2.2

23
2.4
2.5
2.6
2.7
2.8
2.9

Number of questions —>

»

»

' Electrostatic Potential
and Capacitance

Electrostatic Potential 2.10 Dielectics and Polarisation
Potential due to a Point Charge 2.11 Capacitors and Capacitance
Potential due to an Electric Dipole 2.12 The Parallel Plate Capacitor
Potential due to a System of Charges 2.13 Effect of Dielectric on Capacitance
Equipotential Surfaces 2.14 Combination of Capacitors
Potential Energy of a System of Charges 2.15 Energy Stored in a Capacitor
Potential Energy in an External Field 2.16 Van de Graaff Generator

Electrostatics of Conductors

Topicwise Analysis of Last 10 Years’' CBSE Board Questions

6

2.7 2.8 29 210 211 212 213 214 215 2.16
Topic —>

22 23 24 25 2

Maximum weightage is of Energy Stored in a »  Maximum SA Il type questions were asked from
Capacitor. Energy Stored in a Capacitor.

Maximum VSA and SA | type questions were
asked from Equipotential surfaces.




CBSE Chapterwise-Topicwise Physics

' N
( QUICKRECAP )

Q Electric potential : Electric potential at a point

is defined as amount of work done in bringing a
unit positive charge from infinity to that point.

It is denoted by symbol V.
v=¥
q

Electric potential is a scalar quantity. The ST unit
of potential is volt and its dimensional formula
is [ML?TA].
Electric potential at a point distant r from a
point charge g is
__ 14
4meqr

Electric potential due to group of charges : The
electric potential at a point due to a group of
charges is equal to the algebraic sum of the
electric potentials due to individual charges at
that point.

1
=8, DL, By
AMeG | 1 1 f,

n
Loy
angy, T

1

Electric potential at any point due to an electric
dipole

P
4
g 0 +q
A B
l€ 5 >l
a

The electric potential at point P due to an
electric dipole

1 pcos® 1 p-r

C4me, L2 4meg 4

- Ataxial point: When the point Plies on the
axial line of dipole i.e., 6 = 0°.

v=—2=
4meyr

>

- At equatorial point : When the point P lies

on the equatorial line of the dipole, i.e.,
6=90° .. V=0.
Electric potential due to a uniformly charged
spherical shell of uniform surface charge
density ¢ and radius R at a distance r from the
centre the shell is given as follows :
- Atapoint outside the shell i.e., 7> R
yoOR_ 14
gr 4Ameyr
- Atapoint on the shell i.e, 7 =R
y=SR__1 4

gy, 4mey R

- Atapoint inside the shell i.e., r <R

1

y=OR__1 4
gy 4mey R

Here, g = 4TR%G

The variation of V' with r for a uniformly charged
thin spherical shell is shown in the figure.

<—>

R r—> >
Electric potential due to a non-conducting
solid sphere of uniform volume charge density
p and radius R at distant r from the sphere is
given as follows :

At a point outside the sphere i.e., r > R

R3
vt __ 14
3ggr  4meyr
At a point on the sphere i.e, 7 =R

PR 1 g

3g, A4mey R
At a point inside the sphere i.e., r <R

_L(3R2—T2)_ 1 q(3R2—r2)
T3 2 4mey 2R3

4
Here 4= gnR3 P
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Equipotential surface : A surface on which
the electric potential is constant is known as
equipotential surface.

Properties of an equipotential surface :

- Electric field lines are always perpendicular
to an equipotential surface.

- Workdoneinmovingan electric charge from
one point to another on an equipotential
surface is zero.

- Two equipotential surfaces can never
intersect one another.

Relationship between E and V

E=-VV

= Jd 20 40
where ¥ =| .2 +7 9 129
[’ ax Ty " oe
-ve sign shows that the direction of E is the
direction of decreasing potential.

Electric potential energy
Electric potential energy of a system of two
point charges

_ 1 aa
4me, 7,
where ry, is the distance between g, and g,.
Electric potential energy of a system of # point
charges
Ly 9

=— >
4me,

all pairs rfk

The SI unit of electric potential energy is joule.
Conductors :
easily allow electricity to pass through them
are known as conductors. They have a large
number of free charge carriers that are free to
move inside the material. e.g., metals, human
beings, earth etc.

Basic electrostatics properties of a conductor
are as follows :

Those substances which can

— Inside a conductor, electric field is zero.

- At the surface of a charged conductor,
electric field must be normal to the surface
at every point,

— 'The interior of a conductor can have no
excess charge in the static situation.

VO
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- Electric potential is constant throughtout
the volume of the conductor and has the
same value (as inside) on its surface.

- Electric field at the surface of a charged
conductor, E =Eﬁ

€9

where o is the surface charge density and

is a unit vector normal to the surface in the

outward direction.

Electrostatic shielding : It is the phenomenon

of protecting a certain region of space from

external electric field.

Polar and non-polar molecule
Polarmolecule: A polarmolecule is onein which
the centres of positive and negative charges
are separated (even when there is no external
field). A polar molecule has a permanent dipole
moment e.g., water (H,O) and HCL

Non-polar molecule : A non-polar molecule is
one in which the centres of positive and negative
charges coincide. A non polar molecule has no
permanent dipole moment. e.g., oxygen (O,)
and hydrogen (H,).

Capacitance : Capacitance (C) of a capacitor is
the ratio of charge(Q) given and the potential
(V) to which it is raised. i.e., C= Q/V.

The ST unit of capacitance is farad (F).

- 1 millifarad (mF) = 1073 farad

- 1 microfarad (UF) = 107 farad

- 1 picofarad (pF) = 102 farad.

The dimensional formula of capacitance is
[MILT"A%).

Capacitance of a spherical conductor of radius
Ris C=4mneiR

Taking earth to be a conducting sphere of radius
6400 km, its capacity will be

6
4x1
C=4m—:0R=—6—2=711 UF
9x10
Capacitor : A condenser or a capacitor is a

device that stores electric charge. It consists of
two conductors separated by an insulator or
dielectric. The two conductors carry equal and
opposite charges +Q.

Capacitance of an air filled parallel plate
capacitor



€oA
c=2"
d

where A is area of each plate and d is separation
between the two plates.
Capacitance of an air filled spherical capacitor
ab
C= 471:80 E
where a and b are the inner and outer radii.
Capacitance of an air filled cylindrical

capacitor

_2ngyL

ln(é)
a
where a and b are the inner and outer radii and
L is the length.
Capacitance of a parallel plate capacitor
with a dielectric slab of dielectric constant K,
completely filled between the plates of the
capacitor, is given by

KegA  gpe A

c=""02
d d

When a dielectric slab of thickness ¢ and
dielectric constant K is introduced between the
plates, then the capacitance of a parallel plate
capacitor is given by

g4

When a metallic conductor of thickness # is
introduced between the plates, then capacitance
of a parallel plate capacitor is given by

_ g

d-t

Combination of capacitors in series and
parallel
Capacitors in series : For n capacitors connected
in series the equivalent capacitance Cs is given

C=

Capacitors in parallel : For n capacitors
connected in parallel, the equivalent capacitance
Cp is given by

CBSE Chapterwise-Topicwise Physics

C=C+GC+...+C,
When capacitors are connected in series,
the charge through each capacitor is same.
When capacitors are connected in parallel, the
potential difference across each capacitor is
same.
When two capacitors charged to different
potentials are connected by a conducting wire,
charge flows from the one at higher potential to
the other at lower potential till their potentials
become equal. The equal potential is called
common potential (V), where

_ totalcharge Q+Q, CV+GV,

" total capacity C+C,  C, +C,

It should be clearly understood that in sharing
charges, there is absolutely no loss of charge.
Some energy is, however, lost in the process in
the form of heat etc. which is given by

