CHAPTER 1 - STATIC ELECTRIC FIELDS
1.1  Different Co-ordinate Systems

1. Rectangular (or) Cartesian Coordinate system
dL =(dx)a, +(dy)a, +(dz)a,
Elemental length = \/ (dX)2 + (dY)Z + (dZ)2

Elemental area = dxdy, dydz,dzdx
Volume = dxdydz

Right handed Cartesian coordinate system

axxay = az
ayxaz =a,
a,Xxa, = ay
and
ayxax = —az
azxay =—a,
a, Xa, = —ay

2. Circular Cylindrical Coordinate System

Consider any point in this coordinate system as the intersection of three mutually
perpendicular surfaces. The surfaces are:

1) Circular Cylinder (p = constant)
2) a plane (® = constant)

3) another plane ( Z = constant).
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Any point ‘P’ in this coordinate system is represented by (p, @, z ). Units of ‘p’ and ‘z’ are in
meters and unit of ‘@’ is radians. The unit vectors of this coordinate system are @ ,, @ ¢ and a ,.

dL =(dp)a, +(pdd)a, +(dz)a,

Elemental length Z\/(dp)2 + (pd¢)2 + (dZ)2
Elemental area = pdpd(l), pd(l)dZ R dde
Volume = pdpd(l)dZ

Right handed Cylindrical coordinate system

a xa,=a,
ayxa,=a,
a,xa, =a,

Rectangular to Cylindrical coordinate sytem

p=+/x>+y’
o =tan"'(y/x)
z=17

Cylindrical to Rectangular coordinate system

X =pCcos
y=psind
Z=12
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Dot product of unit vectors in cylindrical and Cartesian coordinate system

a, g a,
a, | cosd | -sin® | 0
a, | sin® | cosd |0
a, 0 0 1

3. Spherical coordinate system
dL =(dr)a, +(rdB)ay + (rsinbdo)a,
Elemental length = ~/(dr) + (rd0)? + (rsin 0d¢)’

Elemental area dS = rdrd®, rsin 0drdd, r* sin 0d0dd
Volume dv =r?sin 0d0drdd

Right handed spherical coordinate system dp Xdg = a o

Spherical to Cartesian coordinate system

X =1sinBcosd
y =1sin0sin ¢

Z=1Cc0s0

Cartesian to Spherical coordinate system

r=+x>+y’+2°

V4

0=cos 5 —
\/x +y +z

o =tan"'(y/x)
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Dot products of unit vectors in spherical and Cartesian systems

ap aq a,
Sind Cos® | CosO Cos® | -sin ©
S1nO Sin® | CosO Sin® | Cosd

a, Cos6 -sinf 0

1.2 Coulomb’s Law

Coulomb stated that force between any two objects (two charges) in free space

(or) vacuum separated by a distance is
e Directly proportional to the product of the two charges

e Inversely proportional to the square of the distance between them
e Directed along the line joining the charges.

QQ

2

an—R 54

12

- QQ,
F = KFalz
12
F 2&21 Newton
2 2 412

4ne R,

R r, — T 1
312 = 12 _ 22 1 and constant K =

g, =8.854x107"*F/m
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F=-F = a
! ’ 4ne R, 2
Q,Q
F = =2 5 A7)
4ne R,

F is the force exerted by dJ2 on(;

1.3  Electric Field Intensity (E)

The Electric Field Intensity ‘E’ is defined as force per unit charge.

po_ Q0

= a
2 “tl
4TE8ORt1

Qq — is the test charge and F;; — force acting on Q; by Q;

.
Q,
Q
4ne Ry,
E= LzaR Volt/meter
4mey R
R
where ap = @
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1.4  Electric Field due to Discrete Charges

»
L

[\ -1
1)
-1 / \

QI\\ / ) P

From figure E = Resultant electric field Intensity due to two discrete charges = E; + E;

E = Q r—n Q, r—n
B 2| _ 2| _
47’[80‘1' - rl‘ ‘f Tl‘ 47[80‘1' - rz‘ ‘f Tz‘

The above equation gives the electric field intensity due to two discrete charges. For ‘n’
number of discrete charges, the electric field intensity is given by,

E=E/+EtEs+ ..., En.
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1.5  Principle of Superposition of Fields
Principle of Superposition of Electric Field Intensity:

The total or Resultant electric fields intensity at a point is the vector sum of the
individual component fields at the point.

