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ABSTRACT 

It is shown that in Euclidean space with any number of spatial dimensions more than three, the Lorentz transform holds 
true if the proper time of each elementary particle is proportional to the length of its path in the extra-dimensional sub-
space, and all elementary particles move at the speed of light in the complete space. The six-dimensional treatment of 
the Coulomb force of interaction between two charges is given. The electric force is due to the motion of charges in the 
extra-dimensional subspace and is equal to the corresponding Lorentz force. 
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1. Introduction 

It is commonly assumed that space-time is pseudo- 
Euclidian while the interval ds of relativity theory is an 
element of the trajectory of a particle in this space-time. 
But for any Euclidean space having more than three spa-
tial dimensions, the Lorentz transform may be obtained if 
the elementary particle is moving at the speed of light in 
the complete multi-dimensional space and the proper 
time of this particle is proportional to its path length in 
extra-dimensional subspace (Y) of the whole space. This 
explains the twins paradox as well: the more rapidly a 
body moves in three-dimensional subspace (X), the lower 
its velocity in extra-dimensional subspace and, cones- 
quently, the slower its proper time passes. This assump- 
tion goes back to F. Klein’s idea [1,2] of the motion of 
particles with the speed of light in multi-dimensional 
space where mechanics is represented as quasi-optics. 

The light and also particles of substance have corpus- 
cular as well as wave properties, examples of which are 
the diffraction of electrons when they are represented as 
a wave and photoelectric emission when photons are re- 
presented as particles. These properties testify that sev- 
eral basic properties of light and particles are the same. 
The main property of light is that it propagates, in the 
absence of gravitation, at the speed of light in any refer-
ence frame. Then elementary particles of substance must 
also move at the same speed. This is impossible in 
three-dimensional space but possible in multi-dimensio- 
nal space. 

All directions in extra-dimensional subspace Y of the 
multi-dimensional Euclidean space considered are per-
pendicular to any direction in three-dimensional sub-

space X. Therefore projections  and  of a dis-
placement  of a particle, moving at the speed of 
light in the complete Euclidean space of any number of 
spatial dimensions more than three, on subspace X and 
subspace Y, respectively, are connected by the Pythago- 
rean theorem: , where cdt  is a 
displacement of the particle par time lapse . From 
this, one obtains the metric  

ds dx
cdt

     2 2 2
cdt ds dx 

cdt

     2 2 2
ds cdt dx 

2v v c

.           (1) 

Particles should be confined to a small vicinity of the 
three-dimensional Universe by the forces (of cosmo- 
logical nature) orthogonal to it. In the Euclidean space 
under consideration, elementary particles cannot be well 
off the subspace X at large Compton distances and must 
be confined near this subspace. Otherwise, there would 
be neither compact trajectories of elementary particles in 
extra-dimensional subspace nor macroscopic bodies. 
Such forces (of the Lorentz type) are perpendicular to 
any direction in three-dimensional subspace and are the 
reason why the trajectories of elementary particles are 
compacted in extra-dimensional subspace despite the 
centripetal forces in it. Thus, projections of these trajec-
tories on additional subspace are finite ones, and elemen- 
tary particles move at the speed of light, remaining at rest, 
on average, in this subspace. For this reason atoms and 
macroscopic bodies consisting of elementary particles 
may be at rest as a whole. 

The dispersion equation is the same for the acoustic 
waveguide, the electromagnetic one, and de Broglie 
waves: ph g   , where ph  is the phase velocity, v

gv  the group velocity, c the speed of waves in a free 
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medium (the speed of sound in the first case and that of 
light in the other two cases). The main characteristic of 
any waveguide is that it has finite transverse dimensions. 
The dispersion of waves is due to these dimensions only. 
This indicates that the part of space which we deal with 
in the experiment is only approximately three-dimen- 
sional and has rather small (Compton) sizes in the addi-
tional subspace. 

