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VECTOR DEFINITIONS; DIRECTION COSINES; 
DIRECTION ANGLES 
 
Learning Objectives 
 
          1).  To determine and understand the differences between 

position vectors, unit vectors and force vectors. 
  

2).  To determine the direction cosines and direction 
angles. 

 
          4).  To do an engineering estimate of these quantities. 
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Definitions 
Position Vector AB(r ) :  a vector used to identify the position of a 

point in space relative to a reference point.  
 

BAB A(x, y, z)  - (x,r y, z)  
 

Unit Vector AB(u ) :  a dimensionless vector of unit magnitude 
that is often used to describe the direction of 
a vector of interest. 

 
A

AB
B

AB

ru  
r

  

 
 

Force Vector AB(F ) :  a vector used to represent the magnitude 
and direction of a force. 

 
 

ABA BB AFF  u  
 

 
Let      i  = unit vector pointing in the x-direction 
          j = unit vector pointing in the y-direction 
           k  = unit vector pointing in the z-direction 
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Consequences 

(i) The vector A can be written in terms of its 
"components" and the unit vectors i, j and k  as (see 
figure): 

A A i A j A kx y z  
(ii) The sum of two vectors is accomplished by adding 

together the respective components: 
A B (A i A j A k) (B i B j B k)x y z x y z  

                        (A B )i (A B )j (A B )kx x y y z z  

(iii) The magnitude (length) of A is given by (using 
Pythagorean Theorem): 

|A| A A Ax
2

y
2

z
2

 

(iv) A unit vector u pointing in the same direction as A is 
given by dividing A its 

                       magnitude: 
yx zAA A Au i j k

|A| |A| |A| |A|  
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Direction Angles 
1

x xθ cos (A / |A|)  = angle between + i  and A vectors, measured 
in the i A plane 

 
1

y yθ cos (A /|A|)  angle between + j  and A vectors, 
measured in the j A  plane 

 
1

z zθ cos (A /|A|)  = angle between + k and A vectors, 
measured in the k A plane 

  
Direction Cosines 

cos x x xθ (A / |A|) = u  

cos y y yθ (A /|A|) = u  

cos z z zθ (A / |A|) = u  
 

Note: 
2 2 2

x y z(cos θ )  (cos θ )  (cos θ )  = 1   
  
 
 

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu

Yangfan Liu



6 
 
 

Consequences 
(i) Rearranging we can see: 

A |Ax | cos  
A |Ay | cos  
A |Az | cos  

(ii) Therefore we can write 
A A i A i A kx y z  
    | | cos | | cos | | cosA i A j A k 
    | |(cos cos cos )A i j k  

(iii) Also, from before, 
Au cos i cos j cos k

|A|  

(iv) If A thenx 0 0 90, D  
If A thenx 0 90 180, D D  

 
Final Remark 
Practice making the three-dimensional vectors!  Show direction 
angles in figures.  Visualization is the first step in understanding. 
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