Principle of Superposition of Potential Fields:

The total potential acting at a point is the algebraic sum of individual potentials at
the point.

1.6  Electric Field Intensity due to Continuous Volume Charge Distribution

AQ =pyAV — (1)
lim AQ
Pv = .
AV — 0 AV

AE AQ ap.  —(2)

- 4mg R>
from(1) AE = LAVz ag
4ne R
_ pyAV -1
47‘580‘1' —r ‘f - f"

pyAV  r—1'
E = —>(3
.[.[ 47[80‘1'—1',2 ‘I._I_r‘ ( )
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Equation (3) is the electric field intensity due to continuous volume charge distribution.

Then the electric field intensity due to continuous line charge density

E—j ;(r—1)

!

Electric field intensity due to continuous Surface charge density

dS ,
E=]| Ps S(r—1)

s4mnegr—1'

1.7  Electric Field due to charges distributed uniformly on an infinite line

+Z
dQ =pPL dL’
Infinite
line - > ’
charge =t

r’
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r=pa, and r'=z'a,

!

—r—1'— _
R=r-r'=pa, -z

‘R‘ _ /pz 4 7?

E=Eja ,+Esa,+E,a,

a

z

No element of charge produces a ‘@’ component of electric field intensity, therefore E ¢ = 0.

de=— 92

=———a
R
4mg R>

fromfig dQ=p;dL" and dL'=dZ

ppdz" R pdz" r-1

dE = =
47[80‘R‘2 R| 4re,|r —1' ‘-t
dE = PLdZ sT—1'= pLdZ (pap — Z'az)
47’[80‘1' -1 47:80( /pz 42 )3
dE = pLdZ (pa —Zz'a )—) (1)
3 \Pap =2,

4me, (p2 + 77 )2
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Equation (1) is in the form of E = Ep ap +E, a,. The contribution to ‘E,’ by elements of
charge which are equal distances above and below the point at which the field is going to be

determined will cancel each other. Therefore only ‘Ep’ will exist and it varies with respect to

[P

p.

(1) - dE = PLdZ - pa,
4me, (p2 + 77 )2
LN
4me, (p2 +z7 )2

Z =400 d '
E= [ PP —(2)

" 4rneg, (p2 + 7" )2

put z'=pcot® ;dz'=—pcosec” 0dO
upperlimitz'=0 ;z'=—o0

pcoth =oo ;pcot =—o0

0=cot () ;0=cot(—w)

0 =cot ' (cot(0)) ;0 =m+cot” (cot(0))

O =upperlimit=0 ;0 =lowerlimit=mn
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o eJ:-O pr(— pCos ecze)dﬁ
=" 4ne, (p2 +p”cot” 9)

dp

N | W

pra, o’ pz(— CcoS ecze)de

E = A 3
50 b= p’ (1 +cot” 6)2
B pra, *7’ (— COS eczﬁ)de
e, ) 3
0 0=r p(0036026)2
B pra, *’ (— COS eczﬁ)de
4ney o p(cos ec30)
P 020 _de
4me, o2 p(cosech)
£ P 920 _3in0do

- 4ne) oy p

q 6=0
B ="t [ sinodo
Amtelp o

=Tt
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a
E= Pt (- cosb)’
4me,p
E=Ple o
4me,p
PL
E= a —> 3
2mgp © G)

Equation number (3) gives the electric field intensity due to infinite line charge.

