After studying this chapter the students will be ab]e to
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state Coulomb's ·law and explain that force between two point charges is
reduced in a medium other than free space using Coulomb's law.
derive the expression E = l/41re0 qi? for the magnitude of the electric field
at a distance ' r' from a point charge 'q'.
describe the concept of an electric field as an example of a field of force.
define electric field strength as force per unit positive charge.
solve problems and analyse information using E = Flq.
solve problems involving the use of the expression E = U41rio qi?.
calculate the magnitude and direction of the electric field at a point due to
two charges with the same or opposite signs.
sketch the electric field lines for two point charges of equal magnitude
with same or opposite signs.
describe the concept of electric dipole.
define and explain electric flux.
describe electric flux through a surface enclosing a charge.
state and explain Gauss's law.
describe and draw the electric field due to an infinite size conducting plate
of positive or negative charge.
sketch the electric field produced by a hollow spherical charged
conductor.
sketch the electric field between and near the edges of two infinite size
oppositely charged parallel p]ates.
define electric potential at a point in tenns of the work done in bringing
unit positive charge from infinity to that point.
define the unit of potential.
solve problems by using the expression V =Wlq.
describe that the electric field at a point is given by the negative of
potential gradient at that point.
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solve problems by using the expression E = Vld.
derive an expression for electric potential at a point due to a point charge.
calculate the potential m the field of a poiQt charge using the equation
,.,
V = l/41rE,. q/r.
define and become familiar with the use of electron volt.
define capacitance and the farad and solve problems by using C=QIV.
describe the functions of capacitors in simple circuits.
solve problem<; using formula for capacitors in series and in parallel.
explain polarization of dielectric of a capacitor.
demonstrate charging and discharging of a capacitor through a resi~tance.
prove that energy stored in a capacitor is W= 1/2 QVand hence
W=l/2 Cv2.

Two fundamental processes of electrostatics are
introduced: Coulomb's law for force between
stationary charges and the principle of
superposition for electric field configurations. The
electric field at a point in !-ipace ·is defined and
used, with Coulomb's law, to derive an expression
for the electric field at a distance from a point
charge. The concept of work done by an electric
field on a charged particle is introduced. For
practical purposes, the concept of electric field is
translated into concepts of electnc potential and
electrical potential energy.
The principle of superposition explains the fact
that a near-unifonn electric field can be produced
.
by two charged parallel conductmg plates. The
absence of an electric field in hollow conductors is
discussed. The presence of strong electric fields in
the vicinity of sharp points on charged conductors
is identified and applied to corona discharges in
relation to photocopiers and laser printers.
Another quantity being discussed that plays an
important role in electrical circuits is capacitance
and its dependence on the dielectrics.
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A Van de GraaIT generator is an
clcctr~statlc generator which uses
1
a _movmg belt to accun_mlate very
high amounts of electncal
potential on a hollow metal globe
on the top of the stand. A Van de
Graaff generator operate5 by
transferring electric charge from
a moving belt to a tenninal. First
invented in 1929, the Van de
Graaff generator became a source
of high voltage for accelerating
subatomic particles to high
speeds, making it a useful tool for I
fundamental physics~ ~ch..: _j
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11.1 PROPERTIES OF CHARGE
In the previous classes we have studied that 1,imilar charges repel and opposite
charges attract each other with a force, known as force of interaction. There are
two different kinds of charges, which are called positive and negative charges.
Electrons have a negative
charge and protons have
positive charge.
The atom is electrically
neutral. In SI units, charge
is measured in coulombs
(symbol C). The charge
carried by an elementary
particle is written as e, and
its
magnitude
ts

le= 1.6 x 10- 1!/c
The important characteristic
of the charge is that charge
is quantized. Quantization
of charge means that it
· exists in discrete packets.
Charge q is an integral
multiple
of
minimum
elementary charge e, i.e.,

q=ne

When you charge up your body by touching the Van der
Graafgenerator your hair stands on end. The hair stands
because all hair gains the same electric charge and repel
each other. The force of repulsion is so great that it
exceeds lhe weight of each hair strand. Your arms do not
lift away from your body though - even they have the
sc1mc charge as your body. This is because they are too
hea, :!

... (11.l)

Here we make quantitative analysis of the nature of these forces. We would like
to determine the magnitude and direction of such forces.
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11.1 COULOMB'S LAW
The quantitative measurement of the force between two electric charges was first
madeby Coulomb ( l 736-1805).

He carried out series of experiments to
measure the force between electnc
charges using an apparatus know.1 as
torsion balance.
C'oulomh expresses his experimental
data in the form of a statement-w hich is
known as Coulomb's law.
It states ."The magnitude of the
force between two point charges is
directly proportional to the product
of the magnitudes of the charges
and inversely proportional to the
square of the distance between
them."
The magnitude of the force F
between two electric charges q1 and
q2 sep_arated by distance r can be
expressed as
F oc qlq'J.
1

Foc -

(b)
Figure 11 1 Coulomb fore ' between (a)
srmilar charges, and (b) opposite charges

... (A)
... (B)

,2

combining Eq(A) & Eq(B)

F = k q,~i

,-

... (11.2)

where k is a constant of proportionality and its value depends upon the system of
the units used and the medium between the charges. The electric charges q1 and q2
are assumed to be point or localized charges, provided the size of the bodies
carrying the· charges is very small as compared to the distance between them.

In order to show the direction of the force we use unit vector along the line
joining the two charges. In fig: 11.1 (a) Fil is unit vector, pointing from the charge
q 1 towards the charge q 2 which show the force on charge q1 due to charge q 1 i.e.,

f.. - k qlql
21 2
r

r.12

... (I J .3)a

For like charges the product q1q 2 will be positive and a force of repulsion
between these two charge5 will be F21• Similarly for unlike charges the product
q1q2 will be negetive and a force of attraction between the~e two charges will be
F12. Similarly unit vector r21 , pointing from th~ charge qz towards the charge q1
which show the force on charge q1 due to charge q2 is given by

ft.12 -- k q1q2
;2 21

... (1 l.3)b

r

Since Fi 2 = -r21
So from Eq: l l.3(a) and 1 l.3(b) we can write

-

-

•. . (11.4)

F21=-F,2

fr.

Where F21 is the force exerted by the charge q, on q2 and 2 is the force exerted
by the charge q2 on q1• Eq 11.4 shows that the two forces are same in magnitude
but opposite in direction which is illustrated in fig 11.1 (b).
The constant k can be generally expressed in terms of permittivity of the free
.
k· = -1space Eo 1.e.,
4JrE,,

Experimentally measured value of
f-o=

8.85X 10-!2 C2

~I

m-2

1
so k=--=9.0x lOq Nm 1 C- 2

I

4JZEO

Coulomb's law in material media

Eq:(11.2) gives the force between two charges when there is air or vacuum
between them. But it is experimentaly observed that when an insulator is placed
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Figure 11.9: charging of Ink droplets between two oppositely charged plates.

Whenever ink is to be placed on the paper, the charging control, responding to
instructions from the computer, turns off the electric field. The uncharged droplets
fly straight through the deflecuon plates and stnkc the paper.

