Vector Operations
The length of a vector is found by using Pythagorus’ theorem.  The length of a vector a is written using the notation |a|  .  The formula for a the length of a 2 dimensional vector is |a|  =
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 and in three dimensions it is |a|  =
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A vector can be normalised (its length made equal to one) by dividing it by its length. The direction remains the same, of course. The notation is 
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.  For example, if vector a is (0,3,4) it’s length is 5 and the normalised vector, 
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 =  (0/5, 3/5,4/5).  Now check the length is really equal to 1.
Dot product

Another common vector operation is the scalar product, usually called the dot product and written 
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It is defined thus:

If a = (x1, y1, z1) and b = (x2, y2, z2) then 
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= (x1*x2+  y1*y2 + z1*z2).

It is also equivalent to
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=  |a|.|b|.cos where  is the angle between the vectors.
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is a scalar. 
If  a  and b are normalised then 
[image: image9.wmf]b

a

·

= cosTherefore we can use the dot product to find the angle between two vectors.  

If
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 = 0 then degrees

If 
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=1 then degrees

If
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  is +ve  then degrees  < +90 degrees .
Cross product

The cross product of two vectors is written
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· returns vector perpendicular to a and b
· use right hand rule to determine direction of vector (if using a right handed system – left otherwise).
· length = area of parallelogram mapped out by the two vectors a and b.
A handy way of remembering the cross product is to write it as a matrix and to see it as a determinant (don’t forget to negate the second term!), that is:
	i
	j
	k

	a1
	a2
	a3

	b1
	b2
	b3



Remember, i, j and k are the three orthogonal unit vectors in the x, y and z directions.

The result of a cross product is a vector.

The length of the vector cross product can be determined by:

|axb|  =  |a|.|b|.sinwhere  is the angle between a and b.
The cross product of two vectors results in another vector which is perpendicular to the two vectors.  The length of this vector equals the area of the parallelogram formed from the two vectors.[image: image14.emf] 
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