Electrostatic Potential and Capacitance

1. Ten capacitors, each of capacitance 1 pF are connected in parallel to a source of
100 V. The total energy stored in the system is equal to: (2024)

(A) 102]

(B) 10%]

(C) 0.5x 10¢]

(D) 5.0 x 102]
Ans. (D) 5.0 x 102]

2.2 Electrostatic Potential

(1 mark)

1. The physical quantity having Sl unit NC tmis i
(2020) (R

2.3 Potential due to a Point Charge
(1 mark)

2. A point charge +Q is placed at point O as shown in
the figure. Is the potential difference V,, - Vi positive, |

negative or zero?

5 A B

(Delhi 2016, Foreign 2016)

2.4 Potential due to an Electric Dipole

BTN (3 marks)

3. Derive the expression for the electric potential due

to an electric dipole at a point on its axial line.

(2/3, Delhi 2017) (fp)
25 Potential due to a System of Charges !

LY (2 marks)

4, Two small conducting balls A and B of radius ry and
r; have charges g, and g, respectively. They are
connected by a wire. Obtain the expression for
charges on A and B, in equilibrium. (2023) :

5. N small conducting liquid droplets, each of radius r,
are charged to a potential V each. These droplets :
coalesce to form a single large drop without any :
charge leakage. Find the potential of the large drop. !

(2020) (in)

e €
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Answer the following questions based on the above ;

la)

(b}

(e}

Consider a uniformly charged thin conducting
shell of radius R. Plot a graph showing the
variation of |E| with distance r from the centre,
for points 0= r < 3R,

The figure shows the variation of potential V

with 1 for two point charges Q4 and s, where
r

Vis the potential at a distance r due to a point

charge. Find Q-L
Qx

v

L

4

Q:

&08
(8] i >
Yr
An electric dipole of dipole moment of
&x 107 C-mis kept is a uniform electric field of
10" N/C such that the dipole moment and the
electric field are parallel. Calculate the potential

energy of the dipole.
OR

fin electric dipole of dipole moment P is
initially kept in a uniform electric field E such
that ;-J is perpendicular to E . Find the amount
of work done in rotating the dipole to a position

at which p becomes antiparallel to E.  {2023)
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ZETO.

(4 marks)

The following questions are source based/case based
questions. Read the case carefully and answer the

questions that follow.

7. Electrostatics deals with the study of forces, fields E 9. Equipotentials at a large distance from a collection
and potentials arising from static charges. Force !
and electric field, due to a point charge is basically :
determined by Coulomb's law. For symmetric charge
configurations, Gauss's law, which is also based on
Coulomb's law, helps us to find the electric field. A
charge/ a system of charges like a dipole experience m (1 mark)
a forceftorque in an electric field. Work is required :

to be done to provide a specific orientation to a

dipole with respect to an electric field.

OR

"For any charge configuration, equipotential surface
through a point is normal to the electric field.” Justify.
(Delhi 2014) :

BEEXIM (3 marks)

11. (a) Draw the equipotential surfaces corresponding

to a uniform electric field in the z-direction.

(b) Derive an expression for the electric potential

i 19. The electric potential as a

. function of distance X’ is A
shown in the figure. Draw a B
12. Draw the equipotential surface due to an electric § o

(1/3, Delhi 2019) :
20. Is the electrostatic potential necessarily zero at

at any point along the axial line of an electric
dipole. (Al 2019)

dipale.
OR

Diepict the equipotential surfaces due to an electric
(2/3, Delhi 2017) :
13. Define an equipotential surface. Draw equipotential

dipole.

surfaces:
(i} inthe case of a single point charge and
(ii) inaconstant electric field in Z-direction.

Why the equipotential surface about a single

charge are not equidistant ?

(iily Can electric feld exist tangential to an
equipotential surface? Give reason. i
(A1 2016) (7] :

14. Two closely spaced eguipotential surfaces A and
B with potentials V and V + 8V, (where 8V is the
change in V), are kept &l distance apart as shown in :

e @)

6. Two point charges q and -2q are kept 'd’ distance : 2.6 Equipotential Surfaces

apart. Find the location of point relative to charge 'g’ :
at which potential due to this system of charges is

(Al 2014C) 8. The electric potential V at any point (x, v, 2} is given

MCQ

by V = 3x° where x is in metres and V in volts. The
electric field at the point {1 m, 0, 2 m}) is

{a) &6V m*along -x-axis

{b) &V m!along +x-axis

() 1.5V m™!along -x-axis

(d) 1.5V m™*along +x-axis. (Term12021-22)( Uh

of charges whose total sum is not zero are
{a) spheres (b) planes
(c) ellipsoids (d) paraboloids

(Term | 2021-22) (R |

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

(A1 2015C) (1]

: 17. Write two important characteristics of equipotential

surfaces. (2/5, 2020)
18. The magnitude of electric field {in N C) in a region
varies with the distance rlin m) as
E=10r+5
By how much does the electric potential increase in
moving from point at r = 1 m to a point at r = 10 m.

(2/5, 2020) (Ap)

1 2 3

graph of the electric field E as cam
(1/5,A12019) (An|

a function of x

a point where the electric field is zero? Give an
example to support your answer.

(2/5, Al 2019) (Ap)

2.7 Potential Energy of a System of

Charges
MCQ

i 71, A+30nC charge () is initially at rest at a distance

of r; = 10 ecm from a + 5.0 nC charge q fixed at the
origin. The charge O is moved away from q to a new
position at r, = 15 cm. In this process work done by
the field is

fa) 1.29x1073) (b) 3.6x10°)

) -45%x107) (d) 4.5x107)
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the fAgure. 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.

A (Delhi 2014C) (&) |

T (5 marks)

15. Draw equipotential surfaces due to an isolated point
charge (—-g) and depict the electric field lines.

(Al 2020) :

14, A cube of side 20 em is kept i
in a region as shown in the

figure. An electric field E exists

in the region such that the
potential at a point is given by
V= 10x + 5 where V is in volt
and x is in m. z
Find the

{i) electricfield E and
(ii) total electric flux through the cube.

(3/5, 2020) (An) :

oy

25. Two point charges g and =g are located at {0, 0, -a)
and (0, 0, a) respectively.

{(a) Depict the equipotential surfaces due to this :
arrangement. i
{b) Find the amount of work done in moving asmall :
test charge g, from point (I, 0, 0) to (0, 0, 0). :
(Al 2020C) !
264, Obtain the expression for potential energy of an

electric dipole placed with its axis at an angle (D) to :
an external electric fheld {E’}I What is the minimum |
value of the potential energy? (Al 2019C)

27. (a) Two point charges + Q; and -Q; are placed r
distance apart. Obtain the expression for the !
amount of work done to place a third charge |
Q5 at the midpoint of the line joining the two
charges.

(b} At what distance from charge +Q; on the line :
joining the two charges (in terms of Q1. Ga an;d_ri

2mari)

i 24,

e @)

(Term 1 2021-22)
(1 mark)
22. Figure shows the field lines 'Q
i on a positive charge. |s the “

work done by the field in
moving a small positive
charge from 0§ to P
positive or negative?

Give reason. (Foreign 2014) |E.:

i 23. Obtain an expression for electrostatic potential

energy of a system of three charges g, 2q and -3q
placed at the vertices of an equilateral triangle of
side a. (2023)
Three point charges Q. g and -q are kept at the
vertices of an equilateral triangle of side L as shown
in figure. What is

(i) the electrostatic potential

arrangement? and
(ii) the potential at point D?

AnQ

energy of the

4q

: 3 (2023)

(5 marks)

| 33. Find the expression for the potential energy of a

system of two point charges 4, and g, located at

f, and F,, respectively in an external electric field E.
(2/5, 2020) (Ag)
Two point charges g, and g, are kept r distance
apart in a uniform external electric field E. Find the
amount of work done in assembling this system of
charges. (2/5, 2020) (fn)
Derive an expression for the potential energy of an
electric dipole in a uniform electric field. Explain
conditions for stable and unstable equilibrium.
(3/5, Al 2017)
An infinitely large thin plane sheet has a uniform
surface charge density +o. Obtain the expression for
the amount of work done in bringing a point charge
g from infinity to a point, distant r, in front of the

(3/5, Al 2017) (p)

L3
n

%]
!,}-

charged plane sheet.
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28.

30.

2.8 Potential Energy in an External Field

will this work done be zero. (2020) (Ev) | .
o : 2.9 Electrostatics of Conductors

Four point charges Q. q, Q and g Q

are placed at the corners of a

square of side 'a’ as shown in the

figure. Find the

(a) resultant electric force on a 5
charge (Q, and

(b) potential energy of this system.  (2018) (An)
. [a) Three point charges g, -4q and 2q are placed at
the vertices of an equilateral triangle ABC of side
I as shown in the figure. Obtain the expression :
for the magnitude of the resultant electric force

acting on the charge g.