Quiz?
What are the basic differences between laser printer and photocopier?
State any two other applications of electrostatic.
State any two hazards of electrostatic.

I Example 11.3
A metallic sphere of diamet~r 30 cm carries a charge of 600 µ C. Find the
electric field intensity (a) at a distance of 50cm from the centre of the
sphere and (b) at the surface of sphere.

Solution:
The electric field due to a charged sphere has spherical symmetry.
Therefore, a charged sphere behaves for external points as if the whole charge is
placed at its centre.
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114◄t-----50cm ---►~I
Figure 11.10: field Intensity due to a charge sphere

(a) D istance of a charge from the sphere 1-OB = 50cm
=50x10- 2 m;
Charge on sphere q =600µC =600 x Io-'· C
Electric field mtens1ty from the centre of the sphere LS E = k ~

.

r

,1 600 X I 0--6
= 9 xi 0 >----.,......,..
(50x10-2 )2
6

=2l.6xl0 N/C

d OA 30cm
(b) r=-=-=--=0.15m

2

2

2

Electric field intensity from the surface of a sphere E = k ~

r·

_

-
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11.4 Electric Flux

I

~ 600x10--6
9 X 10 X - - - (0.15)2

= 24x l 07 N/C

Before we start to define electri c fl ux we 1,tart with area A ,m<l we take 1t
as a vector quantity. As you may recall in chap two (class 1 I'h) area is geometric
representation of a vector product.
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In this context A is a vector whose magnitude is equal to·the surface area and
whose direction is normal to the surface area. The electric flux ct> for uniform
field E and area A is defined as the number of lines offorce that pass through
the area placed in the electric field. i.e.,
<1>

=E.A
... (11.11)

=EAcosB

Thus flux ct> is the scalar product of the
electric field E and plane surface area A.
Flux is the flow of field lines through
surface area, which is placed m that field.
For example Fig 11.11 (a) shows that
there are 4 number of lines passing
2
through the surface area of 1m so flux is
4 Nm2C-1• The electric flux ct> depends
upon the orientation of surface area A
with respect to the field lines
Flux at any angle

I

When the area A is tilted such that it i
making an angle 0 with the electric fiel
lines as shown in Fig 11.11 (b) in thi
ease the electric flux is

ct> = E.A = EA cos8

______________

....,

Figurell.11 (a) : electric flux through a
unit area and curved surface

E

-

E

The number of lines passing through
the area will be E (A cos8) depending
upon angle 8.

Maximum Flux:-

Figurell.11 (b): electricflux at angle

If the surface is placed perpendicular to the electric field such that surface area A
is parallel to electric field£ (Fig 11.11 b) then maximum electric lines of force
will pass

through the surface. Consequently maximum elec~c flux will pass through the
surface.
The electric flux is <l>=EAcosO =EA
Therefore large number of lines passes through the area

Zero Flux:-

If the surface is placed parallel to the
·electric field Fig.11.11 (d) such that
surfa<1_e area A is nonnal to electric
field E then no electric lines of force
will pass through the surface.
Consequently no electric flux will
pass through the surface.
Then flux is
ct> = EA cos 90 = 0
Electric flux through close surface
If the case is such that either field is
non- unifonn or the surface is curved,
then we divide the surfaces into very
small patches of area M called
differential area and assume that
these are approximately flat and
they are so small that electric field E
is almost uniform over it. For one of
these small patches ofarea
(sec Fig.11.12 (a) ) electric flux is
defined by the relation. (Differential
fonn),

E

r - -...

I

Flgurell.11 ( c):maximum electric flux
A

Figurell.11 (d): electric flux

lJ

To calculate total flux through the
whole surface we add flux from
each patch such that

<l>E =:E E.~A

Figure11~12 (a): electric flux

Now let us consider a closed surface of arbitrary shape the positive normal is
taken to be "outward" from the volume being enclosed. If Mis the magnitude of
the differential area and fi is the unit normal to the surface in positive direction,
the vector differential fl A is

The fields lines in this case are
parallel to surface area and do not
intersect the surface.
In case of closed surface the
electric flux may be positive
negative or zero depending upon
the number of lines entering or
leaving the surface:

(iJ

(ii)

(iij)

.. . .
....•... •.·......·•.....
...:....:.... .
.
..·.....:..·..
.•.:•.·.:•.·.·
.•.:·.
.
. ·-:•.·.·
. ·..
..
.. :........
.
.
.
.
......·.·.·-:-.·.·
..-:·-.......
.
.:·...

• • • • · - . .... •..:i

The electric flux is
positive if net numbers of
electric field lines are
leaving the surface, that
is, there is source of field
Fieure 11.lZb: poslt!ve, negative and zero
lines in the closed surface.
flux through a close surface
The electric flux is
negative if net numbers of .
electric field lines are entering the closed surface or more field lines are
entering than leaving the surface; there is a sink of field lines in the
closed surface.
The electric flux is zero if numbers of field lines entering are equal to
field line leaving the surface or no field line intercepting the surface.
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11.5

Gauss's law

I

the electric field of a given charge
distribution can be calculated using
Coulomb's law. The exampfes discussed
before showed however, that the actual
calculations can become quite complicate~.
An alternative method to calculate the
electric field of a given charge distnbution
relies on a theorem called Gauss' law.
Ga~ss' Jaw provides a relationship between
the net electrical flux <1> through a closed
surface and the net charge q enclosed by that
surface.
Gauss' law states that the net electric flux
through a closed surface is equal to the total
charge q enclosed by the swf ace divided by
the per1J1ittivity of free space~In order to derive the expression for Gauss's
law consider a spherical closed surface of
radius r having a point charge q at its center as
shown in fig.11.13 .
To calculate the electric flux
through the whole surface it is
divided into n-number of
small
pieces
having
area
M1, M2,.M J, M4........M11.• The
intensity of electnc field is same
at every point as they are at
equidistant from the charge.

IChapter 11 j j Electroatatlca I

Gauss
was a German
mathematician and scientist
who contnbuted significantly
to many fields, including
number theory, statistics,
analysis,
differential
geometry,
geophysics,
electrostatics, astronomy and
optics.

QumJnn

surface

.
Figure 11.13 : flux through a close surface
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The electric flux through the small elements M1 is

The electric flux through the other small element M2 is

Similarly the electric flux through Mn is

The total flux through the entire surface is

Cl> = Lsurfau EAA

.. (11.12)

But as electric field intensity Eis constant over the sphere
Therefore
Cl> = E Lsurfau M

Since
Th·us the above equation can be written as

q 1
<l>E =--2Lsurface/l.A.
41Z"~ r

=-q--;..
41Z"t;, r

(totalarea enclosed by sphericalsurface)

-..

