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COMPILATION: Geometric algebra in high school and early college 
 
Sept. 25, 2017 
From: Jane Jackson <jane.jackson@asu.edu> 
Subject: GEOMETRIC ALGEBRA and high school geometry, by David Hestenes 
Cc: Dave Hestenes,  Bob Rowley, Richard Clawson, Andrew Shevchuk, Jim Smith 
<nitac14b@YAHOO.COM> 
    David Hestenes developed geometric algebra (GA), a unified mathematical language for ALL 
of physics. It is very powerful!   It is used in the space program for satellite tracking, in robotics, 
in crystallography, computer vision, general relativity, and much more!  Dr. Hestenes gives 
keynote addresses at international conferences on GA; a recent conference was dedicated to him 
(in summer 2015 in Spain). 
    GA can be a central focus of high school geometry courses.  David Hestenes sees formal 
proofs as poor course content. He has a vision of an effective geometry course, centered on GA. 
    To see David Hestenes' vision, read the prologue (below) to his Primer on Geometric Algebra 
for introductory mathematics and physics. (He used it at his full-day workshops at ASU in 
summer for teachers, and at AAPT summer meetings.)  
    Later I will post some downloadable GA resources for high school by Jim Smith, a teacher in 
Mexico who has subscribed to this listserv for many years. 
 
David Hestenes wrote the following: 
  -------------------------- 
    Physics teachers are universally dismayed by the paltry understanding of mathematics that 
students bring from their mathematics courses. Blame is usually laid on faulty teaching. But I 
hold that the crux of the problem is deeply embedded in the curriculum. From the perspective of 
a practicing scientist, the mathematics taught in high school and college is fragmented, out of 
date and inefficient! 
    The central problem is found in high school geometry. Many schools are dropping the course 
as irrelevant. But that would be a terrible mistake for reasons already clear to Galileo at the dawn 
of science. 
*  Geometry is the starting place for physical science, the foundation for mathematical modeling 
in physics and engineering and for the science of measurement in the real world. 
*  Synthetic methods employed in the standard geometry course are centuries out of date; they 
are computationally and conceptually inferior to modern methods of analytic geometry, so they 
are only of marginal interest in real world applications. 
*  A reformulation of Euclidean geometry with modern vector methods centered on kinematics 
of particle and rigid body motions will simplify theorems and proofs, and vastly increase 
applicability to physics and engineering. 
    A basic pedagogical principle: The depth and extent of student learning is critically dependent 
on the quality of the available mathematical tools. 
 
    Therefore, we can expect a well-designed curriculum based on vector methods to produce 
significant improvements in the depth, breadth, and usefulness of student learning. Further 
enhancements can be expected from software that facilitates application of vector methods. 
Ref:     http://geocalc.clas.asu.edu/html/IntroPrimerGeometricAlgebra.html 
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  ------------------------------ 
References for further study: 
*  D. Hestenes, “Oersted Medal Lecture 2002: Reforming the mathematical language of physics, 
“ Am. J. Phys. 71: 104-121 (2003). In pdf at http://modeling.asu.edu/R&E/Research.html . 
*  D. Hestenes, New Foundations for Classical Physics (Kluwer, Dordrecht, 1986, 2nd ed. 1999) 
Both are at David Hestenes' website, at this URL:  http://geocalc.clas.asu.edu 
 ------------------------- 
 
 Sept. 27, 2017 
From: Jane Jackson 
    Jim Smith <nitac14b@YAHOO.COM>, a teacher in Mexico, posted the note below to the 
physics modeling listserv on October 11, 2016.   
     For background, read  
*  David Hestenes' Primer on Geometric Algebra, at his website. Visit        
               geocalc.clas.asu.edu/GA_Primer/GA_Primer/ 
 *  a 2016 interview with David Hestenes. He discusses GA, Modeling Instruction, and AMTA. 
http://www.physicsforums.com/insights/interview-mathematician-david-hestenes/ 
 
