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CLASS - XII PHYSICS
CHAPTER -1
ELECTRIC CHARGE AND FIELD

CHARGE AND ITS PROPERTIES

¢ Electrostatics is the branch of physics that deals with apparently stationary electric charges, that is, with the force
exerted by an unchanging electric field upon a charged object.

¢ Electric charge is the property associated with a body or a particle due to which it is able to produce as well as
experience the electric and magnetic effects.

Characteristics of electric charges

¢ Charge is a fundamental property of matter and never found without matter.

The excess or deficiency of electrons in responsible for charge on the body. body is

There are two types of charges namely positive and negative charges.

The deficiency of electrons in a body is responsible for positive charge.

The excess of electrons in a body is responsible for negative charge.

If a body gets positive charge, its mass slightly decreases. If a body is given negative charge, its mass slightly
increases.

Charge is relativistically invariant, i.e. it does not change with motion of charged particle.

* & & o o

*

Qstatic = (dynamic
¢ Charge is a scalar quantity S.l. unit of charge is coulomb(C).
One electrostatic unit of charge

coulomb.

1
lesu= 5
3x10
One electromagnetic unit of charge (emu) = 10 coulomb

¢ Charge is a derived physical quantity with dimensions [AT].

Quantization Of Charge

¢ Quantization of charge means that when we say something has a given charge, mean that how many times the
charge of a single electron it has. Because all charges are associated with a whole number of electron that is
possible.

¢ Charge is quantised. The charge on any body is an integral multiple of the minimum charge or electron charge, i.e
if g is the charge then q = tne where n is an integer, and e is the charge of electron = 1.6 x 10*° C

¢ The minimum charge possible is 1.6 x 10*° C
If a body possesses ni1 protons and n, electrons, then net charge on it will be (n1— n2)e, i.e., ny (e) + ny(-e) = (n -
ny)e

Law of Conservation of Charge

Charge is conserved. It can neither be created nor destroyed. It can only be transferred from one object to the other.
The total net charge of an isolated physical system al. ways remains constant,

i.e. q =g++ Q- = constant.

In every chemical or nuclear reaction, the total charge be-fore and after the reaction remains constant.

This law is applicable to all types of processes like nuclear, atomic, molecular etc.

Like charges repel each other and unlike charges attract each other.

KEY NOTE
¢ Charge always resides on the outer surface of a charged conducting body. It accumulates more at sharp points.
¢ The total charge on a body is algebric sum of the charges located at different points on the body.

ELECTRIFICATION
Methods of Charging a Body
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Making a body to acquire property of attracting small objects is called charging(or electrification). A body can be
charged by the following ways:

By rubbing:

When a body is rubbed with another body, both of them get charged. One of the two bodies acquires positive charge
and the other acquires negative charge. For example, when a glass rod is rubbed with a silk, the glass rod acquires
positive charges, and at the same time, the silk acquires negative charges.

By conduction:

When an uncharged conducting body is made in contact with a charged conducting body, charge flows into the
uncharged body and the body gets charged. For example, if an uncharged conducting sphere A is made in contact with
a charged conducting sphere B, the sphere A will be charged and the sphere A will be charged with the same nature of
charge as in the sphere B.

By Induction:
When a charged particle or body is brought near uncharged body without touching, charges developed on the
uncharged body. This body. This method of charging a body is called charging by induction.

COULOMB'S LAW AND FORCE DUE TO MULTIPLE CHARGES
¢ Coulomb's law states that the magnitude of the electrostatic force of attraction or repulsion between two point
charges is directly proportional to the product of the magnitudes of charges and inversely proportional to the

square of the distance between them.
1 q192
Amegey d?
- permittivity of free space or vacuum or air.
- Relativo permittivity or dielectric constant of medium in which the charges are situated.

* ¢, =8.857x 1012 C2/Nm? or farad/metre and =9 x 10° Nm?/C?

¢ F=

0 T
¢ Suppose the position vector of two charges g1 and g2 are 77 and 7, respectively, then electric force on charge q:
duetoqzis,
— 1 414>
? 47'[50 |7’1 -1;3
Similarly, electric force on g2 due to charge g1 is
= L _)Chqi
4me, | — 1|3
Here g1 and gz are to be substituted with sign.