2
=-q_ _!_(4trr
)
2
4m-0 r

... (11.13)

The above equation shows that electri
flux does not depend upon the shape o
geometry of a closed surface. But i
depends upon the medium and the c4arg
enclosed by that surface.
Let us consider an irregular close
surface S, enclosing a point charges q
,qi,q3 ... . . ..q. as shown in fig 11.15.
Then the total electric flux through that
closed surface is

<I>£ =iL+ q2 + % .......... qlt
Eo

Eo

eo

Eo

Fig 11.14 : flux through an Irregular close
surface

"

1

<l>E=-(ql +q2 +q3 + .........qn)
Eo

1

It

£"

is l

<l>E=-I q,
=_!_ (total charge enclosed in surface)
Eo

Q

=-

Thus Gauss's law shows that the
electric flux through any closed
surface is l/e0 times the total charge
enclosed in it.

Fig: 11.15: number of charges In a closed
surface
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11.5.1 Applications of Gauss's law
Gauss's law provides a convenient method to calculate E in the case of
sufficiently symmetrical charge distribution. Some of examples are now
presented.

11.5.1.1

Location of Excess Charge on a Conductor

We know that the
electric field E = 0 at all
points due to electrostatic
equilibrium in a conductor.
We can make an
imaginary Gaussian
sutface S, in the interior of a +
conductor, as shown in fig:.
Because E = 0 ever;where
in this sutface, the net
charge inside the surface has
+ +
to be zero. Since E = 0
everywhere on the Gaussian Fig: 11.16: Gaussian surface inside a conductor
surface S, the net charge
inside that point is zero. That
also means that there cannot
be a net charge at any point
within
the
conductor,
because that tiny point could
be put anywhere in the
conductor. If that's so, that
means all the charge must be
on the outer surface of the
conductor, as shown in ·fig
l 1.16.
Now let's consider a hollow
conductor as shown in the
illustration 11.18.

Fig: 11.17: Excess of charge on the surface of a
conductor

Since the conductor is hollow so there is no net charge at any point within the
conductor. The cavity is surrounded by a Gaussian surface S which encloses no
net charge and so there is.no charge on the internal cavity. Again all the charge is
deposited on the outer surface of the conductor. ·

In the third case as shown in
the fig: 11.19. Let's put a
charge q inside the hollow
conductor. We insulate it so no
charges can jump from one
surface to another. Now if we
use Gauss's Law with Gaussian Figure 11.18 : an excess ·of charge on the outer
surface S again, the net charge surface of a hollow conductor
of what it encloses has to be
zero because there was no
charge transfer between the
charge and the conductor.
Initially the conductor was
uncharged but when charge q is
inserted, then there will be
negative charge on the inside
cavity in order to maintain its
neutral status.
So the other surface must have
a charge equal but opposite the ·
charge of the internal cavity, or
the outer surface's charge is
Figure 11.19 : charge q Inside the hollow
equal to that of charge q.
conductor.having a Gaussian surface S

Figure 11.20 : Airlines Airbus
A380 flew through a storm
when 500 peoples were on
the board but none of them
were Injured. As there Is no
electric field, no potential
difference Inside a metal
shelf, so one of the safest way
to be Inside a metal shell
during thunderstorm.

Electric field Intensity Due To an Infinite Sheet of Charge
Consider an infinite plane
sheet of charge with swface
charge density a. Let P be the
point at a distance r from the sheet
and E be the electric field at point
P due to positive sheet of charges.
Consider Gaussian surface in the
form of a cytinder of crosssectional area A perpendicular to
the sheet of charge. The direction
of E is perpendicular to face
containing P and parallel to the
curved surface.

....---------- - -- .

Hence the flux through the curved Figure 11.21 : Gaussian surface In the form of a
surface is zero while it is 2 EA cylinder perpendicular to the sheet of charge
through the two end faces of the
closed surface, where A is the area of cross section, as shown in Fig 11.21. The
charge enclosed by the surface will be a A. Since we know by Gauss's law
Total electric flux =.!..x(Chargeenclosed bytheclosedsurface)
Eo

1

<l>=-x(Q)
Eo

As surface charge density

cr=Q/A or,
... (11.14)

crA=Q
<I> = crA
E
£
0

The electric flux through· the end faces is

- - - - crA
E.M+E.M=Eo

Hence,

2EA= crA
Eo

or
and

O'

E=2£0

-

O'

E =- r
2£0

.

... (11.15)
•

...(11.16)

Where ris the unit vector normal to the sheet and directed away from it.

I

r ,.... -

11.5.1.3 Electric field intensity between two oppositely charged parallel
plates.
Consider two oppositely charged parallel metal plates. The charge densities of
these metal .plates are +cr and - a. These plates are assumed to be ofinfinite length
in order to avoid fringing field at end. Under these conditions, the field intensity
will be uniform and normal to the plates. In order to find the electric field
intensity E, at point P between the plates consider a Gaussian surface in the form
of a box as shown in fig (11.22 ). Let A be the cross sectional area of the box but
as the box sides are parallel to electric field E so the flux through sides will be

,-

~

"f:~ . -·-~:--, .·

-

. •·· .

zero, the electric field intensity E is normal to the lower surface of Gaussian box.
Therefore by Gauss's Law electric flux is

+ + +

+ +

Figure 11.22: Gaussian surface tn the form of a box

between the plates

As the charge per unit area is a and the charge enclosed in the box is uA. So

: . Q=crA

...(11.17)
- a "'
and E=-r
Eo

This gives the electric field between oppositely charged parallel plates. The
magnitude of the field is independent of the position between plates.

I

11.6

ELECTRIC POTENTIAL

l

I

Let us consider a positive chargc'+q pl.iced in oppositely charged p~rnlle l
plates. A charge experienced a force in ali electric field . If the charge is allowed to
move freely in an electric field it will move from plate A to plate Band acquire kinetic
energy as shown in Fig: 1l .23(a). On the other hand external force is required to move
the charge against electric field. In order to move the charge q ,. with uniform velocity
from B to A an external force Fmust be applied which is equal and opposite to q.E as
shown in Fig l l.23(b) .This force will maintain the equilibrium by preventing the
charge q. from acceleration while, moving from A to B.
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Let W11A be the work done by the force in
carrying a positive charge q from point B to
point A without disturbing the equilibrium
state of the charge. The change in potential
energy !::.U of charge q. is defined to be
equal to the work done by the force in
carrying the charge q from one point to the
other against the electrical field, i.e.,
0

A

. + +

+

+

"T-'---+-"'...,....,__.,._---:------..,_.......,

•I C?., •

0

Figure 11.23 (a} : potential difference
between point A & B in electric field .

·1::.u =WBA
u..,-Ua=WBA

... (11.18)

where UA and Us represent the potential
energies at point A and B respectively.
If this charge is released from point A, it will
move from A to Band will gain an equivalent
amount ofK.E. Potential difference between
two points is the work done in moving a unit
positive charge from one point to another
keeping the charge in electrostatic
equilibrium. It implies that

Figure 11.23 {b): potential difference
between point A & Bin electricfield .

... (11.19)

where v. . and V 8 are the electric potentials at point A and B, respectively. The
de fining equations give.