GGV -V

U=, = 2(C, +GCy)

Energy stored in a capacitor : Work done in
charging a capacitor gets stored in the capacitor
in the form of its electric potential energy and
it is given by

lcvz - lQV =1 Q_Z
2 2 2C
Energy density : The energy stored per unit
volume in the electric field between the plates is
known as energy density (u). It is given by

U=

1
U= E{':OEZ

When a dielectric slab of dielectric constant K

is introduced between the plates of a charged

parallel plate capacitor and the charging battery

remains connected, then

- Potential difference between the plates
remains constant i.e., V=V,

- Capacitance Cincreases i.e., C = KG,

- Charge on a capacitor increases i.e.,
Q=KQ,

- Electric field between the plates remains
unchanged i.e., E = E,

- Energy stored in a capacitor increases
ie,U=KU,
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When a dielectric slab of dielectric constant K
is introduced in between the plates of a charged
parallel plate capacitor and the charging battery
is disconnected, then

- Charge remains unchanged i.e., Q= Q,

- Capacitance increases i.e., C = KG,

— DPotential difference between the plates

decreases i.e., V= Yo
K
- Electric field between the plates decreases
E
ie., E= -
K
— Energy stored in the capacitor decreases

ie, U =%.
K

M~
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where Qy, Gy, Vy, Ey and U, represents the
charge, capacitance, potential difference,
electric field and energy stored in the
capacitor of a charged air filled parallel plate

capacitor.

Van de Graaff generator

A Van de Graaff generator consists of a large
spherical conducting shell (a few metres in
diameter). By means of a moving belt and
suitable brushes, charge is continuously
transferred to the shell, and potential difference
of the order of several million volts is built up,
which can be used for accelerating charged

particles.
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2.2 Electrostatic Potential

(1 mark)

1. Name the physical quantity whose S.I. unit is

] C1, Is it a scalar or a vector quantity?
(AI2010)

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, - V;
positive, negative or zero?

+Qe = e
0] A B

(Delhi 2016, Foreign 2016, Delhi 2011)

m (2 marks)

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 2012)
mIl (3 marks)

4. Plot a graph comparing the variation of potential

‘V’ and electric field ‘E’ due to a point charge ‘Q’ as
a function of distance ‘R’ from the point charge.
(1/3, Foreign 2010)

2.4 Potential due to an Electric
Dipole

(1 mark)

5. What is the electrostatic potential due to an

electric dipole at an equatorial point?
(AI 2009)

m (2 marks)

6. Derive the expression for the electric potential

at any point along the axial line of an electric
dipole?
(Delhi 2008)

IETNTH (3 marks)

7. Deduce an expression for the electric potential

due to an electric dipole at any point on its axis.
Mention one contrasting feature of electric
potential of a dipole at a point as compared to
that due to a single charge.

(Delhi 2007)

(5 marks)

8. Obtain the expression for the potential due to an

electric dipole of dipole moment p at a point ‘x’
on the axial line.
(2/5, AI 2013C)

2.5 Potential due to a System of
Charges

El. (2 marks)

9. Two point charges g and -2g are kept ‘d’ distance
apart. Find the location of point relative to
charge ‘g’ at which potential due to this system
of charges is zero.

(AI 2014C)

10. Two point charges 4 uC and -2 pC are separated
by a distance of 1 m in air. Calculate at what
point on the line joining the two charges is the

“ic potential zero.
(AI 2007)

2.6 Equipotential Surfaces
(1 mark)

11. Why are electric field lines perpendicular

at a point on an equipotential surface of a
conductor?
(AI 2015C)

12. “For any charge configuration, equipotential
surface through a point is normal to the electric

field” Justify.
(Delhi 2014)
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13. Figure shows the field lines on a positive charge.
Is the work done by the field in moving a small
positive charge from Q to P positive or negative?

Give reasion.
[ ]

Q

(Foreign 2014)

14. What is the geometrical shape of equipotential
surfaces due to a single isolated charge?
(Delhi 2013, AI 2010C)

15. Two charges 2 uC and -2 uC are placed at points
A and B, 5 cm apart. Depict an equipotential
surface of the system.

(Delhi 2013C)

16. What is the amount of work done in moving a
point charge around a circular arc of radius r
at the centre of which another point charge is
located ?

m. (2 marks)

17. Two closely spaced equipotential surfaces A and
Bwith potentials V and V + 8V, (where 8V is the
change in V), are kept 8/ 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.

V+8V

v

(Delhi 2014C)

18. 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. (i) Calculate the potential difference
between A and C. (ii) At which point (of the
two) is the electric potential more and why?

25
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Bl™ E

B
Ll

2oV ......... N (6?0)
C A

> (AI2012)

19. Two uniformly large parallel thin plates having
densities +0 and -G are kept in the X-Z plane
at a distance d apart. Sketch an equipotential
surface due to electric field between the plates.
If a particle of mass m and charge -q remains
stationary between the plates, what is the
magnitude and direction of this field?

(Delhi 2011)

20. (a) Draw equipotential surfaces due to point
Q>0.
(b) Are these surfaces equidistant from each
other? If no, explain why?
(Delhi 2011C)

21. Can two equipotential surfaces intersect each
other? Give reasons. (Delhi 2011C)

22. Two point charges 2 LC and -2uC are placed at
points A and B, 6 cm apart.
(i) Draw equpotential surfaces of the system.
(ii) Why do the equipotential surfaces get closer
to each other near the point charges?
(AI2011C)

23. Draw 3 equipotential surfaces corresponding
to a field that uniformly increases in magnitude
but remains constant along Z-direction. How are
these surfaces different from that of a constant

electric field along Z-direction? (AI 2009)
BT (3 marks)
24. Define an equipotential surface. Draw

equipotential surfaces:
(i) inthe case of a single point charge and
(ii) in a constant electric field in Z-direction.
Why the equipotential surface about a
single charge are not equidistant ¢
(iii) Can electric field exist tangential to an
equipotential surface? Give reason.
(AI 2016)
25. Depict the equipotential surfaces for a system

of two identical positive point charges placed a
distance ‘d’ apart. (1/3, Delhi 2010)
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(5 marks)

26. Draw the equipotential surfaces due to an
electric dipole. Locate the points where the
potential due to the dipole is zero.

(2/5, AI 2013)

27. Write two properties of equipotential surfaces.
Depict equipotential surfaces due to an isolated
point charge. Why do the equipotential
surfaces get closer as the distance between the
equipotential surface and the source charge
decreases? (AI 2012C)

2.7 Potential Energy of a System of
Charges

(1 mark)

28. A 500 uC charge at the centre of a square of side
10 cm. Find the work done in moving a charge of
10 mC between two diagonally opposite points
on the square. (Delhi 2008)

B (2 marks)

29. Calculate the amount of work done to dissociate
a system of three charges 1uC, 1uC and -4uC
placed on the vertices of an equilateral triangle
of side 10 cm. (AI 2013C)

30. Two charges —q and +q are located at point
A(0, 0, -a) and B(0, 0, +a) respectively. How
much work is done in moving a test charge from
point (7, 0, 0) to Q(-3, 0, 0)?

(172, Delhi 2011C)

31. Find out the expression for the potential energy
of a system of three charges g, g, and g5 located
respectively at 7j,7, and 7 with respect to the
common origin O. (Delhi 2010C)

32. Two point charges, q; = 10 x 10® C and
g, = =2 x 1078 C are separated by a distance of
60 cm in air.
(i) Find at what distance from the 1st charge,
q,» would the electric potential be zero.
(ii) Also calculate the electrostatic potential
energy of the system.

33. Two points charges 4Q, Q are separated by
1 m in air. At what point on the line joining the
charges is the electric field intensity zero?

