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What is a rotation?
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The rotation "happens" in a plane.
Only the part of v parallel to this plane 

gets rotated.



How to define the rotation plane?
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Only the orientation and area matter
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A bivector is formed from two vectors
via the exterior product



The outer product of a vector with itself
has zero area
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Reversing the order in outer product
reverses the orientation
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A bivector can be scaled
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To add two bivectors in 2D,
simply join them
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To add two bivectors in 2D,
simply join them



Bivector addition in 3D is more involved
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Bivector addition in 3D is more involved



Formal definition:



Similarly, one can define spaces
of k-vectors for k ≤ dimV

WARNING
If dimV > 3, not all bivectors are a result of 
exterior product of two vectors.
The ones that are will be called blades.







Let V be also equipped with an inner product 
(so that lengths are defined).

inner product exterior product



We will define the geometric product,
so that

geometric product
= +



No, you can't add 
apples and oranges!



No, you can't add 
apples and oranges!

I can, in the direct 
sum of apple space
and orange space.



The exterior space over V is

scalars vectors bivectors





Reflection by a unit vector a
(only the part perpendicular to a is reflected)



Reflection by a unit vector a
(only the part perpendicular to a is reflected)



Reflection by a unit vector a - another look
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When two rotation planes intersect, composition of 
rotations in them is another rotation
If the b is the intersection unit vector, we can find vectors a, c,
such that the rotors are ab, bc
Their composition is then abbc = ac 
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Rotations don't always commute
The composition of ab, bc is abbc = ac
When done in opposite order, the composition is bcab
The resulting rotation plane is reflected by b and the sense is reversed 
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Rotation in the general space
(only the part parallel to the rotation plane I gets rotated)







Thank you