Thus

... (11.20)

When! 6.V is potential difference betwee.n A and 8. Potential difference is the
joule per coulomb which is termed as volt.
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!Joule
--1
1vot=lCoulomb
One volt is the potential difference between two points in an electric field if one
joule of work is done in moving one coulomb of charge from the one point to the
other. Other multiples and sub-multiples of volt are
1 millivolt (mV) = 10·3 V, 1 micro volt (µV) = 10·6 V
1 kilo volt (kV)= 103 V, 1 mega volt (MV) = 106 V
I giga volt (GV) = 109 V
If an amount of work W is required to move a charge Q from one point to another,
then the potential difference between the two points is given by,

V=W
Q

The electric potential at any point in an electric field is equal to work done in
bringing a unit positive charge from infinity to that point keeping it in
equilibrium.

I

I Example 11.4

What is the electric potential energy of a 7 n C charge that is 2 cm from a 20 n C
charge?

Solution:
We will use the equation:
Putting values:
0.02m

I

Example 11.5

What is the potential difference between two points in an electric field if it talces
600 J of energy to move a charge of 2 C between these two points?
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Solution

_

I

We will use the equation:
_ 600

2

I

-= 300 V

Electric Potential Energy and Potential due to a point charge

I

Like earth gravitational field every charge has electric field which
theoretically expands up to infinity. Consider an isolated charge +Q fixed in space
as shown in fig 11.24. If a test charge q is placed at infinity. The force on it due to
charge +Q is zero. As the test charge is at infinity which is moved towards +Q as
force of repulsion acts on it. So work is required to be done to bring it to point A.
Hence when the test charge is at point A it has some amount of electric potential
energy. The closer the test charge to the charge +Q the higher will be the electric
potential energy. Electric field does not remain constant but varies as the square
of the distance from the charge. The equation for electric field intensity is
l Q,.
E=- - - r
4JTE
0

(1)

,2

.

In order to keep E constant the test charge is moved through
infinitesimally small displacements IY.
The work done is
-

0

11W =- qE.11r = - qE/1rcos180

= q E/ir

... (11.21)

The negative sign in the above equation shows that E and 11r, are in opposite
direction. Now putting the value of E from Eq (1) in Eq (11.21) we have

1

Qq

8W=- --8r
4JrE.. r 2

r3 r2

rt

Figu;e 11.24: work done on a test charge q in moving ittowards source charge +Q

Now let the test charge is at a large distance r" from charge Q. We divide
the distance between rA and r8 into infinitec;1mally small displacement so that the
field intensity over each displacement remains constant. At the beginning of the
first displacement E varies as llr/ and at the end E varies as 1Ir/ since the
average 1/? over each small displacement is

l

1

< r > =< rr>
2

Therefore oner is replaced by rA and another by r1.

1

-2- = -

l

< r > rA1i

To calculate work done in this small displacement we put
8r = rA-r1

We get

1/? = l/rAr1 and

By division

... (11.22)
Similarly for second small displacement /lr = r 1 - r 2. Work done is

And
... (11.23)
The total work done in -moving a charge q from rA to r8 can be calculated by
taking its sum.

... (11.24)

The work done to move a test charge q from infnity to a distance r from Q is

W

rA

➔ra= 4Qq (_!_ __!_)
11:Eo

=

Qq
411:Eo

rB

(_!_ )
rB

oo

... (11.25)
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The electric potential energy at distance r from Q is
... (11.26)

The electric potential at distance r from Q is

I

W
1 Q
V=-= - q
41lco r

... (11.27)

I

Example 11.6

A point charge of 3µC is placed at point O between Mand N, 3cm apart. Point M
is 2cm from the charge and N is 1cm from the charge. What is the potential
difference V".ir - V,:?

N
0
• ····················.............................. ............................ o

M

1cm ·

2cm
Figure 11. 2S: potential due to a point ch<1rg~

Solution

.1
- ki
VM-

Potential at M due to the charge is

r

3x10--6
s
_2 13.5x10 V
2 10

VM =9x109 x x

Potential at N due to the charge is
V =9xl09 x 3xl0--6
N

lXlQ-2
5

27xl05 V

VM -VN =13.5xl0 -27xl05 =-13.5xl05 V

I

Example·ll.7

I

Four point charges of
+0.02µC,
+0.04µC,
-0.03µC and +0.04µC
are placed at the
comer A, B, C and D
of a square ABCD
respectively. Find the
potential at the centre
of the square if each
side of the square is
1.5m apart.

I

Solution:

I

Fig: shows the square
ABCD with charges
placed at its corners.
The diagonals of the
square intersect at
point 0. Clearly, point O is the centre of the square. The distance of each charge
from point O is

The potential at point O due to all charges is equal to the algebraic sum of
potentials due to each charge.
Potential at O due to all charges

Putting values we get

9[0.02x10-6 0.04x10-6 -0.03x10-6 0.04x10-6]
= 9 X 10 - - - - + - - - - + - - - - + - - - 1.0606
1.0606
1.0606
1.0606
9
9
= xl0 [(0.02+0.04-0.03+0.04)10-6]
1.0606
9 xl09 x0.07x10-6 =593.9V
1.0606

11.8

FIELD AND POTENTIAL GRADIENT r

Electric fields is very difficult to represent in a diagram. Both strength and
direction can be indicated at every point in the field. As an alternative to field-line
diagrams, 'contour maps' of the electric field can be drawn using equipotential
lines. An equipotential line connects points in space where the potential of an
electric field is the same as shown in fig (11.26).

Figure 11.26(a): equipotential lines around positive and negetive charges

For a point charge V = ......!b_

·

4neor

so all points at the same distance r from the charge will have the same potential
- the equipotential lines form circles centred on the charge.
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If there are two or more charges present, then the potential at any point is the sum
of the potentials due to each
charge. Potential is a scalar
quantitiy. However; potential
can be either positive or
negative, depending upon the
sign of the charge.
The same basic idea is true on
an equipotential map the closer
the lines are together; the
stronger the field is at that
point if the equipotential lines
are close together, the electric
potential energy must be
changing by large amounts in
L
small distances, and there must
be a large force acting. The
exact relationship can easily be Figure ll.26(b) : equipotential lines due to two
charges
derived for the field of a point
charge jf a test charge q0 is
.
moved a small distance ar from point A to B then
work done on test charge = force acting x distance moved
W=F Ar
In an electric field, the force acting is equal to the charge times the field strength
F=qaE
work done= W=E q0 Ar
Now the work done on the charge is equal to the decrease in electric Potential
energy (remember that the potential energy is the charge times potential)
.~W= -qo L1V
The negetive sign is applied because the work done on qo is against field
force qoE
• so

q" L1 V = -E q0 L1r
!1V
E=-1:!r

IElectrostatics I

... (11.28)

The strength of the field is equal to the potential gradient.
The rate of change of electric potential L1 V with respect to displacement Lir is
known as potential gradient.
The negative sign indicates that the direction of the field is opposite to the
direction in which the potential is increasing. This relationship between field
strength and potential gradient is analogus to gravitational fields.