Energy propagates along rays. That is why the speed 
of its propagation along the waveguide is less than the 
speed of light and is equal to sinc  , the group velocity, 
where   is the angle of inclination of the trajectory of 
an elementary particle to the transverse section of the 
waveguide. Wave fronts are perpendicular to the trajec- 
tory. Therefore, these fronts move along the waveguide 
more rapidly than the speed of light and their phase ve-
locity is sinc  , the speed of an imagined tachyon, so 
that the product of the group and phase velocities is . 
The dispersion is formed by the walls of the waveguide, 
if it has them, or force fields, as for an electron moving 
in a magnetic field along a helical line; this is also a 
waveguide of a sort. Here the dispersion equation is due 
to the perpendicularity of trajectories to the wave fronts. 

2c

The energy of a photon is equal to h , where   is 
the frequency of light and h the Plank constant. By virtue 
of a principle of similarity of the basic properties of sub- 
stance and light concretizing the principle of simplicity 
[3], the rest energy mc  of a particle may be repre-
sented as a quantum of energy 

2

h , so that 
2mc h                  (2) 

The unique and natural frequency   for a particle of 
substance at rest in X is the frequency of its rotations in 
extra-dimensional subspace Y. On the other hand, the 
particle moves with the speed of light along the directrix 
of the motion tube, from which 2πa c  , where a is 
the radius of the tube. Eliminating   from this equality 
and (2), one finds 2πa h mc , a mc 

 

; that is, the 
length of the directrix is equal to the Compton wave- 
length. The length of the directrix corresponds to the 
period h of the coordinate of action in 5-optics [4]. 

There is no need to consider the complete space as a 
pseudo-Euclidean one. Let us demonstrate that the Lorentz 
transform may by obtained for the Euclidean space under 
consideration. 

The particle moves along the cylinder surface (the mo-
tion tube as the envelope of the geodesics) with Com- 
pton radius a  and with its axis in the sub- 
space X and directrix in the subspace Y. The interval  
is a projection of the displacement of a particle on the 
directrix of the motion tube, and  is a projection of 
the displacement on the tube axis (see Figures 1 and 2). 

mc 
ds

dx

R

R

The particle which is stationary in the projection onto 

X in the inertial frame of reference K moves at the speed 
of light c and travels, in the simplest case, in a circle wi- 
thin the three-dimensional subspace Y that complements 
X with respect to the complete Euclidean space 6  
while the centre of the circle is in X. In any other inertial 
frame of reference this particle moves along a helical line 
(curve 1 in Figure 2) located on the cylindrical surface 
(motion tube) in  with its axis belonging to X. 6

Let us assume that the proper time of the particle is 
proportional to the length of its path in Y because it is a 
natural measure of time. This length is proportional to 

, where cos   is the angle of inclination of the helix 
with respect to the tube directrix. If the particle makes 
one rotation within the proper time  , for a fixed obser- 
ver with respect to whom the particle moves along the 
tube with the velocity sinv c  , this will occur within 
the time sinv c  , where 

 

cdt 

dx

ds

ds dx cdt

 

Figure 1. Projections  and  of a displacement  
of a particle moving at the speed of light in the complete 
multi-dimensional Euclidean space. 
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Figure 2. 1 is the helical trajectory of a particle moving in 
six-dimensional space with the speed of light c along the 
cylinder surface (the envelope of the geodesics) of Compton 
radius  a = mc

ς = ct

v = csinθ

 with its axis in the subspace X and 

directrix in the subspace Y. . 2 is a helical line of 
equal proper time of this particle. It passes through the 
particle perpendicularly to the helical trajectory. It moves 
along the same cylinder surface with the velocity of the de 
Broglie wave. Its pitch is equal to the de Broglie wavelength. 
In subspace X the particle moves at the speed , 
where   is the angle of inclination of the trajectory of an 
elementary particle to the transverse section of that cylinder. 
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 2
1 v c 

d

sin ,cosv c   .         (3) 

In (3) and the subsequent discussion the plus sign ap-
plies to the particle rotating about the axis of the tube in 
the positive direction and the minus sign applies to the 
antiparticle rotating in the opposite direction. Intervals of 
the proper time of the particle (or antiparticle)  and of 
the fixed observer’s time are related by the formula dt

 2
1 v c 

cos

cosdt d d    .        (4) 