1.8  Electric Field due to Finite Line Charge

~ “1z'=L
_pp| 1 z
E o 4 2 1 ap
ey | P (pz + 2 )2
~ —1z'=L
_ PL z
k= dreap| ( 2 ! *
—(p T Z' )2 dz'=—
pL L' _ L'

E

T L @

:4ngop_(p2+L2)2 (p2+L2)2_
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E=PL 2L a
1
E=_PL L “la, S (4)
2meyp <p2+L2)2
E=_PL cosOa, — (5)
2mep

Equation (4) and (5) give the electric field intensity due to finite line charge.

Created by Neevia Personal Converter trial version http://www.neevia.com


http://www.neevia.com

1.9  Electric Field Intensity due to Infinite Sheet of Charge

Z
A
pL=psdy’
(AN
»Y
- \/
2 2
R=x"+Y

dE=-PL (050 a
2ng R

dE = dey
2ng R

cosO a

X

_ 2 12 _E_ X
R=+Xx"+y andcos@-R =T

X +Yy
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dE — dey X
27’580\/X2 + y'2 \/x2 + y'2

a

X

dE:dey 5 X 5 aX
2meg, (x +y' )
F = dey' X
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1 1

E=-PS 3 |tan

tan© | - (—)tan"
2me, 2

T
tan—
2

The above equation gives the electric field intensity due to infinite sheet of charge lies in the ‘yz’
plane.

E = & a Infinite sheet of charge lies in ‘xz’ plane
y
2¢g,
_ ps . : LIS ’
E = 2— A, Infinite sheet of charge lies in Xy’ plane
€0

In general electric field intensity due to infinite sheet of charge lies in any plane is given by

E=Ps

a
N
2¢g,

where d is the unit normal vector perpendicular to the plane containing sheet of charge.
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Two Sheets of Charge

V4

/" +Ps C/m?

atX=0—»

v

at X=a—»

/ - Ps C/m*

Case (i) When x> a

E=E, +E_

E+ :&ax E— :_pS ax
2¢g, 2¢g,

JE=E,+E_=0

Case (ii) When x <0

Ps — Ps
E =—(-a E =—2(-a
s 280( <) _ 280( <)
~E=E,+E_=0
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Case (iii) _when 0 <x <a

E,=PSa E = PS(a)=PFs,
2¢g, 2¢,, 2¢g,

~E=E,+E =2x"84

X
2¢,,

E:&aX

€o

1.10 Electric Field on the axis of a uniformly charged circular disc

Z

A
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= a
47[80‘R‘2 N
dE — deS : aR N (1)
47[80‘R‘
LR
© R
R =-pa +ha,

R|=+/p>+h’

pdS R psdS
dE = 2ol 3
4reR[*[R|  4ngyR|

psdS

4re, («/p2 +h? )3

Due to opposite ‘p’ components dE o gets cancelled each other and we are having only dE 7

dE =

(— pa, + haz)z dE a, +dE,a,

component only.

Created by Neevia Personal Converter trial version http://www.neevia.com


http://www.neevia.com

dE = 3 (ha,)
4re, (p2 +h? )2

where

dS = pdpdd
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_ “p=a

E:fﬁaz | Sl do

- p:O

psh
E=-">—a —— d
4 ¢
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E:Pshazl_ 1 - [x2m
4ne, | h (h2+a2)2

E:gilaz %- L - (2)
©0 | (h2+a2)2_

Equation (2) gives the electric field intensity ‘E’ at a point
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E=—-a,|1- 1
2¢, 25
1+(aj
o0
E_Zp—saz P 1 =2ps a [1-1]
%o (1+0)2 | =0
E=0