I

11.9

THE ELECTRON VOLT (_eV)

~

I

One elecrton volt is the the amount of energy acquired or lost by an electron
when it is displaced across two points between which potential difference is one
volt.
By definition
.!\(KE)= I eV, when q = e = 1.602 x 10· 19 C and.!\ V= IV.

thus

I
I

I eV = 1.602 x 10·19 C x 1 V
= 1.602 X }ff19 J

The electron volt (eV) is just another unit of energy like the joule.
This is the smaller unit of energy. Its bigger units are multiples of 1 eV that are m
frequent use are given below.
I Million electron volt= I Mev = 106 eV
I Giga electron volt = I GeV = 109 eV

Example.11~8

I

A particle carrying a charge (3e) fa11s through a potential difference of 5V.
Calculate in joule~ the energy acquired by the particle.

Solution:

I

The energy acquired by the charged particle is
.!\(KE)= q .!\ V=(3e) (5 V) =15eV
= lSxl.602 x 10·19 J= 2.4 x 10·13 J

I

11.10 Ca1_>acitor

I

A device which is used for storing electric charges is called capacitor. It consists
of two parallel metal plates, separated by small distance. The medium between the
two plates is air or a sheet of some insulator. This medium is known as dielectric.
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When a charge is transferred to one of the plate say (A) due to electrostatic
induction it would induce charge Q on the inner surface of the other plate B. The
capacitor is commonly charged by connecting its plates for a while to the opposite
terminals of a battery. In this way
some electrons are transferred
B
A
through the battery from the
positive plate to the negative plate.
Charge +Q and -Q appear on the
plates. Mutual attraction between
the charges keeps them bound on
the inner surface of two plates and
thus the charge remains stored in
the capacitor even after removal of
the battery.
Figure 11.27 : parallel plates of a capacitor

Fig:11.28 Capacitors use in different electronic devices.

1 11.10.1

Capacitance of a capacitor and its unit

The capability of a capacitor to store charges is called it capacitance. When a
charge Q is transferred on one of the plates of a capacitor, the potential difference
V between the plates also increases. In other words, the charge 'Q' on the plate of

~
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a capacitor is directly proportional to the electric potential difference V between
them i.e.
Q=CV

OR

... (11.29)
Q

=> C=V

Where C is a constant'called the capacitance of capacitor. The value of C depends
upon the area of the plates, the distance between the plates and the medium
(dielectric) between them.
The capacitance is thus defined as the ratio of magnitude of charge on either plate
to the potential difference produced between the plates.
Substituting Vwith 1 volt in Eq. (11.29) it reduce to Q = C. This implies that if
the potential difference between the plates of capacitor is 1 volt then the amount
of charge stored on its plates is equal to* capacity. The SI umt of capacitance is
called farad. Farad (F) is defined as "the capacity of that capacitor which stores a
charge of 1 coulomb having the potential difference of 1 volt between the plates".
Convenient sub-multiples of farad are:
lµF( micro Farad )=10,6 F & lµµF(Pico Farad) = 10· 11 F

11.10.2 CAPACITANCE OF A PARALLEL PLATE CAPACITOR
Let us consider a parallel plate capacitor connected to a voltage source V.
The source, charges the capacitor plates till the potential difference across the
plates builds to V. Let the charges on the plates are +Q and - Q when the potential
difference is V. If the positive plate ~s at potential Vi and negative plate is at
potential Vi, then the electric field strength between the plates is

Where Vi- V2 = V, the P.O. between the plates, and dis the separation between
the plates. The strength of the electric
field also depends on the number of
charges on the plates. The charge
V2
density is the total charge per area of
the plate. a= Q

A

By using Gauss's law the electric field
intensity E between the plates is

E=!!_=_JL

e

0

(2)

eA
0

Ftaure 11.29 : pl.ates of a capacitor
separated bya distanced

From Eq ( 1) & (2) we have

Or

... (11.30)

Byusing C

vac

=Q
V

Eq (11.30) becomes

... (11.31)
When a dielectric is inserted between the plates of a capacitor, then it is seen that
the charge storing capacity of a capacitor is enhanced by the dielectric which
permits it to store

l;-

times more charge for the s~e potential difference. Er is a

dimensionless quantity which is always greater than unity for dielectric and is
independent of the size and shape of the dielectrics. It is called dielectric constant
or relative permittivity.

In case of a parallel plate capacitor completely filled with a dielectric the
capacitance is

=Eoe,A

C

... (11.32)

d

m~d

Eq 11.32: shows the dependence of capacitance upon the area of the plates, the
separation between the plates and the medium between them. The larger the
plates, the closer they are and higher the dielectric constant of the separating
medium the greater will be the capacitance of the capacitor.
From Eqs(l 1.31 ) and (11.32) we have
C
•.• (11.33)

E =--!!J!!!...

cvac

r

This relation provides us with the definition of relative permittivity or dielectric
constant or specific inductive capacity:
The ratio of the capacitance of a capacitor with a given material filling the space
between the conductors to the capacitance of the same capacitor when the space
is evacuated is the relative pennittivity er of the material.

11.10.3

Combinations of Capacitors

We know that the capacitors can be connected either in series or in parallel. We
want to find out an equivalent capaci~or that has the same capacitance as that of
the combination of capacitors.
■series Combination of capacitors ■
-When the capacitors are connecte~late to plate i.e. the right plate of out!
capacitor is connected to the left plate of the next capacitor so on as shown in
fig: 11.30 (a) then it is called series
combination. A battery of voltage V is
connected between pomts A and B. Then it
supplies +Q charge to the left ·plates of the
capacitor C and -Q charge is induced on
its right plates. As a result of this charging
V
each capacitor gets an equal amount of
charge Q on each of its plates. The Figure 11.30(a) : series combination
potential difference V must be equal to the of capacitors
sum of potential difference, Yi, V &V across ..____ _ _ _ _ _ _ _ _ _ ___
3

2

the capacitors i.e. V = Yi + V2 + V3
We know that:

into the

~ =Q.

~

above

(i)

,V2 =JL, &V3 =JL Substituting these expressions
C1
C2
C3
Equation(i),
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IEII
V =g_+_g_+g_ or V = Q(..!..+..!..+_!_)

we have

c1 cl c3

c1 cl

C3

Let Ce be the capacitance of an equivalent capacitor, which would hold the same
charge when the potential difference V is applied. That is V = _g_
Therefore

R
c,

C

1 +1 + ..!..)
= Q(-

•

c1 cl

C3
1 1 I 1
or-=-+-+-

c, c1 c2 . c3

... (11.34)

Thus the equivalent capacitance of a series combination is always less than any
c,_
individual capacitance in the combination.

Parallel Combination of capacitors

I

When two or more capacitors are connected
between the same two points in a circuit, as
shown in fig: l l .30(b), then it is called
parallel combination of capacitors. Three
capacitors C1, C2, & C3 are connected in
parallel between two points A and B. The

+q~
B

v

Figure 11.30 (b): parallel
combination of capacitors

potential difference between the plates of each capacitor is the same and is equal
to the applied potential difference V i.e V = v; = ~ = V3 •
When Q charge is supplied to the capacitors Ci, C2, and C3, they acquire different
amount of charges Qi, Q2, and QJ respectively depending upon their capacitances.
Let Ce be the capacitance of an equivalent capacitor, which would hold the same
amount of charge as all the three capacitors C1, C2, and C3 hold under the same
potential difference.
:. Q=Q1 +Ql +Q3 But Q1 =C,V, Q2 =C2V, Q3 =C3V & Q=C,V

so C,V =C1V +C2V +C3V =(C1 +C2 +C3 }V
C, =C1 +C2 +C3
(11.35)
Thus the equivalent capacitance of a parallel combination is always larger than
any individual capacitance in the combination.