In the fixed frame of reference K the particle has a 
component of the velocity ccosθ along the directrix. For 
the fixed observer, the proper time of the particle is, ac-
cording to (4), also proportional to   so that the 
particle moves with the velocity c in its proper frame 
 K 

d

 of reference as well. 
A particle at rest in K, a particle moving with the 

speed of light c along the directrix, displaces per proper 
time   in an interval  equal to ds

ds cd 

E

E 

d cdt

.                 (5) 

The momentum of this particle is a vector directed 
along the tangent to the directrix at a point where this 
particle is placed at a given time. The magnitude of this 
vector is mc, which is the product of the mass m of the 
particle and its speed c. This is the momentum at rest in 
relativistic mechanics. The energy at rest 0 , according 
to this definition, is the product of momentum and the 
speed of a particle: 0 . In the general case, the 
total momentum of a particle is the vector directed along 
the tangent to the helical trajectory. Its value p is the 
product of the mass m of a particle and the ratio of its 
path 

2mc

 

d

                   (6) 

in the whole space to the proper time   expended for 
this path: 

 2
1c v c

cos

d mc
p m m

d


 

   . 

This is the relativistic formula for the total momentum 
of a particle. Projections px and py of the total momen- 
tum on the generatrix and directrix of a tube are equal to 
the spatial and temporal components of the four-momen- 
tum of a particle, respectively [5,6]: 

 2
, yc p mc 

0

tan 1xp mc mv v    .   (7) 

In the general case,    and the total energy of a 
particle E is the product of the total momentum p and the 
speed of movement c along a helix: 

 
2

2

cos

mc
E pc m


   2

1c v c

ds

.       (8) 

This value is the total relativistic energy of a particle. 
Note that the ratio of the total energy to the total mo-
mentum of the particle is the same as that for a photon. 
This is yet another common property of light and sub- 
stance. 

Displacement of the particle over the interval  
along the motion tube directrix and the corresponding 
rotation through the angle d ds a 

a

d

 about the axis of 
the tube, where  is the radius of the tube, are identical 
in any frame of reference. Designating the projection of 
particle displacement   over the surface of the tube 
onto its generatrix by dx in the frame of reference K and 
using the Pythagorean theorem for the rectangular tri- 
angle OAB shown in Figure 2, one obtains (1). If this 
relation is considered as the initial one, then (6) follows 
from it; that is, the particle moves in  at the speed c. 6

The projection of the sides of the triangle OAB on the 
trajectory of the particle gives 

R

cos sins x .              (9)    

0t
Let us write the initial conditions in the form  

 0x s with   

,

. Then, referring to (4) and (5), 
it follows that:  

s c ct    .               (10) 

Substituting sin v c   (2) and (10) into (9) gives 
the Lorentz transform for time: 

     22sin cos 1t x c t xv c v c             

v

. 

A similar consideration applied to the system of refer-
ence K′, taking into account that the system K moves 
relative to the considered particle with velocity  , 
leads to the reversed transform: 

 

   22

sin cos

1 .

t x c

x v c v c

 



    

    

 

where x′ is the coordinate along the line of equal proper 
time. The transition from the system K to K′ corresponds 
to a turn through an angle 

0x s
 about the origin 

 ,   of coordinate net x s

v
0t

 on the surface of the 
motion tube, together with trajectories of particles on it. 
This turn transfers a helical trajectory in the directrix of 
the tube. 

For a geometrical interpretation of the rest Lorentz 
transform, let us consider a trajectory of a particle mov-
ing along the tube with the same velocity  and intersect- 
ing at a time cos sin 0s x  with the helix   

P
 

at an arbitrary point . In the system of reference K, 
trajectories inclined at the angle   to the directrix are 
the lines of the constant coordinate x′ of the system K  . 
The coordinate x BP  is measured along the helix 
described by Equation (9). The measurement is taken 
from the normal section of the tube sinx vt     to  
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the section reached by the particle  at time  when x 
is the distance between  and the directrix OA. Pro-
jecting segments 

P t
P

x , x ,  , and s (see Figure 3 as the 
resolvent of the cylinder in Figure 2) on the generatrix 
and directrix, the trajectory of the particle and the helix 
(along x ) perpendicular to the trajectory are obtained 
with cos  > 0:  

cos sin , cos

cos sin , cos

x x sin ,

sin .

s x

x s x s x

  
  
  

 
  
 
 

 

cos

 

Dividing these equalities through by   and 
eliminating ,  s  , and   by means of (3) and (10), ac- 
cording to which s c , ct  , sin v c  , and  

 2
1 v c cos  in the considered case, one may  

easily obtain the Lorentz transform in the standard form: 

   2
1x x vt   v c , 

   2
1 v c2t xv c     , 

   2
1c v c2t x v    , 

   2
1x x v  t v c . 