(b) Findout the amount of the work done to separate
the charges at infinite distance. (2018) :

: 211 Capacitors and Capacitance

(1 mark)

done in assembling these charges at the vertices of : T ——
an equilateral triangle of side 10 cm. gorg) T DCEETEEh A

Three point charges +1 pC, -1 pC and +2 pC are
initially infinite distance apart. Calculate the work

LY (2 marks)

3L

(% ]
%]

Obtain the expression for potential energy of an
electric dipole placed with its axis at an angle (B) to
an external electric field | E } . What is the minimum

value of the potential energy? (20190 | 212 The Parallel Plate Capacitor

. The electric field inside a +_+ + + + + =+
parallel plate capacitor is g4 > b
: 39. A charge particle is placed between the plates of

E. Find the amount of work
done in moving a charge g & Y
over aclosed rectangular loop

abeda. q + =

(S marks)

40.

Get More Learning Materials Here : i

When a parallel plate capacitor is connected across
a dc battery, explain briefly how the capacitor gets :

charged. (2/5,A12019) (U]

. If two similar large plates, each of area A having
surface charge densities + o and - o are separated

by a distance d in air, find the expressions for

(a) feld at points between the two plates and on
auter 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.

(3/5, Al 2016)

a

(Delhi 2014) (1] :

MCQ

37. Which of the diagrams correctly represents the

electric field between two charged plates if a neutral
conductor is placed in between the plates?

(Term | 2021-22)

of charge 'g wersus potential
difference 'V for two capacitors B

Cy and C. Both the capacitors 4

have same plate separation but

plate area of C; is greater than v

that of C,. Which line (A or B)

corresponds to C; and why? (Al 2014C) [[h'

MCQ

a charged parallel plate capacitor. It experiences a
farce F. If one of the plates is remowved, the force on

the charge particle becomes
{a) F (b) 2F
) F/2 id) Zero (Al 2020C)

(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) (Ey]

(4 marks)

44, A capacitor is a system of two conductors separated

by an insulator. The two conductors have equal
and opposite charges with a potential difference
between them. The capacitance of a capacitor

m & www.studentbro.in



2.13 Effect of Dielectric on Capacitance
MmcQ

42, Two capacitors of capacitances Cy; and C; are
connected in parallel. If a change Q is given ta the
combination, the ratio of the charge on the capacitor

C4 to the charge on Ca will be:

G rie G
(a) CC, (b) Elz.. (c) 'E:‘ {d) c; ;
(Al 2020)

ETIM (2 mariks)

43. A sphere 5, of radius r, encloses a
net charge Q. If there is another
concentric sphere 5; of radius
rzlrz * ry) enclosing charge 20, find
the ratio of the electric flux through
5, and 5, How will the electric

flux through sphere 5; change if a medium of
dielectric constant 5 is introduced in the space

inside Sy in place of air? (Al 2014C) (Ap) |

X (3 marks)

44. The space between the plates of a parallel plate :
capacitor is completely filled in two ways. In the
first case, it is filled with a slab of dielectric constant :
K. In the second case, it is filled with two slabs of :
equal thickness and dielectric constants K, and K §
respectively as shown in the figure. The capacitance :

2.14 Combination of Capacitors

-1? Three capacitors, each of 4 pF are to be connected

of the capacitor is same in the two cases. Obtain the
relationship between K, K; and K.

K _E K, :
7
P
d df’ﬂ
[Case 1) (Case 2)

separation between the plates is 0.3 mm.

2.15 Energy Stored in a Capacitor
MCcQ

48. A variable capacitor is connected to a 200 V |
battery. If its capacitance is changed from 2 pF
to X |.|F: the decrease in energy of the capacitor is

Get More Learning Materials Here : & m

(Al 2020) i
45, In a parallel plate capacitor with air between the
plates, each plate has an area of 6 x 10m” and the |

: 54.

depends on the geometrical configuration (shape,
size and separation) of the system and also on
the nature of the insulator separating the two
conductors. They are used to store charges. Like
resistors, capacitors can be arranged in series or
parallel or a combination of both to obtain desired
value of capacitance.

(i) Find the equivalent A._j-"" Gl

capacitance between C
points 4 and B in the —
given diagram.

(ii) A dielectric slab is inserted between the plates
of a parallel plate capacitor. The electric field
between the plates decreases. Explain.

(iif) Acapacitor Aof capacitance C, havingcharge Qis
connected acrass another uncharged capacitor
B of capacitance 2C. Find an expression for (a)
the potential difference across the combination
and {b) the charge lost by capacitor A.

OR
(iif) Two slabs of dielectric constants 2d/3

2% and I fill the space betwben G
the plates of a parallel plate
capacitor of plate area A and
plate separation d as shown in
figure. Find an expression for =
capacitance of the system. =

il

=
=

]
;_,.l-"_l-'
o
=

N

in such a way that the effective capacitance of

the combination is & uF. This can be achieved by

connecting.

{a) Allthree in parallel

{b) Allthree in series

{c} Two of them connected in series and the
combination in parallel to the third.

{d) Two of them connected in parallel and the
combination in series to the third. (2023)

Twuo 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?
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N (2 marks)

43,

50.

2 % 1072 J, The value of X is

(a) 1pF (b)) 2pF () 3pF (d) 4uF

Calculate the potential difference and

C1 = 20 uF, C; = 30 uF and Cy = 15 uF.
il || | |
A L1 ] ]
G G G

¥

capacitor.

BEEXTI (3 marks)

5L

5.

Get More Learning Materials Here : i

In the figure given below, find the
A '-;:I1 Cy Fa Ly
i—

C
P B
1 f

-.I-I--
I

1
1
5V

{a) equivalent capacitance of the network between

points A and B.
Given:Cy =Ce=4pF Co=Cy=Cy=2uk
(b) maximum charge supplied by the battery, and

(c}] total energy stored in the network. (2020) E;I
(i) Find the equivalent capacitance between A and :
B in the combination given below. Each capacitor :

is of 2 uF capacitance.

Cs pCa[CicCa| Cs
A— PSR

(ii) If ade source of 7V is connected across AB, how
much charge is drawn from the source and what

is the energy stored in the network?

the |
energy stored in the capacitor C, in the circuit
shown in the figure. Given potential at A is 90 V, ©

(Al 2015) (An) :
A parallel plate capacitor of capacitance C is charged
to a potential V. It is then connected to another
uncharged capacitor having the same capacitance. !
Find out the ratio of the energy stored in the :
combined system to that stored initially in the single
(Al 2014) :

{Delhi 2017) :
. A 12 pF capacitor is connected to a 50V battery. How
much electrostatic energy is stored in the capacitor?
If another capacitor of & 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 2017) I_nhl

(Term12021-22) | 35

38,

58.

e @)

Also find the charge drawn from the battery in each
case. (Delhi 2017)
Two identical parallel plate capacitors A and B are
connected to a battery of V volt with the switch 5
closed. The switch is now opened and the free space
between the plates of the capacitors is filled with a
dielectric of dielectric constant K. Find the ratio of the
total electrostatic energy stored in both capacitors
before and after the introduction of the dielectric.

B g |
[ I ] (Al 2017) (An)

Two parallel plate capacitors X and ¥ have the same
area of plates and same separation between them.
X has air between the plates while ¥ contains a
dielectric of g, = 4.

}l.'i |‘r"
|—‘ o o }—‘

15V

(i) Calculate capacitance of esach capacitor if
equivalent capacitance of the combinationis 4 uF.

(i) Calculate the potential difference between the
platesof X and Y.

fiii} Estimate the ratio of electrostatic energy

stored inX and Y. (Delhi 2016)

In the following arrangement of capacitors, the
energy stored in the & pF capacitor is E. Find the
value of the following

(i) Energy storedin 12 pF capacitor

(i) Energy storedin 3 uF capacitor

(iii} Total energy drawn from the battery

E

12 uF

—
3uF

{Foreign 2016) (p)
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 J respectively,
determine the value of C,; and C,. Also calculate the
charge on each capacitor in parallel combination.

(Delhi 2015) (Gr)
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(S marks)

59. (i)

{ii)

(i)

&0. (i)

(i)

(i)

&1

(b)

&2,

(b)

Get More Learning Materials Here : i

(&) Why doesthe electric field inside a dielectric
slab decrease when kept in an external :

electric field ?

(B} Derive an expression for the capacitance
of a parallel plate capacitor flled with a :

medium of dielectric constant K.

A charge g = 2 uC is placed at the centre of a

sphere of radius 20 cm.

