Electric Field:

The space surrounding an electric charge ‘q’ in which another charge qo
experiences a force of attraction or repulsion is called the el ic field of the
charge q.

The charge q is “source charge” and the charge qois called “test charge”. The
source charge may be point charge, a group of point charge or continuous
charge.

Intensity of Electric Field (E )

Electric field intensity at any point is can be defined as force experienced per
unit positive test charge placed at that point without disturbing the source
charge.

If F is force experienced by test charge qo, placed at any point in electric field
then the Electric field intensity E at that point is given by,
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The direction of E is in the direction of the force F.

Electric field intensity due to a point charge

Let us consider an isolated point charge of +q at O in a vacuum. Let qo be the
test charge placed at a point P at which we have to determine the intensity of

the electric field. 5 P
_—9
°© % G
. . . _ 0
now, the electric force acting on qois |F| = yr——
0

hence, the intensity of the electric field at the point P is given by,
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If charges are kept in a material with dielectric constant K, then

S 1 q
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Electric Field intensity due to a groups of point charges

Let us consider a system of ‘n’point charges g4, q,,qs ..., q,, be distributed in
space in a discrete manner around point P. Let electric field intensity due to
q1,92,93 ---,qn are Ei, E5, E5 ... E,, at point P respectively.

Then according to the superposition principle, the total electric field at P is

given by, 9, - N - ﬁ’g
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Intensity of Electric field due to continuous charge distribution

i)  Linear charge distribution 7

Let us consider a line charge (L)
of linear charge density A.

Let dl be an infinitesimally small
element of this charge.

so, the charge on the element dl is, O

dq = Adl L >_é»°u) 2

Let 7; is position vector of dl with respect to origin

7, is position vector of qo at P with respect to origin

now, Force on qo due to dq on length element dl is given by:

S 1 d
dF = q02 ql"/z\1
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Hence, force on qo due to whole line charge,
- do Adl g
F = I
41t fLrgl 21

then, electric field due to line charge is given by,

PR f}\dl/\ Q:E’-f-)

— o
4meg J 13, 1

ii)  Surface charge distribution \l 1 5

Let us consider a surface charge (S)

of surface charge density o.

Let ds be an infinitesimally small

surface element of this charge.

so, the charge on the element ds is,
< dq = ods o "z

Let 7, is position vector of ds with respect to origin

7, is position vector of qo at P with respect to origin
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now, Force on qo due to dq on element ds is given by:

S 1 d
dF = %2 ql‘/2\1
4Tey 154

Hence, force on qo due to whole surface charge,
S do ods _
F = J > I'sq
s I'21
then, electric field due to surface charge is given by,

- 1 ods _ \/
E = J > I's1
4TEg Js T3q + 3
+ A+
4 L t
: 2 s * ik
i)  Volume charge distribution + A <\
+ — A
Let us consider a volume charge (V) f ~
of volume charge density p. \ 2
Let dv be an infinitesimally small 4’2""’93, P
volume element of this charge. Yo
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so, the charge on the element dv is,
dq = pdv

Let 7; is position vector of dv with respect to origin

7, is position vector of qo at P with respect to origin

now, Force on qo due to dq on element dv is given by:

S 1 d
dF = qO{gl‘/ﬂ
4Tey 15

Hence, force on qo due to whole volume charge,

> Qo (pdv__
F = > I'sq

then, electric field due to volume charge is given by,

7 1 J pdv __
= r
ey Jy 12, 2
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Que 8: Three charges 1uC, 1uC and 2uC are kept at vertices A, B
and C of an equilateral triangle ABC of 10 cm side respectively.
What will the resultant force on the charge at C?
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Que 9: Two charges each +q C are placed along line. A third
charge -q is placed between them. At what position will the system
be in equilibrium?
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Electric line of forces (OR Field lines):

Electric field lines are defined as straight or curved path such that
tangent to it at any point gives the direction of electric field intensity
at that point.

Properties of electric field lines

i)  Electric line of forces are discontinuous curves. i.e. they start
from positive charge and ends at negative charge.

BH——0

ii) Tangents to the lines of forces at any point gives the direction of
electric intensity. Fa

iii) No two electric line can intersect each other.
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iv)

vi)

The electric lines are always zero inside a conductor because

they do not pass through a conductor.
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The electric line contract longitudinally on account of attraction

between unlike charges.

A

The electric line exerts a lateral pressure on account of
repulsion between like charges.

\(l
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Examples:

i)  Isolated positive charge. ii) Isolated negative charge
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iv) Line of force due to two equal positive point charges.

12

o ;W (= %/
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v) Line of force due to two oppositely charges parallel plates.

M
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Que 10: Two-point charges having equal charges separated by
1m distance experience a force of 8N. What will be the force
experienced by them, if they are held in water, at the same
distance? (given Kwater=80)
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Que 11: Four-point charges Qa= 2uC, QB = -5uC, Qc = 2uC and
Qo = -5uC are located at the corners of a square ABCD of side 10
cm. What is the force on a charge of 1uC placed at the centre of

the square?
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Que 12: A conducting sphere of radius 10 cm has an unknown
charge. If the electric field 20 cm from the center of sphere is
1.5 X 10° N/C and points radially inwards, then what is the net
charge on the sphere?
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Que 13: Two charges +Q and -Q are kept at points (-X2, 0) and

(X1,0) respectively, in the XY- plane. Find the magnitude and
direction of the electric field at the origin (0,0).
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Que 14: Two-point charges +Q and +4Q are separated by a

distance of 6a. Find the point on the line joining the two charges,

where the electric field is,zero.
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