UNIT-I
Basic trigonometry:
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A X B = |A| |B| SINθ
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The various quantities involved in the study of engineering electromagnetics can
be classified as,

1.Scalars and 2. Vectors
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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.
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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.
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Vector Fleld
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1f 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 in a space is a vector field. This force has a value at various points in a space
and always has a specific direction.

Thé 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.
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Addition of Vectors
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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 & moved, to the origin.
This vector represents resultant which is the
addition of the two vectors A and B. This is
shown in the Fig. 1.5.

Let us denote this resultant as C then
CT=A+8B

It must be remembered that the direction
of T is from origin O to the tip of the vector
moved.
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‘The following basic laws of algebra are obeyed by the vectors &, B and T :

__-ZE_
S T —

a(R+B)=aR+ab (a+ PR =akepx
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Subtraction of Vectors
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‘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,

T = &+(-F)
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5 0 &
(b) Subtraction of vectors
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Scalar or Dot Product of Vectors
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The scalar or dot of the two vectors A
and B is denoted as A+ B and defined as the
product of the magnitude of A, the
magnitude of B and the cosine of the smaller
angle between them.

It also can be defined as the product of
magnitude of B and the projection of A onto
B or viceversa.
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Mathematically it is expressed as,

A-B=|A||B|cosu e
The result of such a dot product is scalar hence it is also called scalar product
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Cross Product
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AxB = [A, Ay Al
B, By B,
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Given the two coplanar vectors
A=33, +43, -5, and B=-63, +23, +43,
Obtain the unit vector normal to the plane containing the vectors A and B.
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= 268 +183, +303,
AxB _ 263, -18a, +303,

[ExB] 29 +(18)" +(30)"

an =

= 05964 &, + 04129 &, + 0.6882 &,
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Vector Triple Product
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Ax(BxT) = B(A-T)-C(A-B)
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The Coordinate Systems
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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 coordinate systems. There are various coordinate
systems available in mathematics, out of which three coordinate systems are used in
this book, which are

1. Cartesian or rectangular coordinate system
2. Cylindrical coordinate system
3, Spherical coordinate system
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Cartesian Coordinate System
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This is also called rectangular coordinate system. This system has three
coordinate axes represented as x, y and z which are mutually at right angles to each
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Now the three components of this position vector Top are three vectors oriented
along the three coordinate axes with the magnitudes x1, y, and z;. Thus the position

vector of point P can be represented as,

Tor = X3 +y13y +213;

The magnitude of this vector interms of three mutually
components is given by,

[For| = y(x)} +(y1)’ +(@)*

Thus if point P has coordinates (1,2,3) then its position vector is,

Tor = 13,+423,+3 &

and [Tor| = (1) +(2)* +(3)° =14 = 37416

)

perpendicular

el
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P = xia +y13y +215,;
Q = xpa +y2dy +223,

Then the distance or the displacement from P to Q is represented by a distance
vector PQ and is given by,

PQ = Q-P=[x2-x]ax+[y2 -y1]ay +[z2 -z ]a;, - @3)

‘This is also called separation vector.

‘The magnitude of this vector is given by,

|PQ| = J(xa -x) +(y2 -y1)’ +(z2 -21)° @)
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This is nothing but the length of the vector PQ. The equation (4) is called
distance formula which gives the distance between the two points representing tips
of the vectors.

