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ELECTRIC FIELD

Electric field is the region around charged particle or charged body in which if another charge is
placed, it experiences electrostatic force.

Intensity of Electric Field

Ex.

Sol.

Electric field intensity at a point is equal to the electrostatic for experienced by a unit positive point
charge both in magnitude and direction. If a test charge qo is placed at a point in an electric field

and experiences a force F due to some charges (called source charges), the electric field intensity
at that point due to source charges is given by

-

- F
E=—
o

If the E is to be determined practically then the test charge qo should be small otherwise it will
affect the charge distribution on the source which is producing the electric field and hence modify
the quantity which is measured.

A positively charged ball hangs from a long silk thread. We wish to measure E at a point P in the
same horizontal plane as that of the hanging charge. To do so, we put a positive test charge qo at
the point and measure F/qo. Will F/qo be less than, equal to, or greater than E at the point in
question?

When we try to measure the electric field at point P then after placing the test

charge at P it repels the source charge (suspended charge) and the measured

value of electric field E cqsured = Zwill be less than the actual value Eac: that we q %D

q
wanted to measure. @

Properties of electric field intensity E :

1.
2.

B> w

Ex.

Sol.

[t is a vector quantity. Its direction is the same as the force experienced by positive charge.
Direction of electric field due to positive charge is always away from it while due to negative charge
always towards it.

Its S.I. unit is Newton/Coulomb.

Its dimensional formula is [MLT-3A-1]

Electric force on a charge q placed in a region of electric field at a point where the electric field

- -

intensity is E is given byF = qE. Electric force on point charge is in the same direction of electric
field on positive charge and in opposite direction on a negative charge.

It obeys the superposition principle, that is, the field intensity at a point due to a system of charges
is vector sum of the field intensities due to individual point charges.

E=E1+E2+E3+"'-
Itis produced by source charges. The electric field will be a fixed value at a point unless change the
distribution of source charges.

Electrostatic force experienced by - 3uC charge placed at point 'P' due to a P

system 'S' of fixed point charges as shown in figure is 1_; = (21i + 9j)uN.

1. Find out electric field intensity at point P due to S.

2. If now 2uC charge is placed and —3uC is removed at point P then
force experienced by it will be.

F = qE = (2i + 9))uN = —3uC(E) = E = —7i — 3j %
2. Since the source charges are not disturbed the electric field intensity at 'P' will remain

same. Fyqc = +2(E = 2(=7i — 3j) = —14i — 6juN
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Ex. Calculate the electric field intensity which would be just sufficient to
particle of charge -10 pc and mass 10 mg. (Take g = 10 ms?2)

Sol. As force on a charge q in an electric field E is Fy = qE

So according to given problem

|Fql = [W| ie, [q]E = mg

E=26=10 N/C., in downward direction.
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Electric Field Due To Continuous Charge Distribution
The charge Q is spread across the surface of the object.

In such scenarios, determine the electric field caused by individual small charge elements, then
integrate it across the entire area.

Linear Charge Density (1)
It represents the charge density per unit length.

Charge Q is distributed across the wire

N

R
L

o

A=

To determine the electric field along the axis of the rod:
dE = o _ k2
Enet = KA faa+l-%
a1 - 25
Because the electric field from each small charge element aligns in the same direction, we can

integrate it across the length being considered to obtain the ultimate value.

Electric Field Due To Finitely Charged Rod
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y
tanf ==
d
y = dtan 6.
Differentiation w.r.to 6
dy dtan 6
g g&8nr
do do
dy = dsec? 6d@
_ kdq _ kady
dE = 2 (dsec0)?
0 And y both are variable
k-A-dsec?0d@
d?-sec?0
KA
dE = Fde
. AC/m
mf{qﬂdyx‘
y e % 0 y
= 1
0/~ dE, =dEcos®
d !
T dE = _9dy
= v " d?sec?®
P dEj = dEsin &

E,; = dEsin [ 6
By == f_"elz sin 0d0

_ k. 01
= d[ cos 8],

Ey; = = [Cosf, — Cosf,]

\\\ lC/m

E, = kT:‘(cos 6, — cos6;)

1. d =1 Distance of point from wire.

N

0, and 0, is taken from L.

3. 0, and 6, are taken in opposite same.
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dE sin 6

]
( dE, = dEcos©

d R 8
Pk _ lady
et v " d%sec?0
dE), = dEsin 0
E, = [ dECos6.

E, = %f_eelz cos 0d0

KA .
E =7 [sin 6]9_192
KA

E, = F[sin 6, +sin 0,]

E, = %(sin 6, + sin0;)



CLASS -12

JEE - PHYSICS

List of formula for Electric Field Intensity due to various types of charge distribution :

Name/ Type Formula Note Graph
Point charge q is source charge.
\ / Tis vector drawn from
- B Kq - source charge to the
% HE test point. outwards E
/‘ \ duc to +charges &
inwards due to r
charges.
Infinitely long line q is linear charge
charge density (assumed
» A » ZK\A,'IA‘ uniform)
. Zmeor = ris perpendicular E
<« | — distanc of paint from E
ne charge. [s radlal unit >
: vector drawn from the | r
' charge to test point
Infinite non- [s surface charge
conducting thin density. (assumed E
sheet o uniform) Is unit 4
' 2¢gg normal vector. cl2¢,
1 x=distance of point on
. — the axis from centre of _
. the ring. electric field is >
: always along the axis,
Uniformly charged Q is total charge of the
ring E= % ring x-dis.tance of point E
on the axis from centre E.. ]‘/L
of the ring. L
PRS- [P (- Eas =0 e > T
Electric field is always R
along the axis. \/I 2
Infinitely large [s the surface charge.
charged conducing density (assumed E
sheet ] uniform) fiis the unit A
: €o vector perpendicularis | /¢ | .-
- — the surface.
! > I
Uniformly charged Ris radius of the
hollow conducting/ (i)forr =R sphere. T is vector
no conducting E _ k_Q; drawn from centre of
/solid conducting HE sphere to the point E
sphere (i) forr <R Sphere acts like a point
E=0 charge. placed at centre KQ/R - -

for paints outside the

sphere.E is always along
radial direction. Q is
total charge

(= 4R?). (=surface
charge density)
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Uniformly charged I is vector drawn from
solid nan () forr = R centre of sphere to the
conducting sphere > kO point *Sphere acts like a E
(insulating E= W r point charge placed at KR
material - i

) (ii) forr < R the centre for pmnti
E _ kQ - outside the sphere E is
e always along radial dir J

*0 is total charge (P =
snR3). (p=volume
charge density) Inside
the sphere E «
r.Outside the sphere E =
1/r2,

Ex. Six equal point charges are placed at the corners of a regular +qp,\ EEEERRRE -.;‘q
hexagon of side ‘a’. Calculate electric field intensity at the center of .
hexagon?
Similarly electric field due to a uniformly charged ring at the centre i
ofring : +Q ' R

o
Note 1. Net charge on a conductor remains only on the outer surface of a conductor. This property
will be discussed in the article of the conductor.
2. On the surface of isolated spherical conductor charge is uniformly distributed.
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