
UNIVERSITY OF ANBAR  

COLLEGE OF ENGINEERING  

    

Prepared by : Ass. Prof.  Dr. Ayad A. Sulaibi   

2.5 Cartesian Vectors

 Right-Handed Coordinate System

handed coordinate system to develop the theory of vector 

algebra that follows. A rectangular coordinate system is said 

to be right-handed if the thumb of the right hand points in the 

direction of the positive z 

curled about this axis and directed from

the positive y axis, Fig. 2–

 

 Rectangular Components of a Vector

may have one, two, or three rectangular components along 

the      x, y, z coordinate axes, depending on how the vector 

is oriented relative to the axes. In

is directed within an octant of the 

then by two successive applications of the parallelogram 

law, we may resolve the vector into compo

A = A' + Az and then A

equations, to eliminate A

sum of its three rectangular components,

  

                                A = Ax

 

 Cartesian Unit Vectors:

Cartesian unit vectors, i , 

directions of the x, y, z axes, 

 The positive Cartesian unit vectors are shown in Fig. 2
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Cartesian Vectors  (Vectors in 3-Dimensions) 

Handed Coordinate System: We will use a right- 

coordinate system to develop the theory of vector 

follows. A rectangular coordinate system is said 

thumb of the right hand points in the 

z axis when the right-hand fingers are 

curled about this axis and directed from the positive x towards 

–21.  

Rectangular Components of a Vector: A vector A 

one, two, or three rectangular components along 

axes, depending on how the vector 

is oriented relative to the axes. In general, though, when A 

is directed within an octant of the x, y, z frame, Fig. 2–22 , 

then by two successive applications of the parallelogram 

we may resolve the vector into components as:          

A' = Ax + Ay . Combining these 

A', A is represented by the vector 

rectangular components, 

x + Ay + Az                          (2–2) 

: In three dimensions, the set of 

, j , k , is used to designate the 

 respectively. 

The positive Cartesian unit vectors are shown in Fig. 2–23. 
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 Since the three components

positive i , j , and k directions, Fig. 2

Cartesian vector form as:  

          

 

 

 

 Magnitude and direction 

As shown in Fig. 2–25 , from the blue right triangle,

  , and from the gray right triangle,

 

 

Combining these equations to eliminate 

 

 Now the direction of A 

direction angles α (alpha), 

measured between the tail 

provided they are located at the tail of 

2-27 . 

 

 

 

A = Axi + Ay j + Azk                     
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Since the three components of A in Eq. 2–2 act in the 

directions, Fig. 2–24 , we can write A in 

(2–3) 

and direction of a Cartesian Vector: 

25 , from the blue right triangle,  

and from the gray right triangle,  

equations to eliminate A' yields:  

 

 

A will be defined by the coordinate 

(alpha), β (beta), and γ (gamma), 

tail of A and the positive x, y, z axes 

are located at the tail of A , Fig. 2-26 and Fig. 
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These numbers are known as the direction cosines of A. Once they have been 

obtained, the coordinate direction angles α, β, and γ can then be determined from the 

inverse cosines.  

 

 

 

 

 

 

 

 An easy way of obtaining these direction cosines is to form a unit vector u A in 

the direction of A , Fig. 2–26 . If A is expressed in Cartesian vector form,                

A = Axi + Ay j + Azk , then uA will have a magnitude of one and be dimensionless 

provided A is divided by its magnitude, i.e. :  

 

 

 

Where:   

By comparison with Eqs. 2–5 , it is seen that the i , j , k components of uA represent 

the direction cosines of A , i.e.,  

uA = cos α i + cos β j + cos γ k                      (2–7) 

Since the magnitude of a vector is equal to the positive square root of the sum of 

the squares of the magnitudes of its components, and uA has a magnitude of one, then 

from the above equation an important relation among the direction cosines can be 

formulated as: 
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Finally, if the magnitude and coordinate direction angles of 

may be expressed in Cartesian vector form as

 

 

 

 

 

2.6 Addition of Cartesian Vectors

Let   A = Axi + Ay j + 

Fig. 2–29 , then the resultant vector, 

components which are the scalar sums of

k components of A and B 

R = A + B = (Ax + Bx)

If this is generalized and applied to a system of 

several concurrent forces, then the force resultant is 

the vector sum of all the forces in the

be written as: 
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Finally, if the magnitude and coordinate direction angles of A 

may be expressed in Cartesian vector form as:  

Addition of Cartesian Vectors 

+ Azk and B = Bxi + By j + Bzk , 

then the resultant vector, R , has 

components which are the scalar sums of the i , j and 

B , i.e., 

)i + (Ay + By)j + (Az + Bz)k 

If this is generalized and applied to a system of 

forces, then the force resultant is 

the vector sum of all the forces in the system and can 

  

A are known, then A 
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