

fat

Q. 1. The battery remains connected to a parallel
plate capacitor and a dielectric slab is inserted
between the plates. What will be effect on its
(i) potential difference (ii) capacity (iii) electric
field and (iv) energy stored ?[A] [CBSE SQP I 2017]

Ans. When a battery remains connected,

(i) potential difference V remains constant b3
(ii) capacity C increases Y
(iii) electric field will remain same Y

: 1 . .
(iv) energy stored 5 CV%increases as C increases %

[CBSE Marking Scheme 2017]

Short Answer Type Questions-I

The amount of charge held by a capacitor is given
by
Q=Cv

where, Q = charge, C = capacitance, V = Voltage
The reason that capacitance C and charge Q is not
affected by whether or not the sphere is hollow or
solid since in perfect conductor, like charges are free
to take equilibrium positions in response to mutual
electrostatic repulsion where charges move to outer
surface of sphere and get uniformly distributed
over surface of sphere. ¥

(2 marks each)

Detailed Answer :

When a battery remains connected to a parallel
plate capacitor and if a dielectric slab is inserted

between the plates of capacitor, then
(i) there will be no change in the potential difference as
the capacitor remained connected with the battery.
v
(ii) capacity or capacitance will increase since with
the introduction of dielectric slab, capacitance of

capacitor will result C = % where k > 1 resulting

an increase in C. 15
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(iii) Electric field will remain same as there will be ) 1., ) )
no change in potential difference and distance expression U= ECV , potential difference V
between the plates. )

(iv) Energy stored will be increased since from the remains same while C increases which finally

increases the energy of capacitor. b
Q. 2. Why does current in a steady state not flow in a capacitor connected across a battery ? However momentary
current does flow during charging or discharging of capacitor. Explain. [O.D. 111 2017]

Ans. (i) In steady state no current flows because we have two sources (battery and fully charged capacitor) of equal
potential connected in opposition.

(ii) During charging/discharging, there is a momentary flow of current as the potential of the two sources are not
equal to each other. 1

[CBSE Marking Scheme 2017]
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[Topper's Answer, 2017]
Q. 3. A parallel plate capacitor of capacitance C is 2
charged to a potential V. It is then connected to and Final energy = 1q° A
another uncharged capacitor having the same 22C
capacitance. Find out the ratio of the energy stored final ener
in the combined system to that of stored initially Ratio of energies = "?lﬂ
in the single capacitor. [O.D. 1, II, III 2014] initial energy
Ans. Energy stored in a capacitor 1 ﬁ
2 4
Uu=cvarld 4 =4C Y
2 2 °C 1q”
Capacitance of the (parallel) combination 2¢C
=C+C=2C % _2 1
Here, the total charge, Q, remains the same : - n = 2

2
i 1
Initial energy = D % [CBSE Marking Scheme 2014]
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Q. 4. A slab of material of dielectric constant k has the
same area as that of the plates of a parallel plate
capacitor but has the thickness d/2, where d is
the separation between the plates. Find out the
expression for its capacitance when the slab is
inserted between the plates of the capacitor.

[O.D. 1, II, III 2013]
Ans. Initially when there is vacuum between the two
plates, the capacitance of the two parallel plates is,
_ SUA 1
Co ] 2
where, A is the area of parallel plates.
Suppose that the capacitor is connected to a battery,
an electric field E is produced.
Now if we insert the dielectric slab of thickness
t = d/2, the electric field reduces to E.
Now the gap between the plates is divided in two
parts, for distance ¢ there is electric field E and for the
remaining distance (d — t), the electric field is E,. 2
If V be the potential difference between the plates
of the capacitor, then
V =Et+ Eyd-t)

y = Ed | Ed [-,-t:d)
2 7 2

(E + Ep)

= V=[E0+E0]
2\ x

ST S EEW

dE,
= — (x+1
e KD

No E, = S _ 4
e 07 g gA
d g
V=—.-—"T-(+1
- 2k gA
_q_ 2xgyA
We know, C v = d0e+1) 1

Q. 5. Two identical capacitors of plate dimension
I X b and plate separation d have dielectric slabs
filled in between the space of the plates as shown
in the figures.

«——> «——

2 7
i [ ]
*
e Km—— e L dl e 1-J
\

Ki——= Ky——
Ve T ,

« >y
N

a

—[2—>e]2 —

Obtain the relation between the dielectric constants
K, k; and 1. [O.D. Comptt. I, 1T, IIT 2013]

?iShort Answer Type Questions-II

Ans. The capacitor can be considered as split into two
capacitors connected in parallel.

