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Abstract 
The research considers wavelike objects that are elements of even subalgebra 
of geometric algebra in three dimensions. The used formalism particularly 
eliminates long existing confusion about the reasons behind the appearance 
of the imaginary unit in quantum mechanics and introduces clear definition 
of wave functions. When a wave function acts through the Hopf fibration on 
a localized geometric algebra element, that is executing a measurement, the 
result can be named as “collapse” of the wave function. 
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1. Introduction 

The current research is based on long list of the author works on geometric al-
gebra formalism in quantum mechanics [1] [2]. Previous results allow to imple-
ment the process of creating “particles” in “collapse” of wave function. The work 
aims at receiving explicit formulas identifying geometric objects appearing in 
interaction of wave functions with other objects. 

The research considers wavelike objects that are elements of even subalgebra 

3G+  of geometric algebra 3G  [1]. The used formalism particularly eliminates 
long existing confusion about the reasons behind the appearance of the imagi-
nary unit i in quantum mechanics [3], and introduces clear definition of wave 
functions. 

The wave likeness follows from the fact that a 3G+  element scalar part and 
the coefficient of bivector part both can depend on time and three-dimensional 
position as: 
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( ) ( )( ) ( ),cos , sin , e SI t r
SR t r I t r R ϕ ωϕ ω ϕ ω+ ≡      



           (1.1) 

Such elements are in the current research wave functions, also called in the 
case 1R =  g-qubits since they are generalization of commonly known quantum 
mechanical qubits when formal imaginary unit i is replaced by a geometrically 
clear unit bivector SI  in three dimensions. 

The wave functions can be transformed, and scattered, for example, when 
another 3G+  element multiplies it (from the left.) The result of such time pro-
portional actions is described in the geometric algebra terms by Schrodinger eq-
uation [4]. 

When a wave function acts through the Hopf fibration on a localized 3G+  
element, that’s executing a measurement, the result can be named as “collapse” 
of the wave function though it is physical identity of different nature, output of 
Hopf fibration. 

2. Scattering of a Wave Function by G3
+  Element 

In the following, the wave functions will be taken of specific form: 

( )
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( ) ( )
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where 3I  is unit value oriented 3-volume (here right hand screw oriented.) 
I will call it sprefield, it is special solution of Maxwell equation calculated in 

geometric algebra terms [2]. The name follows from the fact that  

( )0 0 0
, , , , ,S B ESp r t I I Iω   is non-local object instantly spreading its modifications 

through the whole 3D and time parameter values. 
Sprefield when scattered on a 3G+  element  
( ) ( )( )0 0 01 2 3cos sin S B EI I Iγ γ γ γ γ+ + +  becomes1: 
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1Multiplication of the sprefield by the scattering element from the left is taken for agreement with the 
left side multiplication by Hamiltonian in conventional quantum mechanics Schrodinger equation. 
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This scattered sprefield is defined in all points r  and time parameter values 
t, independently when scattering occurs. 

That general case is not highly informative. 
Consider special cases. 

• Scattering element is ( ) ( ) 0
0

cos sin e SI
SI γγ γ+ =  with the result: 
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The expression in the second square bracket is sum of operator of continuous 
rotation in plane 

0SI  with angular velocity ω , angle is advanced by γ , and 
operator of continuous rotation in plane 

0SI  with angular velocity ω , angle is 
retired by γ , with subsequent flip in plane 

0SI . The first one is lift of 0  in 
Dirac notations, the second one of 1  [5]. 
• Scattering element is ( ) ( ) 0

0
cos sin e BI

BI γγ γ+ =  with the result: 
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The variant with 
0EI  follows from similar calculation. 

3. Measurements by Wave Functions 

Let a 3G+  element 
0 0 00 1 2 3S B EC C I C I C I+ + + , represented in bivector basis 
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{ }0 0 0
, ,S B EI I I , sits at point r , and the sprefield interacts with it through mea-

surement general formula implemented in geometric algebra terms as Hopf fi-
bration: 
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The result in the current case is: 
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where 

( )( )( ) ( )
032 cos cosSI I r tα ω ω = ⋅ 
 , ( )( )( ) ( )

01 32 cos sinSI I r tβ ω ω = ⋅ 
 , 

( )( )( ) ( )
02 32 cos cosSI I r tβ ω ω = ⋅ 
 , ( )( )( ) ( )

03 32 cos sinSI I r tβ ω ω = ⋅ 
  

Geometrically that means that the measured element is rotated by 
2
π  in the  

0BI  plane, such that the 
03 EC I  bivector component becomes lying in plane 

0SI  and remains unchanged, along with scalar component 0C . Two other bi-
vector components became orthogonal to 

0SI  and continue rotating in 
0SI  

with angular velocity 2 tω . 
Thus, we have what is called “collapse” in conventional quantum mechanics 

of the wave function, sprefield, at point r , and the value of the collapse is “par-
ticle”. Static 3G+  element is transformed into 3G+  element rotating with con-
stant angular velocity in constant plane. 

Quantum computers and quantum cryptography are maybe the first potential 
commercial applications of quantum physics. They can get their effective prac-
tical implementation only if formalized in terms of adequate logical and mathe-
matical structure, and that has not fully achieved yet. Quantum mechanics in its 
existing formulation is a no-work-around obstacle for creating quantum com-
puters. Huge efforts have been made in the area without successful results due to 
working with inappropriate mathematical tools. The core of quantum compu-
ting should be not in entanglement formally following from conventional quan-
tum mechanics representation of many state systems as tensor products, which 
do not have clear geometrical or physical interpretation, of individual states. 

