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Frictional Electricity:

Frictional electricity is the electricity produced by rubbing two suitable bodies
and transfer of electrons from one body to other.

'\

Ebonite

Flannel

Electrons in glass are loosely bound in it than the electrons in silk. So, when
glass and silk are rubbed together, the comparative ly loosely bound electrons
from glass get transferred to silk.

Electrons in fur are loosely bound in it than the e lectrons in ebonite. So, when
ebonite and fur are rubbed together, the comparati  vely loosely bound electrons

from fur get transferred to ebonite.
As a result, ebonite becomes negatively charged and fur becomes positively

charged.




It is very important to note that the electrificati on of the body (whether
positive or negative) is due to transfer of electro ns from one body to another.

l.e. If the electrons are transferred from a body, then the deficiency of
electrons makes the body positive.

If the electrons are gained by a body, then the exc  ess of electrons makes the
body negative.

If the two bodies from the following list are rubbe d, then the body appearing
early in the list is positively charges whereas the latter is negatively charged.

Fur, Glass, Silk, Human body, Cotton, Wood, Sealing  wax, Amber, Resin,
Sulphur, Rubber, Ebonite.

Column | (+ve Charge) Column Il (-ve Charge)
Silk
Amber, Ebonite, Rubber, Plastic
Polythene

Comb




Like charges repel and unlike charges attract eac  h other.

. Charge is quantized.

l.e. Electric charge exists in discrete packets rat  her than in continuous
amount.

It can be expressed in integral multiples fundament al electronic charge
(e=1.6x101C)

q=+*ne wheren=1, 2, 3,

It does not change with velocity also.




Note: Recently, the existence of quarks of charge %z e and %: e has been
postulated. If the quarks are detected in any expe  riment with concrete
practical evidence, then the minimum value of ‘quan tum of charge’ will be
either 3z e or % e. However, the law of quantization will hold good

Coulomb’s Law — Force between two point electric cha rges:

Strictly speaking, Coulomb’s law applies to station ary point charges.

q
Faq,q, .

Fal/r?

SERSF: where Kk is a positive constant of
7 F=k proportionality called
electrostatic force constant or
Coulomb constant.
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1 : S
In vacuum, e where g, is the permittivity of free space
UL




In medium, L where € is the absolute electric permittivity of

41TE the dielectric medium

The dielectric constant or relative permittivity or specific inductive capacity or

dielectric coefficient is given by c

K=g =——
€

1 4,9,

o Invacuum, E-
41e, 2

1 d:9,

ATTE (€, r’

In medium, FE =

g,= 8.8542 x 1012 C2 N1 m~2

1 1
= 8.9875 x 10° N m2 C=2 = 9x10°N m2C=2
41TE, 41TE




Coulomb’s Law in Vector Form:

In vacuum, for q, g, >0,

1
41TE,

9
|:12 -

In vacuum, for q, g, <0,

q.9, A > 1 q.d, A

r — r
12 & F,, = 21
= 41TE, r2

r2

(in all the cases)




N 1 4.9, ? 2 N 1 4.9, ?
| —— 2 F,, = 2
12 4mwe, 8 : 2l 4mwe, 8 ;

Note: The cube term of the distance is simply because of vector form.

Otherwise the law is ‘Inverse Square Law’ only.

Units of Charge:

One coulomb

force of 9 x 10 ® newton
In cgs electrostatic system, the unit of charge is statcoulomb’ or ‘esu of charge’.
In cgs electrostatic system, k=1/K where K is ‘dielectric constant’.

For vacuum, K= 1. q, 4,

r2
Ifq,=9,=q(say),r=1cmandF =1dyne, theng==*1sta tcoulomb.

In cgs electromagnetic system, the unit of charge is ‘abcoulomb’ or ‘emu of
charge’.




1 emu of charge = c esu of charge
1 emu of charge = 3 x 10 10 esu of charge
1 coulomb of charge = 3 x 10 2 statcoulomb

1 abcoulomb = 10 coulomb

Relative Permittivity or Dielectric Constant or Spe  cific Inductive
Capacity or Dielectric Coefficient:

The dielectric constant or relative permittivity or specific inductive capacity or
dielectric coefficient is given by the ratio of the absolute permittivity of the
medium to the permittivity of free space.

The dielectric constant or relative permittivity or specific inductive capacity or
dielectric coefficient can also be defined as ther  atio of the electrostatic force
between two charges separated by a certain distance In vacuum to the
electrostatic force between the same two charges se  parated by the same
distance in that medium.