Also calculate the electrostatic potential energy

of the system of charges, Q =2 x 107 C.
(AI2008)
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2.8 Potential Energy in an External
Field

(2 marks)

34. A dipole, with its charges, —-q and +¢, located
at the points (0, -5, 0) and (0, +b, 0), is present
in a uniform electric field E. The equipotential
surfaces of this field, are planes parallel to the
y-z planes.

(i) What is the direction of the electric field E ?
(ii)) How much torque would the dipole
experience in this field? (Delhi 2010C)

m (3 marks)

35. Deducethe expression for the potential energy of
a system of two point charges g, and g, brought
from infinity to the points 7 and 7% respectively

in the presence of external electric field E.
(2/3, Delhi 2010)

2.9 Electrostatics of Conductors

(1 mark)

36. Why is the potential inside a hollow spherical
charged conductor constant and has the same
value as on its surface? (Foreign 2012)

37. Ahollow metal sphere of radius 5 cm is charged
such that the potential on its surface is 10 V. What

is the potential at the centre of the sphere?
(AI2011)

mIl (3 marks)

38. Show that the capacitance of a spherical
conductor is 4me, times the radius of the
spherical conductor. (Delhi 2010C)

(4 marks)

39. While travelling back to his residence in the car,
Dr. Pathak was caught up in a thunderstorm. It
became very dark. He stopped driving the car
and waited for thunderstorm to stop. Suddenly
he noticed a child walking alone on the road.
He asked the boy to come inside the car till the
thunderstorm stopped. Dr. Pathak dropped
the boy at his residence. The boy insisted that
Dr. Pathak should meet his parents. The parents
expressed their gratitude to Dr. Pathak for his
concern for safety of the child.
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Answer the following questions based on the

above information:

(a) Why is it safer to sit inside a car during a
thunderstorm?

(b) Which two values are displayed by Dr.
Pathak in his action?

(c) Which values are reflected in parents’
response to Dr. Pathak?

(d) Give an example of similar action on your
part in the past from everyday life.

(Delhi 2013)

2.10 Dielectrics and Polarisation

(1 mark)

40. Distinguish between a dielectric and a
conductor? (Delhi 2012C)

ETXH (2 marks)

41. Distinguish between polar and non-polar
dielectric. (AI 2010C)

(4 marks)

42. Immediatly after school hour, as Bimla with
her friends came out, they noticed that there
was a sudden thunderstorm accompanied by
the lightening. They could not find any suitable
place for shelter. Dr. Kapoor who was passing
thereby in his car noticed these children and
offered them to come in their car. He even took
care to drop them to the locality where they
were staying. Bimla’s parents, who were waiting,
saw this and expressed their gratitude to Dr.
Kapoor.

(i) What values did Dr. Kapoor and Bimlas
parents displayed?

(ii) Why is it considered safe to be inside
a car especially during lightening and
thunderstorm?

(iii) Define the term ‘dielectric strength’ What
does this term signify? (AI 2015C)

(5 marks)

43. Explain, using suitable diagrams, the difference
in the behaviour of a (i) conductor and (ii)
dielectric in the presence of external electric
field. Define the terms polarization of a dielectric
and write its relation with susceptibility.

(Delhi 2012C)
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2.11 Capacitors and Capacitance

(1 mark)

44. The given graph shows variation of charge ‘q’
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

(AI 2014C)

(2 marks)

45. Determine the potential difference across the
plates of the capacitor ‘C;’ of the network shown
in the figure. [Assume E, > E]

Cl
L

(Delhi 2012C)
2.12 The Parallel Plate Capacitor
BIYHE 2 marks)

46. What is the area of the plates of 2 F parallel plate
capacitor having separation between the plates
is 0.5 cm? (AI2011)

m (3 marks)

47. Explain the underlying principle of working of a
parallel plate capacitor.

If two similar plates, each of area A having

surface charge densities +6 and -G are separated

by a distance d in air, write expressions for

(i) the electric field at points between the two

plates.

(ii) the potential difference between the plates.

(iii) the capacitance of the capacitor so formed.
(AI 2007)



28

(5 marks)

48. If two similar large plates, each of area A
having surface charge densities + 6 and - 6
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.
(3/5, AI 2016)

213 Effect  of
Capacitance

m. (2 marks)

49. A sphere S, of radius r; encloses a net charge Q.
If there is another concentric sphere S, of radius
ro(r, > r) enclosing charge 2Q, find the ratio
of the electric flux through S, and S,. How will
the electric flux through sphere §; change if a
medium of dielectric constant 5 is introduced in
the space inside S, in place of air?

Dielectric on

(AI2014C)

50. 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.

(A12013)

51. Two identical parallel plate (air) capacitor C,;
and C, have capacitances C each. The area
between their plates in now filled with dielectrics

as shown.
12
NN |||I|
Y
\ — K,=—
— ¥ —
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If the two capacitors still have equal capacitance,
obtained the relation between dielectric
constants K, K and K. (Foreign 2011)

mﬁ marks)

52. 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) Ifthis capacitor is connected to 100V supply,
what would be the charge on each plate?
(iii) How would charge on the plates be affected,
ifa 3 mm thick mica sheet of K=6is inserted
between the plates while the voltage supply
remains connected? (Foreign 2014)
53. (a) How is the electric field due to a charged
parallel plate capacitor affected when a
dielectric slab is inserted between the plates
tully occupying the intervening region?
(b) A slab of material of dielectric constant K
has the same area as the plates of a parallel

1
plate capacitor but has thickness Ed, where
d is the separation between the plates. Find
the expression for the capacitance when the

slab is inserted between the plates.
(Foreign 2010)

(5 marks)

54. Two identical capacitors of plate dimensions
I'x b and plate separation d have dielectric slabs
filled in between the space of the plates as shown
in the ﬁgures.

< 1 »
< >

A/b

V77
é)“/é

4—1/2—N—l/2—>

m—»

4_

v

'\

5.

Obtain the relation between the dielectric
constants K, K, and K,.
(AT 2013C)
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2.14 Combination of Capacitors

(2 marks)

55.

56.

A network of four capacitors, each of capacitance
15 pF, is connected across a battery of 100 V, as
shown in the figure. Find the net capacitance
and the charge on the capacitor C,.

G,

Cl = = C3

(@)=

i H{—

100V
(AI 2012C)

1 mF capacitance connected to a battery of 6 V.
Initially switch Sis closed. After sometime Sisleft
open and dielectric slabs of dielectric constant
K = 3 are inserted to fill completely the space
between the plates of the two capacitors. How
will the (i) charge and (ii) potential difference
between the plates of the capacitors be affected
after the slabs are inserted?

V= =1 uF LyuF

(Delhi 2011)

EINTH (3 marks)

57.

A network of four capacitors each of 12 UF
capacitance is connected to a 500 V supply as
shown in the figure. Determine (a) equivalent
capacitance of the network and (b) charge on
each capacitor.

(AI 2010)
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(5 marks)

58. Show that the effective capacitance, C, of a series
combination, of three capacitors, C;, C, and C;
is given by

CGCs

C=
(CLCy +CyC3 +C5Cy)

(AI 2010C)

2.13 Energy Stored in a Capacitor
m (2 marks)

59. Calculate the potential difference and the
energy stored in the capacitor C, in the circuit
shown in the figure. Given potential at A is 90 V,
C,=20uE C,=30uFand C; =15 uE

Il B
G G J?_

A
1

(AI 2015)

60. 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 capacitor.

(AI 2014)

61. A parallel plate capacitor, each of plate area A
and separation ‘d’ between the two plates, is
charged with charges +Q and -Q on the two
plates. Deduce the expression for the energy
stored in capacitor.

(Foreign 2013)

62. Deduce the expression for the electrostatic
energy stored in a capacitor of capacitance ‘C
and having charge ‘Q.

How will the (i) energy stored and (ii) the electric
field inside the capacitor be affected when it is
completely filled with a dielectric material of
dielectric constant ‘K’?

