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

charge .It isgiven by
F
E=-—
q

According to coulomb’s law
Qq

" 4mer?

Electric Filed

Substitute F value in above equation

199"
B 4er?

q

Qq

= 4dmerig

Q

J 4mer? {A

The another unit of electric field isVolts /meter
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ELECTRIC POTENTIAL DUE TO LINE CHARGE:

Considered uniformly charged line of length L whose linear charge density is p;
Coulomb/meter. Consider asmall element dl at a distance I from one end of the
charged line as shown infigure 2.1.1 .Let P be any point at a distance r from the

element dl.

(0,0,2)T

L

Figure 2.1.1 Evaluation of the electric potential V dueto alinecharge

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

The electric field at apoint P dueto the charge element pdl is given

_ pdl
"~ 4mer?

The x and y components of eectric field dE ere given by

From the above diagram find sin @ and cos @

o o
sinf = —-
dE, = dEsin@
dE
0sf = —Z~
cos 1

dEy = dE cos 6
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Substitute dE expression in dE,

_ pdlsin 6
CEx = 4mrer?
pidlcos@
dE, = ————
¥ dmrer?
[
I
I
4 =l
l
I
s I
e
—=
From the above diagram find tan 6
h
tan@ = —
x—1
7 h
*~' = tane

x—1=hcot0
Differentiate above equation on both sides
0 — dl = h(— cosec? 9)
—dl = —h(cosec? 9)
dl = h(cosec? 0).do

From the above diagram find sin 8

sin@ =

h
sin @

r = hcosec9

Substitute dl and r value in dE,,
__ pdlsin@

dE
“ 4mer?
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pih(cosec? @) dO sin @

dE = 4me (h cosec 0)2

prh(cosec? 6) dO sin 0
41reh? cosec? 0

dE, =

p;sin 6do

iy = 4meh

Integrate the above equation dE , considered thelimit asa4 to m — a,

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

m—aoy
- p1Sin 0d0O
dex & 4meh
oy
J p[ sin 6d6O
41r£h
n—ay
Ny L :
- _4n£hf sin 6d6
o1
p - m—az
e eh[ cos 0],
P
E, = T [— cos(m — a,) — (cos ay)]
P
. 4 h[(cos a,) + (cos ay)]

P
E, = ineh [(cos ay) + (cos a3)]

Substitute dl and r valuein dE,
__ pih(cosec? 6)d6 cos 6

dE., =
Y 41re (h cosec 0)?
g5, = pih(cosec? ) dO cos 0
Y 4meh? cosec? 0
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a5 = pih(cosec? 6) dOcos 0
Y™ 4meh? cosec? 0
__ p1dBcos o
S8y = dnsh
picos 0do
dE, = —————
¥ 4meh

Similarly for y component of E
Integrate the above equation dE,, consider thelimit as a4 to ™ — a,

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

m—a3

- prcos0do
dey I Ameh

oy

n—a

2
p;cos0do

Y 4meh
ay

m—ay

J’ cos0do

aq

P
P Arceh

Pi

—_ = n—az
Y = ameh [sin @]

aq

N = (i
Ey = [sin(m - ;) — (sin ay)]

y = 2o [(sina) - (sin ay)]

Case (i): If 'the point P is at bisector of aline, thena; = a; = a
E, =0 E becomesE,

P
Ey = 4m_“s.‘l[(cos aq) + (cos a,)]

_ Pi
X 4meh

[(cosa) + (cosa)]
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Pi
Ex4h

(2cosa)

x S5 h (cosa)

y = — [(sina;) — (sin a4)]

Substituteaty = a; = a

E, = 41’;’ L [(sin @) — (sin )]

E

[0]

Y 4n:£h
E, =0

E becomes E E=E,

Case (ii): If thelineisinfinitely longthena; = a;, = a =0

E, =0 E becomesE,

A 4 h[(cos aq) + (cos a;)]

!
*  4meh

[(cos0) + (cos 0)]

_ P
E, = 7= [(1) + (D]

x 4n£h 2]

_ Pi
X 2meh

EE8391 ELECTROMAGNETIC THEORY



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

P ; o (o
E, = Aneh [(sina,) — (sin a4)]
Substituteay = a, = a=10
P ¢ e
Y = Imeh [(sin 0) — (sin 0)]

