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UNIT 7 1 ELECTROSTATICS

Sources and effects of electromagnetic fieldls Coordinate Systems Vector fields 1
Gradient,Divergence, Cuil theorems and applications. Electrostatic FieldSoul ombés |L a
Electric Field Intensity(EFI) due to Line, Surfaced®iolume chargesWork Done in Moving a
Point Charge in Electrostatic Fiellectric Potentialdue to point charges, line charges and Volume
Charges- Potential Gradient Gau s s 6Ap pLlaiwcati on -Mé&x valuls&@dE F iLaswv
NumericalProblems.
Laplc e 6s Equati on an-d&SoRwaitd vson @ Hapydtaicerds Equat
Electric Dipole- Dipole Moment- Potential and EFI due to Electric Dipol&orque on an
Electric Dipole in an Electric Field Numerical Problems.

1.2 Scalars and Vectors
lhe various quantities involved in the study of engineering electromagnetics can be
classified as,

1. Scalars and 2. Vectors

1.2.1 Scalar

The scalar is a quantity whose value may be represented by a single real number,
which may be positive or negative. The direction is not at all required in describing a
scalar. Thus,

A scalar is a quantity which is wholly characterized by its magnitude.

The various examples of scalar quantity are temperature, mass, volume, density, speed,
electric charge etc.

1.2.2 Vector

A quantity which has both, a magnitude and a specific direction in space is called a
vector. In electromagnetics vectors defined in two and three dimensional spaces are
required but vectors may be defined in n-dimensional space. Thus,

A vector is a quantity which is characterized by both, a magnitude and a direction.

The various examples of vector quantity are force, velocity, displacement, electric field
intensity, magnetic field intensity, acceleration etc.

1.2.3 Scalar Field

A field is a region in which a particular physical function has a value at each and
every point in that region. The distribution of a scalar quantity with a definite position in
a space is called scalar field. For example the temperature of atmosphere. It has a definite
value in the atmosphere but no need of direction to specify it hence it is a scalar field. The
height of surface of earth above sea level is a scalar field. Few other examples of scalar
field are sound intensity in an auditorium, light intensity in a room, atmospheric pressure
in a given region etc.

1.2.4 Vector Field

If a quantity which is specified in a region to. define a field is a vector then the
corresponding field is called a vector field. For example the gravitational force on a mass
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in a space is a vector field. This force has a value at various points in a space and always
has a specific direction.

The other examples of vector field are the velocity of particles in a moving fluid, wind
velocity of atmosphere, voltage gradient in a cable, displacement of a flying bird in a
space, magnetic field existing from north to south field etc.

1.3 Representation of a Vector

In two dimensions, a vector can be represented
A by a straight line with an arrow in a plane. This is

/ [Terminating shown in the Fig. 1.1. The length of the segment is

R P the magnitude of a vector while the arrow indicates

o the direction of the vector in a given co-ordinate
O[Slamng system. The vector shown in the Fig. 1.1 is
point] symbolically denoted as OA. The point O is its

starting point while A is its terminating point. Its
Fig. 1.1 Representation of a vector  length is called its magnitude, which is R for the
vector OA shown. It is represented as [OA|=R It

is the distance between the starting point and terminating point of a vector.
Key Point: The vector hereafter will be indicated by bold letter with a bar over it.

1.3.1 Unit Vector

A unit vector has a function to indicate the direction.
Its magnitude is always unity, irrespective of the

Unit vector direction which it indicates and the co-ordinate system
under consideration. Thus for any vector, to indicate its

/ direction a unit vector can be used. Consider a unit

IR| vector 3pa in the direction of OA as shown in the

0 / Fig. 1.2. This vector indicates the direction of OA but its

magnitude is unity.

So vector OA can be represented completely as its

T3 .3 U vastor magnitude R and the direction as indicated by unit

vector along its direction.
OA = [CTA_I aoa =Raoa

where dga = Unit vector along the direction OA and [aoa|=1

Key Point: Hereafter, letter @ is used to indicate the unit vector and its suffix indicates the
direction of the unit vector. Thus a, indicates the unit vector along x axis direction.