(A 2012)

63. Net capacitance of three identical capacitors in
series is 1 UE What will be their net capacitance
if connected in parallel?

Find the ratio of energy stored in the two
configurations if they are both connected to the
same source.

(AI2011)
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EFNTH (3 marks)

64.

65.

66.

67.

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

F }Y—‘

15V

(i) Calculate capacitance of each capacitor if
equivalent capacitance of the combination is
4 uE

(ii) Calculate the potential difference between
the plates of X and Y.

(iif) Estimate the ratio of electrostatic energy
stored in X and Y. (Delhi 2016)

In the following arrangement of capacitors, the
energy stored in the 6 UF capacitor is E. Find the
value of the following

(i) Energy stored in 12 uF capacitor

(ii) Energy stored in 3 UF capacitor

(iii) Total energy drawn from the battery
el

6 UF

3 uF
12 uF

(Foreign 2016)
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 ] and
0.25 J respectively, determine the value of C, and
C,. Also calculate the charge on each capacitor
in parallel combination. (Delhi 2015)

(a) Obtain the expression for the energy stored
per unit volume in a charged parallel plate

capacitor.
+ + + + + + o+

a » b

A Y

W
A
o

68.

69.

70.

71.

72.
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(b) 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
loopabceda. (Delhi 2014)

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
capacitance C.
(ii) What will be the charge stored in the
capacitor, if the voltage applied had
increased by 120 V? (Delhi 2013)

A capacitor of 200 pF is charged by a 300 V
battery. The battery is then disconnected and
the charged capacitor is connected to another
uncharged capacitor of 100 pE Calculate the
difference between the final energy stored in the
combined system and the initial energy stored
in the single capacitor. (Foreign 2012)

A parallel plate capacitor is charged by a battery.
After sometime the battery is disconnected and
a dielectric slab with its thickness equal to the
plate separation is inserted between the plates.
Hewr will (i) the capacitance of the capacitor, (ii)

\l difference between the plates and (iii)

:gy stored in the capacitor be affected?
Jusuiy your answer in each case.

(Delhi 2011C, 2010, AI 2009, Delhi 2007)

Find the ratio of the the potential difference that
must be applied across the parallel and the series
combination of two identical capacitors so that
the energy stored in the two cases, becomes the
same. (2/3, Foreign 2010)

Three identical capacitors C;, C, and C; of
capacitance 6 UF each are connectedtoa 12V
battery as shown.

G

V and the unknown

1
o
[\S]
<
11
I

e

Find
(i) charge on the capacitor
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(ii) equivalent capacitance of the network
(i) energy stored in the network of capacitors
(Delhi 2009)

(5 marks)

73.

74.

75.

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

(a) Derive the expression for the energy stored
in a parallel plate capacitor. Hence obtain
the expression for the energy density of the
electric field.

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

(AI 2015)

Derive an expression for the energy stored in a

parallel plate capacitor.

On charging a parallel plate capacitor to a
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potential V, the spacing between the plates
is halved, and a dielectric medium of €, = 10
is introduced between the plates, without
disconnecting the d.c. source. Explain, using
suitable expressions, how the (i) capacitance,
(ii) electric field and (jii) energy density of the
capacitor change. (AI 2008)

2.16 Van de Graaff Generator
(5 marks)

76.

77.

Draw a labelled diagram of Van de Graaff
generator. State its working principle to show
how by introducing a small charged sphere into
a larger sphere, a large amount of charge can be
transferred to the outer sphere. State the use of
this machine and also point out its limitations.
(AI2014)

Explain the principle of a device that can build

up high voltages of the order of a few million volts.

Draw a schematic diagram and explain the

working of this device.

Is there any restriction on the upper limit of the

high voltages set up in this machine? Explain.
(Delhi 2012)
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Detailed Solutions
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1. ] C-'isthe S.L unit of electrostatic potential. It is
a scalar quantity.

2. e A B

——r ——————

+—
Potential difference due to a point charge Q at a
distance r is given by

vo1e
4TE, 1
From the given figure
_ 1 Q _ 1 Q
fameg | T dmegny
vy LQ 10

_ Q1 1
dney [ ry 1

1 1 1 1
B T4 A 7B
Hence, (V, - V) >0
i.e., potential difference (V, - V) is positive.

3. Electric field due to a point charge,

Potential due to a point
charge,

1Q. .1

5

- 4ne 7 r

The variation of electric field E with distance r and
also the variation of potential v with r as shown in
the figure.

4. Refer to answer 3.

5. Required potential at point P

P
r r
+q @ 4 -q
Vp= 9 -4 _
Amear  AmEyr
6 |<— 20—
° | & -P
-4 o 4
e ¥ e »i

Let P be an axial point at distance r from the centre
of the dipole. Electric potential at point P will be

1 o, 1 4
4Aney r+a 4ney, r—a

V=V +V, =

_q [ 1 _ 1 ]_ q 2a
aneglr—a r+al 4me, 2 -g?
1 P

47580 r?‘ _az

[ p=q(2a)]

For a far away point, r >> a

Thus, due to a dipole potential at a point is V o< Lz .
r

7. Refer to answer 6.
Whereas, due to a single charge potential at a point

is Vocl.
»

8. Refer to answer 6.

9. ga=q and gp=-29

i P B
94 . . .
Vp, =—2

R PR .

qu N 21

Vop = je——>j

PB ™ (d-x) ¥ T k—d-x—>
VPA + VPB = 0

kq  2kq

= sd-x=2
x (d-x)tTETH
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10. g4 =4 % 107°C; gz = -2 x 10-°C

kqa
Vpy =—4
PA x
A p B
qa 93
X
b3 T 2
v _ kp
PB (1-x)
VPA + VPB = 0

9x10° x4x107% _ 9x10° x2x107°
x 1-x

2=L;2—2x=x; x=%m
1-x 3

11. If the field were not normal to the equipotential
surface, it would have a non zero component along
the surface. So to move a test charge against this
component, a work would have to be done. But there
is no potential difference between any two points on
an equipotential surface and consequently no work is
required to move a test charge on the surface. Hence,
the electric field must be normal to the equipotential
surface at every point.

12. Refer to answer 11.
13. Work done = g (Potential at Q — Potential at P),
where ¢ is the small positive charge.
The electric potential at a point distance r due to the
field created by a positive charge Q is given by

1 g
4me r

rp<tg . Vp>Vq

Hence, work done will be negative.
14. For an isolated charge the equipotential surfaces
are concentric spherical shells and the separation

between consecutive equipotential surfaces increases
in the weaker electric field.
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Equipotential

surfaces V\

5cm
16. Work done in carrying a charge on equipotential
surface is always zero.

17. Electric field as gradient of potential consider a
point charge +q placed at point O. Suppose that V
and V+38V are electrostatic potential at points A and
B, where distance from the charge +q are rand r — or
respectively.

(V+8V)= V+8—W
40
sv =W Q)
40

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 to g, E and the external force required
to move the test charge against the electric field E
is given by

Fo—goF

Therefore, work done to move the test charge
through an infinitesimally small displacement
PQ = 8l is given by

AW = F .81 = (—qE) -3l = —qyEdlcos180° = g, Edl

As the distance 7 decreases in the direction of d,
then

S = —q Edr
— ——_E§r ...(ii)
90
From equations (i) and (ii), we get
8V = Esr p=—2V
or

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
equipotential surface.
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(ii) The electric field is always at right angles to the
equipotential surface.

(iii) The equipotential surfaces tell the direction of
the electric field.

18. (i) In the relation

dr (2-6)
Ve-Vy=4E
(ii) As V-V, =4Eis positive
S Ve> Vy

Potential is greater at point C than point A, as
potential decreases along the direction of electric

field.