(7 —1)

% —-m)

7= x4+ yf+zkand 7, = x,0 + y,] + 2,k where (x1, y1, z1) and (x2, y», 22) are the co-ordinates of charges g1
and g2 respectively.

Relative permittivity (€,.)

The relative permittivity is the ratio of absolute permittivity of the medium to the absolute permittivity of the free
space €, = €/¢,

€, has no units and dimensional formula is [M° L° T A?]

¢ Andalso

Force between two charges in air _ Fqir

€,.= =
T Force between the same two charges in the medium at same distance Fmedium

¢ Forairk=1
k > 1 for any dielectric medium;
k = oo for conducting medium like metals

Coulomb's Law In Vector Form

= _ 1 q1q2 4 T _ T
‘ F12 - 7”12 and F21 - _F12
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Here E is force exerted on g1 due to g2 and E force exerted on g2 due to g1
¢ Coulomb's law holds for stationary charges only which are point sized. This law is valid for all types of charge
distributions. Coulomb's law is valid at distances greater than 10 m. This law obeys Newton's third law.
It represents central forces.
This law is analogous to Newton law of gravitation in mechanics.

KEY NOTE
¢ The electric force is conservative in nature.
¢ Coulomb force is central.
¢ The electric force is an action reaction pair, i.e the two charges exert equal and opposite forces on each other.
¢ Coulomb force is much stronger than gravitational force.
(1036 Fg = Fe)

Forces between multiple charges

To better understand the concept, consider a system of three charges q:1 g2 and gz as shown in Fig (a). The force on
one charge, say q: due due to two other charges g2 g3 can therefore be obtained by performing a vector addition of
the forces due to each one of these charges. Thus, if the force on g1 due to gz is denoted by _Fl_g, _IE), is given by Eq. (1)
even though other charges are present.

@ (b)
Fig.: A system of (a) three charges (b) multiple charges
T _ 1 aiaqz ,
Thus, F;, = prse £t VIR (1)
In the same way, the force on g1 due to gz is given by
T _ 1 aaqz ,
F13 - 4mey T132 13, e (2)

which again is the Coulomb force on g1 due to g3 even though other charge q: is present.

Thus the total force Fl) on g1 due to the two charges grand gs is given as
9192 , 1 q195
4mey 1152 PP Amey 152 "1
The above calculation of force can be generalised to a system of charges more than three, as shown in Fig.(b).
The principle of superposition says that in a system of charges q1, 92,...,0n , the force on g1 due to g2 is the same as

Fy=F,+F;3=

given by Coulomb's law, i.e., it is unaffected by the presence of the other charges g3, gs4,...,qn . The total force FI n the
charge qp due to all other charges, is then given by the vector sum of the forces ﬁz) , m,..., m
i.e.

= _ 7 - T 1 [9192 4 q1493 A A14n
F,=F, + Fia+..+F, = [ T, + —=T13 e+ 7
1 12 13 m = ey 2 112 12 13 2 An

4|Page



Lyn g (4)

The vector sum is obtained as usual by the parallelogram law of addition of vectors. All of electrostatics is basically a
consequence of Coulomb's law and the superposition principle.
¢ If the force between two charges in different media is the same for different separations, then
£ 1 1 N9
kane, € d*

kd® = constant or k,d? = kyd

¢ If two charged spheres of radii r1 and r2 respectively are kept in contact for some time, then charge exchanges
takes place between them until their electric potentials are equal. Now the new charges on two spheres are

) i
= & = 2
o ('; +rz]q = (’iﬂ'z]q

where 'q' is the total charge on the two spheres

¢ Two point sized identical spheres carrying charges g1 and g2 on them are seperated by a certain distance. The
mutual force between them is F. These two are brought in contact and kept at the same separation. Now, the
force between them is F! Then

fl _ (91 +4 )2
F 4414,
¢ Two identical charged spheres are suspended by strings of equal lengths in gravitational field. The strings make an
angle of '8' with each other due to repulsion. When same system is kept immersed in a liquid of density 'd/', even
then the angle between them remains same. Then the dielectric constant of the liquid,
db
dy —d;
Where db - density of the body.
Note: If gravitational field is absent, then the angle between two strings is 180°.

= constant.

K =

¢ Test charge
That small positive charge, which does not affect the other charges present and by the help of which we determine
the effect of other charges, is defined as test charge.