Incase if a vector is known then the unit vector along that vector can be obtained by
dividing the vector by its magnitude. Thus unit vector can be expressed as,
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1.4 Vector Algebra

The various mathematical operations such as addition, subtraction, multiplication etc.
can be performed with the vectors. In this section the following mathematical operations
with the vectors are discussed.

1. Scaling 2. Addition 3. Subtraction

1.4.1 Scaling of Vector

This is nothing but, multiplication by a scalar to a vector. Such a multiplication
changes the magnitude (length) of a vector but not its direction, when the scalar is
positive.

Let o = Scalar with which vector is to be multiplied

Then if a>1 then the magnitude of a vector increases but direction remains same,
when multiplied. This is shown in the Fig. 1.3 (a). If a.<1 then the magnitude of a vector
decreases but direction remains same, when multiplied. This is shown in the Fig. 1.3 (b).

If o =~1 then the magnitude remains same but direction of the vector reverses, when
multiplied. This is shown in the Fig. 1.3 (c).

>l
>l

A
B [ 2 oadl
& = e _ g — ]
aA oA -A
-
(a)ax>1 (bya<1 (c)a=-1

Fig. 1.3 Multiplication by a scalar
Key Point: Thus if o is negative. the magnitude of vector changes by o times while the
direction becomes exactly opposite to the original vector, after multiplication.

1.4.2 Addition of Vectors

Consider two coplanar vectors as shown in the Fig. 1.4. The vectors which lie in the
same plane are called coplanar vectors. .
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Lei us find the sum of these two vectors A
A and B, shown in the Fig. 14.

The procedure is to move one of the two
vectors parallel to itself at the tip of the other
vector. Thus move A , parallel to itself at the tip
of B.

Then join tip of A moved, to the origin. This
o = B T 2
B vector represents resultant which is the addition
of the two vectors A and B. This is shown in the
Fig. 1.4 Coplanar vectors Fig. 1.5.

Let us denote this resultant as C then
C=A+B

|

It must be remembered that the direction of
Cis from origin O to the tip of the vector moved.

Another point which can be noticed that if B
is moved parallel to itself at the tip of A, we get
the same resultant C Thus, the order of the
Fig. 1.5 Addition of vectors addition is not important. The addition of vectors
obeys the commutative law i.c. A +B=B+A.
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Another method of performing the addition of vectors is the parallelogram rule.
Complete the parallelogram as shown in the Fig. 1.6. Then the diagonal of the
parallelogram represents the addition of the two vectors.

Resultant

Fig. 1.6 Parallelogram rule for addition

By using any of these two methods not only two but any number of vectors can be
added to obtain the resultant. For example, consider four vectors as shown in the
Fig. 1.7(a). These can be added by shifting these vectors one by one to the tip of other
vectors to complete the polygon. The vector joining origin O to the tip of the last shifted
veclor represents the sum, as shown in the Fig. 1.7 (b). This method is called head to tail
rule of addition of vectors.

Once the co-ordinate systems are defined, then the vectors can be expressed in terms
of the components along the axes of the co-ordinate system. Then by adding the
corresponding components of the vectors, the components of the resultant vector which is
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A
P

{
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{a) Four vectors

0 A

(b) Sum of the four vectors

Fig. 1.7

R=A+B+C+D

the addition of the vectors, can be obtained. This method is explained after the co-ordinate

systems are discussed.

The following basic laws of algcbra are obeyed by the vectors A, B and C:

Law Addition Multiplication by scalar
Commutative A+B=B+A acA=Aa
Associative A+B+O)=A+n)+C B(xA)=Bax)A
Distributive a(A+B)=aA+aB (x+B)A =axA+BA

1.4.3 Subtraction of Vectors

The subtraction of vectors can be obtained from the rules of addition. If B is to be
subtracted from A then based on addition it can be represented as,

C =

A +(-B)

Thus reverse the sign of B i.e. reverse its direction by multiplying it with -1 and then
add it to A to obtain the subtraction. This is shown in the Fig. 1.8 (a) and (b).

A
C=A-B
0 > — ——i—
B -B 0
{a) Vectors (b) Subtraction of vectors
Fig. 1.8
DEPT.OF EEE VEMUIT Page9




15A02501 ELECTRICAL MEASUREMENTS

1.4.3.1 Identical Vectors

Two vectors are said to be identical if there difference is zero. Thus A and B are
identical if A —B =0 i.e. A =B. Such two vectors are also called equal vectors.