The scheme suggested in the current text is based on manipulation and trans-
ferring of quantum states as operators acting on observables, both formulated in 
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terms of geometrical algebra. In this way quantum computer appeared to be a 
kind of analog computer keeping and processing information by and on sets of 
objects possessing infinite number of degrees of freedom. 

The very senseless wave/particle “dualism” cannot be seriously considered since 
the two are different things. Wave functions, thoroughly considered by P. Dirac 
as operators, under the name of “states”, act on observables, producing “par-
ticles” if you prefer, through measurements. 

Our states as elements of 3G+  are naturally mapped onto unit sphere 3 . 
Two-state system is then just a couple of points on 3 , say 

11
1

1 2 3
1 1 1 1 1 1 1 1 2 1 1 3e SI

SI b B b B b Bϕ α β α β β β= + = + + +
 

22
2

1 2 3
2 2 2 2 2 1 2 2 2 2 2 3e SI

SI b B b B b Bϕ α β α β β β= + = + + +
 

where 

( )2 2 22 2 1 2 3 2 2
1 1 1 1 1 1 1 1b b bα β α β+ + + = + =  and 

( )2 2 22 2 1 2 3 2 2
2 2 2 2 2 2 2 1b b bα β α β+ + + = + =  

in some bivector basis 1 2 3 1B B B = , 1 2 3B B B= − , 1 3 2B B B= , 2 3 1B B B= − . 
Then it follows that two states of an arbitrary two-state system are, in any 

case, connected by the Clifford translation2: 

( ) ( )2 2 1 1 12 2 1 1 1
2 2 1 1e e e e , , , eS S S S SI I I I ICl S Sϕ ϕ ϕ ϕ ϕϕ ϕ−= ≡

 
The product of exponents 2 12 1e eS SI Iϕ ϕ−  is trivial in the case 1 2S S S= ≡  (the 

case of unspecified imaginary unit in conventional quantum mechanics)  
( )2 1 2 12 1e e eS S SI I Iϕ ϕ ϕ ϕ− −= . Though in general case we also know more complicated 

result: 

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

( ) ( ) ( ) ( ) ( )

2 12 1
2 2 1 1

1 2 1 2 1 2 3 2 1 2

3 1 2 1 3 2 1 1 2

, , , e e

cos cos sin sin cos sin

cos sin sin sin

S SI ICl S S

s s I s
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−≡

= + ⋅ +

+ + ×  
where 1s  and 2s  are vectors dual to planes 1S  and 2S  relative to orientation 
of 3I . 

From knowing Clifford translation connecting any two states as points on 3  
it follows that the result of measurement of any observable C by the state 11e SI ϕ , 
for example ( )1 11 1

1 1e e ,S SI IC C Sϕ ϕ ϕ− ≡ , immediately gives the result of (not made) 
measurement by 22e SI ϕ : 

( )
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=

=

=

3 

This is geometrically clear and unambiguous explanation of strict connectivity 

 

 

2It is universally possible due to the hedgehog theorem. 
3Difference in exponent signs from usual measurement definition is made just for some conveni-
ence. It means that the angle has opposite sign or can be thought that the bivector plane was flipped. 
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of the results of measurements instead of quite absurd “entanglement” in con-
ventional quantum mechanics. 

The received formula: 

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

0 0 0

0

2

3 0 3 1 2

2 1

4 cos sin 2 cos 2

sin 2 cos 2

S S B
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ω ω
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shows that only component of the result of measurement lying in plane 

0SI  
does not depend on the value of time parameter. We know that any two obser-
vables can be connected through Clifford translation. If we are reasonably con-
cerned only in the 

0SI  component of the result of measurement then with 
placing another observable value 3

newC  the latter can be written, in assumption 
that the 

0SI  old observable component is not zero, as: 

( ) ( ) ( )0 0

2

3
3 3 3 3

3

4 cos
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new
S S

C
sign C sign C I I r C I

C
ω

   
     ⋅ + +       

 



 

Thus, all the 
0SI  components of any observable do simultaneously exist 

whilst we only made measurement of one observable. All the other observables 

values are stored at distances 3

3

newC
r

C
 . 

Consider some cases when the sprefield is scattered before measuring. 
When sprefield is scattered on element ( ) ( ) 0

0
cos sin e SI

SI γγ γ+ =  we have: 
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Again, we have constant value in plane 
0SI  and rotation of two other bivec-

tor components orthogonal to it. 
In the case of scattering element ( ) ( ) 0

0
cos sin e BI

BI γγ γ+ =  we have 

( )( )( ) ( )
032 cos cos sin

4SI I r tα ω ω γπ  = ⋅ −    
 , 

( )( )( ) ( )
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⋅


 , 
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4. Conclusions 

Wave function when implemented as special solution of the Maxwell equation in 
geometric algebra terms is spread through the whole three-dimensional space 
and time parameter values. If scattered by another 3G+  element the result is si-
multaneously redefined everywhere and for all values of t. We particularly have 
changing of wave function backward in time. That is obvious demonstration that 
the suggested theory allows indefinite event casual order. In that way the very 
notion of the concept of cause and effect disappears, thus we might not perceive 
time. 

In measurements, through applying wave function to a static 3G+  element, 
the result is new 3G+  element rotating in not changing plane with constant an-
gular velocity—“particle”, that is “collapse” of wave function. 
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