E—&aZ 1- h ;
0 | m2eap

h—0

E—&aZ 1- 0 1
2% (02+a2)2

Created by Neevia Personal Converter trial version http://www.neevia.com


http://www.neevia.com

1.11 Potential (or) Potential Difference

It is defined as work done in moving a point charge from one point to another point

final

W=-Q IE odL joules —(1)
initial

W Workdone

Q unitcharge

potential difference V =

final
V=- [EedL —(2)

initial

If ‘B’ is the initial point and ‘A’ is the final point

A
Vug=—]EedL —(3)
B
E= Q S5 dL =dra,
e, r
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Vg =— a.edra —>(@3
AB I].L 475801'2 r r ( )
W Qdr
VAB - 2
B 47e,r
Q ™ dr
Vas = dne I 2
0
B
Q [_174
Vas =~ dne,| r
0 B
Q |1 1
Vag = 4 T
TEy| Ia Ip
Q Q
Vap = - =Va—Vp

dre,r,  4megly

Q Q

B 4mg,r B 4me,|R|

In general
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Conservative Field (or) Lamellar Field

Any vector field satisfies the following equation §E oedL =0 is said to be

conservative field; the name arises from the fact that no work is done around a closed path.

Equipotential Surface

Vug=—[EedL=0

(i.e.)VAB = VA - VB = O

In equipotential surface, potential difference between any two points is zero. That is all
points are at equal potential. An euipotential surface or line is a contour along which a charge

moves with zero. A maximum amount of work per unit distance is performed moving normal or
perpendicular to the equipotential surface in the direction of electric field.

1.12 Relationship between potential (V) and Electric field Intensity (E)
V=—-[EedL
(or)

E = —gradV

E=-VV
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1.13 Gradient V (or) VV

oV ov oV

Cartesian VV = ——ay + —ay +—a

Ox oy 0z

Cylindrical VV = a—va + lﬁ—vaq) + a—va

op ° pod

A% 10V 1 oV
Spherical VV = ——a,t—-———ag+—; 3
or r 00 rsin® o¢

Note: Gradient of any scalar is a vector
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1.14 Potential due to Electric Dipole

An Electric Dipole or simply a dipole is the name given to two point charges of
equal magnitude and opposite sign separated by a distance which is small compared to
the point ‘P’ at which we want to know the electric ‘E’ and potential ‘V’ fields.

V4 Z R,
A +q R1 A +q
JRETTT P JRITTIR
P
AN 0
v r
d R, d
» Y > Y
tofo. VL%
SO VAR .
-q -q
X v X v
Fig (a) Point ‘P’ at a small distance Fig (b) Point ‘P’ at a distant point
d d

The positive charge + ( is at 0,0,+5 and negative charge — (] is at O,O,—E .

The total potential acting at the point ‘P’ is the summation of individual potentials due to positive
and negative charges.

4 . g
4meg|R,|  4mey R,
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_ 4 g
4meg|R,|  4mey R,

V= q 11
4rne,| Ry R,

V = q R2 — Rl
4rne,| RiR,

fromfig(b) RR, =1

R, -R,=dcos0O

av=_4 (dc‘;sej ()

drne,\ 1

dea, = ‘dHar‘COSO =dcos0 — (2)
usin g(2)equation(l) 1is

_qdea,

v 2

— (3
4me,r ©)
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e
(3)=>V=£cg—rr2 5 (4)
0

where p=qd => dipolemoment (Coloumb.meter)

Electric Field (E) due to Electric Dipole

E=-VV
oV 10V 1 oV
E=——a, +——ay+— — 8
or r 00 rsin® o¢

[av 10V }
ZE=— —a +-—a,
or r 00

o qdcoiear B qum? a,
8me,r 4dre,r

E= qd [2cos0a, +sinOa,] Volt

3
e, r

meter
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1.15 Potential due to Infinite line Charge

PL

Electric Field Intensity due to infinite line charge is F = a
t tensity due t t g 2n80p 0
=—[EedL
j PL_, edL
2ng,p "
wheredL = dpa, + pdda, +dza,
eldpa_. +pdda, +dza
‘[ZTcsOp (dpa, + pdoa, )
_ _¢pudp _ dp
T

2meyp 2n80

v=_PFL [Inp]
2mg,

Ve )
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1.16 Electric Flux Density (D) coulombs/ meter”