Jim Smith posted: 
    Below are links to resources that will give students experience with several types of problems, 
and in seeing a given problem in several ways.  
1. Solution Strategies for Equations that Arise in Geometric (Clifford) Algebra: 
     vixra.org/abs/1610.0054 
(with many comments, and clarifications of common confusions) 
2. Rotations of Vectors Via Geometric Algebra: Explanation, and Usage in Solving Classic   
Geometric  "Construction" Problems:   
     vixra.org/abs/1605.0232 
3. The Problem of Apollonius as an Opportunity for Teaching Students to Use Reflections and 
Rotations to Solve Geometry Problems via Geometric (Clifford) Algebra: 
    vixra.org/abs/1605.0233  
4. A Very Brief Introduction to Reflections in 2D Geometric Algebra, and their Use in Solving 
``Construction" Problems: 
        vixra.org/abs/1606.0253 
5. Simplified Solutions of the CLP and CCP Limiting Cases of the Problem of Apollonius via 
Vector Rotations using Geometric Algebra: 
      vixra.org/abs/1608.0217  
6. GeoGebra book of resources:  
     www.geogebra.org/m/qzDtMW2q7  
YouTube playlist:  
     http://www.youtube.com/playlist?list=PL4P20REbUHvwZtd1tpuHkziU9rfgY2xOu 
 
    Other files of possible interest are available on my Vixra and SlideShare accounts.     
         vixra.org/author/james_a_smith    
          www.slideshare.net/JamesSmith245 
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    The source files (LaTex, Word, GeoGebra, Excel, and images) for these resources are 
available as a compressed archive at  
          https://drive.google.com/open?id=0B2C4TqxB32RRdlB6V0xkM3hzT3c .  
    Anyone who finds them useful may modify them and use them, in whole or in part, in the 
original languages or translated, without further permission. 
 
    I'd like to emphasize that in addition to preparing those resources for other self-learners like 
myself, I prepared them to provide experts in using and teaching GA with concrete examples of 
how students do and don't pick up important points when applying GA to real problems. My own 
oversights might help those experts to "diagnose" other students' learning difficulties via Edward 
F. Redish's question, “Why can’t this student, to whom I have taught this material, answer this 
question for herself?”  
(Oersted Lecture 2013: "How should we think about how our students think?", 
https://www.researchgate.net/publication/255971834_Oersted_Lecture_2013_How_should_we_t
hink_about_how_our_students_think p. 548 ). Some of my early solutions to problems are quite 
embarrassing to me now, frankly. 
 
    Students might also be helped by the slides at time stamp 3:15 of the video Vectors' Geometric 
Properties (with application to forces) ( http://www.youtube.com/watch?v=aMk65C6ubJs ),  
and at 2:02 of Answering Two Common Objections to Geometric Algebra  
(  http://www.youtube.com/watch?v=oB0DZiF86Ns )  
  
    Modelers are especially welcome to join the LinkedIn group "Pre-University Geometric 
Algebra" ( http://www.linkedin.com/groups/8278281 ). 
 -------------------------------------- 
 
Sept. 10, 2018 
From: Jim Smith, in Chiapas, Mexico 
   To promote use of GA in in the classroom, the Linkedin group "Pre-University 
Geometric Algebra" will be happy to receive examples of typical problems from high 
school physics and math teachers, and to give solutions to those problems via GA methods. 
    The following solution of a more-involved problem (but perhaps understandable at the high-
school level) may be useful for studying the upcoming equinox: "Learning Geometric Algebra 
by Modeling Motions of the Earth and Shadows of Gnomons to Predict Solar Azimuths and 
Altitudes". http://vixra.org/abs/1802.0294  
 
[Jane’s notes:  
* Vixra.org is an online pre-print repository, rather than a journal. Download pre-prints in pdf. 
* Google the name of Jim Smith’s LinkedIn group, to access public posts by him, and also short 
YouTube videos on GA by him. For example: 
Jim’s 1st post: https://www.linkedin.com/pulse/group-teaching-geometric-algebra-useful-physics-robotics-james-smith 
in 2015:  https://www.linkedin.com/pulse/rotations-vectors-via-geometric-algebra-explanation-usage-james-smith 
the GeoGebra collection on Geometric Algebra: https://www.geogebra.org/m/qzDtMW2q  ] 