11.11 ELECTRIC POLARIZATION

I

When insulating material with relative permittivity (or dielectric constant)
is inserted into an initially charged parrallel plates of a capacitor. Then
negative charges appear on the left face and positive charges on the right face of
Er

]

the dielectric as shown in figl 1.31. The phenomenon is "known as electric
polarization and dielectric is said to he polarized under such condition. The
charges on the dielectric faces are caned induced charges; they are induced by the
external field and appear on the dielectric faces only. The electric field from the
free charges i'> left to right whereas the electric field due to induced charges is
right to left
Mglecules m the dielectric material have their positive and negative charges
separated slightly, cau~ing the molecules to be oriented slightly in the electric
field of the charged capacitor. As electric field due to induced charges is opposite
to the external electric field so it reduces the intensity of external field due to
oppositely charged plates of the capacitor.
We know that dielectric materials ~ - - - - - - - - - - - - - - - are made up of the two types of
...
◄a---Jd1---◄►•
molecules ;polar and non polar
molecules. A polar molecule
behaves like a permanent dipole;
although electrically neutral as a
whole. For example in NaCl the end
with Sodium ion is positive while
the end with Chlorine ion is
negative.
On the other hand, a non-polar
molecule like 011 has no electric
dipole moment in the absence of an
external field The centre of positive
and negative charges coincide in the
absence of an exlenal electric field.
When a non polar dielectric material
is placed m an external field, it gets
polarized, that is, it displaces the
electrons to the opposite of electric
field E as shown in fig. Under the
action of external field the centres of
negative and positive charges shift
and form dipoles (Two opposite
point charge separated by a finite
distanced constitutes a dipole).
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Figure 11.31. Polarization of a d1electr1c in
an electric field gives rise to thin layers of
bound charges on the surfaces, creating
positive anli neg-,+ive surface charge

densities.
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The system in which two charges of equal magnitude but of opposite sign
separated by the distanced, are present is tenned as a dipole.

Electric dipole moment is represented by P, which is equal to the product of the
charge q present in the dipole and the distanced between the two charges of the
dipole.
.. (ll.36)
P=lqdl
Where Pis a vector quantity.

I

I

Example 11.9
Fig:(11.3'.L.J.
shows a different
of
combination
capacitors, if the
total charge i!.
600µC.
Then
determine
the
values of V1, and
C2.

I

Solution:

I

(.

V1

+
Y u - - - -- - - - '

Figure 11.32: capacitors C11 C2, & C3 connected to potential V

.

Q

P.D.acrosscapac1torC1 : Y1 =-

600 X 10-6

C1

-6

15XlQ

Totalp.d.: V =Yi +V2 =40+20=60V
Cha~ge on capacitor C3 is : Q3 = C3 x Y2
=(8x1U-{)}x20
=160 x10-6C =160µC
:. ChargeoncapacitorC2 is: Q2 =600-160=440µC
6

.
f
. C 440 xl0:. C apac1tacnceo capacitor , = - - - ►
20
=22x10-o F=22µF

40V

Olllalde

DtJia•tzN

-_t

111m

;:,:-r.,~...

♦♦♦

----------

+t+

----------

Figure 11.33: an axon membrane acts as a capacitor. Axon of a resting human nerve
cell has a potential difference of 6SmV. Current enters the axon (or dendrite) through
ion channels (e.g. Na+ channels) in a region of membrane, depolarizing that region.
The Intracellular + charge is attracted to adjacent negatively charged regions of
membrane.

I

I

Example 11.10

A 6µF capacitor is chaigt:d to a P.D. of 200V and then connected in
parallel with an un-charged 3µF capacitor. Calculate the P.D. across the parallel
plate capacitors.

I

Solution:

Capacitance of charged capacitor= C1 = 6µF
Capacitance of un-charged capacitor= C2 = 3µF
Charge on capacitor, C1 is: Q = C1 V = (6x10-6) x 200 = 0.0012C
The equivalent capacitance of parallel combination of capacitors is
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The charge 0.0012 C is distributed between the two capacitors to have a com mt

P.D.
.•. P.D. across Parallel platecapacitors :V = CQ

eq

2
O.OOl =133.3V
9x10-{j

H..12 ENERGY STOREJ) IN A CAPACITOR
Let us suppose that initially the capacitor is uncharged when voltage is zero.
When it is connected to source of potential difference V it is charged. Iuitially,
when the capacitor is uncharged, the potential
difference between the plates is zero. Finally when
charge +Q and (-Q) are deposited on the plates, the
potential difference between the plates becomes V. The
average voltage on the capacitor during the charging
process is V 12. Thus the energy stored in a capacitor,
is

QV
Energy=U=2

... (11.37)

Where Q is the charge on a capacitor with a voltage V
applied. Charge and voltage are related to the
capacitance C of a capacitor by Q = CV and so the
expression for U can be written in three equivalent
expressions as:

U=QV =CV

2
Ql
=2C

2

2

... (11.38)

Figure 11.34: Energy
stored in the large,
capacitor is used to
preserve the memory of
an electronic calculator
when its batteries are
charged.

It is also possible to regard the energy as being stored in the electric field between
the plates rather than the potential energy of the charges on the plates.
Such a viewpoint is useful when the Electric field between the plates is
considered rather than the charges on the plates causing the field is to be
considered .

We know that
V=Ed
and
C = Ae,Eo
d

Substituting these values in Eq.(11.38). We get

u =..!..x AE,e, x(Ed/
2
I

d

U =- 1::, lo E2 x(Ad)

...(I l.39)
2
The product (Ad) 1s volume between the plnte,. Let u denote the energy density
that is, the energy contained in a unit volume of the field. Then
Energy
U
u
Volume Ad

; ~t: E £ ~
2 ' "

.. (I 1" 40)

11.13 CHARGING AND DISCHARGING A CAPACITOR
Electronic flashguns for cameras have to be left for a ,hort penod of time between
flashes.
There is a capacitor in,;ide that
Sridl
E
stores energy.it needs to be
+'
charged up again by the battery in
the fla!ihgun. The time taken for
►
this depends on the rate at which
I
the charge is flowing, which in
tum is determined by the
l
resistance of the circuit.It can take
+q-9
a couple of seconds before the
capacitor is fully charged.

,.,,. ,.,,,,
-

Fig.(l 1.35)shows
a
resistor
capacitor circuit called RC circuit.