Let \J be coulombs of electric flux produced at the inner surface of sphere by

the charge Q coulombs distributed uniformly over a surface having an area of

2 2
4ma”m then the electric flux density (or) displacement density D is given by

U} Q coulombs
D= or — (1
4ma’ ( )47ca2 meter” )
Q
D= a — (2
4ur? " (2)
E= 2 - (3)
4me,r

(3)=>¢,E = 4Q a — (4)

nr
from(2) & (4)

D=¢)E
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1.17 Gauss’s Law for Electric Field

The Gauss’s for electric field state that “The electric flux passed
through any closed surface is equal  to the charge enclosed by
that surface”.

y=[dy=§DgedS=Q
S

Proof:

Z
: D
N A
6\ »Elemental area = ds
Radius r =a
> Y

X

Fig . Gaussian Surface- A portion of Spherical surface

Q
§DS edS= ”47ca2 a,edS
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Where
dS=r’sin0d0dpa, and r=a

§ DyedS= H Q sa, er *sin 0dOdd.a,

4ra’

a’ sin 0d0dd

ede— 9
fDeeds=Jf <,

§D odS = J' J'gsm6d0d(|)

0=00=0 TTC

2n w
fDSOdS—gj' J' sin 0d0d¢

T =00=0

2n
fDg e dS = 4—(3[ [[-cos 019=Fdo

0=27
§DS odS = gXZX Idd)
$=0

47

fDgedS = Q vox2n=Q
4n
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Thus Gauss’s law for electric field for the given surface is verified.
1.18 Applications of Gauss’s Law

In order to apply Gauss’s law for any closed surface it should satisfies the
following two conditions:-

(1) DS is everywhere either normal (or) tangential to the closed surface so that

DS ® dS becomes cither DSdS (or) zero respectively.

(2) On that portion of the closed surface for which DS e dS is not zZero,
Dg =constant.

Application (1): Application of Gauss law to an infinite line charge

The Gaussian surface for an infinite uniform line charge is a circular cylinder of

length L , radius 0, electric flux density D is constant in magnitude and everywhere

perpendicular to the cylindrical surface and electric flux density D is parallel to end
surfaces.
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»

e

Electric

T - flux
L‘ 7 density ‘D’
—>

)

v

= Fig(C) Gaussian surface
— 0 for infinite line charge

Fig (a) Infinite Line Charge Fig(b) Line charge looks like cylindrical surface
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D=Dja, +Dya, +D,a,
onlyD, componentexist

S.D= Dpap

dS = pdgdza,

Q=§DgedS=§D a, epdpdza

p

Q= §Dppd¢dz

z=L ¢=2m

Q:J.z:O $=0 D,pdodz

Q=D pxLx2n
Q
D, =
pL2m
o QL)
P 2np
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D =PL where p, =(Q/L)
27p

D=Da,

D=PL 4

2np P
and E:2:—pL a,
€y 2TEgYP

Application (2): Application of Gauss law to Co-axial Cylindrical Conductors

a — radius of inner conductor
b — radius of outer conductor

L— length of coaxial conductors

/
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Q=D,2npL NG

Q= ”deS
z=L¢=2m
Q= j jpsad¢dz Tp=a
z=0 ¢=0
Q =pgax2nxL — (2)
from(1) & (2)

D, 2npL = pgax2nxL

_ Psa
DP—T
D=Ps?, >3)
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case (i) : a<p<b

Qinner = p Sinner 27caL

from GaussLaw

Qouter = ~Qinner = “Psinner  27aL — (4)
but  Quuter =Psouter 2TOL — (5)
using(5) & (4)

Psouter 2nbL = ~PsSinner 2mal.

o PSinner @
PSouter o b

case (ii): p > b

Total charge enclosed = 0. Equal and opposite charges on each
conducting cylinder; therefore there is no external electric field.

case (iii): p<a

There is no charge enclosed within the inner conductor, therefore no
electric field within the inner conductor.

