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Overview

� What is Geometric Algebra?

� Compass Ruler Algebra

� Visualizations with Gaalop

� Proofs with Gaalop

� A foundation for the combination of Dynamic Geometry Systems with 
Computer Algebra Systems?
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History of Geometric Algebra

� [David Hestenes 2001]
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152 years

� [David Hestenes 2001]
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History of Geometric Algebra
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� Outer Product

vector bivector trivector …

� Inner Product

Hermann G. Grassmann
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� Outer Product

vector bivector trivector …

� Inner Product

cross product and scalar product are

special cases of these general products

Hermann G. Grassmann



William K. Clifford

� Geometric Product

� For vectors

� Quaternions of Hamilton

� Normally called Clifford algebra in honor of Clifford

� He called it Geometric Algebra
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David Hestenes

� realized geometric algebra as a general language for physics

(„New Foundations of Classical Mechanics“, …)

� developed calculus

("Clifford Algebra to Geometric Calculus: 

A Unified Language for  

Mathematics and Physics")

� developed the Conformal Geometric Algebra

� Geometric Algebra <-> Clifford Algebra?
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Properties of Geometric Algebra

� Easy calculations with geometric objects and 
transformations 

� Geometric intuitiveness

� Simplicity

� Compactness

� Unification of mathematical systems

� Complex numbers

� Vector algebra

� Quaternions

� Projective geometry

� Plücker coordinates

� ….
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Goal of Geometric Algebra

� Mathematical language 

close to the geometric 

intuition combining 

geometry and algebra
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Compass Ruler Algebra

�4 basis vectors:



Compass Ruler Algebra
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Compass Ruler Algebra

Meaning of the products:
�Outer Product

� Generation of geometric objects
� Intersection

� Inner Product
� Distance Point-Point
� Distance Point-Line
� Angle between Line-Line
� Distance Point-Circle
� …

�Geometric Product
� Rotation
� Translation
� Reflection
� Inversion (Ex.        center of a circle as the inversion of infinity)
� …



Compass Ruler Algebra
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Gaalop
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Visualization

Computer Algebra

Latex, C/C++ …



Gaalop
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Proofs with Gaalop

Dietmar Hildenbrand |  "Geometric Algebra"  | TU Darmstadt

Proof, that the perpendicular bisector is equal to the difference of the two points
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Conclusion

� Easy to visualize with Gaalop

� Easy to proove with Gaalop

� A foundation for the combination of Dynamic Geometry Systems with 
Computer Algebra Systems??

Dietmar Hildenbrand |  "Geometric Algebra"  | TU Darmstadt



Thanks a lot
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