Dielectric constant has no unit.




Continuous Charge Distribution:

Any charge which covers a space with dimensions muc h less than its distance
away from an observation point can be considered a point charge.

It is useful to consider the density of a charge di stribution as we do for density
of solid, liquid, gas, etc.

(i) Line or Linear Charge Density ( A):

If the charge is distributed over a straight line o r over the circumference of a
circle or over the edge of a cuboid, etc, then the distribution is called ‘linear
charge distribution’.




(i) Surface Charge Density ( o ):

Surface charge density is the charge per unit area. Its Sl unitis C/ m 2.
do

o= — o o=- ++++++.4J0r.++++

S dS +++++H++H+++
++++++H++H+++

Total charge on surface S, q:JodS +t+++++HF +++ +

S
(i) Volume Charge Density (  p ):

If the charge is distributed over a volume, then th e distribution is called
‘volume charge distribution’.

Volume charge density is the charge per unit volume . lts SlunitisC/m 3,

g dq
- or o —
T P dr

p =

Total charge on volume T, q= J p dr
T
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Electric Field:
Electric field is a region of space around a charge or a system of charges
within which other charged particles experience ele ctrostatic forces.

Theoretically, electric field extends upto infinity but practically it is limited to a
certain distance.

Electric Field Strength or Electric Field Intensity or Electric Field:

+qO
®

>
N
F

q — Source charge, q ,— Test charge, F —Force & E - Field

—> q A
or E - of E - — r
a do 41T£0 r2

The test charge is considered to be  vanishingly small because its presence
should not alter the configuration of the charge(s) and thus the electric field

which is intended to be measured.




Electrostatic force on a negatively charged parti cle will be opposite to the
direction of electric field.

Electric field is a vector quantity whose magnitu de and direction are
uniquely determined at every point in the field.

4. Sl unit of electric field is newton / coulomb ( N C1).




Electric Field due to a Point Charge:
Force exertedonq ,byqis

—> 1 qde A
o I

4mre,  r1?

—> 1 ddo >
o r

4mre,  r°

Electric field strength is

9
— F
E = —
do

— > 1 9 >
E )= r

3
4Tre,

1 A
i r

4mre, r?

The electric field due to a point charge has
spherical symmetry.




Electric field in terms of co-ordinates is given by

— > 1 g A A A
HOE (Xi+yj+zk)
4T|'£0 (X2+y2+ 22)3/2

Superposition Principle:

The electrostatic force experienced by a
charge due to other charges is the vector
sum of electrostatic forces due to these
other charges as if they are existing
individually.

If the force is to be found on 2 nd charge,
thena=2and b=1and 3 to 5.




The interactions must be on the charge which is to be studied due to other
charges.

The charge on which the influence due to other char  ges is to be found is
assumed to be floating charge and others are rigidl y fixed.

For eg. 15t charge (floating) is repelled away by q , and q, and attracted towards
g, and q..

The interactions between the other charges (amongt  hemselves) must be
ignored. i.e. F 5, F,,, Fc, F5,, F3c and F . are ignored.

Superposition principle holds good for electric fie |d also.

Electric Lines of Force:

An electric line of force is an imaginary straight or curved path along which a
unit positive charge is supposed to move when free to do so in an electric
field.

=

Electric Lines of Force




1. Electric Lines of Force due to a Point Charge:

a) Representation
of electric field
In terms of
field vectors:

Representation
of electric field
In terms of
field lines

(Easy way of
drawing)




2. Electric Lines of Force due to a 3. Electric Lines of Force due to a

pair of Equal and Unlike Charges: pair of Equal and Like Charges:
(Dipole)

A 4

Electric lines of force contract Electric lines of force exert lateral
lengthwise to represent attraction (sideways) pressure to represent
between two unlike charges. repulsion between two like charges.




4. Electric Lines of Force due to a Uniform Field

Properties of Electric Lines of Force
or Field Lines:

. The electric lines of force are imaginary lines.

. A unit positive charge placed in the electric fie |d tends to follow a path
along the field line if it is free to do so.

. The electric lines of force emanate from a positi  ve charge and terminate on
a negative charge.

. Two electric lines of force can never cross
each other. If they do, then at the point of
Intersection, there will be two tangents. It
means there are two values of the electric field
at that point, which is not possible.

Further, electric field being a vector quantity,
there can be only one resultant field at the
given point, represented by one tangent at the
given point for the given line of force.




6. Electric lines of force are closer
(crowded) where the electric field
IS stronger and the lines spread
out where the electric field is
weaker.

