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Co-ordinate Systems

In order to describe the spatial variations of the quantities, we require
using appropriate co-ordinate system. A point or vector can be
represented in a curvilinear coordinate system that may be
orthogonal or non-orthogonal .

An orthogonal system is one in which the co-ordinates are mutually
perpendicular. Non- orthogonal co-ordinate systems are also possible,
but their usage is very limited inpractice .

Let u = constant, v = constant and w = constant represent surfaces in a coordinate
system, o o

N ¥ W

the surfaces may be curved surfaces in general. Furthur, let , and
be the unit vectors in the three coordinate directions(base vectors). In a
general right handed orthogonal curvilinear systems, the vectors satisfy
the following relations :

aux v=aw
oy Fal Fat
&, =d,
o, oy o,
e
L T (1.13)

These equations are not independent and specification of one will
automatically implythe other two. Furthermore, the following relations
hold

A vector can be represented as sum of its

—

A=A a+ A+ A,a,
orthogonalcomponents,

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US

www.binils.com for Anna University | Polytechnic and Schools

In general u, v and w may not represent length. We multiply u, v and w by

conversion
factors h1,h2 and h3 respectively to convert differential changes du, dv

and dw tocorresponding changes in length dl1, dI2, and dI3. Therefore

dl = a, dl +a,dl, +a,dl,
= Incsa, + ldva, Vladway, (1.16)

In the same manner, differential volume dv can be written 88 anddifferential area ds
a, ds, = v

In the following sections we discuss three most commonly used

orthogonal co-ordinate systems, wiz: @,

1. Cartesian (or rectangular) co-ordinate system
2. Cylindrical co-ordinate system
3. Spherical polar co-ordinatesystem

Cartesian Co-ordinate System :

In Cartesian co-ordinate system, we have, (u,v,w) =(x,y,z). A point
P(x0, 'y0, 'z0) in Cartesian co-ordinate system is represented as
Intersection of three planes x =x0, y = y0 and z = z0. The-unit vectors
satisfies the following relation as shown in figure 2.1:

P(x0,y4 20)

-2
D\ &
<

Cartesian Coordinate System

Fig 2.1 Intersection of three planes
(www.brainkart.com/subject/Electromagnetic-Theory 206/)
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o
2
o

axxc;ty =
@, =d,
.:1: a;=a1.nx= : 2=D
by
. . y A=a, A +va,4,+a, 4 .
In cartesian co-ordinate system, a veétor r can be written as
A
_ _ 4";1 B A!B +A}|B +HZB ................. (1.19)
AxE =a (4B, - AB,) *a, (4B, - AB) +a,(AB, - 45,
oa d
=4 4 4
B B £

Smce Xy andnz%g represent lengths, h1=h2=h3=1. The

di=dxa,+dya,tdza,

%lﬂelﬁg, Jzaal‘;‘xlength, areaand volume are defined respectively as

dsy=dmdza, (1.21)
dés =drdya,
L = dxdvedz

Cylindrical Co-ordinate System :

For cylindrical coordinate systemswe hH&v&™ ~ %23 point -4 2)jsdetermined as th

containing the z-axis and making an aﬂﬁal‘@ ; with the xz plane and a
plane parallelto xy plane located at z=z0 as shown in figure 2.2 and
2.3.
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In cylindrical coordinate system, the unit vectors satisfy the following relations

A vectord can be written as”.. 2%t bt e (1.24)
The differential length is defined as,
di=a do+odda,+dzas “ 1k = 0d =
A ML= oh Tl (1.25)
dg¥az =,
R (1.23)
a\z T 2=
N e
ay b

P=Pa

Fig 2.2 cylindrical co-ordiigate system
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

B
N Ditarantiol armas ars
. d,\ Differential areas are
S
b ¥ /W .?;'.:- ."u'\‘fd':u’_
< - - : —
dé N ; o~ ce, - d pd= a, (1.2B)
'K\ o~
% B 2 ;
A : ds, = pépdva,
|
AR T 2 Py Diferential vikume
P~ UL
-~ @ —r
A " du = pdod pdr oy
-'//
-
F
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Fig 2.3 cylindricalsystem surface

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Transformation between Cartesian and Cylindrical coordinates:

 A=a, A vas A +as
Let us consider™ “# s "P ‘q"ls to be expressed in Cartesian co-ordinate as

n - -~ .In doing S0 we note that
A -4da, [Eﬂ va Ara A e,
"and it applies for other components as

well as shown in figure 2.4.

