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� Coordinate systems

� Vectors and scalar quantities

� Properties of vectors

� Components of vectors and unit vectors
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� In this Chapter, we use the Cartesian Coordinate System , in which 
horizontal and vertical axes intersect at a point d efined as the 
origin . 

� Cartesian coordinates are also called rectangular  coordinates.

Coordination System

Designation of points in a Cartesian 
coordinate system. Every point is 
labelled with coordinates (x, y).

1. Cartesian Coordinate System
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Sometimes it is more convenient 
to represent a point in a plane by 
its plane polar coordinates (r,θ), 
as shown in Figure. 

In this Polar Coordinate System, 
r is the distance from the origin 
to the point having Cartesian 
coordinates (x, y), and θ is the 
angle between a line drawn from 
the origin to the point and a fixed 
axis.

2. Polar Coordinate System
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From the right triangle in the 
figure, we find that

sin θ = y/r and,     cos θ = x/r

Therefore, starting with the plane 
polar coordinates of any point, 
we can obtain the Cartesian 
coordinates by using the 
equations:

The Relation between Cartesian and 
Polar Coordinate Systems
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Example

The Cartesian coordinates of a point in the x-y plane are
(x, y) = (-3.50, -2.50) m. Find the polar coordinates of this point.
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Vector and Scalar Quantities

A Scalar Quantity is completely specified by a single value with 
an appropriate unit and has no direction.

Examples of scalar quantities are volume, mass, speed, and 
time intervals.

A Vector Quantity is completely specified by a number and 
appropriate units plus a direction.

Examples of a vector quantity is displacement and velocity.
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Some Properties of Vectors

11

Vector addition. Walking first 3.0 m
due east and then 4.0m due north leaves you 

5.0 m from your starting point.
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When two vectors are added, the sum is independent of the 
order of the addition. (This fact may seem trivial, the order is 
important when vectors are multiplied). This can be seen from 
the geometric construction in Figure 3.9and is known as the 
commutative law of addition:

A + B = B + A   
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Figure 3.14 summarizes the signs of the components 
when A lies in the various quadrants.
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Unit vector in 3-D

� Unit vectors in x, y, z coordinate are i, j, k

31

Applied Mechanical Engineering Program

Physics for Engineering I

Chapter 3

Vectors

Dot Product

Let  a and b be two vectors defined as 

a = a1 i + a2 j + a3 k and b = b1 i + b2 j + b3 k then the 

dot product is a scalarvalue defined as

a . b = a1b1+ a2b2 + a3 b3 Or    = ||a|| ||b|| cos θ

Example : Calculate the dot product of C=(−4,−9) 

and D=(−1,2).

Solution:

C⋅D=−4(−1) − 9(2) = 4−18 = −14.
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Cross Product

Let  a and b be two vectors defined as 

a = a1 i + a2 j + a3 k and b = b1 i + b2 j + b3 k then the cross 

product is a vector value defined as

a x b = (a2b3 – a3b2) i + (a1b3 – a3b1) j + (a1b2 – a2b1) k

Example : Calculate the cross product between a=(3,−3,1) 

and b=(4,9,2).

Solution: The cross product is

i j k
a1 a2 a3
b1 b2 b3
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