1.5 The Co-ordinate Systems

To describe a vector accurately and to express a vector in terms of its components, it is
necessary to have some reference directions. Such directions are represented in terms of
various co-ordinate systems. There are various coordinate systems available in
mathematics, out of which three co-ordinate systems are used in this book, which are

1. Cartesian or rectangular co-ordinate system

2. Cylindrical co-ordinate system

3. Spherical co-ordinate system

Let us discuss these systems in detail.

1.6 Cartesian Co-ordinate System

This is also called rectangular co-ordinate system. This system has three co-ordinate
axes represented as x, y and 2z which are mutually at right angles to each other. These
three axes intersect at a common point called origin of the system. There are two types of
such system called
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1. Right handed system and 2. Left handed system.

The right handed system means if x axis is rotated towards y axis through a smaller
angle, then this rotation causes the upward movement of right handed screw in the z axis
direction. This is shown in the Fig. 1.9 (a). In this system, if right hand is used then thumb
indicates x axis, the forefinger indicates y axis and middle finger indicates z axis, when
three fingers are held mutually perpendicular to each other.

€. z
du‘f’-‘ . " =
Origin 2 ‘ Origin - :
T.h\ [ >| Yy > X
P v
x7- ety - y
Rotation of Ro(auon of
xintoy 1Upward xintoy l Downward
=D
Right handed
screw
(a) Right handed system (b) Left handed system
Fig. 1.9

In left handed system x and y axes are interchanged compared to right handed system.
This means the rotation of x axis into y axis through smaller angle causes the downward
movement of right handed screw in the z axis direction. This is shown in the Fig. 1.9 (b).

Key Point: The right handed system is very commonly used and followed in this book.

In cartesian co-ordinate system x = 0 plane indicates two dimensional y-z plane, y = 0
plane indicates two dimensional x-z plane and z = 0 plane indicates two dimensional x-y
plane.

1.6.1 Representing a Point in Rectangular Co-ordinate System

A point in rectangular co-ordinate system is located by three co-ordinates namely x, y
and z co-ordinates. The point can be reached by moving from origin, the distance x in x
direction then the distance y in y direction and finally the distance z in z direction.
Consider a point P having co-ordinates x;,y; and z,. It is represented as P(x,,v,,z,). It
can be shown as in the Fig.1.10 (a). The co-ordinates x,,y,; and z; can be positive or
negative. The point Q(3,-1, 2) can be shown in this system as in the Fig. 1.10 (b).
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]

R Y. T

Rorde 2
z,< j 1 2 |13 y
P Jy AT 7L
27
2 ; 777

Y1
(a) (b)

Fig. 1.10 Representing a point in cartesian system

Another method to define a point is to consider three surfaces namely x = constant,
y = constant and z = constant planes. The common intersection point of these three
surfaces is the point to be defined and the constants indicate the coordinates of that point.
For example, consider point Q which is intersection of three planes namely x = 3 plane,
y==1 plane and z=2 plane. The planes x = constant, y = constant and z = constant are
shown in the Fig. 1.11. The constants may be positive or negative.
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Zz A 2
z = Constant
allel to xy plane
l / * l {
¢ y -y
x  x = Constant X o yl= Constant
parallel to yz plane parallel to xz plane
(@) (b) ©
z
2z =2 plane
Q(2-1.2), > pl
t /
(9) .
—~ —
& D .'.".’.'
Y " / E: : (» ¢ >
/ ; <
y =—1 plane x = 3 plane
Intersection

of x =3 and y = -1 planes

1.6.2 Base Vectors

The base vectors are the unit vectors which are strictly oriented along the directions of
the co-ordinate axes of the given co-ordinate
z system.

Thus for cartesian co-ordinate system, the three
base vectors are the unit vectors oriented in x, y
and z axis of the system. So @, ,a, and &, are the
base vectors of cartesian co-ordinate system. These
are shown in the Fig. 1.12.

—ie 5|

o) -
— Y So any point on x-axis having co-ordinates
/ (x1,0,0) can be represented by a vector joining
3, origin to this point and denoted as x, a, .

The base vectors are very important in

Fig. 1.12 Unit vectors in cartesian representing a vector in terms of its components,
system along the three co-ordinate axes.
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