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Abstract 

In this Essay, we present our old ideas concerning foundations of 

Elementary Quantum Mechanics (EQM). These ideas were published at 

the first time in the local Journal “Acta Physica” in 1992 [1]. We shortly 

remind these ideas and finish with conclusion that they give an 

argumentation for Einstein’s view on quantum theory: QM and 

Quantum Field Theory (QFT) are only trials of the description of the 

nonlinear reality by linear methods [2]. 

1. Introduction 

In this Essay, we would like to remind our old ideas published at the 

first time in the local Journal “Acta Physica” in 1992 [1]. These ideas 

concern foundations of Elementary Quantum Mechanics (EQM). By these 
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foundations we mean the wave-corpuscular duality for matter and Jordan 

rules of constructing of the wave equation (see, e.g., [3, 4]). To be precise, 

we give here these rules: In the expression ( ) ( )xpHxpEE
rrrr

,, ≡=  for 

energy of an object having linear momentum, ,p
r

 and radius-vector, ,x
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 and then, form the wave equation 
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ψ=ψ  is the so-called wave function and the evolutional equation (2) 

is called temporal Schrödinger’s equation. On the above foundations 

modern physics had built the great buildings of Quantum Mechanics 

(QM) and Quantum Field Theory (QFT). We will show in this Essay that 

these foundations follow from linearization of the gauge theory of gravity 

considered by the author [1, 5-8] and denoted by him MicGG. 

Linearization of the more general Poincaré Theory of Gravity denoted by 

PGT and considered, e.g., in [9-17] leads to analogical conclusion. 

This, the considerations presented in next Sections can be interpreted 

as an argumentation for Einstein’s view [2]: a nonlinear, deterministic 

field theory gives correct and complete description of reality. QM and 

QFT are only trials of the description by linear methods and, therefore 

cannot by complete. 

2. Short information about MicGG 

By MicGG we mean the model of gauge gravity considered by the 

author in [1, 5-8]. This model is based on the following gravitational 

Lagrangian 
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Constant +∈ RK  is most probably equal to 1, (see [1, 5-8]). 

j
iΩ  and iΘ  denote here the curvature 2-form and torsion 2-form of 

the Riemann-Cartan connection ,k
iω  respectively, and ik

jkj
i g η=η  is a 

pseudotensorial 2-form introduced by Trautman [18]. ∗  means the 

Hodge-star-operator [19, 20]. 

The Latin indices run over 0, 1, 2, 3 and the metric signature is 

( ).,,, −−−+  hπ= 2h  denotes Planck’s constant, c  is the value of the light 

velocity in vacuum and, ,G  denotes the Newtonian gravitational 

constant. 

The Lagrangian (3) has very good physical and geometrical 

motivation (see [1, 5-8]). After performing standard calculation we get the 

following gravitational field equations: 
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Equations (5)-(6) have very similar form to equations of a gauge field 

with sources given by the right hand sides. Decomposing the equations 
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(5)-(6) in the basis formed by the 3-forms iη  (see, e.g., [18]), one gets the 

following tensorial equations: 
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In the above formulae D  means the exterior covariant derivative, iϑ  

denotes the corepor and ( ) kml
i

klm
i RR −=  and ( ) lk

i
kl

i QQ −=  are the 

curvature and torsion components, respectively; ∇  means the covariant 

derivative and R
g

RG
pb

pbpb 2
−=  are components of the Einstein 

tensor. it  and j
iS  denote the canonical energy-momentum and canonical 

spin 3-forms of matter, respectively. 

The canonical tensors i
pt  and ( ) li

p
il

p SS −=  are defined by following 

decompositions: 

 ,i
p

pi tt η=    .jp
ip

j
i SS η=  (9) 

Field equations of the theory are 2nd order differential equations 

w.r.t. corepor iϑ  and connection ,k
iω  and, simultaneously, they are 3rd 

order differential equations w.r.t. metric and torsion components (or w.r.t. 

metric and defect components). 
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In tensor notation and inside of matter one has the system of 40 

nonlinear, 3rd order partial differential equations on 40 unknown 

functions: 6 intrinsic metric components, 24 intrinsic torsion (or defect) 

components and 10 functions describing matter. 

From physical point of view, the theory based on the Lagrangian (3) is 

an example of classical, microscopic gravitational theory (like one-particle 

Dirac’s theory from the point of view QFT). 

In macroscopic limit 0→h  in vacuum we obtain standard GR. 

For the following, the linearization of the field equations (7)-(8) in 

vacuum ( )0== kl
i

pb St  will be valid. It is because we want to have to 

deal with a free gravitational field only. 