Electric lines of force are
perpendicular to the surface of a
positively or negatively charged
body.

Electric lines of force contract lengthwise to re present attraction between
two unlike charges.

Electric lines of force exert lateral (sideways) pressure to represent
repulsion between two like charges.




10. The number of lines per unit cross — sectional ar  ea perpendicular to the
field lines (i.e. density of lines of force) is dir ectly proportional to the
magnitude of the intensity of electric field in tha t region.

JAVAN

11. Electric lines of force do not pass through a co nductor. Hence, the interior
of the conductor is free from the influence of the electric field.

— —

= =

Solid or hollow
conductor (Electrostatic Shielding)

12. Electric lines of force can pass through an ins ulator.




Electric Dipole:

Electric dipole is a pair of equal and opposite cha rges separated by a very
small distance.

The electric field produced by a dipole is known as dipole field.

A

p=(qx2l) |

The magnitude of electric dipole moment is the prod uct of magnitude of either
charge and the distance between the two charges.

The Sl unit of ‘p’ is ‘coulomb metre (C m)'.

Note:

An ideal dipole is the dipole in which the charge b ecomes larger and larger
and the separation becomes smaller and smaller.




Electric Field Intensity due to an Electric Dipole:

1) At a point on the axial line:

Resultant electric field intensity

at the point P is - - -
E-=E,+ Ej

—> —>
The vectors E , and Ej are

collinear and opposite.

— — —
|EP| :|E5| . |EA|

1 q A
|

41re, (X + )2

1 g

ame, (x-1)?

1 [ q g ]
(x + )2 If | << X, then

4mre, L (x-1)?

The direction of electric field intensity
1 2(q.2)x at a point on the axial line due to a
dipole is always along the direction of

the dipole moment.

4T|'£0 (X2 _ |2)2




) At a point on the equatorial line:

Resultant electric field intensity

at the point Q is
- -S> >

Eqo=E.+ Eg
— —
The vectors E , and E are
acting at an angle 2 6.
1 g o
E. |
4mre, (x2+12)

—> 1 q A
E |

4mre, (x?+12)

The vectors E , sin 8 and Eg sin 6
are opposite to each other and
hence cancel out.

The vectors E , cos 8 and E; cos 6
are acting along the same direction
and hence add up.

e« Eq=E,cCc0s O+ E; cos©

amre, (x2+12) (x2+1[2)%

1 q. 2l

ATre, (X2 +[2)372

1 P

41T£0 ( X2 + |2 )3/2




1 p A
4tre, (X2 +12)32 (-1)

If | <<y, then

P

Eo= ——m
41re, Y3

Q

The direction of electric field intensity at a poin t on the equatorial line due to a
dipole is parallel and opposite to the direction of the dipole moment.

If the observation point is far away or when the di pole is very short, then the
electric field intensity at a point on the axial li ne is double the electric field
intensity at a point on the equatorial line.

l.e. IfI<<x andl<<y, then E P:ZEQ




Torgue on an Electric Dipole in a Uniform Electric Field:

The forces of magnitude pE act
opposite to each other and hence net
force acting on the dipole due to
external uniform electric field is zero.
So, there is no translational motion of
the dipole .

+
@]
v V

| ®)
v VYV VvV V l

However the forces are along different
lines of action and constitute a  couple .
Hence the dipole will rotate and
experience torque .

Torque = Electric Force x  Histance
t=qE (2l sin 0)
= pEsin 6
Casei: If 8=0°then t= 0.
Caseii: If 8=90°then t= pE

—> - =
t = pxE

Direction of Torque is  perpendicular _ (maximum value)
and into the plane containing p and E. '
Case lii: 1f @ =180° then t= 0.

S| unit of torque is newton metre (Nm).




Work done on an Electric Dipole in Uniform Electric Field:

When an electric dipole is placed in a uniform elec  tric field, it experiences
torque and tends to allign in such a way to attain stable equilibrium.

dw =1td 0
=pEsin 6d6

A 4 A 4 A 4 A 4

92
W =] pEsin 6de
91

W =p E (cos @, - cos 6,)

If Potential Energy is arbitrarily taken zero when the dipole is at 90°,
then P.E in rotating the dipole and inclining it at an angle 0 is

Potential Energy U=-pEcos 6

Note: Potential Energy can be taken zero arbitrar ily at any position of the
dipole.