Using the basic concept of unit vector, we can find unit vector along the
direction PQ as,

g = Unit vector along PQ = 72 - ®





image36.png
Obtain_the unit vector in the direction from the origin towards the point
P(3,-3,-2)
The origin O (0, 0, 0) while P (3, - 3, - 2) hence the distance vector OP is,

OF = (3-0)a +(-3-0)ay +(-2-0)3, =3a, -3a, -2a,

|OF| = J& +(-3)" +(-2)" = 46904
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Signs of the functions :

Quadrant |MEFRitade) i tan cot sec
' 010 900 + + + -+ +
P - 2 E: -
w_ e - = + + -
v |ororrezeo| - + E - +

Values of negative angles :

sin (-0) = -sin6, sec (- 0) = sec®

cos (-6) = cos b,

tan (-6) = -tan 8, cot (-6) = —cot O
Important identities :

sin?0 + cos?0 = 1, T-cos’0
1+ tan? = sec, T=sin?0
1+ cot?@ = cosec?d, cos?8 - sin® O
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Differential Elements in Cartesian Coordinate System
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Consider a point P(x, y,7) in the rectangular coordinate system. Let us increase
each coordinate by a differential amount. A new point P’ will be obtained having

coordinates (x+dx, y +dy, z+dz).
Thus, dx = Differential length in x direction

dy = Differential length in y direction
dz = Differential length in z direction

Hence differential vector length also called elementary vector length can be

represented as,

dl = dxa, +dy &y +dz 3,

(6
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Given three points in cartesian coordinate system as A(3,-2,1) B(-3,-3,5)
C(2,6,-4).
Find : i) The vector from A to C.

i) The unit vector from B to A.

iii) The distance from B to C.

iv) The vector from A to the midpoint of the straight line joining B to C.
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A =3, -21, +5, , B=-3a,-3d, +53,, C=24, +63, -43,
i) The vector from A to C is,

AC = T-A=[2-3Ja, +[6-(-2)] &y +[4-1]a,

= -3, +83, -53,

i) For unit vector from B to A, obtain distance vector BA first.

BA = A-B .. as starting is B and terminating is A
[3-(-3)]ax +[(-D-(-3)]3y +[1 -5]a;
= 6y +3y ~4%,

[BA| = (&) +(1)* +(-4)* =7.2801

BA _ 6a, +3y -47,
W' 7.2801

=0.8241 &, + 01373 5, - 0.5494 5,

iii) For distance between B and C, obtain BC
BC = T-B=[2-(-3)] & +[6-(-3)] 3y +[(4)-()] &
= 53, +93, - 93,
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Distance BC =

+(9) +(-9)° = 136747
iv) Let B(x1,y1,21) and C(x2,y2,22) then the coordinates of midpoint of BC
are[XEXe Yity: z4za
2 " 2 T2 :

3+2 -3+6 5-4

. Midpoint of BC oy

]:(- 05,15,05)

Hence the vector from A to this midpoint is
= [-05-3]a + [15-(-D)]ay +[05-1]a,
= -353,+353,-0535,
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Cylindrical Coordinate System
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The circular cylindrical coordinate system is the three dimensional version of
polar coordinate system. The surfaces used to define the cylindrical coordinate
system are,

1. Plane of constant z which is parallel to xy plane.
2. A cylinder of radius r with z axis as the axis of the cylinder.

3. A half plane perpendicular to xy plane and at an angle é with respect to xz
plane. The angle ¢ is called azimuthal angle.

The ranges of the variables are,

0srs<w )
0<6 < 2n - @
—w<zgw )

The point P in cylindrical coordinate system has three coordinates r, ¢ and z
whose values lie in the respective ranges given by the equations (1), (2) and (3).
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Differential Elements in Cylindrical Coordinate System
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Consider a point P(r,$,2) in a cylindrical coordinate system. Let each coordinate
is increased by the differential amount. The differential iricrements in 1,z are
dr, d¢ and dz respectively.

Now there are two cylinders of radius r and r+dr. There are two radial planes
at the angles ¢ and ¢ +d. And there are two horizontal planes at the heights z and
z+dz All these surfaces enclose a small volume as shown in the Fig. 121.

