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First, we define the momentum density as follows 

( M Mp c cγ ρ φ ρ φ= ⋅ + ∇ ≈ ⋅ + ∇
  v) v v                     (1)

and the energy density
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accurate to an arbitrary scalar field ϕ dimension of which is [energy×length-2]. Here we multiply the momentum density by the 
constant c, which is the speed of light. It was done for order that the both variables, (1) and (2), would have equal dimensionality 
of pressure Pa = kg∙m-1∙s-2 [1]. Here is the Lorentz factor. Next, we will consider for simplicity only nonrelativistic case.

We introduce four quaternion matrices η0, ηx, ηy, ηz of size 4×4 [2]. They submit to the following communication relations

 2 2 2
0, , ,x y y x z y z z y x z x x z y x y zη η η η η η η η η η η η η η η η η η η= − = − = − = − = − = − = = = − 	 (3)

These matrices have one-to-one correspondence with three the Pauli matrices and the unit matrix constituting the basis of the 
group SU(2). Let us now define the differential operators:

 1 1 1
0 0 0i , i iT T T T

t x x y y z z t x x y y z z t x x y y z zc c cη η η η η η η η η η η η− − −= ∂ + ∂ + ∂ + ∂ = ∂ + ∂ + ∂ + ∂ = ∂ − ∂ − ∂ − ∂D D 	

Observe that

2 2 2 2 2
0( )T T

t x y zc η= = − ∂ + ∂ + ∂ + ∂ = �DD D D 			   (4) 

Let us define the energy-momentum tensor 0i T
x x y y z zT p p pεη η η η φ= + + + −D   with added an extra term TφD  

The Lorentz gauge transformation reads

1(1 4)trace 0t x x y y z zT = c p p pε φ−− ∂ + ∂ + ∂ + ∂ + =�D 			   (5) 

Now we can compute the force density tensor 
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Here

[ ]     and     pp
c t

ε∂
Ω = ∇ × ϒ = + ∇

∂

 
                   (7)

Finally, we find four equations
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analogous to the Maxwell’s EM equations.  Eq. (a) says that Ω


 is the orbital force density Eq. (b) is the vorticity 

equation. Eq. (c) computes the wave dynamics of the exchange of energies of two force densities Ω


 and ϒ


 Here 

0i x x y y z zJ c η η η η= ℘ + ℑ + ℑ + ℑ


 is the 4D current density. Eq. (d) extracts a scalar field represented by the action 
function S. This equation, in pair with the continuity equation, leads to appearance of the Schrodinger equation as soon as we 
introduce the complex wave function written in the polar form [3].
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