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1.1 Introduction

The quantities of interest appearing in the study of EM theory can almost be classified as either a scalar
or a vector. Quantities that can be described by a magnitude alone are called scalars. Distance, temperature,
mass etc. are examples of scalar quantities. Quantities, that require both a magnitude and a direction to fully
characterize them are vectors. Vector quantities include velocity, force, acceleration etc are examples of vector
quantities.

In electromagnetics, we frequently use the concept of a field. A field is a function that assigns a particular
physical quantity to every point in a region. In general, a field varies with both position and time. There are scalar
fields and vector fields. Temperature distribution in a room and electric potential are examples of scalar fields.
Electric field and magnetic flux density are examples of vector fields.

NOTE: Vectors are denoted by an arrow over a letter ( A ) and scalars are denoted by simple letter (A).

1.1.1 Unit Vector

e Aunitvector &, along A is defined as a vector whose magnitude is unity (i.e., 1) and its direction
is along A4, thatis

= 2
AT TA

AN N

Thuswe canwrite A as 4 = Ad,= ER
REMEMBER: Any vector can be written as product of its magnitude and its unit vector.

1.1.2 Vector Addition and Subtraction

Two vectors A and B can be added together to give another vector C; thatis,
C = A+B

Vector addition (a) parallelogram rule, (b) head-to-tail rule.
e  \Vector subtraction is similarly carried out as

D=A-B=A+(-B)
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7 NOTE |2
Z °* A+B=B+A (Commutative law)
* (A+B)+C=A+(B+0) (Associative law)
* Kk(A+B)=kA+kB (Distributive law)
A+B 15 15
o K = ?A'F—B

1.1.3 Position and Distance Vectors:

e  Apoint Pin Cartesian coordinates may be represented by (x, y, 2).
e  The position vector ?p (or radius vector) of point Pis defined as the directed distance from origin O

to P.
fp = xa, +ya,+za,
z
z
P(x,y 2)
P
( —
) Rpq Q
P w
q
/ O y % y
X
P
Illustration of position vector Fp = xéx + )A/ay + Zéz Vector distance ﬁpo

e  The distance vector is the displacement from one point to another.

e Consider point Pwith position vector Fp and point Qwith position vector E . The displacement from
Pto Qis written as

ﬁPQ =TrIg-Ip

-j Example-1.1 Point Pand Q are located at (0, 2, 4) and (-3, 1, 5). The position vector P

will be
(a) —-3a,+4a,+5a, (b) -3a&, +5a,
(c) 2a,+4a, (d) 2a, -4a,

Solution: (c)
T, = 04,+24,+4a, = 24,+4a,

-j Example-1.2 Point Pand Q are located at (0, 2, 4) and (-3, 1, 5). The distance vector
from Pto Q will be

(a) -3a,-4,+a, (b) -3&.-4,-4&,

(c) 3a,+a,+4, (d) 3a,-4,+4,



MEDE EERBSY Electromagnetic Theory Vector Analysis 5

Solution: (a)

Req = Ig—1, =(-3,1,5)-(0,2,4) = (-3,-1, 1)

-3a,-a, +a,

1.1.4 Vector Multiplication

e  Whentwo vectors are multiplied, the result is either a scalar or a vector depending on how they are
multiplied. Thus there are two types of vector multiplication.

1. Scalar (or dot) product: A - B

2. Vector (or cross) product : Ax B

Multiplication or three vectors A, B, C can resultin either
3. Scalar triple product : A . (BxC)
4. Vector triple product : A x (B x C)

Dot Product:

e The dot product, or the scalar product of two vectors A and B, written as A.B is defined
geometrically as the product of the magnitudes of A and B and the cosine of the angle between
them.

A-B =ABcos8,,
Where 8,5 is the smaller angle between A and B. The result of A.B is called either the scalar
product because it is scalar, or the dot product due to the dot sign.