What is the amount of work done in moving
4 pC from one point to another point on its

surface ?

Write a relation for polarisation P of a dielectric i
material in the presence of an external electric |
(Al 2021C)
Obtain an expression for the potential energy of
an electric dipole placed in a uniform electric field.
Three capacitors of capacitance Cy, Co and ¢
C3 are connected in series to a source of :
V volt. Show that the total energy stored in the
combination of capacitors isequal to sum of the :

field.

energy stored in individual capacitors.

A capacitor of capacitance C is connected
across a battery. After charging, the battery is :
disconnected and the separation between the :

plates is doubled. How will
(i} the capacitance of the capacitor, and

affected? Justify your answer.,
Obtain the

in series. i
In the circuit shown in 20uF
the figure, the charge _u"""F }
on the capacitor of i
4 pF is 16 nC. Calculate 4uF i
the energy stored in i
the capacitor of 12 uF 1]t
capacitance. 12V
(Al 2019C)

When a parallel plate capacitor is connected
i 66

across a dc battery, explain briefly how the
capacitor gets changed.

A parallel plate capacitor of capacitance 'C’ is
changed to Vvolt by a battery. After some time !

&3.

(ii) the electric field between the plates be o

(Al 2021C)
expressions for the resultant
capacitance when the three capacitors Cy, C, ©
and C; are connected (i) in parallel and then (ii) :

the battery is disconnected and the distance
between the plates is doubled. Now a slab of
dielectric constant 1 < K < 2 is introduced to
full the space between the plates. How will the
following be affected?

(i} The electric field between the plates of the
capacitor.

(i) The energy stored in the capacitor.

lustify your answer in each case

The electric potential as a function of distance

x is shown in the following figure. Draw a

graph of the electric field F as a function

of x.

i)

(Al 2019)

A parallel plate capacitor is charged by a battery
to a potential difference V. It is disconnected from
battery and then connected to another uncharged
capacitor of the same capacitance. Calculate the
ratio of the energy stored in the combination to the
initial energy on the single capacitor,

{2/5, Delhi 2019)

B parallel plate capacitor of capacitance 'C'is charged
to 'V volt by a battery. After some time the battery
is disconnected and the distance between the
plates is doubled. Mow a slab of dielectric constant
1< K < 2 is introduced to fill the space between the
plates. How will the following be affected?

(i] The electric field between the plates of the
capacitor?

(il The energy stored in the capacitor.

Justify your answer in each case. (2/5, Al 2019) If_l..'h

. Find the ratio of the potential differences that must

be applied across the parallel and series combination
of two capacitors Cy and C; with their capacitances
in the ratio 1 : 2 so that the energy stored in the two
cases becomes the same. (3/5, Al 2016) (Ev)

A fully charged parallel plate capacitor is connected
across an uncharged identical capacitor. Show that
the energy stored in the combinationis less than that
stored initially in the single capacitor. (Al 2015)

B\ CBSE Sample Questions | o

e @)
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2.2 Electrostatic Potential v

MCQ '
1. The electric potential V¥ as a function of distance X is , |
shown in the figure. i 0 2 4 i
The graph of the magnitude of electric field intensity | fa) Theydo not cross each other.
E as a function of X is {b) The rate of change of potential with distance on
L them is zero.
*E H b i (e} For a uniform electric field they are concentric
(a) o — - (b) spheres.
. b (d) Theycan beimaginary spheres.
: (Term 1 2021-22) (U]
1 i
+E +EH—— MCQ
& x @ . , . For question number 6, two statements are given one
2 4| 6 2 4 6 . labelled Assertion (A) and the other labelled Reason
-E -E =3 i [R). Select the correct answer to these questions from

(2022-23) the codes (a), (b}, (c) and (d) as given below.

: & Assertion (A) : Electric field is always normal to
: equipotential surfaces and along the direction of

2. Asolid spherical conductor
has charge +Q and radius
R. it is surrounded by a

7 : ) decreasing order of potential
Sﬁhd SDhE_m'?l sl :_'th 8 1c fD : Reason (R) : Negative gradient of electric potential
charge -Q, inner radius is electric field.
i_a:d L:"t': rﬁ;llﬁ 3R. la) Both A and R are true and R is correct
en. e e owing i explanation of A
Statements s wrdes z " (b} Both A and R are true, and R is not correct
{a) The electric potential has a -2t explanation of A.
maximum magnitude at C e (c) Aistrue, but Risfalse.
and the electric field has a (d) Aisfalseand R is also false. (2020-21)

maximum magnitude at A i
(b} The electric potential has a maximum : m (2 marks)

magnitude at D and the electric field has a : -

maximum magnitude at B. i

Establish the relation between electric field and
? : i o electric potential at a point. Draw the equipotential
[c) Theelectric potential at Ais zero and the electric surface for an electric field pointing in +Z direction

Pl has amaninuse magnitide st with its magnitude increasing at constant rate
(d) Both the electric potential and electric field slong -7 diectinn. (2020-21) |£

achieve a maximum magnitude at B.

(Term12021-22) (Ap) 2.7 Potential Energy of a System of

. : Charges
25 Potential due to a System of Charges g
i MCO
MCQ I & .
i B, An electric dipole of moment p is placed parallel to
3. The electric potential on the axis of an electric the uniform electric field. The amaount of work done
dipole at a distance 'r' from it's centre is V. Then in rotating the dipole by 90° is
the potential at a point at the same distance on its : {al 2pE (b) pE {c) pE/2 |(d) zero
equatorial line will be (Term | 2021-22)
v i
fa) 2v (b) -V {c) = (d) Zero | Given below are two statements labelled as Assertion

Get More Learning Materials Here : & m @& www.studentbro.in
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The value of E and V at centroid of triangle will be
(a) Ez0andV=0 (b) E=0andV=0
() Ez0andV=0 (d) E=0andV=0

(Term 1 2021-22) :

2.6 Equipotential Surfaces
McQ

5. Which of the following is NOT the property of

equipotential surface?

(b) Both A and R are true but R is not the correct
explanation of A.

(e} Ais true but Ris false.

(d) Adis false and R is also false.

I (2 marks)

10. Deduce an expression for the potential energy of
a system of two point charges g1 and g located
at positions ry and 2 respectively in an external

(2020-21) :

field (E).

(5 marks)

11. {(a) Three charges -q, Q and -q are placed at equal
distances on a straight line. If the potential ;
energy of the system of these charges is zero,

then what isthe ratio Q :g?
{b) (i)

centre of the shell outside it.

(i) Drawagraph showing the variation of electric :

field intensity E withr, forr > Rand r < R. ¢

(2022-23)

12. (a) Define an ideal electric dipole. Give an example. !
{b) Derive an expression for the torque experienced |

by an electric dipole in a uniform electric field.

What is net force acting on this dipole?

(¢} An electric dipole of length 2 cm is placed with
its axis making an angle of &0° with respect to :

(5 marks)

a torque of E\I'E MN/m , calculate the magnitude of 16. (a)

uniform electric field of 10° N/C. If it experiences

charge on the dipole, and its potential energy.

(2020-21) (Ev)

(Term 1 2021-22)

Obtain the expression for the electric field |
intensity due to a uniformly charged spherical :

shell of radius R at a point distant r from the 2.13 Effect of Dielectricon Capacitance

e @)

(2022-23) : |A)and Reason (R).

4. Threecharges 2q, -q and -q lie at vertices of atriangle. |

9.  Assertion [A) : An electron has a high potential
energy when it is at a location associated with a
more negative value of potential, and a low potential
energy when at a location associated with a more
positive potential.

Reason (R) : Electrons move from a region of higher

potential to region of lower patential.

Select the most appropriate answer from the options

given below:

[a) Both A and R are true and R is the correct
explanation of A

: 212 The Parallel Plate Capacitor

MCQ
i 14. A free electron and a free proton FFFFFFET
i are placed between two oppositely ® (=)
charged parallel plates. Both are

closer to the positive plate than the

negative plate.

Which of the following statements is true?

I. Theforceonthe proton is greater than the force
on the electron.

Il. The potential energy of the proton is greater
than that of the electron.

IIl. The potential energy of the proton and the
electron is the same.

ia) 1only (b}

{c) 1land | onky (d)

1l anly
Il and | only

(Term 12021-22) (An)

MCQ

15. A capacitor plates are charged by a battery with "V
volts. After charging battery is disconnected and a
dielectric slab with dielectric
constant 'K is inserted between its
plates, the potential across the
plates of the capacitor will become

(a) zero [b) W2
() WK (d) KV

(Term 12021-22) (An)

Draw equipotential surfaces for (i) an electric
dipole and (i) two identical positive charges
placed near each ather.

ib) Ina paraliel plate capacitor with air bET.H'!‘EEI‘I. the

@ www.studentbro.in



2.11 Capacitors and Capacitance
MCQ

13. Three capacitors 2 uF, 3 pF and 6 uF are joined in |
series with each other. The equivalent capacitance is

(a) 2upF (b)
(e 2pF (d)

1uF
11 pF

Detailed

‘ Previous Years' CBSE Board Questions ‘

1. The physical quantity having Sl unit N C! m is

electrostatic potential.