A A
4 a,a, ™ cos @

AR
a,.a, =sin ¢
AL A 7 {1.28)
a,.a, =cos(¢+ -_)—) = —sing

<

a,a, =cosy

By Therefore we can write,

- N ) -
A=Aa, =Acosp-Asing

i -
A =Aa,=Asng+Acosg (1.29)

A =Aa, =4,

Fig 2.4: Unit Vectors in Cartesian and Cylindrical Coordinates

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

These relations can be put conveniently in the matrix form as:

[ ‘ [sm;ﬁﬁ cos-;iﬁ' 0 _r'i
14 (1.30)

Aoy 04 omselves may be function€dt %7 as
x=pcosd
= o &
222 e (1.31)
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=7+
_1£
x

&= tan

Z =2

The inverse relationships are.........cccoocevevviniieiinenee. (1.32)

Spherical Polar Coordinate System

Fig 2.5: Spherical Polar Coordinate System
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Thus we see that a vector in one coordinate system is transformed to
another coordinate system through two-step process: Finding the
component vectors and then variable transformation as shown in fig

2.5.
Spherical Polar Coordinates:
= F 8.
For spherical polay cgordinate system, >~ ">&-%) - fo- )
we have,represented as the intersection (iii) Conical surface ,an
of

(i) Spherical surface r=rQ
(i1). A point
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(iv) half plane containing z-axis making gnfqi% with the xz plane asshown

in thefigure 1.10. Ao
@R d, =day
%X$;=£;
sy =a
The unit vectors satisfy the following relationships ............c.ccccccoeeeenen. (1.33)

The orientation of the unit vectors are shown in the figure 2.6.

x* Orientation of Unit Vectors

Fig 2.6 : Orientation of Unit Vectors

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

. : . . d=dg A a

A vector in spherical polar co-ordinates is written é% T Aapt Ay,
di=a, dr+a,rdé+a,rsin 6dg

Foin &
an

dFor spherical polar coordinate system we have h1=1, h2=rand
h3=
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X

Fig 2.7 : Differential volume in s-p coordinates

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

r sin8dg // Z
/(
rdf .
— Y
: ar
rdo I - r sin&dg [R

[ — —

dr L)

Fig 2.8 : Exploded view
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

With reference to the Figure 1.12, the elemental areas are:

ds, =r?sin 8d8dfa,
ds, = rsin Odrdda,

d.S‘P = :r"-czl,?‘-:i-ﬂcxp5

and elementary volume is given by

dv = sin drd 8d g (1.35)
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Coordinate transformation between rectangular and spherical
polar: With reference to the figure 2.7 and 2.8 ,we can write the

following equations:
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]

ey
i, =sindcosg

B

o
.a, =sinfsin ¢

-]

o

iy =cosd

5

o o

@, @, =cosfoosg

Eal

=cosdsin

»
@y, = cos(5'+j—;) =-—zin 8

o o

@y.d, = cos(¢+g) =—zan g

s Ead

@y d, =COS
Fal o
a,a, =0

e (1.36)

A

Fig 2.9 : Coordinate transformation

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

. A= .:;+ an+f':1 an . . .
Given a vector Aot dpa,* Aa, in the spherical polar coordinate

system as shown in fig 2.9, itscomponent in the cartesian coordinate

system can be found out as follows:

