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1.7 ELECTRIC FIELD INTENSITY

ELECTRIC FILED OR ELECTRIC FIELD INTENSITY:
The electric field or electric field intensity is defined as the electric force per unit

charge .It is given by

According to coulomb’s law

Electric Filed

Substitute F value in above equation

Qq
2
E = 4dmer

q

Qq

S 4ATreriq

Q

4mrer?

The another unit of electric field is Volts/meter

V/m

ELECTRIC FIELD INTENSITY DUE TO LINE CHARGE:

Considered uniformly charged line of length L whose linear charge density is p;
Coulomb/meter. Consider a small element dl at a distance I from one end of the
charged line as shown in figure 1.7.1 .Let P be any point at a distance r from the

element dl.
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Figure 1.7.1 Evaluation of the E field due to a line charge

[Source: “Elements of Electromagnetics ” by Matthew N.O.Sadiku, page-114]

The electric field at a point P due to the charge element pdl is given

pdl
f o/
g 4mrer?

The x and y components of electric field dE are given by

dE
D
5y
From the above diagram find sin @ and cos @
dE,
dE
dE, = dE sin@
dE,
dE
dE, = dEcos0

|
!
:dE

p

sin @ =

cos0O =

Substitute dE expression in dE,

_ pdlsin@
dE, = 4mer?

__ pidlcoso
dE, = 4mrer?
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From the above diagram find tan 6

h
tan = ——
x—1

[ - h

3 " tan®
x—1l=hcot@O

Differentiate above equation on both sides
0 — dl = h(— cosec? )
—dl = —h(cosec? 0)
dl = h(cosec? 0).dO

From the above diagram find sin 6
sin@ = —
r
h
sin @

r = hcosecO

Substitute dl and r value in dE,

_ pidlsin®
dE, = Amer?
_ pih(cosec® 6) d6 sin 0

dE
o 47te (h cosec 0)2
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_ pih(cosec® 6) dO sin 6

dE
. 4meh? cosec? 0

_ pisin6do

dE, 4mteh

Integrate the above equation dE, considered the limitas a; to T — a,

The electric field E, due to the entire length of line charge is given by

4

—ay

p;Sin 6d0o

Er = —_—
Jd i j 41teh
aq

nT—a

E, =

ag

2
p;sin 6d0O
4meh

mT—ay

J sin 6d6

ag

B P
*  4Ameh

P

- B n—a
NS,

ag

P
T,
*  4meh

[— cos(t — a;,) — (cos aq)]

- P
*  4meh

[(cosa,) + (cos a;)]

- P
*  4meh

[(cosa;y) + (cos aj)]

Substitute dl and r value in dE,

dE. — ph(cosec? 0)dO cos 0
Y 4me (hcosec0)?
IE. — ph(cosec? 0)dO cos O
Y 4meh? cosec? 0

h(cosec? 0) d6cos 0
dE, = pih( )

4meh? cosec? 0
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dE __ pidocos 6
Y 4meh

p;cos0do

E,=—
dE, 41reh

Similarly for y component of E

Integrate the above equation dE,, considered the limit as a; to ™ — a;

The electric field E,, due to the entire length of line charge is given by

mT—a)
- picos0do
jdEy B 4mteh
ag
mT—ay
A J picos0do
s 4mreh
ay
nT—ay
Wdd
L\ f cos0do
ag
P mT—Qa3
Y 4meh [sin 8,
E. = Py [sin(mT — a,) — (sin a4)]
Y 4meh
SV : Ui
A= [(sinay) — (sin a;)]

Case (i): If the point P is at bisector of a line, thena; = a;, =

E, =0 E becomesE,
P
Ry [(cosay) + (cos a,)]
P1
E, = Ameh [(cosa) + (cosa)]
P
. = Ameh (2cos )
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P
E, = 2meh (cosa)

_ P
Y 4meh

[(sina;) — (sin a,)]

Substitute a; = a, = «

_ P
Y 4meh

[(sina) — (sina)]

E becomes E, E=E,

Case (ii): If the line is infinitely long thenay = a, = a =0

E, =0 E becomesE,

y

P
= 4neh[(cos a,) + (cos ay)]

_ P
*  4meh

[(cos0) + (cos 0)]

_ P
*  4meh

[(1) + (D]

_ P
Y 4meh

2]

_ P
*  2meh

b1
Ey " 4meh

[(sina;) — (sin a4)]
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Substitutea; = a, = a=0

P . ol
E, = 4meh [(sin0) — (sin 0)]
P B
y = e, [0 = (O]
P
Y~ 4Ameh [0]
E, =0
E becomes E, E=E,
- i
kD& = 2meh
Pi
E =
2meh

ELECTRIC FIELD INTENSITY DUE TO CIRCULAR DISC:

Consider a circular disc of radius R is charged uniformly with a charge density of
ps coulomb/m? .Let P be any point on the axis of the disc at a distance from the centre.
Consider an annular ring of radius r and of radial thickness dr as shown in figure

1.7.2.The area of the annular ring is ds = 2nrdr.

Figure 1.7.2 Evaluation of the E field due to a charged ring

[Source: “Elements of Electromagnetics ” by Matthew N.O.Sadiku, page-120]
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The field intensity at point P due to the charged annular ring is given by

_ psds
" 4med?

Since the horizontal component of electric field intensity is zero, The horizontal

components and vertical components are dE, and dE,,

The horizontal components of angular ring is zero

dE, =0
E. =0

The horizontal components of angular ring E,, have to find for circular ring.

the vertical component is given by

_ psdscos®
Y 4med?