2. P 4 B

— ———————

-+ 7
g o | 1.1

Rrh=—a—=3—=— =0
s Ta \a T

Hence, (V, - Vg) =0
i.e, potential difference [V = Vi) is positive.

Canswer Tips ( #]

= At infinity, the electric field and the potential are
assumed to be zero. So the potential decreases with

distance.
3. |e— 2a —]
............ _-P
| 0 'i'ﬂ
e [ oasrcsnens -

Let P be an axial point at distance r from the centre of the

dipole. Electric potential at point P will be
1 =) 1 4

V=W +Ve= ek [
L2k dney r+a 4meg r—=o
_q |1 1 ]_ q 2a
-4!1}:01_!'—!1 r+a -41'[2,3 ré-az
1 p
=— p=ql2a
2 [. p=4q(2d)]
For a far away point,r >>a
1 p 1
V=— Ve
41[;-_:. ?- or F

Thus, due to a dipole potential at a paint is V -:-c-ilf ;
r

4. There are two conducting ball having radius ry and rs 7. (a) Here, a uniformly charged conducting shell of

¢ radius R.

and the charge on balls is g1 and g: respectively

Get More Learning Materials Here : i

(Term 1 2021-22)

SOLUTIONS

Patential difference due to a point charge Q at a distance r

e @)

plates, each plate has an area of 6 x 107* m? and
the separation between the plates is 3 mm.

(i) Calculate the capacitance of the capacitor.

(ii) If the capacitor is connected to 100 V supply,
what would be the on each plate?

(iii} How would charge on the plate be affected if a
3 mm thick mica sheet of k = & is inserted
between the plates while the voltage supply
remains connected ? (2022-23)

is given by
1
V= E
4mEy
From the given figure
Vy= 1 2; Ve zLE
4 [ Aneg g

: 5. Letq be the charge on each droplet.

1

Then V=—tr9 i)

dne, 1

Volume of big drop = N x volume of small drop

i1111‘2:'=I"..I1n:""—:r:r5
3 3

: where R is the radius of the big drop.

i = R=NY

and Q = Ng, where Q is the charge of bigger drop
. Potential of larger drop,

i)

., 1 Q@ 1 Ng N 3
V== =— V=N
i 4meq R dmeq N3~ N2
i 6. ga=q andgs=-2q A . 8
H kf."g_
o Wpy =—— q q
C P T = d -
- SIS
(d=x) —d-x—M

Voo + Veg=0

-ki= 2y d=-x=2x

x (d=x)

x=dix=s —

Concept Applied I:IE;:_Ei]

= Since there are two charges in the system, the total
potential will be given by the superposition equation.
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5o, charge density on ball 1,

_ 9
0y = —
dmry
Charge density on ball 2, o, =—qz?
4!‘[]"1

After connecting for long time, let the charge on ball 1
will be g3 and charge on ball 2 will be g5 H

ball 1 ball 2

After connecting the wire, total charge and area becomes
Q=4q,+q, area(a)=4n (r{ +r3)
- (g, +42)

Charge density, O = g

4n£r12 +R)
So, charge on ball 1, ¢} = &. 4nrs

_laytay) Ang (@ +aphd
A (fe) | (R )

Charge on ball 2, ¢ = odnr3

ey +a,)r5

={a1+qzl-4ﬂ§_ n
(2 +r2)

4n{q2+rzzl '

a5

{c) Given,p =6 x 10~ C-m
E= 10" N/C g
Since, dipole moment and electric -
field are parallel to each other. .
So,0=0° e
Potential energy, U = -pE cost i i
U=-6x10"7x 10

U=-6x107 joules

¥

OR i
An electric dipole of dipole moment p is initially kept in
uniform electric field E,
U= -PE cost wp |

or dU=-PE cosh di §+q z

JdU==PE [ cosade *-q i
. .
F

— (U= —pElingl = = inf=xl=sinX
d.U-_[d'U- pE|5|nﬂ|E pE| sin{-m) sm2]

2
AW = AU
- pE0 - 1] = pE
8. [a): Potential, V = 3x2
—dVv

E=—==-3x2x==6x
dx LXK

Get More Learning Materials Here : i

| andat3r E=_KQ _kQ

e @)

We know that,
Ey=0, (0=r=<R)

k
E;,:E—E (r=R)

A
E

EB=;;2"‘3 {r>R)

: (3RF 9R?
¢ (b) Q, has more slope than Q..
: S0,Q, > i
i ?él = ! v*h Gy
P V=— -.[ii) :
P |
[Vn-r g—} .......... .E ........ .Gi
i ¥ : |
: Because both are straight line : E
: passing through origin. 1 E |
P y=mx i) 30 i
i 50, Q=m, 1/r
or E21-: tan&ﬂ'“:iﬂ_ - EL:E
I Q, tan30° 1/y3 Q, 1

g 1 1 ]_ q 2a

_4“":& r=a r+a _dﬂza Rogt

1 p
—_— [.p=q(2d]]
dney r’-g?
For a far away point.r >> g
1 p
Vs—-— Ve —
e or 3
Thus, due to a dipole potential at a pointis V mé- .

surfaces

13. Equipotential surface is the surface with a constant
! walue of potential at all points on the surface.

)

Equipotential surface for single point charge :
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E(1,0.2)=-6x1=-6Vm™*

E=6&V m!along -x axis i
9. |a):For spheres, the equipotentials at a large @
distance from a collection of charges, the sum is non zero. :

10. If the field were not normal to the equipotential :
surface, it would have a non zero component along
the surface. So to mowe a test charge against this
e nen, i wurrk Wil hawe: o e done, Eu_t thace : (i) Equipotential surfaces in a constant electric field in
is no potential difference between any two points on | Fehracton

an equipotential surface and consequently no work is :

Sy

W

required to move a test charge on the surface. Hence, the - 2 > =
electric field must be normal to the equipotential surface > > > >
at every point. i ]—2
ij, [:|| é - Fa - F r
[~ el S ot > > > >
- - - - i
ke k7 - i For constant electric field
e i . - -
— = Z ! Equipotential surfaces about a single charge are not
- i . f . 1
‘x e x - i equidistant because electric potential, Ve = .
xﬁ\\ x‘x =~ : i L
¥ R . . .
l i [iil) Electric field cannot exist tangential to an

equipotential surface.

b} |e—2a—p
F &8
- PESRR »

Let P be an axial point at distance r from the centre of the
distance from the charge +q are r and r - or respectively.

dipole. Electric potential at point P will be
V=V, +V,= L {-q}_|_ .

dmey r+a dmeg r-a

sy =W

90

charge against the electric field Eis given by
F=—g,F

Therefore, work done to move the test charge through an

infinitesimally small displacement PG=3l is given by
AW =F .Bi=(~gE). 8l =—g,Edlcos180°= g Edl

As the distance r decreases in the direction of 8, then

W = —qqoE &r

Get More Learning Materials Here : i

q s Tips (]

e @)

If the field lines are tangential, work will be done in
moving a charge on the surface whereas on equipotential
i surface but we know that Wsg = go(Ve -Va) =0

14. Electric field as gradient of potential, consider a point
i charge +q placed at point O. Suppose that V and V+&V

are electrostatic potential at surfaces 4 and B, where

V+8V)=v+ 2

Qg

2 In an uniform electric field, every plane normal to the
field direction is an equipotential surface.

i 17. (a) Properties of equipotential surface are:

i () Work done in moving a test charge over an
i equipotential surface is zero.

: (i) Electric field is always directed normal to
: equipotential surface.

If E is electric field at point P due to charge +q placed at :

point O, then the test charge g, experiences a force equal | Now the electric potential, '..I"=—_[E.r:.'r

to qﬁf and the external force required to move the test :

18. GivenE=10r+5

10 1o
== {1ar+5}dr=-[$+5rl
1
2 10
=—1[5r +5.-]l =—[{5%100+50)—(5+5)]=-540V

| 19. Electric field E=—%
Forx=0to 1l V=kx (i)
i x=1lto2, V=k
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aw W s
Ao

From equations (i} and (i), we get

8V =-Esr E=-2¥
o

Therefore, electric field at a point is equal to the negative

gradient of the electrostatic potential at that point.
Important conclusions :

(i) No work is done in moving a test charge over an i
i 20. The electric field E_?