Casei: If0=0°then U= -pE (Stable Equilibrium)
Caseii: 1f@®=90°%then U= 0
Case iii: 1f 8 =180°%then U= pE (Unstable Equilibrium)
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Line Integral of Electric Field (Work Done by Elect ric Field):

Negative Line Integral of Electric Field represents the work done by the electric
field on a unit positive charge in moving it from o ne point to another in the
electric field. B

- —>

W =| dw=-] E.di
A

— —>
The force F = +q,E acts on the test charge

due to the source charge +q.

It is radially outward and tends to accelerate
the test charge. To prevent this .
acceleration, equal and opposite force  —qE
has to be applied on the test charge.

Total work done by the electric field on the test ¢ harge in moving it from A to B
in the electric field is

1

- = qq, gl

W, = dW=-f = [— - —
AB 41T€ I's I'a




> - o[s| 1 1
W,g = dW:-f = . [ - —
4tre, L I'p

F'A

. The equation shows that the work done in moving a test charge q , from
point A to another point B along any path AB in an electric field due to +q
charge depends only on the positions of these points and i s independent of
the actual path followed between A and B.

. That is, the line integral of electric field isp  ath independent.

. Therefore, electric field is* conservative field

. Line integral of electric field over a closed pat his zero. This is another
condition satisfied by conservative field

B
- —>
E.dI=0
A

Line integral of only static electric field is inde pendent of the path followed.
However, line integral of the field due to a moving charge is not independent
of the path because the field varies with time.

Note:




Electric Potential:

Electric potential is a physical quantity which det ermines the flow of charges
from one body to another.

It is a physical quantity that determines the degre e of electrification of a body.

Electric Potential at a point in the electric field Is defined as the work done in
moving (without any acceleration) a unit positive c harge from infinity to that
point against the electrostatic force irrespective of the path followed.

B

1 1
_ 499
WAB - - E a dl _ [ rB - T

F'A
YA

According to definition, ry,=< andrg=r

(where r is the distance from the source charge
and the point of consideration)

g W..q
EE—NV
ATrE, T Yo

S| unit of electric potential isvolt (V) orJC 1orNmC-1.

Electric potential at a point is one volt if one jo ule of work is done in moving
one coulomb charge from infinity to that point in t he electric field.




Electric Potential Difference:

Electric Potential Difference between any two point s in the electric field is
defined as the work done in moving (without any acc eleration) a unit positive
charge from one point to the other against the elec  trostatic force irrespective
of the path followed.

B

44, [ 1 . W g
I's

Wy =- | E.dl = S
- 4re,

A

F'A

Electric potential and potential difference are s  calar quantities.

. Electric potential near an isolated positive char  ge (g > 0) is positive and that
near an isolated negative charge (g < 0) is negativ  e.

. Cgs unit of electric potential is stat volt. 1 stat volt = 1 erg / stat coulomb




Electric Potential due to a Single Point Charge:

Let +q , be the test charge
placed at P at a distance X
from the source charge +q.

The force F = +q ,E is
radially outward and tends
to accelerate the test charge.

Work done to move q , from P to Q through ‘dx’ againstq E s
- —> - —>

dW =F.dx =q,E. dx or dwW = q,E dx cos 180° = -q ,E dx

S8 G q

dW:' oo E: B ———
4ATrE, X2

41rE, X2

Total work done to move q ,from Ato B (from <«tor)is
B

N

:
fdvv - -Jj% dx J

= me, X2




The net electrostatic potential at a point in the
electric field due to a group of charges is the
algebraic sum of their individual potentials at tha
point.

Vo=V, +V,+V, +V, +
n

4"50 =1 I

1 3 di (in terms of
41rE, = |?_ri| position vector )

Electric potential at a point due to a charge is not affected by the presence
of other charges.

Potential, whereas Coulomb’s force
Potential is a scalar whereas Force is a vector.

. Although V is called the potential at a point, it Is actually equal to the
potential difference between the points r and 00,




Electric Potential due to an Electric Dipole:

1) At a point on the axial line:

1 q

4mre, (X —1)

1 -q

4mre, (X + 1)

q [ 1 1
ame, Lix—1)  (x+1)

g. 2l




BQ AQ ]

oo BQ = AQ

The net electrostatic potential at a point in the e  lectric field due to an electric
dipole at any point on the equatorial line is zero.