¢ Linear charge density (4) is defined as the charge per unit length.
_dg
Tl
where dq is the charge on an infinitesimal length dl.
Unit of 4 is Coulomb/meter (C/m)
Examples: Charged straight wire, circular charged ring

¢ Surface charge density (a) is defined as the charge per unit area.
dq
ds

where dq is the charge on an infinitesimal surface area ds. Unit of (o) is coulomb/meter? (C/m?).
Examples: Plane sheet of charge, conducting sphere.

¢ Volume charge density (p) is defined as charge per unit volume.
dq
p=—
dv
where dq is the charge on an infinitesimal volume element dv. Unit of (p) is coulomb/meter3 (C/m?3)
Examples: Charge on a dielectric sphere etc.
¢ Charge given to a conductor always resides on its outer surface.

¢ If surface is uniform then the charge distributes uniformly on the surface.
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KEY NOTE

In conductors having nonspherical surfaces, the surface charge density (o) will be larger when the radius of
curvature is small.

The working of lightening conductor is based on leakage of charge through sharp point due to high surface charge
density.

» ELECTRIC FIELD

.
¢

The space around electric charge upto which its influence is felt is known as electric field.
Electric field is a conservative field.

> Lines of Force

*

Line of force is an imaginary path along which a unit +ve test charge would tend to move in an electric field.

» Characteristics of line of force

.
.

* & & o o

*

Lines of force start from +ve charge and end at-ve charge.

Lines of force in the case of isolated ve charge are radially outwards and in the case of isolated -ve charge are
radially inwards.

The tangent at any point to the curve gives the direction of electric field at that point.

Lines of force do not intersect.

Lines of force won't pass through a conductor.

The electric lines of force are perpendicular to equipotential surface.

The force experienced by a unit positive test charge placed at a point in the electric field gives the intensity of
electric field at that point both in magnitude and direction.

Difference Between Electric And Magnetic Lines Of Force

The difference between electric lines of force and magnetic lines of field is magnetic field lines are closed curves
and electric lines of force have a beginning and ending.

Electric lines of force do not exist inside a conductor, but magnetic lines of force may exist inside a magnetic
material

Total electric lines of force linked with a closed surface may or may not be zero, but total magnetic field lines
linked with a closed surface is always zero (as monopoles do not exist).

Intensity of electric field is a vector quantity. Its direction is always away from the positive charge and towards the
negative charge.

Intensity of electric field at a point which is at a distance ‘d’ from the point charge ‘Q’ in air is

I )
En= ‘('—

r i
dne; d-

and in a medium

E, 'k

S.I. unit is newton/coulomb (NC?) volt/metre (Vm™). Dimensional formula MLT3A™
In vector form

l g-

Bowsad

3
“l;TSU I

A charge in an electric experiences a force whether it is at rest or moving.
The electric force is independent of mass and velocity of the charged particle. It depends upon the charge.
If instead of a single charge, field is produced by no. of charges, by the principle of super position resultant electric
field intensity
E=E +E,+E +..
If qo is positive charge then the force acting on it is in the direction of the field.
If go is negative then the direction of this force is opposite of the field direction.
6|Page
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F =-Eq

Motion of a charged particle in a uniform electric field
A charged body of mass 'm' and charge "q" is initially at rest in a uniform electric field of intensity E. The force acting
onitF=Eq
¢ Here the direction of F is in the direction of field if "q' is +ve and opposite to the field if 'q' is -ve.
¢ The body travels in a straight line path with uniform acceleration, a = F/m = (Eq)/m, initial velocity u = -0.
At an instant of time t,

Its final velocity,

Eq
v==u+at=\—\I
m

Displacement

s =ul+ -limz = l(i.‘.’.);z

m

Momentum, P = mv = (Eq)t
Kinetic energy,
2 9
w9 LLBSgR)5
K.E= Smve = 2[—}!

m

¢ When a charged particle enters perpendicularly into a uniform electric field of intensity E with a velocity v then it
describes parabolic path as shown in figure.