From the above diagram find tan @ and sin 6

Assume

Substitute ds In dEy

tan @ = =
an@ = h
r=htan 0
- 9 rd r
sin@ = p
d- r
~ sin@
ds = 2ntrdr
__ psdscos®
dEy = 4mred?

2ntrdr cos 0
dE. = Ps

Y 4med?
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r=htanf
Differentiate above equation
dr = hsec?0do

Substitute dr and d in dEy

dE. — ps(2mr)h sec? 6d0 cos 0
Yo 4rred?
2nr)h sec? 8dO cos 6
dE, = ps( )

B (si: 0)2

_ ps(2mr)(hsec? 6 )d6 cos 6 sin” 0

dE
y 4mrer?

_ ps(2mr)(hsec? 0) sin” 6 cos 6 dO

dE
y 4mer?

_ ps(2mr)(h) sin® 6 cos 6 dO

dE
y 41mter? cos? 0

_ ps(2mr)(h) sin® 6d6
y - 4A1rer? cos O

dE

_ ps(2mr)(h) tan O sin 6 d6
" Amrer?

dE

_ ps(2mr)(h) tan O sin 6 d6
IEF Amrer?

dE

_ ps(h)tan O sin 6 d6
Yy 2¢er

dE

Substitute 7 in dEy

_ ps(h)tan O sin 6 d6

dE
y 2¢er

_ ps(h)tanOsin 6 d6

dE
Y 2c htan @

__ pssin6do

dE
y 2¢
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Integrate the above equation dE,, considered the limitas 0 to a

a
_ [ pssin6do
| as, = [ 222
0

a

Ps .
jdEy =£ fsmede

(=}

Ps
E, == [-cos 0]¢
y =52 [—cos0]§
Ps
E, = P [(—cosa) — (—cos0)]
E _ e [(—cosa) + (1)]
AL 27
E s [(1) + (—cosa)]
T Re
Ps
E, T [1 — cos a]
The total electric field E=E,+E,
E=E,+E
E, =0
E, % [1 — cosa]
Ps
E=0+2[1-
0+ e [1 — cosa]
Ps
E="1[1-
o [1 — cos a]
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ELECTRIC FIELD INTENSITY DUE TO INFINITE SHEET OF CHARGE:
Consider an infinite plane sheet which is uniformly charged with a charge density of

ps Coulom/m? as shown in figure 1.7.3.

P(0,0, k)

Ps

h

Figure 1.7.2 Evaluation of the E field due to an infinite sheet of charge

[Source: “Elements of Electromagnetics ” by Matthew N.O.Sadiku, page-116]
The field intensity at any point P due to infinite plane sheet of charge can be evaluated
by applying expression of charged circular disc.

The field intensity at point P due to the charged annular ring is given by

psds
E=—1"_
i 4med?

Since the horizontal component of electric field intensity is zero, The horizontal
components and vertical components are dE, and dE,,
The horizontal components of angular ring is zero
dE, =0
E,=0
The horizontal components of angular ring E,, have to find for circular ring.
the vertical component is given by

_ psdscos@
e

EE8391 ELECTROMAGNETIC THEORY



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

From the above diagram find tan 8 and sin

tan @ =

T
h

r=htan0

sin@ =

&=

r

"~ sin@

Assume ds = 2ntrdr

ds cos 0
dE =Ps—

y 4mred?
Substitute ds in dEy

D ps2rrdr cos @
Y Amed?

r=htan0

Differentiate above equation

dr = hsec?0do

Substitute dr and d in dEy

dE. — ps(2mr)h sec? 6d6 cos 0
y o Arred?
2nr)h sec? 6dO cos 6
dE, = ps( )

dme (si:; 0)2

ps(2mr)(hsec? 6)dO cos 0 sin? 6
dE, =

4mer?
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_ ps(2nr)(hsec? 0) sin” 6 cos 6 dO

dE
y 4rrer?

_ ps(2mr)(h) sin’ 6 cos 6 d

dE
y 41mter? cos? 0

_ ps(2mr)(h) sin® 6d6

dE
y 41ter? cos O

_ ps(2mr)(h) tan 0 sin 6 d6

dE
y 4mer?

A ps(2nr)(h)tan0sin 6 dO

dE
y 4mrer?

_ ps(h)tan O sin 6 d6

dE
Y 2¢er

Substitute r in dEy

_ ps(h)tan O sin 6 d6

dE
y 2¢er

_ ps(h)tan O sin 6 d6

E
dE, 2¢ htan 8

Pssin0do
E,=—
dE, 2¢

Integrate the above equation dE, consider the limitas 0 to a

a

_ [ pssin6do
[ as, = [222

a
Ps .
jdEy =£ fsmede
0

E=p

S
y =3¢ [—cosB]g

E, = % [(—cosa) — (—cos0)]
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E, = % (= cosa) + (1)]

E, = Z—Z [(1) + (—cosa)]

_Ps [1 — cosa]

E
Yy 2¢

The total electric field E=E,+E,
E=E,+E,
E., =0

L [1 — cos a]

E
Y 2¢

Ps
E=0+—1[1—-
+Ze[ cos af

Ps
E=2=[1-
T [1 — cosa]

The electric field due to infinite uniformly charge sheet a = 90°

_Ps

E_Ze [1 — cos a]
Ezg [1 — cos90° ]
E=2[1-0]
E=251]
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