The proper length of a moving rigid scale is the dif-
ference between the coordinates x′ of its ends. In the sys-
tem K, this is equal to the length of a segment of the he-
lix perpendicular to the trajectories of particles moving 
with this segment between normal sections of the motion 
tube corresponding to those ends. It is a segment of the 
line of equal time in the system K 

 

. The length of the 
same scale in the system at rest K is the difference be-
tween the coordinates x of its ends. This is equal to the-
distance along the generatrix between those normal  
 

x 

x 

x′ 

θ 
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Figure 3. The evolvent of the motion tube shown in Figure 2; 
 and  are coordinates of a particle along the directrix 

of the motion tube and the tube axis, respectively, in the 
system K at rest;   is the same but along the generatrix in 
the system K′ connected with the particle. ,  

, , ,  
. 

OA PD = s
CP OB = ς

=
=

AP = OD = x BP

sections, which is 1 cos  less than the proper length. 
Thus, the Lorentz contraction of moving scales is a 

result of the projection of lengths in multi-dimensional 
space on three-dimensional space. Non-simultaneity of 
spatially spaced events in one system of reference with 
simultaneity in another is explained by non-parallelism 
of helixes of equal time in systems of reference moving 
relative to one another. 

The above interpretation of Formula (4) also holds for 
the curved axis of a motion tube because in any case all 
normal sections of such a tube are perpendicular to any 
directions in the subspace X to which the axis of the tube 
belongs. 

Another helix placed on the same tube perpendicularly 
to the helical trajectory of a particle and passing through 
the particle is the line of equal proper time of the system 
K  . This helix moves along the tube with the velocity of 
the de Broglie wave, 2sinv c c v 


ph , where v is the 

velocity of the particle in the subspace X. The pitch  
of this helix is equal to the de Broglie wavelength, 

 2
2π 1

tan tan x

a h h
h p v c

mc mv 
     , as is  

seen from (7) and Figures 2 and 3. The angle coordinate 
s a  of the helix described by (9) and (10) is equal to  

sin
tan , 2π

cos cos

s x ct x mc
h

a a a

 
 


   


,  F r o m  

this and from (6) and (7) it is seen that s a


 is equal to 
the phase of the de Broglie wave x . In the 
place of the position of the particle x = vt this phase is an 
angle of rotation of the particle on the motion tube. The 
function 

Et p x  

 exp i s a   satisfies the Klein-Gordon 
equation 

2 2
2 2

2 2
a a

x
   

 
 

y y
y y

. 

The Heisenberg uncertainty relations are due to uncer-
tainty of coordinates and moments of a particle in Y. In 
fact, let the directrix of a motion tube of a particle be 
displaced in the plane 2 , 3 . Then projections of the 
momentum of a particle on axes 2  and 3  and coor-
dinates of the particle along these axes are equal to 

2 3

2 3

sin , cos ,

cos , sin ,

y yp mc p mc

y y
mc mc

  

 

 

 
   

where   is the angle of rotation of the particle about 
the axis of a tube reckoned from the axis 2 . The aver-
age over 

y
  values of coordinates and projections of the 

momentum are equal to zero but their mean-square val-
ues are equal to 

 
2

22 2 2 2
2 3 2 3

1 1
,

2 2y yy y p p mc
mc

     
 


, 
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from which the following relations can be found:  
2 2

2 2y yp y p  2 2 2
3 3 4y   . 

The simple geometrical treatment of spin and isotopic 
spin needs three additional spatial dimensions. In six- 
dimensional Euclidean space, spin and isotopic spin are 
treated as projections of the total momentum on the sub-
space X and subspace Y, respectively, while the proper 
magnetic moment is a result from rotation of the charge 
at the speed of light in Y along the orbit of the Compton 
radius [5-7]. The first substantiation of space six-dimen- 
sionality was given by di Bartini [8], who calculated the 
fundamental physical constants. A four-dimensional treat- 
ment of Metric (1) with a somewhat different account of 
wave properties of space (as applied to four spatial di-
mensions) is given by Gribov [9]. 