C
Fig: 11.35: RC circuit

When the switch S is closed to connect the upper circuit, a hattery of voltage V,
starts charging the capacitor through the resistor R.
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The charge builds up gradually on q .
the plates to the maximum value
I
of q0 • Suppose at t = 0 charge on a
q
capacitor is zero .i.e q = 0.
It can be shown that after time t,
as charge builds up on the plates,
it repels more charge than is
arriving, and the current drops as
the charge on the plates increases.
Charging will stop when the P.D.
between the capacitor plates is
0
equal to the e.m.f. of the battery.
O

· · · · · · · · · · · · ·· ·············----.::
--·
:·
;:·- - -

t

Fig: 11.36: Growth of charge on the capacitor

maximum charge on capacitor= capacitance x e.m.f. of battery
Experiments shows that the charging process of a capacitor exhibits the
exponential behavior therefore we can write its Eq: as
... (11.41)

where e is a constant. Its value is 2.7182 Fig. (11.35) shows a graph between
time t and charge q. According to this graph, q = 0 at t =0 and increases
gradually to its maximum value q0 •
Time constant
The time taken to charge a capacitor in a
given circuit is determined by the time
constant of the circuit. The bigger the
capacitance, the longer it takes to charge the
capacitor. The larger the resistance, the
smaller the current, which also increases the
charging time. The factor RC is called 'time
constant. The time constant is the duration
of time for the capacitor in which 63.2 % of

IChapter 1~

I

For·your information

I

In principle, a capacitor can
never charge up fully, because
the rate of charging decreases
as the charge increases. In
practice, after a finite time the
charging current becomes too
small to measure, and the
capacitor is effectively fully
charged.
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its maximum value charge is deposited on the plates.
This can be seen by putting t = RC in Eq(l 1.41)
q=qo (1-e-l)=qo(l- 2.;18)

q= q (0.632)
0

⇒ .!L=0.632=0.632x lOO
q0

100

... (11.42)

.!l.=63.2%
qo
The graph also shows that the charge
reaches its maximum value sooner when
the time constant is small.
Fig.11.37 : illustrates the discharging of
a charged capacitor through a resistor.
When the switch S is closed. the charge
+q on the right plate can now flow
clockwise through the resistance and
neutralize the charge -q on the left plate.
Assuming the fully charged capacitor
begins discharging at time t = 0, it can
be shown that charge left on either plate
at time tis

S-lla\
dos«I
l

i

I

►
+q-q

C
Fig: 11.37· Discharging a capacitor

q

... (11.43)
• Large RC

The corresponding graph in fig. 11.38
shows that discharging begins at t = 0
when q = q0 , and decreases gradually.

Small RC

.Smaller values of time constant RC lead
to a more rapid discharge. When t = RC,
the magnitude of charge remaining on
each plate is,
q=qo (0 .367)

o
Fig: 11.38: decay of charge on capacitor

⇒ .!L =0.367
Thus,

qa

.!L=
qa

36.7%

... (11.44)

The charging and discharging of a
capacitor has many applications.
Capacitor discharge ignition (CDI) is a
type of automotive electronic ignition
system which is widely used in
motorcycles, lawn mowers, chain saws,
small engines, turbine powered aircraft,
and some cars. It was originally
developed to overcome the long
charging times associated with high
inductance coils used in inductive
ignition systems, malcing the ignition
system more suitable for high engine
speeds (for small engines, racing engines

Figure 11.39: Electronic Ignition Cdl

and rotary piston engines). It can
enhance the capability of power supply and make the spark much stronger.

•

•

According to Coulomb law the electric force between two point charges is
directly proportional to the product of magnitudes of the charges and
inversely proportional to the square of the distance between them.
An electric field is a region around a charge in which an electric test
charge would experience an electric for:ce. The existence of electric field
can be proved by bringing a test charge q0 into its field.

•
•

The apphcations of electrostatics are photocopier and inkject printer.
For electnc flux area is considered as vector quantity.

•

The electnc flux <I> is defined as the number of lines of force that pass
through the area placed in the electric field. cI> = E.A =EA cos0
When area A is normal to the electric field F. then electric flux is
maximum.

•

•

The electric flux through any clol>ed surface is I/i:;0 t tmes the total charge
enclosed in it.

o

A device which is used for storing electric charges is called capacitor. The
SI unit of capacitance 10:, called farad.

o

The electron volt (eV) is .another unit of energy and is related to joule as
l eV = l.602 x 10 19 J
1 he dielectric malenal, arc made up of the two type-, of mole, lcs ;polar
and non polru molecult!s.
The system in which two charges of equal magnitude but of opposite sign
separated by the distance dare present is termed as a dipole.

o

11

•
•

the energy stored between the plates of a capactor is in the form of electric

•

er Cti Ti2 x(Ad)
2
The charging process of a capacitor exhibits the exponential behavior so
we can ~rite its Eq: as
q =q,, (l-e_,,11t)

field.

•

U

1

=-

1

The time constant is the duration of time for the capacitor in which 63.2 %
of its maximum value charge is deposited on the plates.

]Becb'ostat1cst -~--------~~;tff~~~~~:-:-::,z.z~~~=
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Multiple choice questions:

Each of the following questions is followed by four answers. Select the
correct answer in each case.
I . A charge Q is divided. into two parts q and Q-q and separated by a distance
R. The force of repulsion between them will be maximum when:
a. q = Q/4
b. q = Q/2
c. q = Q
d. None of these
2. Some charge is being given to a conductor. Then its potential
a. Is maximum at surface
b. Is maximum at centre
c. Is remain same throughout the conductor
d. ls maximum somewhere between surface and centre
3. Electric poteptial of earth is taken to be zero because the earth is good·
a. Semiconductor
b. Conductor
c. Insulator
d. Dielectric
4 . A proton is about 1840 time heavier than an electron. When it 1s
accelerated by a potential difference if 1 kV, iLc. kinetic energy will be:
a. 1840 keV
b. 1/1840 keV
c. 1 keV
d. 920keV

5. A capacitor is charged with a battery and then it is disconnected. A slab of
dielectric is now inserted between the plates, then
a. The charge in the plates reduces and potential difference .increas_e
b. Potential difference between the plates increase, stored energy
decreases and charge remains the same

c. Potential difference between the plates decreases, stored energy
decreases and charge remains unchanged
d. None of the above
6

A one microfarad capacitor of a TV is subjected to 4000 V potential
difference. The energy stored in capacitor is
a. 8j
b. 16j
3
C. 4 X 10" j

d. 2 X 10·3 j
7

In the figure below. the charge on 3 µF capacitor is

a. 5 µC
b. 10 µ C
c. 3 µC
d. 6µC

zµF

JµF

6µ r

r----1 1 - - - - - 1 I

+ lO V ·

8.

The electric potential between two points A and B is Mt. The work
done W by the field in moving a charge q from A to B is
a. W= -q ,1V
b. W= q ,1V
C. W=- ..1Vlq
d. W= ..1Vlq
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9.

The electric flux through the surface of a sphere clue to a charge q
placed at its centre depends upon
a. the radius of the sphere
b. the quantity of charge outside the sphere
c. the surface area of the sphere
d. the quantity of charge inside the sphere

10. Two parallel, metal plates are a distance 8.00 m apart. The electrjc field
between the plates is uniform, directed toward the right, and has a
magnitude of 4.00 N/C. If an ion of charge+2e is released at rest at the
left-hand plate, what is its kinetic energy when it reaches the right-hand
plate?
a.4eV.
b. 64 eV.
c. 32 eV.
d. 16 eV

I

Comprehensive questions
1. State and explain coulombs law. Do include the case when the charges are
placed in dielectrics. Discuss how the unit of charge coulomb is defined?
2. Explain the concept of electric field and hence define electric field
intensity. Discuss the direction as well as the unit of E
3.