(i) The electric feld is always at right angles to the | o ewen for a constant electiic

: potential electric field can be zero.

equipotential surface.

eqguipotential surface.
(iii) The eqguipotential surfaces tell the direction l:rf
the electric field.

15. For an isolated charge the
equipotential surfaces are concentric
spherical shells and the separation
between consecutive equipotential
surfaces increases in the weaker
electric field.

. (i) Now electric field

p__av_-dv _i{m“m_-m-
ar dx
(i} Mow the total electric flux through the cube,

¢=jsﬂs

+
I
i
v | ivt=
Fadm| M
i
)
_{EﬁS+_[Ed5+{E d5+jEdS+J'Ed5+IE.d5
n k'S

=0+0+ |:+1D:|{2EI * 10792 + {—ID}{ED H 1(."'1]1 +0+0=0 :

Given an equilateral triangle,
Let side of triangle isr.

There are three pair of charges. Potential energy, :

U=l [ al2q) +2=ii-3ri} +I-3qlftﬂ]
dne,l r r r
U_ﬁL'zqi_ﬂ_ai_E} “
Tdneg| r r r :
B 2
U=t ;?3_]
dmepl 1 :
2 - T
1 742 q 9
Us——
dmey I

¢ feld
patential is non-zero and constant.

mj

. W=9x10°x5x3x10718 Bt

e @)

(i) | X=2t03,V=kx
U0 1 where k is some constant
: 50, using (i) the variation of electric field is shown in

figure.

+E

-dV

i For example, a hollow shell, the
inside is =zero, whereas

21. (d):Given,ry, = 10 cm, ry = 15 em

- Work done = change in PE

kaQ kaQ

P WS e —

5 s

100 100 -7|3=-2
=9x15x10
[30]

9x15x10~7

P w=2 —45%107

30

i 22. Work done = g [Potential at Q - Potential at P),

i where g is the small positive charge.

The electric potential at a point distance r due to the fisld
i created by a positive charge Q is given by

e .

“dmeg r

fp =< I'q o U’P B V,n

Hence, work done will be negative.
: 23. Electrostatic potential energy,
5 U=l .y G2

aneg 15 N2

i 27. (a) The work done to bring the charge Qy from

! inhnity to %
Fmemg N
. ra :
+Q; ' Qs
: -+ : L
i 1 1
W=U= -I'-'lﬂn Qrfgs 4“'] q::ia =4:€n an [‘-'}1 -QE]

i [b) Consider a point P at a distance x from Q; where
¢ work done is zero. Then
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[
pE-3 14
Ty
Potential energy of the arrangement is given by

u_kal=a), kQq _ ki-alg

24. (i)

L L L
AaQ
_ b’
2 . L
ik [2 L 3
AD=,[P-=—=22|
® | i
Potential at D B —D Pl
Li2 Lz i
yoki=ax2 kqxi L kax2 = ]
L V3L
v_zuq
5' all
(b) As W = ggAV

system of charges, AV =0
So.W=0

26. Consider an electric dipole having charges +gq and -q

is placed in external field E .

) B

Ko™ ;

Lia

' 3
L

-q
A

L)

¥

Torgue experienced by the dipole
T = PE sinf
u iy . g
Potential energy = T.db=| “PEsinBda
gy = J, wdo=|

U= -FE[msH]E ==PE(cos8, -cosh,)

If 8, = 90°, 0, = 0
U==PE cosB==P-E

Potential energy is minimum if 8 is 20°.

Angle between forces Fag and Fac is 120°
Magnitude of resultant force,

F=oF 2y +F 2 +2FgF s cOS120°

=4—;[§]\|f{412+¢2}2+2x412x[%1]

Get More Learning Materials Here : i

e @)

L i ? J
I w|=u L]
+|[;|l - = - = Qz
~. Potential at P due to O = potential at P due to Q.
le kQ,
1 "% e I}:}{r X}y = %0
| rQu-xQu=xQz = rQy=x(Qy +Qy)
= XK= rql
Q,+Q,
| 28. (a) Force on charge Q due 2 a
i tochargeq. “n“
Fy= 1 :-:E g "ﬂ“'z
| dmeg o
Force on charge Q due to . Rt o) .F,
. another charge Q, a
: ] Fq
A ¢ £,

FQ=‘4’[E|:|MIiarr-."‘E::I2 " dneg 247

Met force on charge Q is

So, the Charge gg moves from (I, 0, 0) to (0, 0, 0) means : Free=Fq +/Fg +Fy F‘:'+F*"E

along x-axis. x-axis in the equipotential line for a given

LS

=EK§ dne,g

= [g—+‘.,."_q1 along diagonal
4ngqa”

{b) Potential energy of the given system,

U=UqtUg, +Uq+ Um+Uﬂ+Um ==af[nl.|'q\‘;,+L||m+L||,:|-ﬂ._-.|

_4Q o @
4 qa 4%{1@1 mufﬁu}

) -
4m:.nﬂ|_ 'rﬂﬂ w.n'rﬂn
29. (al F“‘“H%%
1 44
4:::5:, I
1 gl2q) 1 2¢°
AC = dme ’1 4112.,:,, ]'2

W:I:ntmfﬂldﬂ=J:an5inﬂdB

=PE[-I:1058]:“

. = pE[-cos8 - (-cosby)]
i = pE[-cosb + cosby]

| = pE[coshy - cosB]
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2
=19 iR izﬂ'dﬁ]
dmeg | ey |

the system = Uy -Uj;
== tUAE‘I'UI‘I‘UcAj

= %[q{-’rﬂ}ﬂ—fiqlﬂtrh{q}fﬂq}]

o
oL 4t eoqt =100
R B By

30. The work done in bringing a charge g, from infinity

to point A, Wy =0.
gy=+1uC
A

10 cm
10cm

gy=+2uC g2==1pC

c 10em B

Work done in bringing charge g, to point B from infinity

woo l @& _ 1 -ixi0™?
B dneg T Aney 10x1072

infinity,
__1 1x2x107% 1 2x(-1)x107"
€ 4my 10x10%  4mg,  10x1072

Total work done, W= Wy + Wy + W
I -1x1072? 2x1072? (-2jx107?
= + + +
Ameq 10x102 10x102 10x1072
1 -1x10712
4meq 10x10°
=9x10¥ % (-0.1) 100 =09 = 101 = -0.09 J

31. Consider a dipole with charge -g and +g seperated :

by a finite distance 2/, placed in a uniform electric field E . : Now work done in bringing charge g, to point B

It experiences a torgue T

: i
! Wa=g.V¥
zﬂzafq

: . 2q
which tends to rotate it as ;ﬂ‘ £ i€
shown in  figure below, il 4
E:ﬁxf:pEsinH ’fﬂ

: . e —
To neutralize this torque, let ~aE q

infinitesimal angular speed.
Work done by the external torque.

Get More Learning Materials Here : i

e @)

i This work done is stored as the potential energy of the
i system in the position when the dipole makes an angle 8
¢ with the electric field.

: Assuming potential energy to be zero when 8 = 90°

(b) Required work done = Change in potential energy of Putting 0, = 90° U, =0

and B,=0,U,= U
U-0=pE(cos 90° - cosf) = U= -pEcosh

. Invector form, U==5-E
: 32 Electric field inside a parallel plate capacitor = E

> & F = & 3 4

a > b
d - C

Here, electric field is conservative. Work done by the
conservative force in closed loop is zero.
¢ 5o, required work done =0,

33. The work done in bringing charge gy in the external
¢ electric field at a distance § =g, V(ry).

i Work done in bringing charge gs in the external electric
: field at adistance £ =g V().