19.
T
Equipotential
surface ¥~ /7Y Voo 3d X
A —— | Z
d/2

EEEEEE |

The equipotential surface is at a distance d/2 from
either plate in XZ-plane. —g charge experiences
a force in a direction opposite to the direction of
electric field.

". —g charge balances when

qE =mg
="
q Y

Equipotential

4

E (Vertically
downward)

The direction of electric field along vertically
downward direction. The XZ-plane is so chosen that
the direction of electric field due to two plates is along
vertically downward direction, otherwise weight
(mg) of charge particle could not be balanced.

20. (a)

CBSE Chapterwise-Topicwise Physics

(b) These surfaces are not equidistant from each
other because electric field at a point, distance r from

Q

ATE )1

point charge, is given by E=+

1
As electric field E < - the field is non uniform.
r
So, distance between adjacent equipotential surfaces

goes on increasing as shown in figure.

21. No, if two equipotential surfaces intersect then at
the point of intersection, there will be two directions
of electric field intensity which is not possible.

22. (i) Equipotential surface
Equipotential

surfaces \
N
" by %

»l
>

6cm
(ii) Equipotential surfaces get closer to each other
near the point charges as strong electric field is
produced there.
AV
E=-—=
Ar
1

Eoc——
Ar

For given equipotential surfaces, small Ar represents
strong electric field and vice versa.

S S S S
23. > Ed > re
S S S
> > >
E
N b b
> > >
. ~ N
> > >

For increasing electric field
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N, N LN L
td Cd rd Cd
P rd 7 Cd
E
~ LN ~ LN
7 7 7 7
S L S, L
rd rd Cd rd

For constant electric field

For increasing electric field, separation between
equipotential surfaces decreases, in the direction
of increasing field, for the same potential difference
between them.

For constant electric field, equipotential surfaces are
equidistant for same potential difference between
these surfaces.

24. Equipotential surface is the surface with a
constant value of potential at all points on the
surface.

(i) Refer to answer 14.

(ii) Equipotential surfaces in a constant electric field
in Z-direction.

N
rd

v
A\ %
v Vv

N4
Y

N,
rd

Y

Y

v v
v v

S
7

Y

For constant electric field

Equipotential surfaces about a single charge are not

equidistant because electric potential, Vocl .
r

(iii) Electric field tangential to an equipotential
surface cannot exist.

If the field lines are tangential, work wil’ ne
in moving a charge on the surface wi on
equipotential surface Wyg = go(V3-V,) =0

25. The figure is shown as below

Equipotential surfaces of two
identical positive charges

35

26. Equipotential surface of an electric dipole is :
Equipotential

/ surfaces \

Potential is zero on the points located on the
line passing through the centre of dipole and
perpendicular to the dipole axis.

27. (a) Properties of equipotential surface are:

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

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

Equipotential surface due to an isolated point
charge:

for given dV, dr o< %

Hence, dr is small, then E is large. Hence, for small
dr, equipotential surfaces are crowded.

28. Zero, as the diagonally opposite corners of
square with point charge at its centre are at same
electric potential or potential difference between
them is zero.

1 {1><10‘6(—4><10“")+

29. U=
ame, 0.10
1x1075(1x107) | —4><10‘6(1><10‘6)i|
0.10 0.10
1uC
10 cm 10 cm
-4uC 1uC

10 cm
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U:Lxlo‘”[—4x1o+1o—4xlo]

4ne
U=-9x10°x 102 x 70
U=-0.630].

Work done to dissociate the system of charges
W=-V=0.630]

30. Potential at P(7, 0, 0) is

V=t
ATy \[(7-0) +0+(-a—0)
q_ 1
418y \[7-0) +0+(a—0)?
4 1 g 1,

a8 Jag4a?  ATE 49442
Potential at Q(-3, 0, 0) is

V2 B 4me . 2 2
0 (=3-0)"+(-a)
+—1 . 1
amey [(—3-0) +(-a)?

= -4 . 1 + 9 . 1 =0
4me, /9+a2 47E, ,9+a2
Work done =¢q(V,- V) =¢(0-0)=0
Hence, W =0.
31. Potential energy of a system of three charges :
A system of three charges q,, ¢, and ¢; are located at

fi,7, and 7; respectively with respect to the common
origin O.

T.
4 2 a4

13 12
4
To bring ¢, from infinity to 7, no work is required.
Work done is bringing charge ¢, from infinity to 7,
is
- I 99 -

V.1,) = ———= ...(1)
V1 (%) ame, 1,
The charges g, and g, produce a potential, which at
any point p is given by

1
oetd03)
Ip "2p

Work done next in bringing g; from infinity to the
point 7 is

CBSE Chapterwise-Topicwise Physics

..(ii)

- I (919 | D93
Vi,(1)= +
125 4”%( N3 T3 j

The total work done in assembling the charges at the
given location is obtained by adding the work done
in steps (i) and (ii) is

1 1
U= N9 193 | D293
aney n,  4mey\ f3 3

1 [‘11‘12 el +@2613J

4mey \ 1y N3 h3

q . 9

A P B
(i) Here, g, =10 x 10°C, g, = -2 x 10 C and
AB=60cm=0.6 m
Let AP=xthen PB=0.6-x

32.

K
Potential P due to charge ¢, = 24

AP
K
Potential P due to charge ¢, = 2
AP
Potential at P=0
K
g  Kg,
AP PB
4 _ "%
AP PB
10x10°°  —(-2x107%) _lo_ 2
X 06—x x 06—x

2x=60-10x=>2x+10x=6
12x=6= x:£=0.5m
12

Distance from first charge = 0.5 m = 50 cm.
(ii) Electrostatic potential energy of the system

U=K‘11‘12
T
-8 -8
X X(—2X
U2 ox10° 5 L0X10 (-2%107°)
0.6
—6
— >< — -
=810 - 30%107 = -3x107]
0.6
3. % : 3
A P B

fe—x —ple—1-x—

fe——1m —»
Let the point be at a distance x from 4Q charge.
Electric field at P due to 4Q = Electric field at P due

to Q
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4
Kx—?:Kx Q .
x (1-x)
41 2 1
¥ (1-xP? x 1l-x
2 1 2 -1
—_=—0Qr — = ——
x l-x x l—-x

x=2-2x0r-x=2-2x
Xx+2x=20r-x+2x=2
3x=2o0rx=2

x=—orx=2
3

x =2 m is not possible.

2
x=—m
3

Electrostatic potential energy of the system is

U =g 1%
r
4Q- 4Q?
Q-Q_, 4Q
v r

4><(2><10”7)2

= U=K-

U=9x10° x [-Q=2x%x107C]

=9>(109x4><4><10‘14

=144 x 10°=1.44%x107]

34. The direction of electric field is perpendicular to
the equipotential surface.
(i) The direction of electric field is along x-
it should be perpendicular to equipotential s e
lying in yz-plane.
Lengh of the dipole = 2b
As dipole’s axis is along the y-axis.
Electric dipole moment

p=q(2b)] ) (i)
(ii) Electric field E=Ei
%= px B =4@b)jxEi
= +2qbE(jx 1) =2qbE(-k)
Torque |t| = 2qbE (i)
35. Potential energy of a system of two point charges :

Let no source charge be present in the system initially
and hence no potential at any point.
Y
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Now the charge g, is brought at point A from
infinite
work done to bring charge g, at A

Wi=q,\Vy
or W= (1) [ Vy=0]
Due to presence of g, a potential develops at point

Bi.e.,
1 a

B =
4TE 1o

work required to bring a point charge g, from o to B

W,=q,Vp
1 949,

4me, 1,

) ..(i1)
Total work done to form the system of two point
charges or the potential energy of the system of
charges is then given by
U=W,+ W= — D2
angy iz

36. Electric field intensity is zero inside the hollow
spherical charge conductor. So, no work is done in
moving a test charge inside the conductor and on its
surface. Therefore, there is no potential difference
between any two points inside or on the surface of
the conductor.