A= Ec;; = A, sin Jeosg+ A cosFcosg— A sin ¢
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Similarly,
.('gy=HC;:_,=1§,Siﬂ55iﬂ¢+ﬁﬂCOSQS]..III;E“""'J":IP&COS@ ................................. (138&)
Ax=ﬁa:=11cosﬂ—gﬂs 8 e, (1.38b
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The above equation can be put in a compact form:

A sinfcosg cosfroosgd —sing|]|A
A |=|sindsing cosfsing cosg [|4
A cosd —sin & 0 ;":1¢

The compone#tsds and 4, themselves will be functiondefl ¢ » Jand ¢ arerelated to X,y

x=ranfcosg

y=randangd ... (1.40)
z=rcosd
and conversely,
i £ - N O S (1.41a)
g =rcos™? z
e S (1.41b)
.;Ei'=tan'1£
......... Torererereeseeeseeseennesneeneesnennennn(LA1C)

Using the variable transformation listed above, the vector
components, which are functions of variables of one
coordinate system, can be transformed to functions of
variables of other coordinate system and a total
transformation can be done.
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Del Operator

The vector differential operdtor was introduced by Sir W. R. Hamilton
and later ondeveloped by P. G. Tait.

Mathematically the vector differential operator can be written in the general form as:

Gradient of a Scalar function

In Cartesian coordinates:

‘F:%ﬁx+%£ + 94 (1.44)

» & ' rsssarsaEsaEsEEsEEEEEEEsETEEEEEEEEEEEEEEEEEEREER

In cylindrical coordinates:

v=2a+l 20 2 AR R NN (1.45)
Ao £ pdg Az

and in spherical polar coordinates:

g, 18, 1,
V=—id +-—d, +———d,
& T ra8 " rsind88 " (1.46)

Let us consider a scalar field V(u,v,w) , a function ofspace
coordinates.

Gradient of the scalar field V is a vector that represents both the magnitude

and directionof the maximum space rate of increase of this scalar field V as
shown in fig 4.1.
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Fig 4.1 : Gradient of a scalar function
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

By comparison we can write,

1a8F . 1 25 . 1 aF .
P +

Hence for the Cartesian, cylindrical and spherical polar coordinate system,
theexpressions for gradient can be written as:
In Cartesian coordinates:

5 "
V= —d, +—d, +—d,
Ax By B T eetterte e e e e e e aareenes (1.53)

In cylindrical coordinates:

7 W N
= +—d

VIiIT=— -
30 T B TG E e (1.54)

and in spherical polar coordinates:

a0 18 1 &,
VIl —d,+——d, +———4d,
ar r a8 rend g (1_55)

The following relationships hold for gradient operator.
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VT +N =VIU+VIV
V(L) =V VI + UV

R v A TR 1.56
E.F |1;.-’
VIt = nl MV

where U and V are scalar functions and n isan
integer.

ar n
- (= AV .a))
It may further be noted that since magnitude of depends on the direction of
A=AV, ¥
dl, it is called the directional derivative. If 1 is called the scalar potential
function of the vector function

Divergence of a Vector Field:

In study of vector fields, directed line segments, also called flux lines or
streamlines, represent field variations graphically. The intensity of the
field is proportional to the density of lines. For example, the number of
flux lines passing through a unit surface S normal to the vector measures
the vector field strength as shown in fig 4.2.

T b 4
- e S e oS
o it
P
= g D
A/ TTa
5 — BT

Fig 4.2: Flux Lines
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

We have already defined flux of a vector field as
yr= !ﬂcos Bds =JE'&NEI1.S' = !E ds

For a volume enclosed by a surface,
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We define the divergence of a vector field ata point P as the net outward
flux from avolume enclosing P, as the volume shrinks to zero.

L A ds
div A=V A = lim L

A0 ﬂ'l-’

Here &V is the volume that encloses P and S is the
corresponding closed surface as shown in fig 4.3.

