
Join Operation Illustration

Line containing points p and q.

Plane containing line l and point p.

Line where planes g and h intersect.

Point where plane g and line l intersect.
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Line containing point p and orthogonal to plane g.

Plane containing point p and orthogonal to line l.

Plane containing line l and orthogonal to plane g.
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Distance Formula

Angle Formula

Illustration

Illustration

Distance d between points p and q.

Perpendicular distance d between point p and line l.

Perpendicular distance d between point p and plane g.

Perpendicular distance d between skew lines l and k.
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Cosine of angle  between planes g and h. 
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Cosine of angle  between plane g and line l. 
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Definition DefinitionDescription

Type Projected Geometric Norm Interpretation

Distance from origin to point p.

Half distance that origin is moved by flector p.

Perpendicular distance from origin to line l.

Half distance that origin is moved by motor l.

Perpendicular distance from origin to plane g.

Half distance that origin is moved by flector g.
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Flector F Half distance that origin is moved by flector F.
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Projection Operation Illustration

Orthogonal projection of line l onto plane g.

Orthogonal projection of point p onto line l.

Orthogonal projection of point p onto plane g. p

g

p

l

g

l

( ) ( ) ( )
( ) ( )

2 2 2
1 2 3 4

1 2 3

x y z x y z w

x x y y z z w w x y z

g g g p p p p
g p g p g p g p g g g

= + + + + +
− + + + + +

g p g e e e e
e e e

¶¢ ¡

( ) ( ) ( ) ( )
( ) ( ) ( )

2 2 2
1 2 3 4

1 2 3

vx x vy y vz z vx vy vz vx vy vz w

vy mz vz my w vz mx vx mz w vx my vy mx w

l p l p l p l l l l l l p
l l l l p l l l l p l l l l p

= + + + + + + +
+ − + − + −

p e e e e
e e e

l l¶¢ ¡

( ) ( )41 42 43x vx y vy z vz x y zg l g l g l g g g− + + + +e e e
( ) ( )23 31 12x mx y my z mz x y zg l g l g l g g g+ + + + +e e e
( ) ( ) ( )23 31 12z vy y vz w x vz z vx w y vx x vy wg l g l g g l g l g g l g l g+ − + − + −e e e

( ) ( ) ( )2 2 2
41 42 43x y z vx vy vzg g g l l l= + + + +g g e e el ¶¢ ¡

Central projection of line l onto plane g.

Central projection of point p onto line l.

Central projection of point p onto plane g.
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Operation Description Identities

Unary Operations

Right bulk dual of u

Right weight dual of u

Left bulk dual of u

Left weight dual of u

Bulk of u

Right complement of u

Left complement of u

Reverse of u

Antireverse of u

Weight of u
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Operation Description Identities

Binary Operations

Exterior product
Wedge product
a “wedge” b

Exterior antiproduct
Antiwedge product
a “antiwedge” b

Inner product
Dot product
a “dot” b

Inner antiproduct
Antidot product
a “antidot” b

Geometric product
a “wedge-dot” b
Identity is scalar 1

Geometric antiproduct
a “antiwedge-dot” b
Identity is antiscalar 1
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Transformation Groups

Fixes horizon neFixes origin ne

Motion
Operator

Motor Q

rotates object u through angle 2   about line l and
translates by distance 2δ along direction of line l.
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about unit axis a through origin.
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rotates object u through angle 2
about unitized line l.
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rotates object u through 180° about unitized line l.ul l
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Flector F

rotates object u through angle 2   about line
perpendicular to plane g passing through point p and
reflects across plane g.
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