K1€0A / 2 Ky€0A /2

Here (= —L0-"= C, = 20212 v

,//.KT_- Sz .,
2 12
In parallel combination,
Cy=C+G
K1€9A Kr€0A 1
=———+ = 72
Ca= " 2d :
C,y = % (K, + 1) )%
From this figure
— ] —
pmR J
va
KeHA .
w= o0 ...(i) Y2

From (i) and (ii)
KepA A
2d T SZLd (k1+ 1)
K =K+1%K
Q. 6. The given graph shows variation of charge g versus
potential difference V for two capacitors C; and C,.
Both the capacitors have same plate separation but
plate area of C, is greater than that of C;. Which
line (A or B) corresponds to C; and why ?
A

A

»
»

Vv
[Comptt. O.D. 1, I, III 2014]
Ans. For C;
Line B 1
Since slope (q/V) of Line B is lesser than that of
Line A. [CBSE Marking Scheme 2014] 1

(3 marks each)

Q. 1. Two identical parallel plate capacitors A and B
are connected to a battery of V volts with the switch
S closed. The switch is now opened and the free
space between the plates of the capacitors is filled

with a dielectric of dielectric constant x. Find the
ratio of the total electrostatic energy stored in both
capacitors before and after the introduction of the
dielectric.
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> Q
Capacitance c==L b7
Vi
Q Qs
— — Also, C==2and C=== 1
V— [P F p) Vi &
360uC — 120uC v,
Vv (V -120)
[O.D. I, II, III 2017] So 3V - 360V = V
Ans. Formula for energy stored ) V=180V V2
Energy stored before 1 _ 00V _, uF 14
Energy stored after 1 180 V
Ratio Ya 0,
2uF = =5 14
1 2
Energy stored = 1CV2 = 10 ¥ 300
2 2¢C Qy=600puC 1%

Net capacitance with switch S closed
=C+C=2C Va

Energy stored = % x2CxV2=CV? 1
After the switch S is opened, capacitance of each

capacitor = x X C
.. Energy stored in capacitor A

A= Leov?
2

For capacitor B,

1Q°_1cv?
2xC 2 xC
1cv?

2 K

Energy stored =

2
~. Total Energy stored = %KCVZ +%CL

_ 1CV2[K2+1]
2 K
2CV %k

CV2(k* +1)

_ 2K

(P +])

[CBSE Marking Scheme 2017]

Required ratio =

Y2

Q. 2. A capacitor of unknown capacitance is connected

across a battery of V volt. A charge of 360 uC
is stored in it. When the potential across the
capacitor is reduced by 120 V, the charge stored
in the capacitor becomes 120 uC. Calculate V and
the unknown capacitance. What would have been
the charge on the capacitor if the voltage were
increased by 120 V? [Delhi (Comptt.) I 2017]

Ans. Calculation of V and unknown capacitance 2

Calculation of charge when voltage is increased
by 120 V 1

[CBSE Marking Scheme 2017]

Detailed Answer :

()

(ii)

Q.3.

Ans.

Let the initial voltage = V volts
Charge stored, Q; = 360 uC

Qi =Cv;=CV
Now the changed potential

V, = (V-120) volts

()%

Charge stored, Q, =120uC
Q,= CV, .(ii) Y2
Now divide equation (i) by (ii), we have:
Q9 _
Q OV
360uC vy

120uC V120 7
On solving, we get V = 180 volts

Now value of unknown capacitance C can be
calculated as

_Q;  360x107°
TV 180

=2x%x10°F =2uF Y
When the voltage applied increases to 120 V, then
V3 =180 + 120 = 300 V 2
Finally the charge stored in the capacitor will be :
Qy=CV;
=2x10°x300C
=600 uC b2
A capacitor of unknown capacitance is connected
across a battery of V volt. A charge of 240 uC
is stored in it. When the potential across the
capacitor is reduced by 80 V, the charge stored
in the capacitor becomes 80 uC. Calculate V and
the unknown capacitance. What would have been
the charge in the capacitor if the voltage were
increased by 80 V? [Delhi (Compt) II 2017]

C F

Calculation of V and unknown capacitance 2
Calculation of charge when voltage is increased
by 80 V 1
Try yourself, Similar to Q.2, Short Answer Type II

[CBSE Marking Scheme 2017]



ELECTROSTATIC POTENTIAL AND CAPACITANCE

[ 57

Q. 4. A capacitor of unknown capacitance is connected
across a battery of V volt. A charge of 120 uC
is stored in it. When the potential across the
capacitor is reduced by 40 V, the charge stored
in the capacitor becomes 40 uC. Calculate V and
the unknown capacitance. What would have been
charge in the capacitor if the voltage is increased

by40V? [Delhi (Compt) III 2017]
Ans. Calculation of V and unknown capacitance 2
Calculation of charge when voltage is increased
by 40 V 1