Equipotential Surfaces:

A surface at every point of which the potential due
the same is called equipotential surface.

to charge distribution is

1) For a uniform electric field:

Plane Equipotential Surfaces

) For an isolated charge:




Properties of Equipotential Surfaces:

1. No work is done in moving a test charge from one point to another on an
equipotential surface.

If A and B are two points on the equipotential surfa  ce,thenVg;=V,.
WAB

oo =0 or W, =0

do

2. The electric field is always perpendiculartot  he element dl of the
equipotential surface.

Since no work is done on equipotential surface,

B
N

W,g =- = =30 l.e.
A
AsE #0and dl #0, cos =0




3. Equipotential surfaces indicate regions of stro ng or weak electric fields.

Electric field is defined as the negative potential gradient.
dVv

=
Since dV is constant on equipotential surface, so

1
dr a —

=

If E is strong (large), dr will be small, i.e.the  separation of equipotential
surfaces will be smaller (i.e. equipotential surface s are crowded) and vice

versa.

o.o or dr = -

If two equipotential surfaces intersect, then at the points of intersection,
there will be two values of the electric potential which is not possible.

(Refer to properties of electric lines of force)

Electric potential is a scalar quantity whereas pot ential gradient is a vector
quantity.

The negative sign of potential gradient shows that the rate of change of
potential with distance is always against the elect ric field intensity.




Electrostatic Potential Energy:

The work done in moving a charge g from infinity to a point in the field
against the electric force is called electrostatic potential energy.

W=qV

1) Electrostatic Potential Energy
of a Two Charges System:




) Electrostatic Potential Energy
of a Three Charges System:

1 SERP 1
> > +
ame, | fp -1y | 4TTE,

1

+
41T£0

i) Electrostatic Potential Energy of an n - Cha

rges System:




Area Vector:

Small area of a surface can be represented by a vec

— A
dS =dS n

Electric Flux:

Electric flux d @ through a small area
element dS due to an electric field E at an
angle @ with dS is

Total electric flux ® over the whole
surface S due to an electric field E is

- -
®=|E.AS =E Scos 6

S
Electric flux is a scalar quantity. Butitis a

property of vector field.

Sl unit of electric fluxisNm 2ClordJmC 1




Special Cases:

1. For 0°< @ < 90° ® is positive.

3. For 90°< 0 <180° @ is negative.

Solid Angle:

Solid angle is the three-dimensional equivalent of
dimensional plane angle.

Sl unit of solid angle is steradian.
Solid angle subtended by area element dS at the
centre O of a sphere of radius r is

dS cos 6

an ordinary two-




The surface integral of the electric field intensit y over any closed hypothetical
surface (called Gaussian surface) in free space is equalto 1/ g, times the net
charge enclosed within the surface.

1 n

- -

D = E.dS = a—O_ZCIi
S =1

1 gdS A A
N . n

41TE r2
A
n

A
' - n=1x1 cos0°=1

1 g dS
41T€ r2




Proof of Gauss’s Theorem for a Closed Surface ofan y Shape:




Deduction of Coulomb’s Law from Gauss’s Theorem:

From Gauss’s law,

- - q

D = E.dS= =
0

N
r dS
/
+q T

q

Ex41Tr2:q_ or E= —
& Are, 12

If a charge q , is placed at a point where E
is calculated, then

44,
41rE, I




Applications of Gauss’s Theorem:

1. Electric Field Intensity due to an Infinitely L ong Straight Charged

I - A—>
Wire: =

9
dS |

+++++++++ ++++++++++++
9
ds > dS

Gaussian surface is a
closed surface,
around a charge
distribution, such

that the electric field

Intensity has a single
— - —> — :
. [e
A
N

ds + = _ fixed value at every
point on the surface.

- —>
jCE dsS = JEdScos90° JEdScos90° JEdScosO°— de—EXZﬂH
S A B C C




1 2N
4Te, T

In vector form,

The direction of the electric field intensity is ra dially outward from the positive
line charge. For negative line charge, it will be radially inward.

Note:

The electric field intensity is independent of the size of the Gaussian surface
constructed. It depends only on the distance of po int of consideration. i.e. the
Gaussian surface should contain the point of consid eration.




2. Electric Field Intensity due to an Infinitely L ong, Thin Plane Sheet of
Charqge:

++1 +
+ 4, +
++ ]
++
H

4+
T+

+ +
+y+

+

++

+ .+
+ + +

++
+

T+
+
h +

dS

1\

From Gauss’s law,

S —
E

+
+

+

+
+
+
4+
+
+

+

+

TIP:

- - q
€

S
(> - - -
j>E.ds: E . d
S A
jc J ZEﬁS:ZExan

The field lines remain
straight, parallel and
uniformly spaced.