Note: In a co-axial cylinder there is no electric field within the inner conductor and

outside the outer conductor and electric field exists between inner conductor and
outer conductor.
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1.19 Divergence
“The divergence of vector flux density D is the outflow of flux from
its small closed surface per unit volume as the volume shrinks to zero”

lim §§D0dS
AV >0 AV

Divergence of D=divD =
Where D —> Electric flux density C/m’
dS —> Surface area m
AV —Volume in m®
Z

R /\‘ Dy =D,pa, +Dyga, +D,a,

A7 i L P(x,y, z)7

Ay

fDedS=] + [ +[ + [ + [ +]

top bottom  left right  front  back
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I = Dfront ¢ ASfront = Dfront ¢ (AyAZElX)

front

J. = DxO,front (AYAZ) — (1)

front

D, 0.fiont = Pxo + %xrate of changeof D, wr.tx
Ax oD
D =D, +——7" —>(2
x0,front x0 7 aX ( )
sub(2)in(1)
[ = {on + Ax oD, }AyAZ —(3)
front 2 GX
_[ = _DXO,back (AYAZ) — (4)
back
Ax 0D
D =D, ———" —> (5
x0,back x0 7 GX ( )
[ = (— D, +§8DXjAyAz — (6)
back 2 aX
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I + I = D, AxAyAz —(7)
front  back Ox

j + j ZAXAyAZ — (8)

top bottom

[ +] = Dy AXAyAz —(9)

left right

fDedS=(7)+(8)+(9)

oD
fDedS= (GDX +—>+ D, jAXAyAZ

ox oy 0z

oD
§DodS: 8DX+ y+aDZ AV
ox oy 0z

§DodS_aDX+aDy+aDZ
AV — 0x 9y Oz
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lim §DedS  lim 8DX+5DY+8DZ
AV—>0 AV AV—00x 0oy oz

lim §DedS  lim Q_@DX+5DY+8DZ
AV->0 AV  AV—>0AV ox oy oz

I DedS oD
m § ° =diVD=V0D:pV:8DX+ y—I—GDZ

AV >0 AV ox oy 0z

oD, oD, oD,
- -
ox oy 0z

divD=VeD=p, =

VeD=p, — (10)

+ + (cartesmn)
ox oy 0z

divD=VeD =

o(pD oD
diVD:V.D:l(p—p)+l ¢+8DZ(

Cylindrical)
p Op p op 0Oz
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14"D,), 1 alsinéD,) 1 0D,
r*  or rsin® 00 rsin® o
[Spherical]

divD=VeD=

General Formula to calculate the divergence of any vector in different coordinate systems

VeD

1 {a(h3h2Du)+a(h3thV) a(hlthw)}

= +
hh,h,|  Au ov ow

cartesian

u=X; V=Y, W=z

cylindrical

u=p;, v=¢; wW=2z

Spherical

u=r, v=0; w=¢

h,=1;, h,=r; hy=rsin0;
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1.20 Divergence Theorem
“The integral of normal component of any vector field over a closed
surface is equal to the integral of the divergence of this vector field

throughout the volume enclosed by the closed surface”.

From Gauss’s Law for electric field §D odS= Q —> (1)
Q= IdeV —(2)
vol
divD=VeD =p, — (3)
from(l) & (2)

§D0dS= IdeV

vol

from(3)

fDedS= [(VeD)dV

vol
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1.21 Ampere’s Circuital Law

“It states that the line integral of magnetic field intensity H about

any closed path is exactly equal to the direct current enclosed by that path”

fHedL =1

Where H - is the magnetic field intensity in Ampere/meter”

I > is the direct current in Amperes

Note: Gauss’s Law involves finding the total charge enclosed by a closed surface. The
application of Ampere’s Circuital law involves finding the total current enclosed by a
closed path.