T : . . The work done in moving g; against the force of gy
VWork done in bringing a point charge g3 to point C from

=1 A
4meg

where ryz is the distance between gy and g2

Potential energy of the system

1
- ayVin)aVin)s— 32

dneg o
: 34. Potential energy of a -
i system of two charges in an _---""1{1‘_{[“'1' 2l
. external field Fad i
: Wy=q,(V,-0)
=qiVa Afl dy Er.:iﬂ
i where Vy is the potential at "2 w"ﬂ}
i point A due the external field. -

4%

r

where Vg is the potential due to the external fisld at
: pointB.
i Total work dane in assembling the configuration of two

us assume an external torque T., be applied, which

rotates it in the plane of the paper from angle g, to : charges in an electric field is

angle 8, without angular acceleration and at an W=Wi+W;

5 1
P WegVy+aVp+——

19
dmeg T
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@ ; —%ﬁ{r—m]:w ar, 'I..-"p-'u"u=m

= Work done only depends upon the initial and final i
position and is independent of path. : Fromeq. (i) W= ==

35, Since net force on electric dipole in uniform electric 7. d):When an neutral conductor is placed between

field is zero, so no work is done in moving the electric ; Plates, a negative charge is induced on upper part and
dipole in uniform electric field, however some work is | Positive charge is induced on lower part of sphere so the
done in rotating the dipole against the torque acting on : correctly field lines are represented in (d).
it. S0, small work done in rotating the dipole by an angle : + S SR ;
dfl in uniform electric field E is i
dW = 1 df = pE sinf db i
Hence, net work done in rotating the dipole from angle 8,
to By in uniform electric field is =

38. The plate area of C; is greater than that of Cy. Since
capacitance of a capacitor is directly proportional to the
: area of the plates,

W= I:' pEsinBdd =pE [—cﬂsB]::

or W= pE [-cos 6 + cos 8] = pE [cos 8, - cos 6]

If initially, the dipole is placed at an angle 8; = 90° to the o Gar G
direction of electric field, and is then rotated to the angle : Now. c=%
B = B, then net work done is flisae
W = pE [cos70° - cost] . Therefore, slope of a line (=q/V) is directly proportional
ok YiE==pEcal : to the capacitance of the capacitor, it represents. Since

This gives _"hE 'u'_mrk e i'.-' rErAting _thE dipale thm_ug_h ¢ the slope of line A is more than that of B, line A represents
an angle 6 in uniform electric field, which gets stored init ¢ C i
- : ¢ C; and the line B represents C,.
in the form of potential energy ie., H

U=-pEcosh 3%, lcl: Theelectric field between the oppositely charged
This gives potential energy stored in electric dipole of : plates of a capacitor in twice of that due to one plate. So,
moment p when placed in uniform electric field at an | when the one plate is removed the electric force reduces
angle 6 with its direction. : tohalf of its earlier value. [1]
angle 6 with its direction. i to half of its earlier value. 1]
(i) When_ 6 = 0%, then Upin = —pE_ 7 E i : 40. Consider a parallel plate
So, potential energy of an electric dipole is minimum, : P S L

i capacitor is connected across a

when it is placed with its dipole moment p parallel to the : . c v
: 4 L : batt hown in fi ; _|: .

direction of electric field E and so it is called its most ik feags Al sty ; S

stable equilibrium position. Then the ele-ctnc_l::ur_rent will

(i) When @ = 180° then Uy, = + pE ¢ flow through the circuit. As the electrons reach the plate,

So, potential energy of an electric dipole is maximum, ! the insulating gap does not allow the electrons to move

when it is placed with its dipole moment p anti-parallel to further; hence, positive charges develop on one side of

the direction of electric field E and so it is called its most | the plate and negative charges develop on the other side

unstable equilibrium position. : of the plate. As the voltage begins to develop, the electric

i charges begins to resist the deposition of further charges.

w Thus the current flowing through the circuit gradually

+| _ il i +| 4 _ |+ becomes less then zero till the voltage of the capacitor is

2 dHlo—al” +| Or—— |+ i exactly egqual but opposite to the voltage of the battery.
& 5 £ " This is how capacitor gets charged.

Stable Unstable i 41. Capacitor is based on the principle of electrostatic

; : : induction. The capacitance of an insulated conductor
Ill 1

346, LEiF;bEt:p Fflmt:lat distance r from the sheet. i | increases significantly by bringing an unchar DRI
A "7 ! conductor near to it. This combination forms parallel

Get More Learning Materials Here : & m @& www.studentbro.in



Now, V- V., =-jE-dF=-jEdr=-H2%}dr

(Field from an infinitely large plane sheet of charge g is

uniform and is given by BB ).
IED

F
a0 0
———— d = ——
Eful & ZEﬂ Ir]:‘

Plate- 1

(il Inregionl (outside)
c G
Ei=Es-Eim= —=—=0
1= Ea=Ey 2ey 2e0

(i) Inregion Il (inside)

Plate -2

a a o
Ey=Ey+Eis —4—=—
1] 1 2 EEquEn R
(iii) Imregion Il (outside)

o b
Em=Ei-Ez= E-— =0

0 2e9

resultant electric field Eyis directed normal to plates,
from paositive to negative charge plate.

(b) The potential difference between the plates is
o Q
V=Eyud= —d or V= —d
Eg Agg

[c) Capacitance of the capacitor so formed is

i plate capacitor.

i B
5':5

| 885x1072x6x1077

la) Magnitude of electric field intensities

4]
i

o

: Now C’y and C; are in series

d . _d
Deo KA 2eq K A

c = 2KiK; Jeo A
ST\K,+K, | d

i ASCy=C,

I ]
H Kl +K2
: 45 (i) Capacitance C =E-‘:,-A;

=17.7x10711F

3x107"

(il Charge Q=CV=17.7 %107 x 100
In the region Il ie, in the space between the plates,

(i) €'=KC

=17.7%x107"C

Q' =KQ=10.62x=10%C

B Answer Tips ( 2

= When a dielectric slab of constant K is inserted
between the plates of capacitors, the capacitance is

increased by K times.
C==garm; o =% :
Qd/ Aeq d i 486, (i) As the bridge is balanced, so C, and C, are in
42. (a):When they are connected in parallel, Vissame : seriesand C,; and C5 are in series.
Cc
So, Eil-=22- Ci=Ca=—
S : A T
g Gy . and C; and C¢ are in parallel
-'c— -
g2 2 Ep =E+E=E
o Q . _3Q 2.2
43. (i) e1=—, dpa=—
Ec, En Ci /\/(_‘2
0 _1 / /\
¥ b2 3 ! i X A A =Gy B
(i) If a medium of dielectric constant 5 is filled in the i \ /
space inside 54, the flux inside 5, i
,_0Q_% c:/\/\ Cs
NS
o C,
44, {a): CL=K_EG_A i |
d : Now Cp and C, are in parallel
Get More Learning Materials Here : & m @& www.studentbro.in



Coq=C+C=2C

/ — | l ‘ (i) when dielectric is inserted,
K — K :f K : A En' a
// ‘ | ‘ e
i e R o E
d a2 a2 st
(Case 1) (Case 2) : A
Thus, the electric field decreases.
Pt b F (i) A-C.Q
d i V= 0Q/C
c._K;EGAxZ B—2C,Q=0
- d Ve=0
- CA 40V i Charge on equivalent capacitor
{a) Common potential, V=—11_—_2-2 Al
1+C2 e
H =
yoQ+0 _Q £
TC+2C 3C \
Il
{(b) Mowchargeon A Q4 =CV= c;::q =% : FOV
Q 20 | Q=CyV= %xlﬂ_ﬁx‘?ﬂ
Charge lostby A=Q=Q4.=0=-—=—
3 3 : Q=600nC
OR : Charge on each capacitor is same as they are in series.
(i) ¢, = 2KeoAX3 d/3 ~ 2d/3  © Now, potential drop across C,
i miaind | ey i
d Q _600x10°
=t =22 _ogvolt
Coz Keghx3d C, 30x107°
% oy 2K K| 1
MNow both are in series Energy, U= Eclvz
S e | d 2d : 1
§=C_1+§=6K£_mﬂ+m U=Ex30xiﬂ'“x{ZﬂF:ﬁxiﬂ'ajuule
1 d+4d 7 50. Energy stored in a capacitor
Cs 6Keoh : =lq1,r=1m,r? 57
6KE A 2 2 2C
Ce= 54 i Capacitance of the (parallel) combination
i =C+C=2C
4 ?, : - i i H =
’ 1] Fdnr etV sereRCaRctors :  Here, total charge Q, remains the same.
® i
i 4uF 4 i
oaea ETF_'"Fj b . Initial (Singl itor) =12
i~ Initial ene ingle capacitor) s=—
Coq=20F il s s 2¢C
] i 2
Now, C,, and 4 uF in parallel. 4uF i and final energy (Combined capacitor) =1—-q—
C=2+4=6uF : 22¢

Finalenergy 1
48, (a):Voltage, V=200V, Cy = 2uF to Gy = X pF [ rr——

Initial T2
Decrease in energy, AU=2 % 1072} nitial energy

e @)
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1. .2 1 3
AU==C V2 ==C.V
Ty

2x1072 =%x2m:.< 200(2-X)x107% ; X = 1 uF

49. The equivalent capacitance (C,) of the circuit is ;

given by
i 14 1. 1
l‘.:,,,,I 20 30 15
C;=20uF C,=30pF
[ 1 I 11
11 [4] 11
Cq=15uF
|1
L
20V
i_3+2+4
Ceq &0
Cog=—HF

Equivalent capacitance between A and B is
1 I 1
ceth.alenI! l:1 cpar.alel CE
111 3+1+3 7

Coasvsent = 5 = 0.86 uF
(i) Q= CoguivatentV' = 0.6 % 7 = 6 uC.
Energy. E = ;LE-QVH % xauT=21]

53. Electrostatic energy stored in the capacitor,

. Fog A R —— L
U-ECV _Exiﬂxlﬂ =(50) 12 pF
(As C=12 pF, V=50V) ,

& I
U=15x 107°) 'sov

When & pF is connected in series with
12 pF, charge stored across each capacitor,

C,Cs
i U Il 11
? Ratts 12pF 6pF
p p
12%6x 10724
= —_12}(5':’:2{]:' pC I F
{12+6)x10 Sov

Mow, potential difference across 12 pFis,

Get More Learning Materials Here : & m

= 51. (a)

+
|

v
A and B are short circuit therefore, effective
capacitance is only Cs.