+
o

o%
my




O T I2

. (where o is the surface charge density)
0

. O T2
e 2EXxTIr?=
&

o

= = o A
In vector form, O |

2 & 2 g,

The direction of the electric field intensity is no rmal to the plane and away
from the positive charge distribution. For negativ e charge distribution, it will
be towards the plane.

Note:
The electric field intensity is independent of the size of the Gaussian surface

constructed. It neither depends on the distance of point of consideration nor
the radius of the cylindrical surface.

If the plane sheet is thick, then the charge distri bution will be available on
both the sides. So, the charge enclosed within the Gaussian surface will be
twice as before. Therefore, the field will be twic  e.




3. Electric Field Intensity due to Two Parallel, | nfinitely Lonqg, Thin
Plane Sheet of Charge:
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1) At a point P outside the shell:

From Gauss’s law,

- - g
O = =N =
0
S S
Since E and dS are in the same direction,

50 ¢E:§E ds =

Ex4mr? = —
€

Since q = o x 41 R?,

Electric field due to a uniformly
charged thin spherical shell at
a point outside the shell is
such as if the whole charge
were concentrated at the
centre of the shell.




i) At a point A on the surface of the shell:

From Gauss’s law,

T -
+
q O R+
T -
+

+ Holow | T
- + T
+ +

Electric field due to a uniformly
charged thin spherical shell at
a point on the surface of the
shell is maximum.




lii) At a point B inside the shell:

From Gauss’s law,
’\

T

— —
Since E and dS are in the same direction,

12
41T, 1

(since g = 0 inside the Gaussian surface)

oo E=0

4

HOLLOW 4
+ + t

This property E = 0 inside a cavity is
used for electrostatic shielding.
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Behaviour of Conductors in the Electrostatic Field:

1. Net electric field intensity in the interior of a
conductor is zero.

When a conductor is placed in an
electrostatic field, the charges (free
electrons) drift towards the positive plate
leaving the + ve core behind. At an
equilibrium, the electric field due to the
polarisation becomes equal to the applied
field. So, the net electrostatic field inside
the conductor is zero.

. Electric field just outside the charged
conductor is perpendicular to the surface of
the conductor.

++++++++++

Suppose the electric field is acting at an

angle other than 90° then there will be a
component E cos 0 acting along the tangent
at that point to the surface which will tend to
accelerate the charge on the surface leading
to ‘surface current’. Butthereis no surface
current in electrostatics. So, 0 =90°and
cos 90°= 0.




3. Net charge in the interior of a conductor is zero

The charges are temporarily separated. The total
charge of the system is zero.

- > q
D = = =
0
S
Since E = 0 in the interior of the conductor,
therefore q = 0.

. Charge always resides on the surface of a
conductor.

Suppose a conductor is given some excess

charge g. Construct a Gaussian surface just
Inside the conductor.

Since E = 0 in the interior of the conductor,
therefore g = 0 inside the conductor.

5. Electric potential is constant for the entire
conductor.

Since E = 0 in the interior of the conductor,
therefore dV = 0. i.e. V = constant




6. Surface charge distribution may be different
at different points.

Every conductor is an equipotential volume
(three- dimensional) rather than just an
equipotential surface (two- dimensional).

Electrical Capacitance:

The measure of the ability of a conductor to store charges is known as
capacitance or capacity (old name).

q
gaV o g=CV C= —
\

If V=1volt, then C =q

Capacitance is said to be 1 farad when 1 coulomb of charge raises the
potential of conductor by 1 volt.

Since 1 coulomb is the big amount of charge, the ca  pacitance will be usually
in the range of milli farad, micro farad, nano farad or pico farad.




Let a charge g be given to the sphere which
IS assumed to be concentrated at the centre.

Potential at any point on the surface is

1. Capacitance of a spherical conductor is directly proportional to its radius.

3. IF the sphere is in a medium, then C = 41regg, 1.

4. Capacitance of the earth is 711 pF.




Principle of Capacitance:

Plate A is positively charged and B is neutral.

The potential of the systemof AandBinsteplan d?2
remains the same because the potential due to posit  ive

and negative charges on B cancel out. Potential = V

Now, the net potential of the system decreases due
the sum of positive potential on A and negative
potential on B.

To increase the potential to the same value as was
step 2, an additional amount of charges can be give
plate A. + -+
Potential =V
Potential =
decreases to v

This means, the capacity of storing charges on A
Increases.

The system so formed is called a ‘capacitor’.