The differential lengths in r and z directions are dr and dz respectively. In ¢
direction, d¢ is the change in angle ¢ and is not the differential length. Due to this
change d¢, there exists a differential arc length in ¢ direction. This differential
length, due to d¢, in ¢ direction is r d¢ as shown in the Fig. 1.21.
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Thus the differential lengths are,
dr = Differential length in r direction
rd¢ = Differential length in ¢ direction
dz = Differential length in  direction
Hence the differential vector length in cylindrical coordinate system is given
Ql=dra, +rdéa, +dza,

The magnitude of the differential length vector is given by,

1| = J(dr)? +(rde)® +(dz)?

Hence the differential volume of the differential clement formed is given by,
dv = rdrdédz
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‘The vector representation of these differential surface areas are given by,
dS, = Differential vector surface area normal to r direction
= rd¢ dza,
d$, = Differential vector surface area normal to ¢ direction
= drdzy
d8, = Differential vector surface area normal to z direction
= rdrd¢ 7,
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Differential Elements in Spherical Coordinate System
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‘The differential length in r direction is dr. The differential length in ¢ direction
rsin6 d¢. The differential length in 0 direction is r 0. Thus,

dr = Differential length in r direction
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Hence the differential vector length in spherical coordinate system is given &

dl = dr 3, +rd0 3, +rsin0d¢ T,

the magnitude of the differential length vector is given by,

41| = /(dr)” +(r o)’ +(rsin0do)*

Hence the differential volume of the differential element formed, in sphe
coordinate system is given by,

dv = r2sin8drded¢ e
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‘The vector representation of these differential surface areas are given by,
dS, = Differential vector surface area normal to r direction
= r?sin0dod¢
d8, = Differential vector surface area normal to 0 direction
= rsin0drd¢
dS, = Differential vector surface area normal to ¢ direction
= rdrde
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Relationship between Cartesian and Spherical Systems
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Looking at the xy plane we can write,
x = rsinGcosy and y =rsinOsing
While z = reosd

Hence the transformation from spherical to cartesian can be obtained from the
equations,

rsin Ocos ¢, y =rsinBsing and z=rcoso - (14)

Now r can be expressed as,

X2 4y? 422 = risin20cos? § +17 sin? Osin? § +12 cos? 0
= r?sin? 0sin? ¢ +cos? §] +r? cos? 0
= 12 [sin?0 +cos? 0] =r?

While tang = and cos 0 = %

As r is known, 0 can be obtained.
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Transformation of Vectors




image59.png
Transformation of Vectors from Cartesian to Cylindrical
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Ar cos¢ siné O0][Ax
Ay | = |-sing cos¢ 0|fA,
A. o o 1jla,
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Transformation of Vectors from Cylindrical to Cartesian




image62.png
A cos¢ -sing O][A.
Ay| = [sing cosé Of|A,
A, o o 1A,
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Transformation of Vectors from Cartesian to Spherical
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Transformation of Vectors from Spherical to Cartesian
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Vector Analysis
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Electromagnetics is a branch of physics or electrical engineering which is used to
study the electric and magnetic phenomena. The electric and magnetic fields are
closely related to each other.

Let us see, what is a field ? Consider a magnet. It has its own effect in a region
surrounding it. The effect can be experienced by placing another magnet near the
first magnet. Such an effect can be defined by a particular physical function. In the
region surrounding the magnet, there exists a particular value for that physical
function, at every point, describing the effect of magnet. So field can be defined as
the region in which, at each point there exists a corresponding value of some
physical function.

Thus field is a function that specifies a quantity everywhere in a region or a
space. If at each point of a region o space, there is a corresponding value of some
physical function then the region is called a field. If the field produced is due to
magnetic effects, it is called magnetic field. There are two types of electric charges,
positive and negative. Such an electric charge produces a field around it which is
called an electric field. Moving charges produce a current and current carrying
conductor produces a magnetic field. In such a case, electric and magnetic fields are
related to each other. Such a field is called electromagnetic field. The
comprehensive study of characteristics of electric, magnetic and combined fields, is
nothing but the engineering electromagnetics. Such fields may be time varying or
time independent.
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Scalars and Vectors