Try yourself, Similar to Q.2, Short Answer Type II
[CBSE Marking Scheme 2017]

Q.5. A parallel plate capacitor of capacitance C is

charged to a potential V by a battery. Without
disconnecting the battery, the distance between
the plates is tripled and a dielectric medium of
k = 10 is introduced between the plates of the
capacitor. Explain giving reasons, how will the
following be affected :
(i) capacitance of the capacitor
(i) charge on the capacitor, and
(iii) energy density of the capacitor.
[O.D. (Compt) I, 11, III 2017]

Ans. Effect on capacitance 1
Effect on charge 1
Effect on energy 1

(i) C= % v
C= K80A=1 lejc "

d' 3d 3
(ii) V remains same since battery is not disconnected
Vs

0= cv:%ocv:gg v

(iii) Energy density, U, = %SOEZ

V)
d

U'd = %KEOE'Z 1/2

_ o (Vv
2 g

= 10 180E2
912

9

[CBSE Marking Scheme 2017]
Q. 6. (i) How many electrons must be added to one
plate and removed from other so as to store 25.0 J of
energy in a 5.0 nF parallel plate capacitor ?
(ii) How would you modify this capacitor so that it
can store 50.0 J of energy without changing the
charge on its plates ? [SQP 2017-18]

Ans. (i) C=5x10°EU=25]
ue @
2C
Q*=2UcC Y
=2x25x%x5x107°
Q=50x10*C b
Q=ne Va
Q_50x107*C
T e 160x107Y

= 3125 x 10" electrons %
(ii) Without changing charge on the plates, we can
make C half.
gyA
d

Double the plate separation or inserting dielectric
of dielectric constant of a value such that C will
become half. 1

[CBSE Marking Scheme 2017]

C:

Q. 7. In the given circuit, with steady current, calculate
the potential difference across the capacitor and
the charge stored in it. [Foreign I 2017]

6V
e+ 1Q
I F
6V
1|2 I
Bl - E
v =
|+
C | D
12v 2Q
Ans. Value of current 1
Value of voltage 1
Value of charge 1
In the loop ACDFA
_ 12-6 _ 1
(1+2)
Vap = Vg %
=6+2=6+V,
Ve=2V %
Charge Q=CVo=5uF x2V
=10 uC 1
[CBSE Marking Scheme 2017]

Q. 8. In the given circuit, with steady current, calculate
the potential drop across the capacitor in terms of
V.

5V 20

[ F

|

5V C=4pF
B |2 | | E

' I

e
C | D

10V 3
[U[Foreign II 2017]
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Ans. Calculation of current 1%
Calculation of potential across capacitor 1%
Try yourself, Similar to Q. 7 Short Answer Type II
[CBSE Marking Scheme 2017]
[AI] Q. 9. In the given circuit, with steady current,
calculate the potential difference across the
capacitor and the charge stored in it.

4V
A—||—A/M2N£v2vw—F
2y 10uF
B i =l E

[Foreign III 2017]

Ans. Value of current 1
Value of voltage 1
Value of charge 1

Try yourself, Similar to Q. 7 Short Answer Type II
[CBSE Marking Scheme 2017]

[AT] Q. 10. (i) Find equivalent capacitance between A and
B in the combination given below. Each capacitor
is of 2 uF capacitance.

G G |G G| G

| | | | | ||
A—rpr I RI 51T

jos]

(ii) If a DC source of 7 V is connected across AB, how
much charge is drawn from the source and what is
the energy stored in the network ? [U|[Delhi I 2017]

Ans. (i) Calculation of equivalent capacitance 1

(ii) Calculation of charge and energy stored 1+1
(1) Capac1tors C,, G, and C, are in parallel
Cuy=C+C3+Cy

Cpzy = 6 UF i
Capac1t0rs C1, Cyay, and Cs are in series

11 1 1

= +

Cyq C Cpy GCs
1 1 1 7
=—+-+=-=p
2 6 2 6
6
Ceq: ;MF 1/7'

(ii) Charge drawn from the source

=§x7uC=6uC Y2

QZ
Energy stored, U = ——
2C,
q
-12
_ 6x6x10 ;7] "
2x6x10~
=21y ¥

[CBSE Marking Scheme 2017]

Q. 11. A 12 pF capacitor is connected to a 50 V battery.
How much electrostatic energy is stored in the
capacitor ? If another capacitor of 6 pF is connected
in series with it with the same battery connected
across the combination, find the charge stored and
potential difference across each capacitor.