The proper moment of momentum S  of a particle is 
a vector product of the proper momentum and radius 
vector of this particle. The component of the radius vec- 
tor and the component of velocity of the particle on the 
axis of the motion tube are perpendicular to the plane of 
rotation in Y and therefore do not make any contribution 
to S . Hence, for a particle moving in six-dimensional 
space along a helix but consequently in a straight line in 
a projection on X, S  is a vector product of the projec-
tion of momentum and the radius vector of this particle 
on Y. In this case, the magnitude of momentum S  be-
comes yS p a  mc m  S c   . This formula re-
tains some arbitrariness in the orientation of vector S  
in six-dimensional space: it may be oriented in any direc-
tion in four-dimensional subspace perpendicular to the 
plane of rotation in Y. In the general case, vector S  has 
four non-zero components along directions perpendicular 
to each other and the plane of rotation of the particle in Y. 
In the case of rotation in the plane 2 , 3 , such com-
ponents are , , ,  along the axes 

y y

1S 2S 13S 4S x , 2x ,  

3x , , respectively, and 1y  1 22 2 2
3 4S S  

S S
S

2
1 2S S S   . 

Components 1 , 2 , and 3  are components of the 
spin of the particle, and 4  is a projection of the iso- 
topic spin of the particle. Thus, spin and isotopic spin are 
the projections on X and Y, respectively. From (6), 

S

yp  
is independent of velocity v. Hence spin and isotopic spin 
are also independent of velocity v and are not subject to 
the Lorentz transformation. 

Vector S , which remains perpendicular to the plane 
of rotation of the particle, has three degrees of freedom, 
and may be oriented in an arbitrary manner relative to 
those coordinate axes. A uniform distribution of compo-
nents of the vector over the above four axes which are 
perpendicular to each other and the plane of rotation in Y 
corresponds to particles with spin one-half. Then these 
components are equal to 2  or 2 , and the sum 
of squares of these components in X is equal to . 

In quantum mechanics, this is the “total” (in three-di- 
mensional space) square of the proper momentum of a 
particle. Orientations of vector S obtained from previous 
orientations through allowable turns, keeping one or two 
given components invariable, are referred to the last case 
as well. So, if one of the components of the vector in X 
and one component in Y have a fixed value  or 

  23 4 

2
2  then the vector retains the possibility of rotating 

about two corresponding axes. In this case, two non- 
fixed components will not have specific values (these are 
ordinary situations in quantum mechanics, where the 
absence of fixation of quantities is the exception rather 
than the rule). For equal allowed probabilities of orienta-
tions of that vector, the mean-square components men-
tioned above are equal to 2

 R
m x

. A change of direction of 
rotation of a particle about the axis of the motion tube in 
the opposite sense also changes the signs of the compo-
nents to the opposite ones and corresponds to the transi-
tion to an antiparticle. 

In the general case, the moment of momentum has 
four non-zero components along directions perpendicular 
each to other and a plane of rotation of a particle. There- 
fore, the theory of spin and isotopic spin must explicitly 
or implicitly use four coordinates and four projections of 
vectors on the axes of those coordinates. The total mo- 
ment of momentum M in 6  is the vector product of 
the total momentu mp

 R
c  and radius vector r + a of 

a particle in 6 , where xp  and r denote the momentum 
and radius vector in X, and mc and a denote the momen-
tum and radius vector in Y. Moment M is a four-dimen- 
sional vector perpendicular to the plane of rotation of a 
particle in Y . On average over a period of rotation about 
the axis of the tube, the cross-terms disappear and then M 
= L + S, where L is the orbital moment in X, and 

 s m a c  is the spin-isotopic spin moment of rotation 
in Y. Three components of S represent the spin projec-
tions S1, S2 , and S3 on X , and the component on Y repre-
sents the isotopic spin S4. Hence, on account of the mu-
tual perpendicularity of vectors a and c and equalities 
a a c , c S  , one obtains . With the uniform 

distribution of components on four coordinate axes, 
which are perpendicular to the plane of rotation in Y, one 
finds 2 2 2 22, 1, 2,3, 4, 3 4S j S S S     1 2 3j

Of interest is the question of why the values of the 
proper momentum and its components in X and Y, that is, 
spin and isotopic spin, are independent of the mass of an 
elementary particle. In six-dimensional treatment, the 
answer is obvious: the momentum is proportional to this 
mass but the radius of the Compton orbit in Y for this 
particle is inversely proportional to this mass, and there- 
fore the product of the momentum and radius of the 
Compton orbit is independent of this mass. 