3. The Linearized Field Equations 

Decomposing the torsion tensor kl
iQ  onto irreducible parts w.r.t. 

proper orthochronous Lorentz group ↑
+L  [9-17]: 
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are the vectorial, axial, and tensorial parts of torsion respectively, we 

obtain from (7)-(8) the following linearized dynamical equations: 

 ,0=φik�    ,kiik φ=φ    ,0=φ∂ ik
i  (13) 

where 
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The linearized fields ,kiik φ=φ  ,δ  ,B  ,~
iv  ,~

ia  ,kiik XX =  iklt
~  are 

irreducible in the following sense: they are traceless and divergenceless in 

vacuum, thus describing particles with definite spin-parity. 

We see that all these fields satisfy the relativistic linear Schrödinger 

equations ( ≡ Klein-Gordon equations )  with positive, imaginary, or 

negative mass. Other important observation is: linearization introduces 

tachyons despite the fact that the exact theory is casual and deterministic 

(see, [1, 5-8]). 

4. The Wave - Corpuscular Duality and Jordan’s rules 

Let us consider Schrödinger equation given by (16) 

 ;0=Ψ

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For convenience we will restrict ourselves to analysis of this equation. 

However, an analogous analysis is also possible to the rest of the linear 

Schrödinger equations (13)-(21). 

It is easy to check that the complex plane wave 
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The solution (23)-(24) is, in some sense, fundamental one because one 

can construct more general solutions to the equation (22) from it by 

superposition. 

It is seen that the fundamental solution (23)-(24) describes 

dynamically a free particle having mass 
G

hc
m

π
=

2
1

 ( ),1if =K  linear 

momentum ,p
r

 energy ( ),22222 cmpcE +=
r

 and spin-parity ,0−=PJ  

which is piloting by the wave (23). 

We propose to interpret the wave (23) following M. Born proposition 

[3, 4], i.e., we propose the wave as piloting the point like particle in such 

way that probability of its finding at the point, ,p  is proportional to 

square of moduli of this wave at this point. 

This particle is not localized. A free and localized particle is described 
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by the so-called wave packed formed from the waves (23). 

It is reasonable to call the solution (23)-(24) the wave-like particle 

because it propagates as wave and interacts as particle having energy, ,E  

and linear momentum, ,p
r

 both satisfying the famous de Broglie’s 

relations 

 ,ω= hE    .kp
r

h
v

=  (26) 

From the above facts one can conclude that we have here the wave-

corpuscular duality for the solution (23)-(24) to the equation (22) (and for 

corresponding solutions to remaining Schrödinger’s equations (13)-21)) 

This, one of the foundations of the EQM - the wave-corpuscular 

duality - is immediately obtained by linearization of MicGG. 

We propose to interpret the wave (23) following M. Born proposition 

[3, 4], i.e., we propose the wave as piloting the point-like particle in such a 

way that probability of finding the particle at point, ,p  is proportional to 

square of moduli of this wave at this point (Interpretation of Ψ  by de 

Broglie or, Bohm, is also possible). 

It is very interesting that one can obtain the equation (22) as one-

particle Schrödinger’s equation if and only if by applying Jordan’s rules 

(1)-(2) to a free realistic particle satisfying 
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So, one can say that the elementary quantum-mechanical Jordan 

rules (1)-(2) follow from (22)-(23)-(24), i.e., that they follow linearized 

MicGG. 

5. Hypothesis 

From Sections 1-4, we see that the free gravitational field has the 
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following properties: 

1. Exact theory of the field is a nonlinear and deterministic gauge 

field theory. 

2. Linearization of this theory leads us to Schrödinger equations, 

wave-corpuscular duality for gravitons and to Jordan rules, i.e., it leads 

us to foundations of the elementary quantum theory of gravitons. 

If we treat gravitational field as typical gauge field and gravitons as 

typical micro-objects, then we will end up with the following Hypothesis. 

The exact and complete theory of matter is a deterministic and 

nonlinear field theory, NFT (maybe a gauge field theory). The free 

fundamental particles, defined as irreducible representations of the 

Poincaré group ,P  emerge in linear approximation of the theory. 

To every particle, a suitable linear Ψ  is joined (the field of matter 

wave piloting the particle). The field Ψ  satisfies the linear wave equation 

obtained from the relation 

 42222 cmpcE +=
r

 (28) 

for integer spin and, most probably, from the relation 

 β+⋅α= ˆˆ 2mcpcE  (29) 

for half-integer spin by means of the Jordan rules. 

 β+⋅α= ˆˆ 2mcpcE  (30) 

is here the “Dirac’s square-root” of ,42222 cmpcE +=
r

 i.e., 

 ( )( ) .ˆˆˆˆ 422222 cmpcmcpcmcpc +=β+⋅αβ+⋅α
r

 (31) 

(See, e.g., [3]). 

,α̂  β̂  mean Dirac’s matrices and, ,p  is 4-momentum. 
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The obtained equation is, of course, linear Schrödinger’s equation. 

The above Hypothesis generalizes properties of the gravitational field 

to the whole matter. 

From the point of view of the Hypothesis the standard quantum-

mechanical formalism is only description by linear methods of the 

relations which are, in fact, nonlinear. Therefore, this formalism cannot 

be complete. 
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