37. Potential inside the charged sphere is constant
and equal to potential on the surface of the conductor.
Therefore, potential at the centre of the sphere is
10 V.

38. The potential at any point on the surface of the
conductor having radius r and charge 4 is given by

4meg, r
where £, = 8.854 x 1072 C2 N1 m2
The capacitance of the spherical conductor situated
in vaccum is given by
cod__ a4

v 1 4

4amey r

C = 4me,r.

v=—1_.1



38

Hence, the capacitance of an isolated spherical
conductor situated in vaccum is 4mg, times its
radius.

39. (a) It is safer to be inside a car during
thunderstorm because the car is a hollow conductor
acts like a Faraday cage for electrostatic shielding.
The metal in the car will shield you from any external
electric fields and thus prevent the lightning from
traveling within the car.

(b) Scientific awareness in practical life  and
humanity

(c) Gratitude and obliged

(d) For example : Once, [ came across to a situation
where a puppy was stuck in the middle of a busy
road during rain and was not able to cross due to
heavy flow, so, I quickly rushed and helped him.

40, Dielectrics are non-conductors and do not
have free electrons at all. While conductors has free
electrons which makes it able to pass the electricity
through it.

41. A dielectric whose molecules possess electric
moment even when electric field is not applied is
called polar dielectric. On the other hand a dielectric,
whose molecules do not possess parmanent dipole
moment, is called non-polar dielectric.

42. (i) Carefullness,awarenessand helping towards
the social cause.

(i) Car is the safest place during thunder storm,
because car is made up of metal which is good
conductor of electricity when lighting strikes the car,
it will pass it to the ground without harming any one
inside the car.

(iit) The maximum voltage that a dielectric material
can withstand, under specific conditions, without
rupturing is called dielectric strength. It is usually
expressed as volts/unit thickness.

43. When a conductor is placed in an external
electric field, the free charges present inside the
conductor redistribute themselves in such a manner
that the electric field due to induced charges opposes
the external field within the conductor. This happens
until a static situation is achieved i.e., when the two
fields cancel each other and the net electrostatic field
in the conductor becomes zero.

Dielectrics are non-conducting substances i.e., they
have no charge carriers. Thus, in a dielectric, free
movement of charges is not possible. It turns out

) CBSE Chapterwise-Topicwise Physics

that the external field induces dipole moment by
reorienting molecules of the dielectric. The collective
effect of all the molecular dipole moments is the
net charge on the surface of the dielectric which
produce a field that opposes the external field, unlike
a conductor in an external electric field. However,
the opposing field so induced does not exactly cancel
the external field. It only reduces it. The extent of the
effect depends on the nature of the dielectric.

The effect of electric field on a conductor and a
dielectric is shown in the figure.

Dielectric

Conductor

The dipole moment per unit volume is called
polarisation and is denoted by P. For linear isotropic
dielectrics, P = xE

where j is electric susceptibility of the dielectric
medium.

44. Theplatearea of C,is greater than thatof C,. Since
capacitance of a capacitor is directly proportional to
the area of the plates,

G, >C

Now, =1
v

Therefore, slope of a line (=¢/V) is directly
proportional to the capacitance of the capacitor, it
represents. Since the slope of line A is more than that
of B, line A represents C, and the line B represents
C..

45. 4 -4 4E =0
Cl C2
or i+i=E2—E1
G G
G
el i
11
q
El___— ':_—}_5,‘2
C.
+f=
q
Now,
q q
Vi=—Va=—-
1 G
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46. Here C=2F
d=05cm =0.5%x102m
€,=8.854 x 1072 C2Nm™
gA

d
_Cd_ 2x05x1072

€ 8.854x10 12
A=1.13x10°m?

47. Capacitorisbased onthe principleof electrostatic
induction. The capacitance of an insulated conductor
increases significantly by bringing an uncharged
earthed conductor near to it. This combination
forms parallel plate capacitor.

C=

A

Area
A

+G

(i) (a) Magnitude of electric field intensities

E, =E o
1=482=
2¢g,
+o -G
+ -
E, El|+ E -|E E
&> ——> <>
+ E2 -
I IT 111
+ —_
Plate - 1 Plate - 2

(i) Inregion I (outside)
o o
E=E-E=—-—=
1T 0, 26,
(ii) In region II (inside)

Ey=E +E=—+2=2
2e, 2g, g
(iif) In region III (outside)

() )
Ey=E-E=r7=-7—=0
28, 2g,

In the region II i.e., in the space between the plates,

resultant electric field Exis directed normal to
plates, from positive to negative charge plate.
(b) The potential difference between the plates is

veL 4

V= EU.d - E‘ d or
€ Ag,

0

39
(c) Capacitance of the capacitor so formed is
A
c=2-_Q o542
vV Qd/As, d
48. Refer to answer - 47.
. Q 3Q
49. ==, ¢,==
(i o % b, %
N 1
0, 3

(ii) If a medium of dielectric constant 5 is filled ir
the space inside S;, the flux inside S,

0] —53—4’—1
50. K

«~d/2—+

—f—

Capacitance of a capacitor partially filled with a
dielectric

€A gyA 285AK
C= = =
it g G G ClUSH)
K 2 2K

51. Let A — area of each plate and C, and C, are
capacitance of each slab.

A
Let initially C, = C = 8"7 =,
After inserting respective dielectric slabs:
C=KC ()
Al2 Af2

and C} =K, €4/ )+K2 Eo(d/ )

€A , C .
:20—d(K1+K2); (04 =E(K1 +K,) ..(ii)
From (i) and (ii)
G=G

1
K= (K +K)

52. (i) Capacitance
_gpA _8.85x107 2 x6x107

-11
=17.7x10" 1 F
d 3x1074

C
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(ii) Charge Q=CV=17.7x 107" x 100
=17.7x10°C
(iii) ' =KC
Q' =KQ=10.62%10°C

53. (a) Initial electric field between the plates of
o _aA_q9
€ - € - Agg
After introduction of dielectric; the permittivity of

medium becomes Kg,.
s0, final electric field between the plates of parallel

E,
plate capacitor E = 4 _*0
AKgy, K

parallel plate capacitor E, =

1
i.e., electric field reduces to — times.

(b) Consider a parallel plate capacitor, area of each
plate being A, the separation between the plates
being d. Let a dielectric slab of dielectric constant
K and thickness t < d be placed between the plates.
The thickness of air between the plates is (d - £). If
charges on plates are +Q and —Q, then surface charge

density
o=4
A
The electric field between the plates in air,
o AQX
gy EpA

The electric field between the plates in the slab,
+Q -Q

All+ W -NB
+ K -
-
i -
t _
* _
+ _
P et T
— g —
2 Key KggA

The potential difference beetween the plates
Vag = work done in carrying unit positive charge
from one plate to another
= 2 Ex (as field between the plates is not constant).