. 

The proper magnetic moment   of a charged ele-
mentary particle is defined similarly to the proper mo-
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ment of momentum S  accordingly to the known for-
mula of electrodynamics [10]: 

 
2

e
c

c
 R

a

, 

where R is the six-dimensional radius vector of the parti-
cle, and c is the vector of its velocity in Y. Since a con-
tribution to this vector product gives only the projection 

 of the radius vector R on subspace Y, one finds  

 ca 
2

e

c


a

. From this, accounting for the mutual per-  

pendicularity of vectors  and c as well as equalities 
aa  and cc , one finds the magnitude   of the 

proper moment   of the particle which is equal to the 
Bohr magneton: 

2
2 Be a

mc
   


.         (11) 

In the simplest case, when the vector   has no 
components in subspace Y, the components of this vector 
define in X a three-dimensional vector whose magnitude 
is equal to the Bohr magneton.  

A projection x  of the magnetic moment onto an ar-
bitrary chosen direction (called the axis of quantization) 
in subspace X may have a fixed value only in the case 
when the projection of the proper moment of momentum 
has a fixed value as well. In this case, according to (11), 

x B   . With a uniform distribution of components of 
the proper moment of momentum over four axes which 
are perpendicular each to other and a plane of rotation of 
a particle in Y , in the case considered 2xS mca  , 
which equals 1 2  or 1 2  (in units of ). Therefore 

x xS e mc 

a

, in accordance with the experiment of 
Stern and Gerlach. 

A particle which is at rest in X travels in the circle of 
radius   at the speed of light c. The above centripetal 
cosmological force in Y corresponding to this circular 
motion is 2 2,0 yF p c a m c a c ag 

282.38 10

 , times larger 
than the weight of the particle at the Earth’s surface. It is 

 for an electron. The same result is obtained 
when the particle moves along the helix:  

0 cosF pcK  , where 2cosK a   is the curvature 
of the helix. Here it is evident that 2

0F mc a  at any 
 . 

Let us show that the force of electrical interaction be-
tween two electrons in six-dimensional space is 2 2e R , 
the generalized Coulomb force, if the Biot-Savart for- 
mula holds true for this space, where R is the distance 
between charges e in the complete space. 

The disposition of two electrons on the opposite sides 
of the same tube of motion has an energetic advantage, 
whereby the distance between them in the complete  

space is equal to 2 24R r a  , where r is the distance  
between projections of the particles onto X, and a is the 

distance of them from the axis of their rotation in Y. The 
tube radius a here depends on r and tends asymptotically 
to  a mc 

π

  with increases in r, with m and c being 
the mass of a particle and the speed of light at infinity, 
respectively. Due to such a rotation with the shift in 
phase  between two particles, the Coulomb force of 
their repulsion in the complete space is equal to 2 2e R , 
where e is the charge of the electron. Projections of this 
force onto subspaces X and Y are  2 2 sinF e R   ||

 2 2and cosF e R , respectively, where    
2 3

||sin r R   and cos 2 a R F e r R , so that ,  
2 2 2 22 32F e a R , and ||F F e R  . The force F  

reacts against the centripetal force 2
0F mc a

a

. 
Therefore, the radius of rotation a is a little in excess of 
the tube radius   at infinity. 