_ P _
Ey = ——[(0) - (0)]

Gl 4::;}1 Lol
E, =
E becomes E, E=E,
fACE 2::;!1
F it
2meh

Work done

Substitute E equationin U
rz
H=- f qE dh
T

rz

_ Pi
0= quTrshdh

r

r

__aqp (1
e Zrtsfhdh

ry

__am r
" ——E[lnh]rf
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qp.

n = o [(In7T) — (Inry)]

Multiply the common minus term with inside terms

= L —(nry) - (<Inry)]

w = —z‘ﬂtﬂ[ (Inry) + (In7y)]

= 2L [anry) — (nry)]

_ ap: ﬂ]
2melr,

Electric Potential Difference

Substitute U value in above equation

_ 4, [ﬁ]
2meq Ly

_ P 2]
2me |1y
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ELECTRLC POTENTIAL DUE TO CIRCULAR DI SC:

Consider a circular disc of radius R is charged uniformly with a charge density of
ps coulomb/n % 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

2.1.2.The area of the annular ring isds = 2rrdr.

Figure 2.1.2 Evaluation of the E field dueto a charged ring
[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-120]
Thefield 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 @

dE
y 4mred?
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From the above diagram find tan @ and sin 6

tan @ =

T
h

r=htan@

sinf =

&=

r

sin@

Assume ds = 2nrdr

dscos @
dpy — PACeCORE

y 4rmred?
Substitute ds in dE,

__ ps2mrdrcos 6
e Amred?

r=htan@

Differentiate above equation

dr = hsec?0d6
Substitute dr and d in dE,

ps(2mr)hsec? 8d6 cos O
dE, =
¥ 4med?

_ ps(2ar)hsec? 6d0 cos 0

4me (si: 6)2

dE,
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_ ps(2mr)(hsec? 6)d6 cos 6 sin* 6

aEy 4mrer?

_ ps(2mr)(hsec? 0 )sin® 6 cos 0 dO

dEy Amrer?

AE. — ps(2mr)(h) sin” 6 cos 0 dO
Yo 41er? cos? 0

JE. — ps(2mr)(h) sin? 0d6
yo Arer? cos @

__ ps(2mr)(h) tan@sin 6 dO

dE
Y 4rer?

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

gE; 4mer?

_ ps(h)tan0sin 6 d6

dE, 2er

Substituter in dEy

_ ps(h)tan @ sin 6 dO

E
dE, 2er

_ ps(h)tan@sin 6 d6

s 2chtan@

pPssinf deo
dE, —/————
< 2¢

Integrate the above equation dE, considered the limit as 0 to a

a

_ [ pssin0do

Jus, - [estnoe
0

a
dey =’29—Z fsin&d@
0

__ Ps
E, = 2e [—cos@]g
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E, = % [(—cosa) — (—cos0)]
E, = % [(—cosa) + (1)]
Ey =22 [(1) + (- cos @)]

E, =g [1 — cos a]
The total electric field E=E,+E,
E=E,+E,
E, =0
-

E, C 5, [1— cos aj

Ps
E~0+2£ [1— cosal

E:% [1— cos a]

Theelectric potential ¥V at any point P due to charge disc
0
V=- J- Edx
d
Substitute E value in above equation
0
V= —f& [1 —cosa]dx
d
Substitute & = @ in above equation
0
V= —J‘% [1— cos @] dx
d

Integrate above equation with respect to x
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0
= _Psy_
V= T [1 cos&]dj dx

— ____S —_—
V= T [1 —cos 9][x]g
__Ps . _ - (d
V= 3¢ [1—cos@][(0) — (d)]

—_Psq_ :
V= o [1—cos@] [—(d)]

Al —
V=2 [1-cos6] ()]

_ psd

V=—[1-cos0]
2¢

e— >

R

d? = R? + h?
d =+ R?% + h?

0=
Cos d

Substitute d value in above equation

h
VR? + h?

cosO =
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Substitute cos @ equation in V
_ psd
V= 5e [1 - cos @]

V__pS\/RZ+h2 [1 h ]
- 2 VR? + h2

o PsVRZ+RE VR? + h?> —h
- 2 VRZ + h?