[Delhi II 2017]

Ans. Calculation of electrostatic energy in 12 pF
capacitor
Total charge stored in combination 1
Potential difference across each capacitor % + %2
Energy stored, in the capacitor of capacitance 12

PE,
U
U= -Cv
2
= %lexlO_uxSOxSO]
=15x10%] ¥s
C = Equivalent capacitance of 12 pF and 6 pF, in
series, is given by Y2
1_ 1,1 142
C 12 6 12
C=4pF
Charge stored across each capacitor Vs
qg=CV
=4x10"x50C
=2x107"°C
Charge on each capacitor 12 pF as well as 6 pF
.. Potential difference across capacitor C; Ve
_2x1071
' 12x1072
_ 50
—V bz
3 2
.. Potential difference across capacitor C,
_2x107"
2 6x102
120 v "

[CBSE Marking Scheme 2017]

Two identical capacitors of 12 pF each are
connected in series across a battery of 50 V.
How much electrostatic energy is stored in the
combination ? If these were connected in parallel
across the same battery, how much energy will be
stored in the combination now ?

Also find the charge drawn from the battery in

Q.12.

each case. [Delhi III 2017]
Ans. Equivalent capacitance in series Y2
Energy in series combination Y2
Charge in series combination Y2
Equivalent capacitance in parallel combination Y-
Energy in parallel combination Y
Charge in parallel combination Y2
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In series combination :

1 11
— = _+_
c, 12 12

)(PF )

Y
C,=6x102F
U, = Loy
2
Us=% X6 X 102X 50 X 50]
U,=75x10710] A
s =GV

=6x1012x50C

13.

=300 x 102C
=3x101C %
In parallel combination :

C, = (12 + 12) pF %

C, =24 x 10°2F

u,= %x24><10_12><2500]

u,=3x10"]

g, = GV Ya
=24 x 102 x 50 C
=12x10°C %

[CBSE Marking Scheme 2017]

Two identical parallel plate capacitors A and B are connected to a battery of V volts with the switch S closed.

The switch is now opened and the free space between the plates of the capacitors is filled with a dielectric of
dielectric constant x. Find the ratio of the total electrostatic energy stored in both capacitors before and after the

introduction of the dielectric.

[O.D. Set I, II, III 2017]
S

/o

Ans. ledkeallys "
N C = €A =c¢ Vu
3 A d
=] T
C =Sl =C \/
B r.'.l; o =
J/ [atey -
— a
C=KC - =IxC
A ya
.= <C
&
1Tocal elecionscaktd  emesgep
9Cage bhelnge delectgee
A 1cov® 4 1enve
= A A o B B
J_xc"v°°4 Lr-v@
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/

[
Cv

&
¥ AXxlcy =
2
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[Topper's Answers 2017]
Q. 14. Two parallel plate capacitors X and Y have the 0 60 uC
same area of plates and same separation between Vy= .- m =3V i
them. X has air between the plates while Y contains Y
a dielectric medium of ¢, = 4. Q?
X Y|
H H (iii) ﬂ:_zcg(zc_yzg)zzlzll
E, @ Cx 5
2Cy
(Also accept any other correct alternative method)
[CBSE Marking Scheme 2016]
+ - Q. 15. A parallel plate capacitor, of capacitance 20 UE is
O O connected to a 100 V, supply. After sometime, the
15V battery is disconnected, and the space, between
(i) Calculate capacitance of each capacitor if the plates of the capacitor is filled with a dielectric

equivalent capacitance of the combination is 4 uE.
(i) Calculate the potential difference between the
plates of X and Y.
(iii) Estimate the ratio of electrostatic energy stored in
XandY.
[Delhi I, II, IIT 2016, Set D, 2009, Set F 2008]
CX =C
Cy =4C
(as it has a dielectric medium of €, = 4)
For series combination of two capacitors

Ans. (i) Let

i_1.1
C Cx Cy
4uF  C 4C
1 _5
4uF  4C
= C =5uF
Hence Cx=5uF Y2
(ii) Totalcharge Q=CV
=4uF X 15V = 60 uC
_Q _nc ,
Vy = C = GuE =12V %

of dielectric constant 5. Calculate the energy
stored in the capacitor.

(i) Before

(ii) After the dielectric has been put in between its

plates. [O.D. Comptt. I, II, III, 2016]
Ans. Charge stored, Q =CV =20 X 10°x 100C %
= 2000 pC

New value of capacitance
=5 X 20 uF
= 100 uF

Energy stored in a capacitor
_ e

1., 1
= =—CV ==-QV b3
2 C( 2 ZQ J &

(i) Energy stored before dielectric
_1, [2000%107°]x (2000 107°)

2 20x107°
=01] 1
(ii) Energy stored after the dielectric is introduced
(- there is no change in the value of Q)
1_2000x107° x2000x10™°
= =X b7
2 100x107°
=0.02] b3

[CBSE Marking Scheme, 2016]
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Q. 16.(i) A parallel plate capacitor (C;) having charge Q is connected, to an identical uncharged capacitor C, in series.
What would be the charge accumulated on the capacitor C, ?
(ii) Three identical capacitors each of capacitance 3 uF are connected in turn in series and in parallel combination
to the common source of V volt. Find out the ratio of the energies stored in two configurations.