+ + + + I

Along the horizontal direction, there is no acceleration and hence x = ut
Along the vertical direction, acceleration

a=F/m=(Eq)/m (here gravitational force is not considered)

Hence vertical displacement,

1(£9)2
=—|— |t
¥ Z[mJ

J[ﬁ)(if{ gE ]xz
y—2 m J\u 2mu2

¢ Atanyinstant of time t, horizontal component of velocity, vx = u

¢ vertical componet of velocity

v), :at:(ﬂ t
m
- 2202
v=M= lv_‘?-'+v2 = “2 +-E——q5—’-
m-

Null Points (Or) Neutral Points
Two charges q:1 and 2 are seperated by a distance 'd’. Then the point of zero intensity (null point) lies at a distance of

7|Page



DEMICS &2

— -

from g1 +ve sign for like charges-ve sign for unlike charges

> Some important considerations
¢ Two charges +Q and Q are separated by a distance 'd'. The intensity of electric field at the mid-point of the line

joining the charges is

e
E=E\+E:
- -
E,—> —>EL,
Q ° -Q
¢ d 5|
g1 80
: 4n € dz
¢ Two charges +Q each are separated by a distance 'd'. The intensity of electric field at the mid point of the line
joining the charges is zero.
¢ Two charges +Q each are placed at the two vertices of an equilateral triangle of side a. The intensity of electric

field at the third vertex is
0
'=2E cos— = V3E (. 8=60°)

E i
60°

+Q a +Q
L 0

4 g, a_l
¢ Two charges +Q, Q are placed at the two vertices of an equilateral triangle of side 'a’, then the intensity of electric

E=+3

field at the third vertex is
' = 2E cos -2- =E (8 =120°)
E
120°

+Q a -Q
1 2
dney a®
If three charges +Q each are placed at the three vertices of an equilateral triangle of side 'a' then the intensity of

r—

*
electric field at the centroid is zero.

Q

Q Q

¢ If three charges +Q each are placed at the three corners of a square of side 'a' as shown in figure.

8|Page
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Intensity of electric field at the fourth corner = v/2E + E'
Where E = L © and E '=_I__Q__=£
4n e, a® dney 2a° 2

Hence the intensity of electric field at the fourth corner
=E[J§+é)

¢ When a charged particle of mass m and charge Q remains suspended in an electric field then mg = EQ

¢ When a charged particle of mass m and charge Q remains suspended in an electric field, the number of
fundamental charges on the charged particle,
mg = EQ = E(ne)
n = (mg)/(Ee)

KEY NOTE
A charged particle of charge plus/minus Q is projected with an initial velocity u in a vertically upward electric field E
making an angle 0 to the horizontal. Then

2u5in 0

EQ

g+ —
m

Time of flight =

u’sin @

e
m

Maximum height =

Intensity of electric field inside a charged hollow conducting sphere is zero.
¢ A hollow sphere of radius r is given a charge Q. Intensity of electric field at any point inside it is zero. Intensity of
electric field on the surface of the sphere is

Q
L0
dney r

Intensity of electric field at any point outside the sphere is (at a distance 'x' from the centre)

1 0

2

dney x

¢ The bob of a simple pendulum is given a +ve charge and it is made to oscillate in a vertically upward electric field,
then the time period of oscillation is
9|Page



¢ Inthe above case, if the bob is given a -ve charge then the time period is given by

G
I
2n -Q
=Y
m

mg
¢ Asphereis given a charge of Q' and is suspended in a horizontal electric field. The angle made by the string with
the vertical is,
0=tan”’ £Q
mg
¢ Thetension in the string is
(EQ)* +(mg)’
¢ Abob carrying a +ve charge is suspended by a silk thread in a vertically upward electric field, then the tension in
the string is, T=mg - EQ
¢ Ifthe bob carries -ve charge, tension in the string is mg + EQ

Electric Field at the Axis of a Circular Uniformly Charged Ring

dg  Ab'+x  [dEsin0

R\
Y
q J4dE cos 0
dE cos 0
e/ X

dE sin 6 |
Intensity of electric field at a point P that lies on the axis of the ring at a distance x from its centre is
1 qx
=
g
4ne (x2 +R? )/2 where {cosﬂ = —i—}
va® + x*

Where R is the radius of the ring. From the above expression E = 0 at the centre of the ring.
. . dE
E will be maximum when o 0

Differentating E w.r.t x and putting it equal to zero we get

—iandE e > L..2
=R max = 3 3\ 4ney R?

