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Installing GALG Tool 

Download and install the 64bit version of python 2.7.18: 
https://www.python.org/downloads/release/python-2718/ 

 

Download and unzip my GALG tool from this link: 
http://www.matzkefamily.net/doug/GALG/GALG_2020_09_15.zip 

 

Run the self test using command prompt tool: 
 

https://www.python.org/downloads/release/python-2718/
https://www.python.org/downloads/release/python-2718/
https://www.python.org/downloads/release/python-2718/
https://www.python.org/downloads/release/python-2718/
http://www.matzkefamily.net/doug/GALG/GALG_2020_09_15.zip


Vectors & Multivectors using REP loop 



Rock, Paper, Scissor, Lizard, Spock 



Qubits using GALG 



Spinors and Qubits 



Roots of Unity 
X2 = -1 (i) and X2 = +1 (neutrino) X3 = +1 (trine) and X4 = +1 (sqrt not) 

X2 = -X 
  



Nilpotents, 
Unitary and 
Idempotents 

For X2 = X (Idempotent)  
and U2 = 1 (Unitary)  
 
then X = –1 ± U   
proof  
X2 = (–1 ± U) 2 = X)  
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Qubit Summary G2 

Another 40 are 
additive inverses of 
these 40 and have 
the same properties 



Four Neutrinos in G2 



Quaternions in G3 

quaternions {i, j, k} 

i=x^y 

k=x^z 

j=y^z 

The quaternion sum is nilpotent! 
(Qi+Qj+Qk)**2 = 0 



Bell Operator: concurrent spinors 



Entanglement: Multiplicative Cancellation 



TauQuernions  (𝓣i, 𝓣j, 𝓣k & conjugate set 𝓣i’, 𝓣j’, 𝓣k’): 
 Entangled Quaternion  isomorphs  

 M = 𝓣i = ab – cd, 𝓣j = ac + bd and 𝓣k = ad – bc 
 B = 𝓣i’= ab + cd, 𝓣j’= ac – bd and 𝓣k’= ad + bc 
 Anti-Commutative: 𝓣x 𝓣y = –𝓣x 𝓣y  
 𝓣i

 2 = 𝓣j 
2 = 𝓣k

2 = 𝓣i 𝓣j 𝓣k = I  = (1 + abcd) (sparse –1)  
 (I )2 = I + = (–1 ±abcd) (sparse +1: is idempotent)   

TauQuernions: Entangled Quaternions in 𝔾4 

* 𝓣i  𝓣j 𝓣k  

𝓣i 1 + abcd –ad + bc ac + bd 

𝓣j ad – bc 1 + abcd –ab + cd 

𝓣k  –ac – bd ab – cd 1 + abcd 

* 𝓣i  𝓣y 𝓣k  

𝓣i  “–1” –𝓣k  𝓣j  

𝓣j 𝓣k  “–1” –𝓣i 

𝓣k  –𝓣j  𝓣i “–1” 

𝓣i  𝓣j 𝓣k  

Magic M3 = –M1 M0 = –M2 

Magic M3 = –M1 M2 = –M0 

Magic M1 = –M3 M0 = –M2 

Magic M1 = –M3 M2 = –M0 

𝓣i’  𝓣j’ 𝓣k’ 

Bell B2 = –B0 B1 = –B3 

Bell B2 = –B0 B3 = –B1 

Bell B0 = –B2 B1 = –B3 

Bell B0 = –B2 B3 = –B1 

Quaternions i, j, k:  
{xy, yz, xz} 

B 
2 + M 

2 = -1  

B 
4 + M 

4 = +1  

B and M 

operators are 
used as states 



Tauquernions 



Sparse Invariants for Bell/Magic operators  
Bell Sparse Invariants Magic Sparse Invariants 



Ebits: Detailed Bell/Magic States 
 Bell/Magic Operators (in 𝔾4): 

  Bell  operator B = SA + SB = a0^a1 + b0^b1 
  Magic operator M = SA – SB = a0^a1 – b0^b1 

 Bell/Magic operators B =B 
4 and M =M 

4 form ring states Bi and Mi: 
 
 
 

 
 

 
 

 
 Cannot factor: ± a0^b0 ± a1^b1 (Inseparable and is singular) 
 Bell and Magic operators are irreversible in 𝔾4 (different than Hilbert spaces) 

 See proofs that 1/(SA ± SB) does not exist for Bell (or Magic) operators 

 Multiplicative Cancellation – Information erasure is irreversible 
 Qubits A0 B0 = + a0^b0 – a0^b1 – a1^b0 + a1^b1 = B3 + M3 
 0 = Bell * Magic = Bell * Mj = Magic * Bi = Bi * Mj 

 Also works for higher dimensions B = SA  SB  SC  … (roots of unity) 
 
 

B(i+1)mod4 = Bi (SA + SB) 

B0 = A0 B0 Bell = – S00 + S11 = Φ+ 

B1 = B0 Bell = + S01 + S10 = Ψ+ 

B2 = B1 Bell = + S00 – S11 = Φ– 

B3 = B2 Bell = – S01 – S10 = Ψ– 

B0 = B3 Bell = – S00 + S11 = Φ+ 

M(i+1)mod4 = Mi (SA – SB) 

M0 = A0 B0 Magic = + S01 – S10 

M1 = M0 Magic = – S00 – S11 

M 2 = M1 Magic = – S01 + S10 

M 3 = M2 Magic = + S00 + S11 

M0 = M3 Magic = + S01 – S10 
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4D tesseract  



Graded Standard Model with GALG 

Bit in G1  primitives in G2 plus qubit primitives in G3 plus protons/neutrons 

possible dark primitives in G4  



Question and Answers 