Applying the Biot-Savart formula to six-dimensional 
space, the total magnetic field of the charge at rest in X is 
defined at the distance R from the charge e as  

 02tot

e
c

cR
H R

R

, 

where 0   is the unit vector directed from the charge to 
the point of observation, and c is the velocity of the 
charge. When R is the distance between two electrons, 

   
0 0 0

0 0

sin cos

2r R a R

  

 

R r a

r a
, 

 

      

0 02

0 0 0 02
2

tot

e

cR
e

r R a R
R



 

H c R

c r c a

r
a

c

     (12) 

where 0  is a unit vector along the radius vector r in X , 

0  is the unit vector along the radius vector of the 
charge e in the plane of rotation in Y , and 0  is the unit 
vector along velocity c. Let us show that the Coulomb 
force of interaction between the two charges (e and e′) is 
the Lorentz force acting on these charges moving in Y . 
Referring to (12) this force is equal to 

 

        0 0 0 02
+ 2

tot

e

c
e e

r R a R
cR





        

f c H

c c r c c a

 

From this, and taking into account that for two inter- 
acting electrons   c c ,  

        0 0 0 0 0 02
+ 2

e e
r R a R

R


        f c c r c c a  

Revealing the triple vector products and taking into ac- 
count the mutual perpendicularity of the vectors involved 
and the fact that in the case under consideration   c c , 
one obtains 
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In the last formula the first term represents the pro- 
jection of the generalized Coulomb force onto X, and the 
second term is its projection onto Y. Their magnitudes 
are equal to ||F  and F , respectively. From this it is 
seen that the electric forces (of the Lorentz type as well) 
are due to the movement of charges in subspace Y in the 
magnetic field arising because they are orbiting in Y, in 
contrast to the usual magnetic forces which are caused by 
the movement of charges in the same subspace X. The 
force ||F  is equal to zero at . This is the point of 
indifferent equilibrium, near which electrons may be 
comparatively slow moving for a long time if they are 
ejected for head-on collision one to other with the appro-
priate original kinetic energy [7]. 

0r 

When there is a change of the course of time, the di-
rection of rotation of particles in Y is reversed, which 
causes the signs of the fields to change to the opposite 
ones. In this way the corresponding trajectories in the 
complete space occur as though they were reflected from 
a mirror. The motion of a particle along the helix (of the 
Compton radius in Y) with a revolution to the left (right), 
viewed in the direction of travel, is changed into motion 
along the mirror-reflected helix with rotation to the right 
(left). The sign of the charge may be regarded as nothing 
but a mark corresponding to one or the other (positive or 
negative) direction of rotation of a particle in the space of 
extra dimensions. In contrast to the standard formulation 
of the CPT theorem, in which the properties of particles 
and antiparticles, respectively, under the direct and re-
verse courses of time are juxtaposed, in the six-dimen- 
sional treatment of CPT symmetry the properties of the 
same elementary particle are juxtaposed under the direct 
and the reverse course of time. In this treatment the char- 
ges of particles and antiparticles are the same but the 
signs of the corresponding electrical and magnetic fields 
are defined by the direction of rotation in the extra-di- 
mensional space. The corresponding formulation of the 
theorem is as follows. If the course of time is reversed, 
the particle moves in the complete space backward along 
the same trajectory of this particle as under the direct 
course of time. In this way the signs of the fields auto-
matically change to the opposite ones, and the trajectory, 
viewed in the direction of travel, in the complete space 
occurs as though it were reflected in a mirror, so that this 
particle acquires all of the properties of the antiparticle 
[7]. 

Inertia and the pressure of light are phenomena of the 
same nature because all elementary particles move in the 
complete space at the speed of light. Both are due to 
changes of orientation of the momentum of elementary 

particles in the complete space under the action of an 
external force. 

The six-dimensional treatment of gravitation which 
corresponds to the motion of particles with the speed of 
light in the Compton neighbourhood of the three-dimen- 
sional space along the geodesics complying with the Fer- 
mat principle leads to the Papapetrou metric and gravita-
tional waves [11-13]. The envelope of the geodesics has 
the form of a tubular surface with the Compton trans- 
verse sizes in the additional subspace where the radius 
and speed of light vary along the tube. The force of grav-
ity is the projection of cosmological force 0F  on the 
meridian of that tubular surface. Gravitational waves, 
which are perturbations of these radii and speed, turn out 
to attenuate exponentially here. Their amplitudes are 
considered in the near-field zone of the rotator with n 
Maltese cross lobes and are calculated at n = 4 [12]. 
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