Fig 4.3: Evaluation of divergence
incurvilinear coordinate
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Let us consider a differential volume centered on point P(u,v,w) in a

vector field® . The flux through an elementary area normal
to u isgiven by,

Net outward flux along u can be calculated considering the two elementary
surfacesperpendicular to u .
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A A, | — | vt = a[hﬁaﬂdudvdw

du _dy
[H+TV,H'] [u Tv,w]

............... (1.61) Considering the contribution from all six surfaces that
enclose thevolume, we can write

L gEE P ) T Nl (|
div A=V 4 = lim A2 = das Ay P
sty By by b vt
g = 1 ai%hr%LSE%J‘?T)ﬁ(%ﬂw)
- mhh | Bu av aw
....................................... (1.62)

Hence for the Cartesian, cylindrical and spherical polar coordinate system,
the expressionsfor divergence ca written as:

In Cartesian coordinates:

ol P S - s (1.63)
t  d &
In cylindrical coordinates:
o104 104 a4
A s "B B e (1.64)

and in spherical polar coordinates:

3(r*4) 1 a(sin84) 1 34
ar. * rsin g ag + rsinga_;t, ...................................... (1.65)

~ 1
Veod=—
rz

In connection with the divergence of a vector field, the following can be noted

Divergence of a vector field gives a scalar.
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TAA+BY =T AT B oo (1.66)
VA=Y A+ ATV

Divergence theorem :
Proof:

Let us consider a volume V enclosed by a surface S . Let us subdivide the volume in
large

number of cells. Let the k" cell has a volume and the corresponding
surface is denoted by Sk. Interior to the volume, cells have common
surfaces. Outward flux through these common surfaces from one cell
becomes the inward flux for the neighboring cells. Therefore when the total
flux from these cells are considered, we actually get the net outward flux
through th - %~~~ “i“j& "“e. Hence we can write:

cfﬂ ds = Z?ﬂ .:x’s—

...................................... (1.67)

In the limit, that is when and the right hand of the expression

V. AdY
can bewritten as .

cfﬁ-.:ffs‘ - JV-A::?V
Hence we get , Which is the divergence theorem.
Curl of a vector field L
Avdi

We have defined the circulation of a vector field A around a closed path as

Curl of a vector field is a measure of the vector field's tendency to rotate about a
point4 VA

Curl ,also writtenas is defined as a vector whose magnitude is
maximum of thenet circulation per unit area when the area tends to zero and
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its direction is the normal direction to the area when the area is oriented in
such a way so as to make the circulationmaximum.

Therefore, we can write:

Curl A=VxA=lim 22
50 AL

cfﬁ-.:ﬂ

To derive the expression for curl in generalized curvilinear coordinate

BB oo (1.68)

system, vvg‘?i‘rzs"t compute and to do so let us consider the figure 4.4 :

ay
Fig 4.4 Curl of a Vector
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

AS :
C1 represents the boundary of , then we can write

iﬁﬁ-df=£ﬁ-df+;‘ﬁ-df+J;ﬁ-dﬂz[lﬁ-df
oy

s AR B (1.69)
The integrals on the RHS can be evaluated as
follows:
)Lﬁ-d*= (A8, T 44, + A4,) v, = Aty
................................. (1.70)
................................................ (1.71)

dﬁ-d}“b[ﬁvhﬂaw%m;@gmm
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The negative sign is because of the fact that the direction of traversal reverses. Similarly,
iﬁ di =[Aw;33aw ¥ % (%&w}&v]
A di = -4 htow

Adding the contribution from all components, we can write:

J— -

§-d- |5 () ) e

iﬂu .......... (1.75)
T (alA,)_alnA,)

% hh&vﬂw hh[ A A ]

In the same manner |f we compute for and we can write,

(T-f’x}i).c;, (?XE).&;

WK

[S(hgﬂw) a(ﬁam] [5(331-&) a(ﬁ‘%m] [a(ﬁ‘sﬁm am:feq@:lc;
fﬁaf% ch Yok O ¥
This can be written as,

"Egl&u ;32&1' }‘;3&1&'

— 1 i i i
Vxd=—r| — — —
B | du Ay Bw
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In Cartesian coordinates....................