_ psVRZ + I 1
V= () X[V -

V=2 VRE+ h2 — |
ELECTRIC POTENTIAL DUE TO INFINITE SHEET OF CHARGE:

Consider an infinite plane sheet which is uniformly charged with a charge density of

ps Coulom/n ? as shown in figure 2.1.3.

P(0, 0, 1)

Ps

h

Figure 2.1.3 Evaluation of the E field dueto an infinite sheet of charge

[Source: “Elements of Electromagnetics” by Matthew N.O.Sadiku, page-116]
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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 dueto the charged arnular 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

dscos@
dE o PSESEORE

Y 4med?

From the above diagram find tan @ and sin 6
tan 6 = d
an = o

r=nhtan@

sinf =

&l =

r

sin@

Assume ds = 2nrdr

psds cos 0
dE, = —————
¥ 4med?

Substitute ds in dEy
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_ ps2nrdrcos @
L R

r=htan@
Differentiate above equation
dr = hsec?0d6

Substitute dr and d in dE,,

_ ps(2mr)h sec® 6d6 cos 6

dE
y Amred?

_ ps(2nr)h sec® 6d0 cos 6

e (siz 8)2

_ ps(2mr)(hsec? 6)d6 cos 6 sin* 6

dE,

$ 41Ter?
dE. = ps(2mr)(hsec? 6 ) sin” @ cos 0 dO
&\ 4mrer?
dE. = ps(2mr)(h) sin? 0 cos 0 dO
L 4mer? cos? 6
dE. = Ps@mr)(h) sin® 6d6
X 41rer? cos O
dE. — ps(2mr)(h) tan 0 sin 0 do
0 4mrer?
dE. — ps(2mr)(h) tan 6 sin 6 d6
o 4rrer?
_ ps(h)tan®sin 6 do
dEy B 2er
Substitute r in dE,
ps(h)tan B sin 6 d6
dE. =
4 2¢er
dE. — ps(h) tan0sin 6 do

4 2 htan@
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PssSin@ do
dE, = ————
g 2¢

Integrate the above equation dE, consider the limit as 0 to a

[/
_ [ pssin6do
[ag, = [2222
0

o
Ps .
dey =2—£ fsm&d@

0

Ps
E, = P [—cos@]§

E, = % [(—cosa) — (—cos0)]

E, = g_i: [(—cosa) + (1)]

Ey =22 [(1) + (—cos )]

_ Ps
E, = [1— cos a
The total electric field E=E,+E,
E=E,+E,
Ee =
Ps
E, =5 [1— cosa]
Ps
E=0+2=[1-
25[ cos a]
E—% [1— cosa]

The electric field due to infinite uniformly charge sheet a = 90°
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E:% [1— cosa]
E=% [1 - cos90°]
E=% [1-0]
E=5511]

Theelectric potential V at any point P is given by

0
V=—J.de
d

Substitute E value in above equation

0
Ps
V=—|—d
fZE ¥
d

Substitute & = @ in above equation

0
V:—fﬁ i
2&
d

Integrate above equation with respect to x

= B

V= Zzum
__Ps .
V=-2>1(0)~ (a)]

_ _Ps _
v=—2 (@]
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_bs
V=22 (@)

_osd

vV
2&

d? = R? + h?
d =+ R?% + h?
Substitute d equationinV

_Psd
L= 2¢&

ps"\/RZ -+ hz
V=" —
2€

V= %[\/RZ + h2] volts
COAXIAL CYLINDER
Consider the two coexia cylindrical conductors forming a coaxial cable. The radius of
the inner cylinder is a while the radius of the outer cylinder is b.The coaxial cable is
shown in figure 2.1.4.The length of cableis L.