Electric Field Due To A Charged Spherical Conductor (Spherical Shell)
'q' amount of charge be uniformly distributed over a spherical shell of radius 'R’
o = Surface charge density,

_ 4
Ly 2
4R
When point 'P' lies outside the shell:
E=_L1 4
4r € rz

This is the same expression as obtained for electric field at a point due to a point charge. Hence a charged spherical
shell behave as a point charge concentrated at the centre of it, for outside point.

10| Page



When point ‘P’ lies on the shell:

£E=9
€0

I\:?Vhen Point ‘P’ lies inside the shell:
E=0

|

A

—> Distance from the centre

Note: The field inside the cavity of a metallic body is always zero. This is known as electrostatic shielding.

Electric Field Due To A Uniformly Charged Non Conducting Sphere

Electric field intensity due to a uniformly charged non-conducting sphere of charge Q, of radius R, at a distance r from

the centre of the sphere.

Q is the amount of charge, uniformly distributed over a solid sphere of radius R.

p = Volume charge density

p =
i7:R3
3

When peint ‘P’ lies inside sphere:

E= 1
4ney R

-Q; forr<R

E=PL
3g,

When point ‘P lies on the sphere:

1 0 p- R
— —2 M E:—
4neq R 3g,

When point ‘P’ lies outside the sphere:

1 0

—,

Sp=——————

» ELECTRIC DIPOLE

11| Page
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An electric dipole is a pair of equal and opposite point charge qand -q separated by a small distance 2a. The line
connecting the two charges defines a direction in space. The direction from -q to g is said to be axis of the dipole.
The total charge of the electric dipole is zero.

> Dipole moment (p)
It is defined as the product of magnitude of either charge and the distance of separation between the two charges.
p = q(2 d) 2ais the distance between the two charges.)

Dipole moment 5 always points from -q to +q.
Equitorial Line

.i________

e—> axijal line

Y )

Electric Dipole

> Derivation of the field of an electric dipole
(i) For points on the axis
Let the point P be at distance r from the centre of the dipole on the side of the charge q, as shown in Fig.(a). Then
q &
Eg=—"——7—3bD (1)

- 4re, (r+ a)2

where p is the unit vector along the dipole axis (from -q to q). Also

q "
(2

Eg=t+t————
e 4ne, (r - a)2 {

(&)
Fig.: Electric field of a dipole at (a) a point on the axis, (b) a point on the equatorial plane of the dipole 7 is the dipole
moment vector of magnitude p = q x 2a and directed from -q to q
The total field at P is

E=E, +E. =—J L N
! ! ‘hﬂin[(r—ﬂ)2 (r-m)z]I
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q 4ar . 3)
dneg (2 _ 22
Forr >>‘(\'ll- a )
4qa .
E= r>>q
pu (r>>a) (4)

(ii) For points on the equatorial plane
The magnitudes of the electric fields due to the two charges +q and -q are given by

-—a 1
+q 4ne, 2 422 ..(5)
q 1
E_ =—2_
q dne, 12 +a2 ..(6)

and are equal.
The directions of E+q and E-q are as shown in Fig.(b). Clearly, the components normal to the dipole axis cancel away.
The components along the dipole axis add up. electric field is opposite to p. We have

E=—(E,q +E_q Jcos6p
2qa

dne, (r2 +a’ )m y (7

At large distances (r >> a), this reduces to

2qa

E=- TP (r>>a) ..(8)

4me,r
From Egs. (4) and (8), it is clear that the dipole field at large distances does not involve q and a separately; it depends
on the product ga. This suggests the definition of dipole moment. The dipole moment vector p of an electric dipole is
de-fined by
P = qx2ap .(9)
that is, it is a vector whose magnitude is charge g times the separation 2a (between the pair of charges q, -q) and the
direction is along the line from -q to g. In terms of p, the electric field of a dipole at large distances takes simple forms:
At a point on the dipole axis

-

(10

T (r>>a)

At a point on the equatorial plane
-

E=-—2F
4m:Or3 (r > a)

Electric Field Due To A Dipole At A Point Lying On The Axial Line (End On Position)
1 2pr
4ng, (I_z haz)z

“axial

(from negative to positive charge)