1.22 CURL
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fHedL=[HeAL] +[HeAL], ;+[HeAL] ,+[HeAL],

[H°AL]1—2 =H,,_,Ay — (1)
Ax OH
Hy1—2 :Hy() +7 ax —)(2)

Ax OH
()=[HeAL]_, {Hyo +7X axy }Ay — (3)
[H ¢ AL]2—3 = _[Hx2—3 ]AX —(4)
[He AL], ; = {on +%88Hy" :|AX — (5)
Ax OH
[HeAL], , = —[Hyo - 7’( axy }Ay — (6)
[HeAL],_, _{on _%aany }AX — (7)
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G)HEHOHT) ==

oH
fHedL =— AxAy - oM AXAy
ox oy

oH
§H-dL=( ’ —aHXjAXAy
0y

oH
fHedL = M aay = ar
ox 0y

where Al =], AxAy

oH
.. §HedL = y _ Ot AXxAy =] AxAy
ox 0y

fHedL (OH, &H, ]
AxAy | oox oy o

=] — (8)

V4

lim  fHedL _[GHy 8ij

Ax,Ay - 0 AxAy | oox oy
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i HedL

im  {He :(GHx_ﬁsz:J 59
Az,Ax -0 AzAx 0z  0X Y

i HedL cH

m - jHedL (oM, OHy)
Ay,Az — 0 AyAz oy 0z

i HedL
(curl) = 1m §§ :
ASy —>0 ASy

curl H=(8)+(9)+(10)

Cartesian Co-ordinate System

cH OH
curl H=VxH= o, Py a, "‘(aHX - ja o 2y OB
52 aZ 5X y 6X 8}/

Cylindrical Co-ordinate System

oH oH
curl H:VXH:ElaHZ— ¢jap+£ p—aHZja¢+

p op 0z oz Op
l[@(pHd)) OH, ja
pL p  0p )°
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Spherical Co-ordinate System

o\H, sin O O(rH
corl HovxH o] (H,sin0) oH, R e : A (tH,) a,
rsin© 00 o r|{sin® o or
N l{a(rHe) B OH, }%
r| or 00
In General
a, a, a
h,hy  hshy  hjh,
CurlH =VxH = i ﬁ i
ou ov oW
thu h2HV h3Hw
Note:

) VxH=J] ;VxE=0

2) {HedL=I; {EedL=0
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1.23 Stoke’s Theorem
“The surface integral of curl of a vector field over an open surface is
equal to the closed line integral of vector along contour bounding the

surface’.

§H odL = I(VXH)OdS

ANERN

A

\ — Area S
| AS

/17

The Figure shows a surface of area Sis broken up into incremental surface of area AS.

[ 4

Apply the definition of curl to one of these incremental surfaces.
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fHedL g

S - (VxH), — (1)
§H .AcsiLAs =(VxH)eay

fHedL,s =(VxH)eayAS=(VxH)e AS —(2)

Where A is the unit vector in the direction of the right-hand normal to AS . The common part

of contours of two adjacent elements is traversed in opposite direction. The net contribution of

all the common parts in the interior to the line integral is zero. Therefore the sum of the closed
line integrals about the perimeter of every ASis the same as the closed line integral about the

perimeter of S because of cancellation of every interior path.

fHedL =[ (VxH)edS —(3)
S

Note: §H0dL:jJ0dS=jVXH0dS=I
S S
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Solenoidal and Irrotational

Solenoidal => Divergence less field is solenoidal

Irrotational => Curl free field is irrotational

Case (I): A vector field F is solenoidal if V ® F = 0 and irrotational ift VXF = 0

Example: A  Static electric field in a charge free region

VeE=0; VXE=0.

Case (I1) : Solenoidal V ® F = 0 but not irrotational VXF # 0

Example: Steady magnetic field in a current carrying conductor.

Case (1) : Irrotational VXF = O but not solenoidal V ® F # 0

Example: A Static electric field in a charged region

VeD=p,; VxD=0.

Case (IV ) : Neither solenoidal V ® F # O nor irrotational VXF # 0.

Example: Time varying electric field in a charged region
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