If A= (ALALA)
and B = (B,.B,.B,)
then A.B =AB.+AB+AB,

NOTE: Two vectors A and B are said to be orthogonal (or perpendicular) with each other if A-B=0.

e  The dot product obeys the following laws:

Commutative Law

Expression: AxB=BxA
Distributive Law
Expression: AB+C) = AB+AC
A A = [AP=|AP
O N S—
4/' ° a,-a, =4a,-a,=a,-a,=0
o a,-éa, =a,-a,=4a,-a,=1

Cross Product:

e Thecross product of two vectors A and B, written as A xB, is a vector quantity whose magnitude
is the area of the parallelepiped formed by Aand B and is in the direction of advance of the right-
handed screw as A is turned into B.
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The cross product of A and Bisavectorwith magnitude equal
to the area of parallelogram and the direction as indicated

AxB = ABsin®,54,
where &, is a unit vector normal to the plane containing Aand B.

The vector multiplication of equation is called cross product due to the cross sign. It is also called
vector product because the result is a vector.

If A =(A,A,A)and B=(B, B, B,)then :

Y

a4 & a

AxB = Ax Ay AZ
By

AxB = (AyBZ - AZBy)éx +(AB, - Asz)éy + (AxBy - A},Bx)éZ
Also A x B =0, thensin 8,5 =0°or 180° this shows that /A and B are parallel or antiparallel to each
other.
Above result is obtained by ‘crossing’ terms in cyclic permutation, hence the name cross product.
Note that the cross product has the following properties

1. Itis not commutative:
AxB # BxA
2. ltis not associative:

Ax(BxC)#(AxB)x ¢
3. It is distributive:

Ax(

!

+C0)=AxB+ Ax(C

~ ~ ~

Foravector A= &, +a,+4a,

N

X
X

Q

<

I} I}
o O
Q

X

Scalar Triple Product:

Given three vectors A, B, and C, we define scalar triple product as,
A-(BxC)=B.(CxA)=C .(AxB)

If A=(A,A,A) B=(B,B,B)and ¢ =(C, C, C,) then A .(Bx C)is the volume of a

parallelepiped having A, B, and ¢ as edges and is easily obtained by finding the determinant of

the 3 x 3 matrix formed by A, B, and C; that is
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A Ay A,
Z(BX5)= Bx By Bz
C. Cy C,
e  Since the result of this vector multiplication is scalar these two equations are called the scalar triple

product.
Vector Triple Product:
° For vectors A, B, and ¢, we define the vector triple product as
Ax(BxC) = B(A.C)-C(A.B)
This is obtained using the “bac-cab” rule.

-j Example-1.3 Three field quantities are given by p=25 -4, and Q=24 - a,+2a,,
R =24,-34,+4,. The value of (P+Q)x (P-0Q) is
(a) 2a,-12a, +4a, (b) 23, +12a,+4a,
(c) 2a,-12a,-4a, (d) -2a,-12a,-44,

Solution: (b)
P+Q)x(P-Q) = 2(QxP)

a, a, a,
=22 -1 2
2 0 -1

2(1-0)a,+2(4+2)a, +2(0 + 2)a,

2a, +12a, +4a,

- EI Example-1.4 Three field quantities are given by p=25 -4, and Q=24 - a,+2a,,

R =24, -3a, + 4, . The value of Q-(RxP) is

(a) 10 (b) 18
(c) 2 (d) 14
Solution: (d)
a, a, a,
Q(RxP) =(2,-1,2). |2 -3 1
2 0 -1
=(2,-1,2).(3,4,6)
=6-4+12=14
2 -1 2
Alternatively: Q(RxP)=1|2 -3 1| =14

2 0 -1
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A point is represented in Cartesian coordinates
as A3, 4, 5), the radial component p in cylindrical
coordinates will be r in spherical
coordinates.
(a) less than
(c) equalto

(b) greater than
(d) unrelatedto

Consider a vector E = za, +(x+y)a,, the z
component of the vector in cylindrical coordinates
will be

(@) z

(b) zcos ¢ + (x + y) sin o

(€) —zsind + (x + y)cosd

(d) zero

Leta pointin spherical and cylindrical coordinates
are (r, 0, ¢) and (p, 0, 2). The radial component r
in spherical coordinates is related to components
in cylindrical coordinates as

@ p (b) p cos ¢
(c) ztan™" ¢ (d) (p2 + )12

Given the vector

A= (cosx) (siny)a, +(sinx) (cosy)a,

where &,,4, denote unit vectors along x, y
directions, respectively. The magnitude of curl
of Ais
(@ 0
(c) -1
The unit vector &5 which points from z = h on

the z-axis towards (r, ¢, 0) in cylindrical
co-ordinates as shown below is given by

Q.6

Q.7

Q.8

Q.9

Q.10

@ ha,2 - raZZ ) A= ha,
Nre+h «/r2 + h2
© ha, —ra, 9 ra, — ha,

Ve + h? Nre + h?