[O.D. Set I, 11, ITI 2016]

Ans. (i)

vwm, T_ert:a,t Cher
Net c;xpnuk"t?iﬂ-

bovs wewld  (eprac. o Comwpw Wf;yhal
& (a3

5‘1(-.'2...

(@3,,,» YN

g - ___c.:_’_.;;}_. 1.:-35’4-
0 543 i in Aexqes: i -
Foolld Condiwalon Corl
mCm}m;__ +c1+r.3 2 Gps '5-_#'5:'3 = 1 ;-,; Cpt 2
_Rahs - bj Q_Nu.ﬁtua- C. ! %C-, B PR el OB

[Topper's Answer 2016]

Q. 17. Two capacitors of unknown capacitances C, and C,
are connected first in series and then in parallel
across a battery of 100 V. If the energy stored in the
two combinations is 0-045 J and 0.25 ] respectively,
determine the value of C; and C,. Also calculate the
charge on each capacitor in parallel combination.

[Delhi I, II, III 2015]

Ans. Energy stored in a capacitor

u=1cw 1
2
In series combination
1GC
= ——— (100
0.045 2C,+C, (100)
GGy 4 -
=0.09 x 10 ()Y
C,+C, )%
In parallel combination
0.25 = % (C; + Cy) (100)*
= C,+C,=05x%x10" ..(ii) %

On simplifying (i) and (ii)
C,C, =0.045 x 1078

(C1-Cf* = (C; + G -4C, G,
= (0.5 X 10742 -4 x 0.045 x 108
=0.25 x 10°-0.180 x 107
(C,-Cy)*=10.07 x 10°®
(C;—C) =26 x10°=025x 10* ...(iii)

Va

From (ii) and (iii) we have
C,;=038x 10*Fand C, = 0.12 X 10*F

Charges on capacitors C; and C, in parallel

combination
Q,=C,V=(0.38 x 10* x 100) = 038 x 102C
Q,=GC,V = (012 x 10* x 100) = 0.12 X 102C %
Alternatively,
U= Lo
2
1( GG,
d 0.045 = —| ——=— [(100)
an z(c1 +C, )( )
0.25 = % (C; + C,) (100

If the student is unable to calculate C; and C,,
award him/her full 2 marks.

Also if the student just writes

Q, = G,V = C4(100) and Q, = C,V = C,(100)
award him/her one mark for this part of the

question.
[CBSE Marking Scheme, 2015]

Q. 18. Eight identical spherical drops, each carrying a
charge 1 nC are at a potential of 900 V each. All
these drops combine together to form a single
large drop. Calculate the potential of this large
drop.

(Assume no wastage of any kind and take the
capacitance of a sphere of radius r as proportional

to ). [CBSE SQP 2014]

Ans. Let the radius of each drop be r. The capacitance C
of each drop is kr, where k is a constant.
Also g = CV, V = 900 volt
.. Charge on each drop = g = (kr X 900) C

)
)
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... Total charge on all the eight drops = Q = 8j
= 7200kr V2
Let R be the radius of the large drop. Then
an R*=8x dn r
3 3
R=@®)"r=2r bz
.. Capacitance C’ of the large drop = kR = 2kr ¥

Q _ 7200kr
C' 2k

.. Potential of the large drop = volt

= 3600 V Y2

[CBSE Marking Scheme 2014]

Q.19.The following graph shows the variation of
charge Q with voltage V for two capacitors K and
L in which capacitor is more electrostatic energy

stored ?

Q

A

K

»
»

\%
[Foreign 2008]

Ans.The slope of Q-V graph of capacitor gives
capacitance, therefore, capacitor L have greater
capacitance. Since, two capacitors are given same
voltage V, therefore energy stored in a capacitor
will be given by formula.

u= %CVZ and for same V

UeC
C; >Cg
= U, > Uy
= Capacitor L with store more electrostatic
energy. 3
OR

Try yourself, Similar to Q. 6 Short Answer type I
[CBSE Marking Scheme, 2008] 3

Q. 20. Two parallel plate capacitors of capacitances C; and
C, such that C; = 2C, are connected across a battery
of V volts as shown in the figure. Initially the key
(x, is kept closed to fully charge the capacitors.
The key is now thrown open and a dielectric slab
of dielectric constant 'k’ is inserted in the two
capacitors to completely fill the gap between the
plates. Find the ratio of (i) the net capacitance and
(ii) the energies stored in the combination, before
and after the introduction of the dielectric slab.