The line charge density of inner cylinder is p;. The line charge density of inner cylinder

iS_pl.
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Figure 2.1.4 Coaxial Cable

[Source: “Electromagnetic Theory” by U.A.Bakshi, page-3.19]

In outer side the integral of electric flux density over a spaceis equal to charge.
| pa, =

Theline charge density

p1= QT Coulomb/meter(c/n)

Substitute Q in [ Dd

Substitute D"in f Dd equation
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Substitute [ d value in above equation
€EA = pgi

— o

E =
gA

Areaof Cylinder A= 2mrl

. pil
e2nrl

_ P
e2nr

_ P
2mEr

The potential difference between the two cylinders

a
V=—jEdr
b

Substitute E inV

v=—2L[(Ina) - (nb)]
2TE

_ P (=
V_Zne[ (Ina) — (—Inb)]

3

V=—"[(nb) - (Ina)]
21E
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b
V= e (5]
21Ee a
Theelectricfieldscan b written asin terms of potential
b
V=2 ()
2me a
Substitute E expression in above equation
b
V= 5mz [ (G)]
2TE a

_Pr
2TE

=g o)

(=2

|4

()

= Er

'

ELECTRIC POTENTIAL DUE TO SHELL OF CHARGE
Electric Potential Single Shell of Charge:

A positive charge Q isuniformly distributed over a spherical surface of radius as shown
in figure.
By applying Gauss’s law inside the shell the integral of flux density D over a spherical

surfaceis zero as no chargeis enclosed by the surface.
f Dds=0 r<a

D = ¢eFE

Substitute D expressionin D ds

%Ddszo
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fsEds:O
£§Eds:0
E=0 r<a

Electric field is zero inside the shell.
By applying Gauss’s law just outside the shell, the integral of flux density D over a

spherical surfaceisthe charge of the shell.

§D ds =Q
s
D =¢E
Substitute D expressionin D ds
%Dds =@
s
5££Eds =Q
s
£E§d$ =q
5
%ds =S=A
s
};ds =A
s
Area of sphere
A = 4mr?

Substitute A expression in above eguation
§ ds=A
5
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f ds = 4nr?
5
Substitute 5, ds expressionin D ds equation

EEjgds:Q

eEAnr? = Q
Q

= dmer?
Thisisthe electric field just outside the spherical shell
The potential just outside the shell is

V=- J’ Edr
Substitute V expression in E equation

V=—J’Edr

> Q
= f411‘£r2 5y

V= ¢ L d
~ Tamerz) 72 7

Q
V=-— 2d
4rrer? g 2

Integrate the above equation V

Q T_2+1
a 4me -2+ 1

__ @ !
T 4me (1)
Q -1

4me (1)

Q

4me X r
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Q
V = >
4mer - R

At r = a electric potential on the sphere

V =

4mer
Substitute r = a in above equation
__Q
4mea
Since electric field E inside the shell is zero. It requires no work to move atest charge

inside the shell and hence the electric potentia V inside the shell is constant.
V= ——fEdr = Constant

Q
P = r<
dmrea ¥

ELECTRIC POTENTIAL TWO CONCENTRIC SHELL OF CHARGE:

Electric field intensity between two shells:

Consider two spherical shells of radius a and b.Let Qqand @, be the charges uniformly
distributed over the inner shell of radius a ana outer shell of radius b respectively.

By applying Gauss’s law the linc integral of flux density D over a closed surface is

ZEro.
fﬂ'dszo r<a
D

=cFE

Substitute D expressionin D ds

S

0
0

f;Dds
fsEds

M
~——
Ty
=1
n
I
o
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Electric field is zero inside the shell.

The electric field intensity between the two shells (a < r < b)

S

1 3
E=—— <r<b
4mrer? (a<r )

The electric field intensity just outside both shells due to Qqand @, (r=>b > a)

E:Ql‘l‘Qz

yr— (r>b>a

At theinner shell r = a the électric field intensity

Q4

4irer?

At the outer shell r = b the electric field intensity

E:Q1+Q2

4rrer?

The variation of eectric field intensity is shown in figure

(3

The potential between two concentric shells:
The potential difference between the two shellsis given by

@

V=- J’ E dr
b
Substitute E expression in above equation
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Q

4mrer?

__[_e
V= bj dr

—

4rrer?

Integrate above equation with respect to r

@ r
4mer? [(—1)

Q [(-1]*

4mer? | r

Q @]

~ 2
4rer Bl

= rer [G)-G)

Q 1 1

- 4mter? la b

If Q4 bethe charge distributed over inner shell and @, be the charge distributed over

outer shell, then potentia difference

1 Q1 Q2

" 4Amer? | a b
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