In Cylindrical coordinates, ............%5..

In Spherical polar coordinates,

rd, rsinfa,
d d

Plsnd|ar 98 A
A rd, ;r"sinn:E'J.r'El?5

following properties:

(1.80) Curlioperation exhibits the

Iy Curt of g vecfor field Js another vecfor field

(

() ‘G’x[ﬁ+§)=‘ﬁ'xﬁ+‘ﬁ'x§
(i) Vx(WA)=TVxA+VTx A
(iv)  T(VxA)=0
(W] vx¥V=0
(

W) Tx(AxB)= AVE-BVA+(BVIA-(AV)E

As shown in figure 1.17, let us consider two surfaces Sland S2 where the
function V has constant magnitude and the magnitude differs by a small
amount dV. Now as one moves from S1 to S2, the magnitude of spatial rate
of change of V i.e. dV/dl depends on the direction of elementary path length
dl, the maximum occurs when one traverses from S1toS2along a path normal
to the surfaces as in this case the distance is minimum.

By our definition of gradient we can write:

Download Binils Android App in Playstore

Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US

www.binils.com for Anna University | Polytechnic and Schools

since??which represents the distance along the normal is the shortest
distance betweenthe two surfaces.
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UNIT -1
INTRODUCTION

Electromagnetic Field is a prerequisite for a wide spectrum of studies in the field of
Electrical Sciences and Physics. Electromagnetic theory can be thought of as
generalization of circuit theory. There are certain situations that can be handled
exclusively in terms of field theory. In electromagnetic theory, the quantities involved can
be categorized as source quantities and field quantities. Source of electromagnetic field
is electric charges: either at rest or in motion. However an electromagnetic field may
cause a redistribution of charges that in turn change the field and hence the separation of
cause and effect is not always visible.

Sources of EMF:

Current carrying conductors.
Mobile phones.

Microwave oven.

Computer and Television screen.
High voltage Power lines.

Effects of Electromagnetic fields:

Plants and Animals.
Humans.

Electrical components.

Fields are classified as

Scalar field
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Vector field.

Electric charge is a fundamental property of matter. Charge exist only in positive or
negative integral multiple of electronic charge, -e, e= 1.60 x 10-19 coulombs. [It may be
noted here that in 1962, Murray Gell-Mann hypothesized Quarks as the basic building
blocks of matters. Quarks were predicted to carry a fraction of electronic charge and the
existence of Quarks has been experimentally verified. Principle of conservation of charge
states that the total charge (algebraic sum of positive and negative charges) of an isolated
system remains unchanged, though the charges may redistribute under the influence of
electric field. Kirchhoff's Current Law (KCL) is an assertion of the conservative property
of charges under the implicit assumption that there is no accumulation of charge at the
junction.

Electromagnetic theory deals directly with the electric and magnetic field vectors where
as circuit theory deals with the voltages and currents. VVoltages and currents are integrated
effects of electric and magnetic _fields respectively. Electromagnetic field problems
involve three space variables along with the time variable and hence the solution tends to
become correspondingly complex. Vector analysis is a mathematical/tool with which
electromagnetic concepts are more conveniently expressed and best comprehended. Since
use of vector analysis In the study of.electromagnetic field theory results in.real ecanomy
of time and thought, we first introduce the concept of vector analysis.