= o G

<
I
| |

[Comptt. Delhi I, II, IIT 2014]
Ans. Try yourself, Similar to Q. 13 Short Answer Type II

Q. 21. (i) Obtain the expression for the energy stored per

unit volume in a charged parallel plate capacitor.
(ii) The electric field inside a parallel plate capacitor
is E. Find the amount of work done in moving a
charge g over a closed rectangular loop a b c d a.
+_+ + + + + o+

a > b

[Delhi I, II, ITI 2014]

Ans. (i) Work done by the source of potential, in storing
an additional charge (dg), is

AW = V.dg
But =1
C
= daw = 9 dg Y%
C

Total work done in storing the charge g,
- ["4
JdW = jo . dq

2 2
W=l[q_I =L b3
Cl 2 2C

This work is stored as electrostatic energy in the

capacitor.

UZ%CVZ (- q=CV)

Loy

Energy stored per unit volume = ZTd

u=

Ad
u= £ goE> 1
2

(i) Work done in moving the charge g from a to b,
and from c to d is zero because electric field is

perpendicular to the displacement. Y2
Work done from b to ¢ = — Work done from d to a
)

... Total work done in moving a charge q over the
closed loop = 0
[CBSE Marking Scheme 2014]
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[AI] Q. 22. (i) Derive the expression for the capacitance of
a parallel plate capacitor having plate area A and
plate separation d.

(ii) Two charged spherical conductors of radii R; and
R, when connected by a conducting wire acquire
charges 4, and g, respectively. Find the ratio of
their surface charge densities in terms of their
radii. [Delhi I, II, 111 2014] [NCERT Exemplar]

Ans. (i
urface
charge densityc I St

M 1 |“
+ + + + + + + + + +

Surface
charge density —c

Electric field between the plates of capacitor

o Q
E= € - Agg %
Qo
V =Ed= Aeg b
Capacitance, C= Q_ &4 1
\%4 d

(ii) When the two charged spherical conductors are
connected by a conducting wire, they acquire the
same potential. b

ie. & = & = ﬂ = &
’ R R, 92 Ry

Hence, ratio of surface charge densities,

71 /47ch2

G,  ,/4mR3

o R R R

)

Oy sz 8 R} TR
[CBSE Marking Scheme, 2014]
Q. 23. In a parallel plate capacitor with air between the
plates, each plate has an area of 6 X 10> m? and the
separation between the plates is 3 mm.
(i) Calculate the capacitance of the capacitor.
(ii) If this capacitor is connected to 100 V supply, what
would be the charge on each plate ?
(iii) How would charge on the plates be affected, if a
3 mm thick mica sheet of k = 6 is inserted between
the plates while the voltage supply remains

connected ? [Foreign 2014]

Ans. (i) C= % %
e 8.85x1072 x6x107
3x107°
C=177 X 1002F = (17.7 pF) %
(i) Q=Cv Vs
Q=177 x 1072 x 100 C
Q=177x10°C=177nC %
(iii) Q" =xQ Va

6 x17.7 x 1077 C
=1062 x 107" C = 10.62 x 10~
=10.62nC ¥
[CBSE Marking Scheme 2014]
[AI] Q. 24. A capacitor of unknown capacitance is
connected across a battery of V volts. The charge
stored in it is 360 uC. When potential across the
capacitor is reduced by 120 V, the charge stored in
it becomes 120 uC.
Calculate :
(i) The potential V and the unknown capacitance C.
(i) What will be the charge stored in the capacitor, if
the voltage applied had increased by 120 V ?
[Delhi I, II, IIT 2013]
Ans. Try yourself, Similar to Q. 2, Short Answer Type II
Q. 25. The capacitors C, and C, having plates of area A
each, are connected in series, as shown. Compare
the capacitance of this combination with the

capacitor C,, again having plates of area A each,
but “‘made up’ as shown in the figure.

Ko Koy K1 Ko

d d 2d

G G G
[CBSE SQP 2013]
Ans. We have C = % )

and C, = %
C,r = & _ @ ELSLY I 1
‘7 C+C, — d kgt

Now, capacitor C; can be considered as made up of
two capacitors C; and C,, each of plate area A and

separation d, connected in series. 1
A
We have ¢ = 288
d
and G = % Y2

Cl‘CZV ﬁ KKy,
C+GC) 4 \xtKy

= G,
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Ceq
Hence, the net capacitance of the combination is
equal to that of C;. 23

Q. 26. (i) Deduce the expression for the electrostatic
energy stored in a capacitor of capacitance ‘C" and
having charge ‘Q’.