The vector field given by

—

A= yz8 +xZ8,+ xya, is

(a) rotational and solenoidal
(b) rotational but not solenoidal
(c) irrotational and solenoidall
(d) irrotational but not solenoidal
- 3 .
If A=-—==—, then the value of V.-A at
Jx2 +y?
(2,2,0) will be
(a) —-0.0884 (b) 0.0264
(c) —0.0356 (d) 0.0542
If F=xi+yj+zk, then the value of

-

x(Fxi)+ ] x(Fx])+kx( xK) is
(@)
(©

What is the value of constant b so that the vector

w !

r (d) er

V=(x+3y)7 +(y—2x)] + (x + bz)k
is solenoidal?

(@ 2 (b) 1

(c) 3 (d) -2

f 7 =xl, + yfy + zI,, then which of the following
relation will hold true?

(@ vr=3

b) Vx7=0

(
(c) Both (a)and (b)
(d) Neither (a) nor (b)
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Q11 1fé=3xb and b=3x¢, then = [x_x]§x+[y_y]§y+[z_z]§z =0
(@ b=0and ¢=0(b) Only b=0 Hence, A is irrotational.
(©) Only ¢=0  (d) b=0and Cc#0 The vector field 7 will be solenoidal, if V- 4 = 0
Q.12 If Sis any closed surface enclosing a volume V Here,
and A= axi +byj +czk, then the value of A I . R R
V. A = (axg+ay@+azg)~(yzax+xzay+xyaz)
”A' -hds (A is a unit vector) will be equal to 3 3
S = a, -éxg(yz)+ a, -éy@(xz) +a, -ézi (xy)
1 = =
@ gla+b+aV (o) (a-b-o)V 0+0+0=0
1 7. [€)]
(c) §(a+b+C)V (d) (a+b+c)V - 1
Given, A = a,
X2+ y?
STUDENT'S - 0 0 0
> ANSWER KEY / ASSIGNMENT | VA= Z(A)+=—(A)+=—(A)
ox oy 0z
1. (a) 2. (d) 3. (d) 4. (c) 5. (b) 3 y
=2 ——|+0+0
6. () 7. (a) 8. (b) 9, (d) 10. (¢) o W
11. (@) 12. (d) 3
— a_x(xZ +y2)71/2
STUDENT'S _ Vo ovan,
) HINTS & SOLUTIONS // , STURENTS. 208+ Y7y 2
e X
=V-A=-
(b)
5] Y02 +y2) (2 + )
Let the unit vector be given by &g . -
. , ! Now, (V- A)pp 0= - 2
Now, R = Difference of two vectors " (22 +22).(22 4 22)
= I’é, —héz 2
o R = ———=-0.0884
. Unitvector, & R _ra e, V88
s : R =Tog~- T—
‘:‘?‘ N2+ WP s [0
n(c) Given, Fo=xi+y)+zK
The vector field A will be irrotational,if Vx A= 0. Fxi = (xi+yj+zk)xi
a a a, = —yk+2zj
Now vy iz |d 2 9 Also,  Tx(Fxi) =ix(-yk+z])
x dy oz L
= jy+2zk
Yz xzZ XxYy .
Similarly, j x (7 x )= ix + kz
0 0 - 0 0 = R . o o
= @(X)/)—E(XZ) a,+ g(xy)—g(yz) a, and kx(FxKk) = ix+jy
3 B Thus, 7 x(Fx7)+] x(Fx])+Kkx (7 xK)
+|—(x2)-—(y2)| &, v s s
ox = 2(xi +yj +zk)=2r
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