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US

www.binils.com for Anna University | Polytechnic and Schools

Line, surface and volume integrals

In electromagnetic theory, we come across integrals, which
contain vector functions. Some representative integrals are
listed below:

Jﬁdv J‘;ﬁdf fdf F_.:f;f

In the above, #&nd r%spectively represent vector and scalar
function of space coordinates. C,S and V represent path, surface
and volume of integration. All these integrals are evaluated
using extension of the usual one-dimensional integral as the
limit of a sum, i.e., if a function f(x) is defined over arrange a to

b of values oft o lisgiven b
.[ F(x)dx = lim > ;;.5;»:.l J y
d H—ko ]

................................. (1.42)
where the interval (a,b) is subdivided into n continuous intervalof:lengths
F-Ef
Line Integral: Line integral is the dot product %f a vector with a

specified
C; in other words it is the integral of the tangential component  along the

.\\ \ |
\ 4
Vector fleld E

Figure : Line Integrai

Fig 3.1 :Line Integral

curve.
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(www.brainkart.com/subject/Electromagnetic-Theory 206/)

As shown in the figure 3.1, given a vector around C,

we define the tegral as the line

L
L[E.d3=fﬂcosadf_
2 integral of E along the curve C.

If the path of integration is a closed path as shown in the figure

the line integral becomes a closed line integral and is called the
E%Ed?

circulation of  around C and Menoted as as shown in the

figure 3.2.

Fhlgaarm | Cilosmmst Lirse fratmggrol

Fig 3.2: Closed Line Integral

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Surface Integral :

Given a vector-field, continuous in a region containing the
smooth surface S, wedefine the surface infiegral or the flux of
Y= l‘ﬂcos 845 = J‘A.am ds = l‘ﬁdﬁf

Download Photoplex App

Download Binils Android App in Playstore



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US
http://www.brainkart.com/subject/Electromagnetic-Theory_206/)
http://www.brainkart.com/subject/Electromagnetic-Theory_206/)

www.binils.com for Anna University | Polytechnic and Schools

as surface integral over surface S as shown
in fig 3.3.

Surface S

Fig 3.3 : Surface Integral

(www.brainkart.com/subject/Electromagnetic-Theory 206/)
If the surface integral is carried out over a closed surface, then Weﬂ?;);;"jﬁ IY:

Volume Integrals:

We defin&fd"v or [[[/4¥ as the volume integral of the scalar function
f(function spatial codrdinates) over the volume V. é[Fa’V
Evaluation of zintegral of the form  can be carriéd out as a sum of
three scalar volume integrals, where each scalar volume integral is a
component of the vector
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Vector Analysis

The quantities that we deal in electromagnetic theory may be either scalar or
vectors. There are other class of physical quantities called Tensors: where
magnitude and direction vary with co ordinate axes]. Scalars are quantities
characterized by magnitude only and algebraic sign. A quantity that has direction
as well as magnitude is called a vector. Both scalar and vector quantities are
function of time and position . A field is a function that specifies a particular
quantity everywhere in a region. Depending upon the nature of the quantity under
consideration, the field may be a vector or a scalar field.

Example of scalar field is the electric potential in a region while electric or
magneticfields at any point is the example of vector field.

~ 4
Acan b witenas, - 4 uce b

A vector can be writtenas, 4 =24 where, is the magnitude
is the unit vector which has-linit magnitude

and same direction as that

Two vector “hnd fare added together to give another vector . We have

C=4+3 (L.1)

N . . " i
L et us see the animations in the next pages for the addition of two vectors,
which has tworules: 1: Parallelogramlaw and  2: Head & tail rule as shown:in
figure 1.1(a), 1.1(b) and 1.2
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PARALLELOGRAM RULE FOR VECTOR ADDITION

USE THE PLAY AND STOP BUTTONS TO VIEW HOW THE
VECTORS A AND B ARE ADDED AND THE RESULTANT C IS
PRODUCED

Fig 1.1(a):Vector Addition(Parallelogram Rule)

@,

b

>

R

HEAD TO TAIL RULE FOR VECTOR ADDITION

USE THE PLAY AND STOP BUTTONS TO VIEW HOW THE
VECTORS A AND B ARE ADDED AND THE RESULTANT C IS
PRODUCED

Fig 1.1(b): Vector Addition (Head & Tail Rule)

-

Yector Subtraction is similarly carried out: D=A-F=4A+ (-§) ........................ (1.2)