Capacitance of Parallel Plate Capacitor:

Parallel plate capacitor is an arrangement of two
parallel conducting plates of equal area
separated by air medium or any other insulating
medium such as paper, mica, glass, wood,
ceramic, etc. o

V=Ed=——d
€

If the space between the plates is filled with diel
permittivity €, then
Agy e

C=—
d

Capacitance of a parallel plate capacitor is

(i) directly proportional to the area of the plates

+ + g,
+ +

++

+
+ +

+ +
+

ectric medium of relative




Series Combination of Capacitors:

1) Charge is same in each capacitor

i) Potential is distributed in inverse
proportion to capacitances

VERVARRVARSVA

(where C is the equivalent capacitance or
effective capacitance or net capacitance or

g
C )
total capacitance)

n

SO
— =

1
-1 Ci

The reciprocal of the effective capacitance is the sum of the reciprocals of the
individual capacitances.

The effective capacitance in series combination is less than the least of
all the individual capacitances.




Parallel Combination of Capacitors:

1) Potential is same across each capacitor

i) Charge is distributed in direct proportion to
capacitances

q=0;*+d,*+0;
q1:C1V’ q2:C2V, q,=C,V q=CV

e« CV=CV +C,V+C,;V (where C is the equivalent
capacitance)

C=C,+C,+C,

The effective capacitance is the sum of the individ ual capacitances.



Energy Stored in a Capacitor:

The process of charging a capacitor is
equivalent to transferring charges from one
plate to the other of the capacitor.

The moment charging starts, there is a potential
difference between the plates. Therefore, to
transfer charges against the potential difference
some work is to be done. This

If dq be the charge transferred against the
potential difference V, then work done is

:q—dq

C

The total work done ( energy) to transfer charge g IS

Ll PN L

+




1
U= — C\V2
2

1 U 1
oo U=— g,AdE? = g, E?
2 Ad 2

Sl unit of energy density isJm -3,

Energy density is generalised as energy per unit vol ume of the field.

Energy Stored in a Series Combination of Capacitors

The total energy stored in the system is the sum of energy stored in the
individual capacitors.




Energy Stored in a Parallel Combination of Capacito  rs:

2

The total energy stored in the system is the sum of energy stored in the
individual capacitors.

Loss of Energy on Sharing of Charges between the Ca  pacitors Iin
Parallel:

Consider two capacitors of capacitances C  ;, C,, charges g ;, g, and
potentials V , V..

Total charge after sharing = Total charge before sh  aring

'Y (C1+C2)V:C1V1+C2V2

Cl Vl i C2 V2
C1+C2

V =




The total energy before sharing is

The total energy after sharing is

1
U= — (C, +C)) V?
2

C,C,(V,—-V,)2
2(C,+C))

or U, > U,




A molecule in which the centre of positive charges does

not coincide with the centre of negative charges is called
a polar molecule.

Polar molecule does not have symmetrical shape.
Eg. H CI, H, O, N H;, C O,, alcohol, etc.

Effect of Electric Field on Polar Molecules:
%

o -
S

dipole
net dipole moment is induced . Complete
moment is zero allignment is not possible due to
thermal agitation




Non-polar molecule has symmetrical shape.

Eg.N,,CH, O,, C; H,, etc.

Effect of Electric Field on Non-polar Molecules:

—_
E=0

%

p=0
In the absence of external
electric field, the effective
positive and negative centres

coincide and hence dipole is
not formed.

—_
p —

When electric field is applied, the positive
charges are pushed in the direction of electric
fleld and the electrons are pulled in the

direction opposite to the electric field. Due to
separation of effective centres of positive and
negative charges, dipole is formed.




Dielectrics:
Generally, a non-conducting medium or insulator is called a ‘dielectric’.

Precisely, the non-conducting materials in which in duced charges are produced
on their faces on the application of electric field s are called dielectrics.

Eg. Air, H ,, glass, mica, paraffin wax, transformer oll, etc.
Polarization of Dielectrics:

When a non-polar dielectric slab is
subjected to an electric field, dipoles
are induced due to separation of
effective positive and negative centres.

E, Is the applied field and E , Is the
Induced field in the dielectric.

The netfieldisE (=E;—-E

P

l.e. the field is reduced when a
dielectric slab is introduced.




Polarization Vector:

The polarization vector measures the degree of pola  rization of the dielectric. It
Is defined as the dipole moment of the unit volume of the polarized dielectric.

