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♦ Electromagnetic (EM) concepts are most conveniently expressed 

and best comprehended using vector analysis.

♦ In this chapter, the basics of vector algebra will be discussed in 

Cartesian, cylindrical and spherical coordinates.

♦ A quantity can be either a scalar or vector.

♦ A scalar is a quantity that has only magnitude such as mass, 

temperature, population students in a class and current.

♦ A scalar is represented by a letter such as A and B.

1.0  INTRODUCTION



♦ A vector is a quantity that has both magnitude and direction.

♦ A vector is represented by a letter with an arrow on top of it, 

such as      and     , or by a letter in boldface type such as A

and B .

♦ Vector quantities include velocity, force, displacement and 

electric field intensity.

A B



♦ A vector      has both magnitude and direction.

♦ The magnitude of       is written as A or      .

♦ A unit vector along      is defined as a vector whose 

magnitude is unity and its direction is along     .

♦ A unit vector of      may be written as:

where       is a unit vector for      and           .
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1.1  UNIT VECTOR
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♦ In Cartesian coordinates,      may be represented as:

(Ax, Ay, Az)    or 

where Ax, Ay and Az are called the components of      in x, y

and z directions respectively while         and     is a unit 

vector in the x, y and z directions, respectively.

♦ The magnitude of       is given by:

zyx AzAyAxA ˆˆˆ ++=

yx ˆ,ˆ ẑ
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♦ The unit vector along      is given by:
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Fig. 1.1: The components of A



♦The position vector of point P at (x, y, z) may be written as:

zzyyxxAP ˆˆˆ ++=

1.2 POSITION VECTOR, DISTANCE  VECTOR, 
FIELD AND VECTOR FIELD

The position vector is defined as a vector from the 
origin to position, P

Fig. 1.2: The position vector



♦ If two points P and Q are given by (x1, y1, z1) and (x2, y2, z2), 
the distance vector is the displacement from P to Q, that is:
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Fig. 1.3: Distance vector 

The distance vector is the displacement from one point 
to another

(x1, y1, z1)
(x2, y2, z2)



♦ Field can be either scalar or vector.

♦ Scalar field has only magnitude.

♦ Examples: temperature distribution in a building and sound

intensity in a theater

♦ Vector field is a quantity which has directness features pertaining 

to it.

♦ Examples: gravitational force on a body in space and the velocity

of raindrops.

A field is a function that specifies a particular quantity 
everywhere in a region



♦Not all of the laws of scalar algebra apply to all 

mathematical operations involving vectors.

♦ The laws are shown in Table 1.

1.3  VECTOR ALGEBRA

1.3.1  LAWS OF SCALAR ALGEBRA

Table 1: Laws of scalar algebra

Commutative



1.3.2  VECTOR ADDITION

♦ Two vectors       and     , in the same and opposite direction 

such as in Fig. 1.4 can be added together  to give another 

vector                     in the same plane.

A B

BAC +=

C♦ Graphically,      is obtained in 

two ways by either the 

parallelogram rule or the head-

to-tail rule.

Fig. 1.4: Vector       and A B



(a) (b)

Fig. 1.5: (a) Parallelogram rule (b) Head-to-tail rule



♦Vector addition obeyed the laws below:

♦ If                    and                                               

♦Adding these vector components, we obtain :



1.3.3: VECTOR SUBSTRACTION

♦Vector substraction :

where         has same magnitude with     but in opposite 
direction.

♦Thus,

where     is a unit vector for     . 
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Fig. 1.6: (a)Vector        and       (b) Vector substraction, A B BA −



1.3.4: VECTOR MULTIPLICATION

1.3.4.1: Multiplication with scalar

♦ Multiplication between      and scalar k, the magnitude of the 

vector is increased by k but its direction is unchanged to 

yield :

AA



1.3.4.2: Scalar or Dot Product

♦ Written as

♦ Thus, 

where θAB is the smallest angle between    and  , less than 
180o . 

BA ⋅

ABABBA θcos≡⋅

Fig. 1.7: Dot product 

A B



♦ If      perpendicular with      the dot product is zero because 

♦ If      parallel with      the dot product obtained is          

♦ If                      and

A B

cosθAB = cos 90o = 0

20cos AAAAA ==⋅

zyx AzAyAxA ˆˆˆ ++= zyx BzByBxB ˆˆˆ ++=

A B

zBzAyByAxBxABA ++=⋅Hence :



♦ Written as          

♦Thus,

where       is a unit vector normal to the plane

cointaining and      .

while          is the smallest angle between      and .
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1.3.4.3: Vector or Cross Product

A B

1.3.4.3: Vector or Cross Product



♦ The direction of               can be obtained using right-hand 

rule by rotating the right hand from       to      and the 

direction of the right thumb gives the direction of             

♦ Basic properties: ABBA ×=× -

CABACBA ×+×=+× )(

BA ×
A B

BA ×



Fig. 1.9: The cross product 
of       and   A B

♦ If                                       and                   then,
zyx AzAyAxA ˆˆˆ ++=

zyx BzByBxB ˆˆˆ ++=
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)()()( BACACBCBA ×⋅=×⋅=×⋅

♦If                                      ,                       

and                                    then  

zyx AzAyAxA ˆˆˆ ++=
zyx BzByBxB ˆˆˆ ++=

zyx CzCyCxC ˆˆˆ ++=

1.3.4.4: Scalar and Vector Triple Product

Scalar triple product is defined as :
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♦ Obtained using ‘bac-cab’ rule.

♦ Should be noted that:

Vector triple product is defined as