So the eguivalent capacitance between A and B is
i Cy=2pF

: (b) Charge,Q=CV=2puFx5V=10puC

i [c) Total energy stored

E=%C‘.ﬂ’1=%x2 uF=(5V)* =25 i

| 52. (i) Inthe dircuit C,, C; and C, are in parallel

Cnarﬂlzlnc2+c_3+cd=2+2+2n-ﬁp_F

C!
£ 6, €; Coarta Cg
A—| T P S il
fa_ |

When switch 5 is opened, B gets disconnected from
the battery. The capacitor B is now isalated, and the
charge on an isolated capacitor remains constant,
often referred to as bound charge. On the other hand,
A remains connected to the battery.

Hence, potential V¥ remains constant on it.

When the capacitors are filled with dielectric, their
i capacitance increases to KC. Therefore, energy stored in
B changes to Q2IEKC. where = CVis the charge on B,
: which remains constant, and energy stored in A changes
to 1/2 KCV?, where V is the potential on A, which remains
: ponstant. Thus, the final total energy stored in the

: capacitors is

= ”wfa,_xw? 10.#2(!{-.-_] i)
: 2 KC 2 2
: From Eqgs. (i} and {ii), we find
F U 2K

U K*+1
| 56 5k
: 56. Here, C =
: d A ¥
EgE, A . 2 c
=2 Rag (mac,
() G and C, are in series, so | .
: equivalent capacitance is given by 15y
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Potential difference across & pF is,
—12
_Q _200x10" ° o543y
G,  &x107V2

54, When two identical capacitors are in series,

Electrostatic energy,
U=1C5.,_,z 12pF 12pF
2
It
As C=l1Ca 12x12_ o \_sov 'sov

U, =%xﬁx10_ux{5mz =7.5n)
When two identical capacitors are in parallel then,
1. .0
Stored energy, Up =§Cp1u"
As, Co=Ci+Cy=12pF+12pF =24 x 107 F
U,= %xﬂdxiﬂ_ﬁ %(50)° =30nJ

Charge drawn from the battery when two identical

capacitor are in series,
Q,=CV=6x% 100x 50 =300 pC

Charge drawn from the battery when two capacitor are
L 57, ()
Let V¥ be the potential difference along the capacitor of

55. Initially, when the switch is closed, both the | capacitance éuk

in parallel,

Q,=C,V=24x 10"2x 50 = 1200 pC

capacitors A and B are in parallel and, therefore, the
energy stored in the capacitors is

U|=2x-;—W2=CV1 A0

Since potential is same for parallel connection, the
potential through 12 uF capacitor is also V. Hence,

energy of 12 uF capacitor is
Eys -%xuxm*" xv2 n%xl.?:{i!]—ﬁ xgx 10% =2E

(i} Since charge remains constant in series, the charge

on & uF and 12 uF capacitors combined will be equal to :
the charge on 3 uF capacitor. Using the formula, Q = CV,

we can write

(6+12)x 10 =x V=3 x10%x V'
V=6V
Using (i) and squaring both sides, we get
V2= 12F x 10°

E:,:%xBxiﬂ_ﬁxlex‘lﬂﬂ:lEE

(iii) Total energy drawn from battery is

Epa =E+Eju+Ey=E+2E+1BE=21F
58. When two capacitors C; and C, are in parallel,
Equivalent capacitance, Cp = Cy + C;

Energy stored, U, = %C,, V= % (Cy + C)V2

Get More Learning Materials Here : i
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c C,:-:E]:

TC,+C,

_C,x4C,

TC,+4C,
AC

4=—2 - C,=5pF
5 LE

(- C=4uF)

| and C,=4C,=20uF
(i} Charge on each capacitor, @ = CV

Q=4x10%x15=60x10%C

: Potential difference between the plates of X,

-_— =g

Potential difference between the plates of Y,

V,=V-V,=15-12=3V

| (i) Ratio of electrostatic energy stored,

Q?

3 G, dC

=4

2
&gy
G

Given that energy of the & uF capacitor is E

SSI=

Since.%cu":f %xsxm""xvi:E
g B i
= W==x10 A0
3
) iy E o
{ When dielectric is inserted, F=-8=—
K EgK
! Potential difference; V<Ed=25
_Q_QEK QEKA
Mow, C-v- e Qd
L KEA
H E:—
i d

(i) As the surface of sphere is equipotential, so the
i work done in moving the charge from one point to the
i other is zero.

. W=gAV=0
(i) B=yxE
&0, (i) Consider an electric dipole having changes +q and

. -qis placed in external field E .
i Torgue experienced by the dipole
i T=PEsinb
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Here, U, =025 ),V =100V

2u
v (100)

Cy+Cy=5%1073 iy
When C, and C; are connected in series
Equivalent capacitance, C, = Sy

Cy+Cy
Energy stored, U, = 1 CV= L5 V2
2 21 Cy+Cs

Here, U, =0.045 ]

c‘l'[:z=2|L|fi|:(:1+l:211
UIZ

5
i 2x0045x 510 —45x10710
10¢

€=y =[C+Co P —4C,C; =4(5x107 5P —4x4.5x10710

Cy-C;=264%x1073
Solving eq. (i} and (i), we get
C,=38.2F, C,= 118 yF

When capacitors are connected in parallel they have

different amount of charge and given by
Q,=C,V=382x10"%x100=382x 10*C
Q:=CV=118x10%x100=11.8x 10 C.

59. (i) (A) dielectric material gets polarized when it is
placed is an external electric field. The field produced due :
to the polarization of material reduce the effect of

external electric field. Hence, the electric field inside a {Il-i} When battEl"f is disconnected thEHCharEEQ‘rEI’“BiHS

i same.

dielectric decreases.
(B) Let the electric is filled between the
plates of a capacitor.

The surface charge density is o. The electric
field between the plate when no dielectric i 5 3

is inserted, E;= =
E

(

61. (a) (i) When the capacitors are connected in parallel, :

S0 I:‘1
= | |

g1=C1 Y, =GV, ga=0V » 1

g=q;+g4:+ 1y

Cp‘lu"’=C1"u"+Cg"'.l"+E'3‘lu" C:

1

(i) When the capacitors are

Capacitance., C'=

(i) Electric field, E=~=—1_

Potential energy = L?t.dﬂ:I:P'Esianﬂ

: U=—FE[cnsﬂ]gf ==-PE(cos8, —cos8,)

- If By = 90° 0, =6
U==PE msﬂ:—ﬁrf

Potential energy is minimum if 6 is 0°.

- L

= B .
. Ao* =
7 ;

: (i) Inseries combination,

11,1 1
Ee{f I:'-':l EJ‘. c?_

Mow

)

g C
2d 2
q
€0 €A

It remains unchanged

(ii} Since energy stored in the capacitor

s
SOC T A
Similarly U= i:ﬂ_ €

2C Ke,A K

Las1<K<2
So, the energy stored between the plates increases.

connected in series, so |C2 Q. —d ?
I i) As E=—YX sothegraphis
'u':ih-':i'u':i l 3 i) : dx
1 2 c, a G q4 q
[4 E4 —
I R -~ B i
A v ;
q,L "q 0 2 3 ::;
oy
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(b) 20 wF and 4 uF is in parallel.
Cp=2ﬁ+4=24 |.IF

20 pF
S

l:snﬂuF | L
g=C, V=8x12=%6pC

q 16
Vyg F=o=— =8V
25 7e 12 Y
1
12

50, V4 F=12-8=4V
Mow, energy stored in 12 pF

o —

4pF

U=%:~:Cux'h"fz=%x12x3x5=334p.l

£2. (a) Charging of capacitor with dc battery whenever
parallel plate capacitor in charge in dc source, plates start
acquiring charge in accordance with the terminals of the

: CaEr i (i) Asthe capacitance of the capacitor
battery till potential difference across the plate becomes : (i) P ¥

equal to terminal potential of de battery.