In case of a short dipole (r>>a),

_ 1 2p
wcim'_m’_J
P Q- of __rp
5 -
[ a >k a e—(r—a)
————r

Electric field due to a dipole at a point lying on the equatorial line (Broad side on position)
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-1 p
equatarial —
g (r2 + az)%

{from positive to negative charge}
In case of short dipole (r>>a),

1 p

47{50 r3
E,sin 0

equatorial =

EA

P g 2E, cos 8

e, B

‘.\.\jl'2 +ar

~
X -
rd

Electric field due to a short dipole at any point K(r, 6)

Figure AB represents a short electric dipole of moment p along AB O is the centre of dipole. We have to calculate
electric field E intensity at any point K, where

OK=r, ZBOK =0

The dipole moment § can be resolved into two rectangular components:

(p cos@) along A1B1 and (p sin8) along A2B. L AiBi. Field intensity at K on the axial line of A1B1
- 2 0
|EI _ 2pcos

Let it be represented by KL along OK. Field intensity at K on equatorial line of A2B2
= psin@

|E2| = 3

dne,r

Let it be represented by KM | | B2A2. Complete the rectangle KLNM. According to | | gm law, KN represents resultant
intensity (E) at K due to the short dipole.

As KN =+KL? +KMm?

: 2 2
. fL [z .2 _ || 2pcos® psin®
..|E|—\IE1+E2_\/[ 3J +[ 3

dneyr 4neyr
S —V4cos? 0+sin® 0
dne,r

& P 2 2 2
El|= 3cos“0+|cos” B+sin“ 0
IE| 4n e, r”/ ( )

—%\/30052 0+1

4meyr

n pV3cos? 0+1

ie., |E 3
Aneyr

Let ZLKN=0q
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psin® 4neyr’

471:50 r ‘2pCOSe

In AKLN, tano=

1
or tan cc=—tan9
2

.« can be calculated

» Particular Cases:
1. When the point K lies on axial line of dipole.
0=0°cosf=cos0°=1

- 2 a 1 2
.‘.!Eiz.._p—? 3cos® 0°+ =—4p—3 and

dneyr 4meyr
lana:%tan()":O, La=0°

i.e., resultant intensity is along the axial line.
2. When the point K lies on equatorial line of dipole.
0=90°, cos 0 =cos 90°=0

E=——p—7\f3cos2 90° +1 :—p—:,r and

dneyr dre,r
1
tano = Elan 90° =, 0 =907

i.e., direction of resultant field intensity is perpendicular to the equatorial line (and hence antiparallel to axial line of
dipole). We have already proved these results.

» Torque on a dipole placed in a uniform electric field :
The torque due to the force on the positive charge about a point O is given by Fa sin 8 The torque on the negative
charge about O is also Fa sinf

t=2Fasing

= t1=2aqEsin8=t=pEsin0

. J?O—\>F
oA
AN

= pxE

» KEY NOTE

Let electric force between two dipoles be F, then

1 6pip . .
= ——>L"2 when dipoles are placed coaxially to each other.
ameg 14

1 6 . '
= e —sz when dipoles are placed perpendicular to each other.
TT€o

Work done in rotating a dipole in a uniform electric field
When an electric dipole is placed in a uniform electric field E, a torque, T = p x E acts on it. If we rotate the dipole
through. a small angle de as in the Fig. (b) the work done by the torque is
aw = ©df
dW = — pEsin6d6

The work is negative as the rotation df is opposite to the torque.
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Fig.: Dipole at different angles with elecfric field

Total work done by external forces in rotating a dipole from,
8 =0, to 6 =0, will be given by

o
W = [ pEsin@ do
8
= pE (cos@, — cosb,)

external forces

and work done by electric forces,

Welemic force = _Wextemal force = pE(CDS@z - COSGI)
If Taking 6, = 0 and 0, = 90°
We have,
Wetectic dipote = P- B (€090° —cos0) = — pE cos@
- =
=—p. E
GAUSS'S LAW

According to Gauss's law, "the net electric flux through any closed surface is equal to the net charge enclosed by it
divided by €0" Mathematically, it can be written as

be =g’>E-dqs=£‘;

Derivation of Gauss's Law
Let a point charge +q be placed at centre O of a sphere S. Then S'is a Gaussian surface. Electric field at any pointon S

is given by . E
1 q
= 2 Al
4nig, 1 !;. s
The electric field and area element points radially out-wards. So
6=0°
Flux through arca ds is S