STOP

CLICK PLAY AND STOP TO SEE THE VECTOR SUBTRATION
OF A AND B

Fig 1.2: Vector subtraction
(www.brainkart. com/subject/EIectromagnetlc Theory_ 206/)

Scaling of a vector is defined as C=-af Where‘j is scaled version of vector B and® i
scalar.
Some important laws of vector algebra are:

—  — —

A+B=EB+4 COMMUEALIVE LAW........cvvervrceerrcreeeer s (1.3)
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H+(§+E) B (H+§)+E ASSOCIAtIVE LAW ...cvveiciiieiciiee e 1.4

a(d+5)=ad+ab DiIStrIDULIVE LAW ©..veoeeveeeeeeeeeeee e (1.5)

—_

The position vector o ofa point P is the directed distance from the origin (O) to P, i.e.,

"o = OF 35 shown in figure 1.3.

Q

Fig 1.3: Distance Vector
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

— W

If "2=0Pand "2 = OQ are the position vectors of the points P and Q then the distance
vector

—_—  — o o —

PO-0Q-0P=r,-r,

Product of Vectors
The two types of vector multiplication are:

Scalar product 4 E Vector product AxE

The dot product between two vectors is defined as FJ||BlcosOAB........... (1.6)

Vector product A% B = |4||B|sin 8,5 #

B.A
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Fig 1.4: Vector dot product
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

—

The dot product is commutative i.e., A =E- 4 and distributive ie.,
A(B+C)=A'B+AT
.+ wouuraaVE law does not apply to scalar product as shown in flgure 1.4

—_— —+  —

The vector or cross product of two vectors Aand & is denoted by AxE  Ax Eis a vector

perpendicular to the plane containing A and B , the magnitude is given by [Al[Blsin 84
and direction is given by right hand rule as explained in Figure 1.5.
Here we will get, Here we will get,
C=AxB C=BxA

)

B
/ P
A A

Fig 1.5 :lllustrating the left thumb rule for determining the vector cross product

Here we will get Here we will gat

CwAx B C=5824

/ 8
1 l

Fig 1.5 :lllustrating the left thumb rule for determining the vector cross product

(www.brainkart.com/subject/Electromagnetic-Theory 206/)
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o, = =/

dy . . " |AxE
* |s the unit vector given by,

The following relations hold for vector product.

AR -BxA i.e., cross product is non commutative .......... (1.8)

HX(E + E) = AxF+AxC

I.e., cross product is distributive ...................... (1.9
EK(E x 5)#(ﬁx§)><5 _ . -
I.e., Cross product is non associative ............. (1.10)
Scalar and vector triple product :
Scalar triple Product ..........coeoeieie e B e e (1.11)

Vector triple product
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Stoke's theorem

—_

It states that the circulation of a 4 vector around a closed path is

equal to tr?éxi"qmegral of.over the surface bounded by this path. It may
A W4

be noted that this equalityholds provided are continuous on the surface.

e,
EPjﬁ-d?=L‘?><ﬁ-dE

Proof:Let us consider an area S that is subdivided into large number of
cells as shown inthe figure 5.1.

<= —— =K 44— Q» 7.4. =
» , .
3 : <
\\ = ,1‘\“,,, N A
< - X >
\_ | a4\
\ 4 A \’
Y : o
i )
| ..»—71- | 2 R 1 ' 2 l‘
i v
Y e ]
L L — >

Fig 5.1: Stokes theorem
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Let kiNcell has surface a8 and is bounded path Lk while the total area
is bounded by path L. As seen from the figure that if we evaluate the sum
of the line integrals around the elementary areas, there is cancellation

along every interior path and we are left the line integral along path L.
Therefore we can write,

A-dl
qﬁzﬁ-d}?;iﬁ-dh;(ﬂ AT,

Ay
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As 0
‘&S.E—:'
Epzﬁ'df=fs?xﬁ'dg

which is the stoke's theorem
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