If n is the number of atoms or molecules per unitv ~ olume of the dielectric, then

polarization vector is
— —
P

P=n

Sl unit of polarization vectorisCm -2,

Dielectric strength is the maximum

value of the electric field intensity :

that can be applied to the dielectric al 0.8-1
without its electric break down. Porcelain 4 -8

Its Sl unitisV m -1 Pyrex 14

Its practical unit is KV mm -1, Paper 14 — 16
Rubber 21

Mica 160 — 200




Capacitance of Parallel Plate Capacitor with Dielec  tric Slab:

A

+++++++++++++

o V=E,(d-1t)+
K

V:EO[(d—t)+ —tK-]

o.o C:

[(d—t)+ —J[E—]

C > C,. i.e. Capacitance increases with
introduction of dielectric slab.




If the dielectric slab occupies the whole space bet  ween the plates, i.e. t = d,
then
C=KC,
C
C0

Dielectric Constant

WITH DIELECTRIC SLAB

Physcial Quantity With Battery With Battery
disconnected connected

Charge Remains the same Increases (K C , V)

Potential Difference Decreases Remains the same

Energy stored Remains the same Increases (K U ;)




S - Large Copper sphere

C,, C, - Combs with sharp points
Py, P, - Pulleys to run belt

HVR - High Voltage Rectifier
M - Motor

IS - Insulating Stand

D - Gas Discharge Tube

T - Target




Principle:

Consider two charged conducting spherical shells su ch that one is
smaller and the other is larger. When the smaller o ne is kept inside the
larger one and connected together, charge from the smaller one is
transferred to larger shell irrespective of the hig her potential of the larger
shell. i.e. The charge resides on the outer surface of th e outer shell and
the potential of the outer shell increases consider ably.

Sharp pointed surfaces of a conductor have large su rface charge
densities and hence the electric field created byt  hem is very high
compared to the dielectric strength of the dielectr IC (alir).

Therefore air surrounding these conductors get ioni zed and the like
charges are repelled by the charged pointed conduct ors causing
discharging action known as  Corona Discharge or Action of Points . The
sprayed charges moving with high speed cause electric wind .

Opposite charges are induced on the teeth of collec  ting comb (conductor)
and again opposite charges are induced on the outer surface of the
collecting sphere (Dome).




Construction:

Van de Graaff Generator consists of a large ( about a few metres in
radius ) copper spherical shell (S) supported on an insula  ting stand (1S)
which is of several metres high above the ground.

A belt made of insulating fabric (  silk, rubber, etc .) is made to run over
the pulleys (P 4, P, ) operated by an electric motor (M) such thatitas cends
on the side of the combs.

Comb (C,) near the lower pulley is connected to High Voltag e Rectifier

(HVR) whose other end is earthed. Comb (C ) near the upper pulley is
connected to the sphere S through a conducting rod.

A tube (T) with the charged particles to be acceler ated at its top and
the target at the bottom is placed as shown in the figure. The bottom end
of the tube is earthed for maintaining lower potent 1al.

To avoid the leakage of charges from the sphere, th e generator is
enclosed in the steel tank filled with  air or nitrogen at very high pressure
(15 atmospheres).




Working:

Let the positive terminal of the High Voltage Recti  fier (HVR) is
connected to the comb (C ;). Due to action of points, electric wind is
caused and the positive charges are sprayed ontot  he belt (silk or
rubber). The belt made ascending by electric motor (EM) and pulley
(P,) carries these charges in the upward direction.

The comb (C ,) is induced with the negative charges  which are
carried by conduction to inner surface of the collecting sphere
(dome) S through a metallic wire which in turn induces positive
charges on the outer surface of the dome

The comb (C ,) being negatively charged causes electric wind )Y
spraying negative charges due to action of points w hich neutralize
the positive charges on the belt. Therefore the belt does not carry
any charge back while descending. (Thus the principle of
conservation of charge is obeyed.)




The process continues for a longer time to store mo re and more
charges on the sphere and the potential of the sphe  re increases
considerably. When the charge on the sphere is ver y high, the
leakage of charges due to ionization of surrounding air also
Increases.

Maximum potential occurs when the rate of charge carried in by
the belt is equal to the rate at which charge leaks from the shell
due to ionization of air.

Now, if the positively charged particles which are to be
accelerated are kept at the top of the tube T, they  get accelerated
due to difference in potential (the lower end of th e tube is
connected to the earth and hence at the lower poten  tial) and are
made to hit the target for causing nuclear reaction S, etc.




Uses:

Van de Graaff Generator is used to produce very high
potential difference ( of the order of several million volts ) for
accelerating charged particles.

The beam of accelerated charged particles are used to
trigger nuclear reactions.

The beam is used to break atoms for various experim  ents
In Physics.

In medicine, such beams are used to treat cancer.

It is used for research purposes.