- =
dd = E.dS = EdScos0° = EdS
Total flux through surface 5'is

¢=¢dp=PEdS = EfdS = Ex Area of Sphere
S g 5

1 _%_4311.2 or, &= A which proves Gauss's theorém,

47[50 T Ep

Continuous charge distribution

Linear charge distribution: g=At  Where A = linear charge density.
Surface charge distribution: g = A where = surface charge density.
Volume charge distribution: q = pA where p = volume charge density.
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> Applications of Gauss's Law
(i) Electric field due to an infinitely long charged wire.

— ds.

+ Lz
P |- 90(: -
L
i +
s, Pl ot
teri O
Led T 7 . =
VS L‘_E--ym E

. + ----- - -
4} ds;

bp = fﬁEEs =JE.dSI cosg® = E x 2mrl

(21l other becomes zero as 8 = 90°)

Using Gauss law, also ég =4

&

E.Z‘rrrl = H = E = A
£ 2me,r

(ii) Electric field intensity due to a uniformly charged infinite plane sheet.

ds = A

I ()

b

+/<—r—~—>|

o = Jvl.d*c = 2EA (due to both circular surface)

q=0A

: q

Using Gauss’s law, ¢; =—
£

0

A28 5[RE E
£, 2g,

Note: Electric field is independent orr.

(iii) Electric field intensity due to two equally and oppositely charged parallel plane sheets of charge.

fo o
— -
| ]
o)
+E=_ -
g& || E=0
_b -
+
+ -
? —

E= g (between two plates)
gy

E =0 (outside the plates)
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(iv) Electric field intensity due to two positively charged parallel plane sheets of charge.
o, 0, ‘

E, F E, ] Ell
+ +
+| +
H ¥
m sy o [ 1
R % 4 [P S B RN
-+
5 &
+ +
+ +
+ +
4] - —> Lo
sheetl sheet2

Consider, o, > 0, > 0;

+ .
InregionI: E_, =E +E,= Bzajl (towards right)
0

- :
InregionIl: E, =B, -, =(G—'2——’l (towardsright)

Ey

SE +E, —(—"‘2—*"1)_ (towards leh)
Ly

Inregion III: E,,

(v) Electric field due to uniformly charged thin spherical shell.

Inside the sphere (r <R)

By Gauss’s law, cﬁﬁ.&s =1
£

E=0 (as q=0 inside}
Outside the sphere (1> R)

By Gauss’s law, qSEHS _49_0A
£ &

~,_ox47R? _ oR?

Exdnr s BE=—
£ g,T
1
E=—0101
4me,
E
E oC --2- A q
E=
. T " 4ne R}
On the surface (r=R) .
Inside_+>
oR? “point
E= .
Sur2 .‘."- \\R\
H o] B
Forr=R, 5 Ezﬂ‘
=59
g, 4ngR?

>  Electric Field Intensity Due to a Non-conducting Charged Solid Sphere
Suppose a non conducting solid sphere of radius R and centre O has uniform volume density of charge p.
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We have to calculate electric field intensity E at any point P, where OP =r With O as centre and r as radius, imagine a

sphere S, which acts as a Gaussian surface, Fig.. At every point of S, magnitude of Eis same, directed radially outwards.

If ' is the charge enclosed by the sphere S, then according to Gauss's law
$E. &= pEi ds=Eas=L

3 S s €
where e is electrical permittivity of the material of the insulating sphere.

E(4mz):% or B= 4nqer2

Now, charge inside S. i.e., g ,= volume of Sx volume density of charge

(1)

q'~4-rr3x
3 P

4 3

From (2), E==—2P__ P . g
34ner’ 3¢ 3e

Clearly, Exr

i.e., electric intensity at any point inside a non-conducting charged solid sphere varies directly from the centre of the
sphere. as the distance of the point

At the centre of the sphere, r=0 .
E=0

Rp .
Also, E= 1. S at surface of sphey,

We have already proved that outside the sphere, E x 1 / r?

All these results are plotted in fig., which represents the variation of electric field intensity E with distance (r) from the
centre of a non conducing uniformly charged solid sphere.

— Distance from centre ()
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