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5.  Review of Vector Operations*
1.  Vectors in ‘Meteorological’ Coordinates
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Vectors are defined by a magnitude and a direction.  In meteorology, the direction is usually defined as the angle relative to North from which the vector quantity is coming.  A wind vector of 20 kt from 120SYMBOL 176 \f "Symbol" is illustrated in Figure 5-1.
Figure 5-1.  Horizontal coordinates and a sample   wind vector.  

2.  Vector Decomposition 

A given vector, 
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, can be broken into components in the following manner:
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where 
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i

, 
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 and 
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  are unit vectors directed toward the east, north and upward, respectively.  The magnitude of the vector can be defined in terms of the x, y and z components.  
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3.  Vector Addition

Given two vectors, 
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 and 
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, where
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A sample vector addition is shown in Fig. 5-2.  Let  
[image: image12.wmf]j

ˆ

4

i

ˆ

3

A

+

=

r

  and 
[image: image13.wmf]j

ˆ

4

i

ˆ

2

B

-

+

-

=

r

 then

              
[image: image14.wmf](

)

(

)

i

ˆ

1

j

ˆ

4

4

i

ˆ

2

3

B

A

C

=

-

+

-

=

+

=

r

r

r

 

[image: image15.png]



Figure 5-2.  Vector addition example.

4.  Vector Subtraction

Given the 
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 and 
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 vectors defined in the addition section, the vector difference is defined as
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A sample vector subtraction is shown in Fig. 5-3.  Let 
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Figure 5-3.  Vector subtraction example.  

5.  Multiplication of a Vector by a Scalar

Given the 
[image: image23.wmf]A
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 vector and a scalar multiplier, c, the product of the scalar and the vector is defined as follows.
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An example of scalar multiplication of a vector is shown in Fig. 5-4, where 
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Figure 5-4.  Example of scalar multiplication 

of a vector.
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Figure 5-5.  Vector orientation in the scalar and vector cross product examples.  
6.  Scalar (Dot) Product


The scalar product of two vectors, 
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 and 
[image: image30.wmf]r

B

, is defined as
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where SYMBOL 97 \f "Symbol" is the angle between 
[image: image33.wmf]r

A

 and 
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.  For example, if, as in Fig. 6-5, 
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7.  Vector (Cross) Product


The  vector product of two vectors, 
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 and 
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, is defined as
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where 
[image: image42.wmf]n
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 is the unit vector normal to the plane formed by 
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 and 
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B

.  The vector product can also be written in determinate form as follows.
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Using the same 
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 and 
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 vectors from the scalar product example,
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Note that, using the right hand rule, the direction of the cross product in the example would be into the page (the 
[image: image50.wmf]k
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 direction).
* Compiled by T. Koehler, Dept. of Economics and Geography, United States Air Force Academy.
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