Explain the concept of electric flux. Using mathematical expressions of
electric flux to show that how electric flux is maximum and minimum.

4.

State and prove the Gauss law for electrostatics. Also discuss its
applications with daily life example.
5. Explain the concept of electric potential. Derive an expression for electric
potential at a field point uuc tr- a source charge.
6. Describe the construction of c., --·,citor and derive an expression for the
energy stored in a capacitor.
7. Describe the concept of cquipotenllal surfaces and derive an expression
for electric field as a nef,c.tive of potential grauient.
8. Explain the phenomenon of electric polarization. Discuss how the
phenomenon of polarization account for the increase in capacitance of a
capacitor when instead of air, dielectriL. i~ inserted between its plates?
9. Denve an expression for the capacitance of a parallel plate capacitor when
a dieleclric is inserted between the plates of a capacitor.
10. Describe the process of charging and discharging a capacitor. Give
the diagram and mathematical expressions for the growth and decay
of charge on the capacitor.

Conceptual questions ·
1. The electric potenual 1~ constant through a given region of space. Is the

electric field zero or non-zero in this region? Explain.
2 If a point charge q of mass m is released in a non-unifonn electric field
with field lines pointing in the same direction, will it make a rectilinear
motion?
3 What is the relationship between voltage and energy? More precisely,
what i~ the relationship between potential difference and electric potential
energy?
4 Voltages are always measured between two points. Why?
5. How are units of volts and electron volts related? How do they differ?
6 In what region of space is the potential due to a uniformly charged sphere
the same as that of a point charge? In what region does it differ from that
of a point chi:lfge?
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7. Can the potential of a non-uniformly charged sphere be the same as that of
a point charge? Explain.
8. What is an equipotential line and equipotential surface?
9. Can different equipotential lines cross each other? Explain.
10. Water has a large dielectric constant, but it is rarely used in capacitors.
Explain why?
11. A capacitor is connected in series with a resistor and charged. Explain
why the potential difference across the resistor decreases with tii;ne during
the charging.
12 Sketch the graphs of potential difference against time for (a) a discharging
capacitor (b) a charging capacitor.
13. Compare the fonnula for capacitors in series and parallel with those for
resistor~ in series and parallel. Explain why the pattern is different.
14. Explain why capacitors are of little use for storage of energy for normal
domestic purposes of lighting heating and so on.

Numerical problems
1. What is the magnitude of the force of attraction between an iron nucleus
bearing charge q = 26e and its innennost electron, if the distance between
(6x 10·3 N )
them is 1x 10- 12 m.
2. Charges 2 µC, -3 µC, and 4 µC are placed in air at the vertices of an
equilateral triangle of sides 10 cm. what is the magnitude of resultant
force acting on 4 µC charge?
(15.7N)
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3. A charge q is placed at the centre of the line joining the two charges, each
of magnitude Q. Prove that the system of three charges will be in
equilibrium if q = -Q I 4.
4. Two equal and opposite charges of magnitude 2x10·7 Care placed 15cm
apart. What is the magnitude and direction of electric intensity (E) at a
point mid-way between the charges? What force would ·act on a proton
(charge= +1.6 x10·19 C) placed there?
( .64x106 N/C a1ong AB, 1.024xl0- 13 N along AB)

°

5, Two positive point charges of 15 x 10·1 C and 13xI0·10c are placed
12cm apart. Find the work done in bringing the two charges 4 cm closer.

o.

7

(7.31xl0-8 J)
A hollow sphere is charged to 14µC . Find the potential (a) at its surface
(b) inside the sphere (c) at a distance of 0.2m from the surface. The radius
of the sphere is 0.3m.

ff 280 J of work is done in carrying a charge of 2C from a place where

the potential is -12V to another place where potential is V, calculate the
(128 V)
value of V.
8 Calculate the electric potential at the surface of a silver nucleus having
radius 3.4 x 10·14 m. The atomic number of silver is 47 and charge on a
proton= 1.6 X 10"19C.
(1 .99X106 V}
9 The electric field at a point due to a point charge is 26 N/C and the
electt:ic potential at that point is 13 J/C. Calculate the distance of the point
from the charge and magnitude of charge.
(0.5 m, 0. 722X 10- 9 C)

10 Two point charges of BµC and -4µC are separated by a distance of 10cm
in air. At what point on the line joining the two charges is the electric
potential zero?
( 6.6 cm from 8 µC and, 3.3 cm from -4µ F charge}

---~
~--- -=--::~

-~

=~

--·
-·
.
- ·--·
---------------~-----

-

. -

.

--

-

-

- -

--

-

-

--:_. -

--

59
11. An electron with an initial speed of 29x 105ms- 1 is fired in the ·same
direction as a uniform electric field with a magnitude of 80 NC- ' . How
far does the electron travel before being brought to rest momentarily and
turned back? ·
(.299m)
12. Two capacitors of capacitance 4 µF and 8 µF are first connected (a) in
series and then (b) in parallel. In each case external source of voltage is
200 V. Calculate in each case the· total . capacitance, the potential drop
across each capacitor.and the charge on each capacitor.
(2.66µF, 5.33x104 C, 133.2V, 66.6V, 12µF. 200V, .08µ<;, .16µC)
13. Three capacitors of capacitan~e 4µF, 6µF and 8µF resp~ctively are
connected in series to a 250V d.c. supply. Find (i) the total capacitance
(ii) charge on each capacitor and (iii) P.D. across each capacitor.
(l.84 µ F, 460xl0- 6 C, 115 V, 76.6V and 57.7 V)
14. If C, = 14µF, C2 = 20 µF, C3 = 12µF and the insulated plate of C, be at
potential of 100V, one plate of C3 being earthed, what is the potential
difference between the plates of C2, three capacitors being connected in
.series?
(24.4 µV)
15. Find the charge on 5µF capacitor in the circuit shown in Fig..

+

. __ _ _ ___., 6V&--

---,--'

( 9 µ C)
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16. Two parallel plate capacitors A and B having capacitance of 2 µ F and
6 µFare charged separately to the same potential of 120V. Now positive
plate of A is connected to the negative plate of B and the negative plate
of A is connected to the positive of B. Find the final charge on each
capacitor.
( 120 µ C, 360 µ C)
17 A 6µF capacitor is charged to a P.O. of 120V and then connected to an
un-charged 4 µF capacitor. Calculate the P.O. across the capacitors.
(72 V)

18. Two capacitor of capacitance 8µF and 10 µF respectively are connected
in series across a P.O. of 180V. The capacitors are disconnected from the
supply and are reconnected in parallel with each other. Calculate the new
P.O. and charge on each capacitor.
( 88.8 V, 710 µ C, 888 µ C)
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