Q Q
=E(d-t)+E,t=——(d—t
d=0+E eoA( )+KeoA

wilaaed
Vig=——|d—t+—
AB T e0A K

t
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Capacitance of capacitor,

VAB &(d—ti'i)
(V. K
or, C= SOAt _ €A 1
d=t+— d-t|1-=
)
Here, t =—
2
g,A e A
C= 0 - 0

e
2 K 2 K

54. Refer to answer 51.

55. (a) C
|
|

Cs

1
J T 1

11
Cy
4+— 100V

Here C;, C,and C; are in series, hence their equivalent
capacitance is C’ given by

1 1 1 1 c
—=—+—=—+— |
c C G G [

, 15 | |
C=?MF ||
Cy

¢’ =5uF O——— 100 V———0

The circuit can be redrawn as shown, in the figure.
Since C’ and C, are in parallel
Cot=C +Cy=5UF + 15 uF =20 uF
(b) Since C’ and C, are in parallel, potential
difference across both of them is 100 V.
Charge across C,is Q4 = C4 x 100 C
=15x10%%x 100 C=1.5mC

56. When the switch S is closed, the two capacitors
in parallel will be charged by the same potential
difference V.

AS

6V= =C;=1uF =/=C,=1pF

So, charge on capacitor C;
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a=CV
q1=1x6=6uC
and charge on capacitor C,
4=CV=1x6=6uC
q=q,+q,=6+6=12nC.
‘When switch Sis opened and dielectricis introduced.

Then

= C C
6V _l_ 1 A 2 B
Capacity of both the capacitors becomes K times
ie, C1=C,=KC=3x1=3uF
Capacitor A remains connected to battery

Vi=V=6V
g =Kq, =3x6uC=18uC
Capacitor B becomes isolated
¢ =q, or C5V5=G,V, or (KO)V;=CV

K/ 3

57. (a)

-\S

clj_ 1
T [l 7—

11
Cy
< 500V -

Here C,, C,and C; are in series, hence their equivalent
capacitance is C' given by

1 1 1 1 CI'
[

=t —t—
C ¢ C G
, 12
oLy |
3 C,
C =4 pF O 500 V >0

The circuit can be redrawn as shown in the figure.
Since C" and C, are in parallel
Cht=C +Cy=4pF+12pF=16 uF
(b) Since C" and C, are in parallel, potential
difference across both of them is 500 V.
Charge across C, is Q, = C, x 500
=12x10°x 500 =6 mC
Charge across C', Q" = C" x 500
=4x10%%x500=2mC
C., C,, C; are in series, charge across them is
same, which is Q" =2 mC

4

58. Capacitors is series : Consider three capacitors
C,, C, and C; are connected in series. The left plate
of C, and the right plate of C; are connected to two
terminals of a battery and have charges g and -¢
respectively.

The total potential drop V across the combination is
the sum of the potential drops V;, V, and V; across
C,, C, and C; respectively.

-9 99 99
il i
1l 4k 4k
Cl CZ C3
III|
I 1
.
VaVi+V+ V=144, 9
G G G
K—L+L+L (1)
q G G G
The effective capacitance C of the combination is
q 1 Vv ”
C==t = —=— ...(11)
|4 C g

On comparing Eq (i) and (ii), we get
1_1.1.1_GGH+GG+GG
C G G G C,C,Cs
_ GGG
C,C, + GG + GG

59. The equivalent capacitance (C,,) of the circuit is
given by
1 1 1 1

C.. 20 30 15

€q
C,=20uF C,=30pF
|l { } |1
C,=15uF
It
1T
90V
1 3+2+4
Cyq 60
60
C,, =—MUuF
eq 9 u
Charge on equivalent capacitor
CE
S
+1 [-
FE
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60 . ¢
Q=Cqu=jX10 X 90

Q=600 uC
Charge on each capacitor is same as they are in
series.
Now, potential drop across C,

Q 600x107°

=— c =20 volt
G, 30x10™

V2
1, .2
Energy, U = ECZV2

1 - _
U =2x30x10 % x(20)% =6x107% joule

60. Energy stored in a capacitor
1Q°
2C

Capacitance of the (parallel) combination
=C+C=2C
Here, total charge Q, remains the same

1 |
=— V:-—CV =
ZQ 2

2
Initial energy (Single capacitor) = 2c

2

and final energy (Combined capacitor) = %%

Final energy 1

Initial energy T2

61. Qand -Q are charges on the plates and produces

a
a uniform electric field E=— between the plates
€o

and a potential difference V = % (1)
+Q -Q

gil

dq

|

If a charge dq is transported in steps from negative
charged plate to positive charged plate, till charges
rises to +Q and -Q, then
Work done dW =dq. V

From equations (i) and (ii)

i

Total electrostatic potential energy stored can be
given as

(i)

CBSE Chapterwise-Topicwise Physics

Q 2
U=W=ji.dq=Q—
cac
QZ
~2c

62. Potential difference between the plates of
capacitor

v=4
C q

I

+] -

||
I I
\4
Work done to add additional charge dq on the
capacitor
dW=Vxdg=(q/C)xdg
Total energy stored in the capacitor
Q 2
1
U=[aw=[2dg=1L
0 C 2C
When battery is disconnected
(i) Energy stored will be decreased or energy stored

1 . s
= E times the initial energy.

(ii) Electric field would decrease
or EF’'= E

K
63. Net capacitance in series, C=1 UF = 10¢ F
ifCI=C2=C3=C
Let C be the capacitance of each of three capacitors
and Cg and Cy be the capacitance of series and
parallel combination respectively.

1 1 1 1 3

then, — —— 4 — 4 _—=-=
Cgc C C C C

C
C5=§ [C, =1pF]
1“F=§;C=3LLF

AlsoCo=C+C+C
=3+3+3=9UF
Energy stored in capacitor

1
E==-CV?
2
1 2
B _25 ¢ 1
= L 1

2
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X Y
64. Here, szm
d Cy Cy
c =BtA _¢ 0 _uc
y T ~x X +0 &

d
15V
(i) Cand C, arein series, so equivalent capacitance

is given by
C,xC,
CtC,

i C,x4C,
C,+4C,

4C
* o C,=5uF
5

= (" C=4pF)

= 4=

and C,=4 C, =20 uF
(ii) Charge on each capacitor, Q= CV
Q=4x10°%x15=60x10"°C

Potential difference betw6een the plates of X,
y, =2 00,y
C, 5x10°
Potential difference between the plates of Y,
V,=V-V,=15-12=3V
(iii) Ratio of electrostatic energy stored,

Q2
U, _2C, =&=4cx 4
Uu Q@ G C

2C,

65. (i) Given that energy of the 6 UF capacitor is E
Let V be the potential difference along the capacitor
of capacitance 6 UE.

Since %CV2 =F

%><6><10_6><V2 =E
= V2=§><106 (1)

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

1 _ 1 < E
E,, =-x12x100xV? = =x12x107% x =x10° =2E
1279 2 3

(ii) Since charge remains constant in series, the
charge on 6 uF and 12 pF capacitors combined will
be equal to the charge on 3 UF capacitor. Using the
formula, Q = CV, we can write

(6+12)x108x V=3x10%x V
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V=6V

Using (i) and squaring both sides, we get

V2 =12E x 10°
E; =%><3><10*6 x12Ex10° =18E

(iii) Total energy drawn from battery is
Eu=E+E,;+E=E+2E+18E=21E

66. When two capacitors C, and C, are in parallel,

Equivalent capacitance, C, = C; + C,

Energy stored, U, = %Cp Vi= & (C,+C)V?
2

Here, U,=0.25], V=100V
2U,  2x0.25
Cl + C2 = _ZP = D)
Vv (100)
C,+C,=5x107 (i)
When C, and C, are connected in series
GG,
C, +C,

Equivalent capacitance, C, =

Energy stored, U, = % CV:= %(ECI-E%;J V2
Here, U,=0.045]
_2U(CG+Gy)

V2
_ 2x0.045X5%107
) 10*

Ci- G = (G +GC, ) —4GC,

GG

=45x1071°

= J5x1075) —4x45x10710

C, - C,=2.64% 107 ...(ii)
Solving eqn. (i) and (ii), we get
C, =382 uE C,=11.8 uF
When capacitors are connected in parallel they have
different amount of charge and given by
Q,=CV=382%x10°%x100=382x%x10*C
Q,=CV=11.8x10°x100=11.8 x 10 C.