(ii) How will the (a) energy stored and (b) the electric
field inside the capacitor be affected when it is
completely filled with a dielectric material of
dielectric constant ‘¥’ ? [O.D. 1, 11, III 2012]

Ans. (i) Expression of electrostatic energy stored in a
capacitor 2

(ii) Effect on energy stored and electric field in
capacitor due to dielectric material. 1
Potential difference between the plates of
capacitor 2

?iLong Answer Type Questions

V=gq/C
Work done in adding an additional charge dg on

the capacitor
dW =V X dgq

9
= | — d 12
(g

.. Total energy stored in the capacitor,

a- o

2
1 dg = 1Q7 1
c“72¢
When battery is disconnected :

(a) Energy stored will be decreased or energy stored

- times the initial energy. s
K
(b) Electric field would decrease. Vs
E’'=E/x

[CBSE Marking Scheme 2012]

(5 marks each)

Q. 1. (i) Define the capacitance of a capacitor. Obtain
the expression for the capacitance of a parallel
plate capacitor in vacuum in terms of plate area A
and separation d between the plates.

(i) A slab of material of dielectric constant x has
the same area as the plates of a parallel plate

2
capacitor but has a thickness Td . Find the ratio

of the capacitance with dielectric inside it to its

capacitance without the dielectric.
[Foreign I, 11, IIT 2017]

Ans. (i) Definition of capacitance 1
Obtaining capacitance 2
(ii) Ratio of capacitances 2

(i) Capacitance equals the magnitude of the charge
on each plate needed to raise the potential
difference between the plates by unity. 1

OR

(i) Try yourself, similar Q.22 (i), Short Answer Type
Question-II

(ii) Capacitance without dielectric,

C:@
d

Capacitance when filled with dielectric having
thickness 3d
4
Ag

C = ¢ A
ld—t+— '
K

Ag

3d

:[ 3d Bd] [Ast= " ]
d——+—
4 4x

4e kA

T d(x+3)
g Agpdx xi
T d(x+3) Ag

Ratio

_ 4x "
(x+3)

[CBSE Marking Scheme 2017]

[AT] Q. 2. (i) Define the S.I. unit of capacitance.
(ii) Obtain expression for the capacitance of a parallel
plate capacitor.
(iii) Derive the expression for the affective capacitance
of a series combination of n-capacitors.
[R [Delhi Comptt. I, II, 111, 2016]

Ans. (i) When a charge of one coulomb, produces a
potential difference of one volt between the plates
of a capacitor, the capacitance is one farad. 1
[Alternatively,

Q=cvoc=2
v

When Q = 1 coulomb, V = 1 volt

1 farad = 1 coulomb
1 volt
(ii) Try yourself, Similar to Q. 22 (i), Short Answer Type
Question-II 2
(iii)
1 Cz C3 C4
| | | | | | |
I | |1 I |‘ ___________ |
A
| |
| 1
A

V2
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In series combination, charge on each capacitor is

same.
Letitbe Q,
Q
V== bz
1 G e
Q
V = =
2 C2
v, = C% %
Total potential
V=V+V,+Vs+..+V,
V= Q+Q+Q+ +g
G G G Cy
K = i+i+i+ +i 73
Q G G G Cy
1 1 1 1 1
= =t —t.+—.
C G G G C,

[CBSE Marking Scheme 2016]
Q. 3. (i) Explain, using suitable diagrams, the difference
in the behaviour of (a) conductor and (b) dielectric
in the presence of an external electric field. Define
the terms polarization of a dielectric and write its
relation with susceptibility.
(ii) A thin metallic spherical shell of radius R carries

a charge Q on its surface. A point charge Q is

placed at its centre C and another charge +2Q is
placed outside the shell at a distance x from the
centre as shown in the figure. Find (a) the force on
the charge at the centre of shell and at the point A,
(b) the electric flux through the sRell.

Q 2Q

=

[Delhi I, II, III 2015]

Ans. (i)
— E, + + —
Ey 0}ree K (%:ee p Ey &
— —

EO + Ein: 0 + +
Conductor

Dielectric

(a) In the presence of electric field, the free charge
carriers, in a conductor, move the charge
distribution in the conductor re-adjusting itself
so that the net electric field within the conductor
becomes zero. Vs

(b) In a dielectric, the external electric field induces a
net dipole moment, by stretching/reorienting the
molecules. The electric field, due to this induced
dipole moment, opposes, but does not exactly
cancel, the external electric field. 1
Polarisation : Induced dipole moment, per unit
volume, is called the polarization. For linear
isotropic dielectrics having a susceptibility x -, we

have
P =ycE 1
(i) (a) Net Force on the charge %, placed at the
centre of the shell, is zero. 1

Force on charge 2Q kept at point A

F=Ex2Q
3Q
1| 2=
Fpe
e’
B 6Q2 _ 3Q2
8me,x?  Ameyx?
OR
(k)3Q°
2
where, k =
4me
(b) Electric flux through the shell
oo 2 .
2g,
Q

-- Charge enclose is >

[CBSE Marking Scheme 2015]

[AI] Q. 4. (i) Compare the individual dipole moment and

the specimen dipole moment for H,O molecule
and O, molecule when placed in
(a) Absence of external electric field.
(b) Presence of external electric field.
Justify your answer.