(b) i) The electric field between the plates of parallel

plate capacitor

0 B

Frism—e——

9 €y €A
-;-f aléieétrrc is IHSEI:tEd
., B Ey
g, AK K

i and final energy (Combined capacitor) ==—

Mew energy, U

62. Energy stored in a capacitor

1 1 s 468
==QV=2CVi==
2 =3 e

Capacitance of the (parallel) combination
i =C+C=2C

Here, total charge Q, remains the same.

Initial energy (Single capacitor) = %?

1%
22C
Finalenergy 1
Initial energy T2

&4, (i) The electric field between the plates is

v
E:—
d

The distance between plates is doubled, d = 2d

AW
“ETw K ) 2d 2\K

Therefare, if the distance between the plates is double,
the electric field will reduce to one half

_tKA_eoA 1
d’ 2d 2
! Energy stored in the capacitor is U=§E_2

-;f;ﬂi;4g}m

2" 21/2)C

Therefore, when the distance between the plates is
doubled, the capacitance reduces to half and the energy
stored in the capacitor becomes double.

X

|t cpoa E
5o, the electric field intensity decrease to % times. ; 65. Given E}*:“z‘ or C,=2C,
H 2
In parallel, Cp= Cy + C; = Cy + 2C, = 3C, £ 3 (d): P
O W N T 5
G O Gy 2y 2y 26, I
2
or Cg= 3 C, -q r r +q
Get More Learning Materials Here : & m @& www.studentbro.in
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Given U, = U
1 : 2
Ecsuf-icpvs or §c1v51=3::1u§

V 9 - Ve 3
F 27y, 2
664, Let fully charge capacitor C has charge Q.
i E
I E

C.QVv
V=0/C
Energy stored in the capacitor
U__cvl“ Qz
2 i
Now, the l:harged capacitor is connected to identical :
uncharged capacitor.
+* . - + c =
— s = = ==
L

ke

C
The two capacitor will have same potential.

4tQ; _0+0_Q
C,+C, 2C 2C
Mow, total energy
g I OE
U==Cv +=0CV
7z 2
o
P o L O 5 Q
UVes=Cl— | +=C|— | =—
2 [2::]2"2 (2:: 4ac
S50, U>U"
Energy lost as heat during charging the another capacitor, :
vr-L 2 &
2C 4C 4C
r .
CBSE Sample Questions

1. [a):As, E=-% . Hence, the graph of electric field E

as a function of 'x’ will be shown as:

-
+E'_ 1
T4 s ™
-E
(1
2. (d}:Both the electric potential and electric field :
achieve a maximum magnitude at B. (0.77)

i but perpendicular to electric field lines.

i & (b):Electric held
: equipotential surface because there is no potential
gradient along any direction parallel to the surface and so
¢ an electric field parallel to surface.

e @)

Ki-a) . Kia)

Potential at'F is, Vp= 4 = (1)
2+l 4l
4. (c): +2g
r
5 G E.
f F
=4 E; =
: Net electric field intensity at centre G, E=0
i Met potential at G,
ol B (0.77)
r r r
V=0

5. lc):In uniform electric field, equipotential surfaces
are never concentric spheres as they can never intersect

(0.77)
is always at right angle to

(0.77)

7. Eguipotential surfaces in a constant electric field in
: Z-direction.

L
'|r 1!
v W

W

(1)

L A
W W
w oy
L

For constant electric field

Electric field as gradient of potential consider a point

i charge +q placed at point O. Suppose that V and V#5V are
: electrostatic potential at points A and B, where distance
: from the charge +q are r and r - 8r respectively.

 veavn=ri2
j | a0
v N0
g

If E is electric field at point P due to charge +g placed at
point O, then the test charge dg experiences a force equal
to gof and the external force required to move the test
i charge against the electric field £ is given by

Pt

! Therefare, work done to mowve the test charge through an
. infinitesimally small displacement PQ =3l is given by

AW =F -8l =(—gE)- 8l = —goEdlcos180° = g Edl
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s the distance r decreases in the direction of &l, then

oW = =qgE &r
L i)
A
From eguations (i) and {ii), we get
y oV i
oV =-Edrn Es=— 1) ¢
E=- CIN
'B- Ib‘l . W = I?E {H'IFSHI - tﬂsﬂz}
As, 8, =0° and 8, = 90°
W = pE {cos OF - cos 907) i
=pE(1-0)=pE (0.77) :
2. [c):Electrons move from a region of low potential to
high potential.

electric field at a distance § =g, Viry)

field at a distance Fy=q2 V (ra)

The work done in moving g2 against the force of gy

-1 4%

T 4meg ny

where ry, is the distance between g, and g,.
Potential energy of the system

1 g4
g, Vi )+ qzv[r2}+m-:j

b X et X —]

11. (a) — 58 -
ki-a)Q  kQl-g) ki=gli-al _,
X x Zx
~2kaQ ki’ . ka’ 2kqQ Q_1 -=
T+E-ﬂur B qg=40Q or q--ﬂ- (2) :

spherical shell :
Gaussian surface

oo spherical shell

(il WhenpointPliesoutside the spherical shell : Suppose

(0.77) :
10. The work done in bringing charge g4 in the external

e @)

Total electric flux through the Gaussian surface is

 given by

o= Eds=E fids

Nuw,iﬁdswdmz

h=FExd4 e --El:l
Since the charge enclosed by the Gaussian surface is g,

: according to the Gauss's theorem,

-4 i
)

! From equation (i) and (i), we obtain

Exdwpro=d
=

1

E=
dmegy

iz (for r=R)
r

work done in bringing charge g in the external electric (i} A graph showing the variation of electric field as a

i function of r is shown below:

EIMAC)

e |

R (3)

12. (a) A pair of equal and opposite charges separated
i by a small vector distance is called an electric dipole. An

Therefore, electric field at a point is equal to the negative : ideal dipole consists of two very very large charges +g

gradient of the electrostatic potential at that point.  (2) and -q separated by a very very small distance. An ideal
. dipole has almost no size.

: Water molecule is an example of electric dipole. (1)

(b} Torgue on a dipole in uniform electric fisld;
: When electric dipole is placed in a uniform electric field,
its two charges experience equal and opposite forces,

which cancel each other and hence net force on an

i electric dipole in a uniform electric field is zero.
(b) Electric field due to a uniformly charged thin :

However these forces are not collinear, so they give rise
to some torque on the dipole given by
Torgue = Magnitude of either force

* Perpendicular distance between them
1= Fry = qE.2a sinfl = g2a. E sinB
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that we have to calculate field at point P at a distance :

r{r > R) from its centre. Draw Gaussian surface through where 8 is the angle between the directions of p

point P so as to enclose the charged spherical shell. and E
Gaussian surface is a spherical surface of radius r and : o .
i Invectorial form, T=pxE
Let £ be the electric field at point P, then the electric flux | () When 6=0°or 180° then Ty, =0

i i) When 8= 90° then 1, = pE (1)
i Thus, torque on a dipole tends to align it in the direction

i of uniform electric field.
¢ If the field is not uniform in that condition the net force
! on electric dipole is not zero. (1)

centre O.

through area element of area ds is given by
do=E-ds

Since ds is also along normal to the surface
di= Eds

When®=0;t=0and p and E are parallel and the dipole :

: c
{15, (d): :3‘

(c) Torgue t= PEsind = Qlsind i) £
Here | is the length of the dipole, Q is the charge and E is

is in a position of stable equilibrium.

the electric field.
Therefore O = Torque/Esin (8)

Potential energy, U = -PE costh = -0l cost
Divide equation (i) by (i),

Qlsing
=Qlcos6

i)

ﬁ= (whereP=0Qi)

f
E:-tanﬂ = U= ¥ = -B:_E
u =tans0® 3

or 1= pEsind

When battery is disconnected

O = Charge remains constant
= 843 /(2 15-2}{1051“;—3 =8x10°C (1) |

C = KC c
Q=cv B
Q=CV K

Q = KCV . v
L Gt

v TKCTK l"v‘c] (©.77)

16. |a) Equipotential surfaces for a dipole and two
—-8J (1) ! identical positive charges, are shown in figure (i) and (i)
i respectively.

st
£6TG | M il (2)
1 111 3+2+1 6 i (b) Here,A=6x109m%d=3mm=3%10"m
c 236 6 & (i} Capacitance,
: oA [885x107 2 x6x1073 45
C=1yF 0.77) : c="2"< =17.7x10"2F
” 7z ; d [ 3x10° ®
14. (b):.;.F,=F, » F=gE
' Pt ot (ii) Charge, Q= CV=17.7 x 10" x 100
£ aiie =177x10°C
Now, P.E. = qVIr) © (i) New charge, @' =kQ =6 x 17.7 x 107
(PE), > (PE), (0.77) =1.062x108C (3)
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