67. (a) Energy stored in a charged capacitor :

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

dW = V.dg = (g/C)dq
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So, the total amount of work done in storing the
maximum charge Q on capacitor is

2Q
.[ dq= q lQ
C C A 2C

which gets stored in the capacitor in the form of
electrostatic energy. So the energy stored in capacitor
is
= IQZ—ICVZ—I 4
=7¢ "2V 3¢
whereas the energy density i.e., energy stored per
unit volume in a charged parallel plate capacitor is
given by
Total energy within plates

E density =
nergy censtty Volume within plates
1gpA
12 2207 g2 02
_2 V. 374
Ad Ad

1
Energy density = EsoEz

(b) Electric field inside a parallel plate capacitor = E
o+ o+ o+ o+ o+ o+

[

e

S
<

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

68. (i) Let the capacity of given capacitor is C and
initial voltage V, =V

Q, =360uC
. Q=0 (i)
Changed potential, V, = V- 120
Q, =120 uC
Q, =CV, ..(ii)
- PR Qv
Dividing equation (i) by (ii), we get 0~ v,
360 1%
120 V-120
= V=180
C=%=M=2XIO‘GF=ZMF

v, 180
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(ii) If the voltage applied had increased by 120 V,
then V; =180 + 120 = 300 V. Hence, charge stored
in the capacitor,

Q; = CV; =2 x 106 x 300 = 600 uC

69. Initial energy of capacitor (U) = % Cv?

U; =%><200><10‘12><(300)2 =9x107°]

Charge on capacitor
Q=CV=200x10"12x300=6x10°C

When both capacitors are connected then let V
be common potential difference across the two
capactiros.
The charge would be shared between them.
Hence, Q=q+¢,

q — charge on capacitor (first)

q" — charge on capacitor (second)

C =200 pE, €’ = 100 pF

!

: 12 . n =124
200x10™ 100x10~
Then Q=29"+4 =39
, Q 60nC
= q=5= =20nC
and =29 =40nC
1 1 qZ q12
H , total final U= =—+
ence, total final energy U= -~ +- <
v 1, [40x107) 1 (0x107)
f=7" 200x1071% 2 100%x107'2
Uf:6><10_6I

Energy difference (AU) = U~ U
=6x10°-9x106]=-3x10"°]

= AU=3x 10%] (in magnitude)
70. (i) On filling the dielectric of constant K in the
space between the plates, capacitance of parallel
plate capacitor becomes K times i.e.

C=KC,
(ii) As the battery was disconnected, so the charge
on the capacitor remains the same i.e.

Q=0Q
So, the electric field in the space between the plates
becomes

i.e. electric field becomes % times.

(ili) Energy stored in capacitor becomes
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_1Q° 14

1
2c 2xc U=

, 1 ..
i.e. becomes s times

71. Let C be capacitance of each capacitor.

. . C
In series arrangement net capacitance Cg = 3

In parallel arrangement net capacitance Cp = 2C

Energy stored U = %CV2

If V5 and Vp are potential difference applied across
series and parallel arrangement, then given
Us=Up

1 21 2
= —CV¢ ==CpV,

Vp Cs } cr2 1
= V= |2 =,—=—

Vg Cp 2C 2
72. (i) Here V=12V
andC,=C,=C;=6UF=6x10°F
charge on capacitor C; is

gGs=CV=6x10°x12=72x10°=72 uC
Since capacitor C, and C; are in series

. . 1 1 1
Equlvalent CapaCltanCC —=—t—
G G &
1 1 1 1
—_——t—_=—=—
Cg 6 6 6 3
Cs =3 MF

Charge on capacitor C, and C, is
qg=CV=3x10°%x12=36x10°=36uC
Charge on each capacitor C, and C, is 36 uC.
(ii) Since C, and C, are in series
Equivalent capacitance Cs = 3 uF
Now, C; and Cg are in parallel
Equivalent capacitance C= C; + Cg=6+3 =9 uF
(iii) Energy stored

= %CVZ = %><9><10‘6 x(12)?

= %><9><10'6 %144 = 648x107° = 6.48 x 10 ]

C
73. Given o
, 2
In parallel, Cp = C, + C, = C, + 2C, = 3C,

or C,=2C

O

45
I ; 1 1 1 1 1 2+1 3
nseries, —=——=——==""=-_>
C, C C, C 2 2 2C
2
or Csng1
Given Ug = Up
Levr=tov: or 2o w2 =acv2
zss_zpporgls— 1Yp
Ve v,
or —S=2 or _S=i
V22 v, V2

74. (a) Refer to answer 67(a)
(b) Let fully charge capacitor C has charge Q.
]k

:
ik
b

GOV
V=QiC
Energy stored in the capacitor
2
U= lcvz -
2 2C

Now, the charged capacitor is connected to identical
uncharged capacitor.
C C

++4++
444

++4+4
1

C
The two capacitor will have same potential.

V=Q1+Q2 _Q+0_Q
¢+C 2 2C
Now, total energy

v=icvz+lev?
2 2

2 2 2
1 Q 1.1Q Q
U==Cl = | +=C| = | =—=
2 [ZCJ 2 [ZC) 4C
So, U>U
Energy lost as heat during charging the another
capacitor.
2 A2 A2
U-U'= Q_ . Q_ = Q_
2C 4C 4C
75. Energy stored in a parallel plate capacitor is
equal to work done in charging a capacitor. This
work done is stored as its electrical potential energy.
Suppose a capacitor is charged with charge g so that
potential difference between its plates is
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9
y=1
C

Work done to increase the charge by dg is
q
dW =Vdg=—=d
1=

Total work done to charge the capacitor from 0 to

Qis

Q
(fg 1| @
OC 2 2C

0
Q2
Energy of the capacitor, U =—
2C
1 Q
==QV v C==
o ey
(i) HereK=E,=10
A
. Capacitance C = SOT
gA gpA
C'= K a2 —IOXZXT—ZOC
Capacitance becomes 20 times.
(ii) Initial electric field, E =%
Final, E'= v = ZK =2E
dl2 d

Hence electric field is doubled.

(iii) Energy density of the capacitor, U = 1 e, B
2

Finally, " = %EOE’z = % g, (2E)
=4U

Energy density becomes four times.
76. Van de Graaff generator is a device used for
building up high potential differences of the order of
a few million volts.
Principle : It is based on the principle that charge
given to a hollow conductor is transferred to the
outer surface and is distributed uniformly over it.
Construction : It consists of a large spherical
conducting shell (S) supported over the insulating
pillars. A long narrow belt of insulating material is
wound around two pulleys P, and P,. B,
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and B, are two sharply pointed metal combs. B, is
called the spray comb and B, is called the collecting
comb.

=]

i E 1 |

Target (7)

Working: The spray comb is given a positive potential
by a high tension source. The positive charge gets
sprayed on the belt. As the belt moves and reaches
the sphere, a negative charge is induced on the sharp
ends of the collecting comb B, and equal positive
charge is induced on the farther end of B,.

This positive charge shifts immediately to the outer
surface of S. Due to discharging action of sharp points
of B,, the positive charge on the belt is neutralised.
The uncharged belt returns downwards and collects
the positive charge from B;, which in turn is collected
by B,. This procss is repeated and the positive charge
on § goes on accumulating. In this way, voltage
differences of as much as 6 or 8 million volts (with
respect to the ground) can be built up.

Uses : Van de Graaff generator generates high
potential differences that are used to accelerate
charged particles such as electrons, protons, ions,
etc. used for nuclear disintegration.

Limitations :

1. Its a series combination that allows only one
route for the movement of charge.

2. It can accelerate only the charged particles not
the uncharged particles.

77. Refer to answer 76.

Yes, the Van de Graaff generator can only be
charged upto a limit when the electric field around
it is less than breakdown field of the surrounding
air.
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