(ii) Given two parallel conducting plates of area A and
charge densities + ¢ and — 6. A dielectric slab of
constant ¥ and a conducting slab of thickness d
each are inserted in between them as shown.

(a) Find the potential difference between the
plates.

(b) Plot E versus x graph, taking x = 0 at positive
plate and x = 5d at negative plate.
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Dielectric
Conductor

cd>Ei><¢i>€d><d>
[CBSE SQP 2015-16]

+ 4+ 4+ o+ o+ + o+

Ans. (i)
Non-polar (O,) | Polar (H,O)

In absence of

electric field

Individual No dipole | Dipole = moment
moment exists. exists.

Specimen No dipole | Dipoles are
moment exists. | randomly

oriented. Net P=0

In presence of
electric field
Individual Dipole moment | Torque acts on the
exists (molecules | molecules to align
become them parallel to E.
polarised.)
Specimen Dipole moment | Net dipole
exists. moment exists
parallel to E.
3
(ii) (a) V =Ed+ Ed+E0d+O+EOd Ya
K
E
V =3Ed+ —d %
K
(b) Graph :
N 1 1 ! | !
I I I I I
I I I I I
T EO : I I I I
I I I I I
S T
— T 1
K | | | | |
< : ! : ; : s
d 2d 3] 4d 5d X—>

[CBSE Marking Scheme 2015]
Q. 5. (i) If two similar large plates, each of area A having
surface charge densities +6 and —c are separated
by a distance d in air, find the expressions for
(a) field at points between the two plates and on
outer side of the plates.
Specify the direction of the field in each case.
(b) the potential difference between the plates.
(c) the capacitance of the capacitor so formed.

(ii) Two metallic spheres of radii R and 2R are charged
so that both of these have same surface charge
density c. If they are connected to each other with
a conducting wire, in which direction will the

charge flow and why ? [O.D.1, 11, III 2016]

Ans.
()

+
[e]
|
Q

+ o+ o+ + o+ o+ 4+ o+

+ 0+ o+ 4+ o+ o+ o+ o+ o+

+

(a) The electric field at point between the plates
E=2
€
and directed from positive plate to negative plate. 1
(b) Potential difference V = E X separation between

two plates
v=2x4d
€
V= S d 1
€

(c) Charge on capacitor = magnitude of charge on
any of two plates

? = 0A
and potential difterence,
od
V=—
€9

. Capacitance, C = q_04

v (ol

€9

C= M 1

d

(ii) When two charged conducting metallic spheres
are connected with a conducting wire, then charge
flows between the two, till their potentials become
equal or redistribution of charges takes place i.e.,
charge is divided on both the spheres. 2

Q. 6. A capacitor of capacitance C; is charged to a
potential V; while another capacitor of capacitance
C, is charged to a potential difference V,. The
capacitors are now disconnected from their
respective charging batteries and connected in
parallel to each other.
(i) Find the total energy stored in the two capacitors
before they are connected.

(ii) Find the total energy stored in the parallel
combination of the two capacitors.

(iii) Explain the reason for the difference of energy in
parallel combination in comparison to the total
energy before they are connected.

[Rl [Comptt. Delhi/O.D. I, II, III 2018]

Ans. (i) Finding the total energy before the capacitors

are connected 1

(ii) Finding the total energy in the parallel
combination 3
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(iii) Reason for difference 1
(i) We have
Energy stored in a capacitor = %CV2 b

. Energy stored in the charged capacitors

1
E = Eclvlz
1 .2
And EZ = ECZVZ

1 1
... Total energy stored = EC1V12 +EC2V22 1

(b) Let V be the potential difference across the parallel
combination.

Equivalent capacitance = (C; + C,) P

Since charge is a conserved quantity, we have
(C,+CYV =CV; + GV, 1
C,V; +C,V, }
(G +Cy)

.. Total energy stored in the parallel combination

= V=[ 1

1
S G+ C)V? %

1(C Vi + CZVZ)Z v,
2 (C+Cy) :

(c) The total energy of the parallel combination is

different (less) from the total energy before the
capacitors are connected. This is because some
energy gets used up due to the movement of
charges. 1

[CBSE Marking Scheme, 2018]
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