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1. INTRODUCTION
It was shown, that in the general case flat space-
time proved to be “cramped” to describe the 
continuum motion in the inertial reference 
frame (IRF) and the transition to the noninertial 

reference frame (NRF) [1]. That is connected both 
with the force field acting on the medium particles 
and with the conditions imposed on the kinematic 
characteristics of  the continuum by means of  the 
structure equations [2-6]. These equations connect 
the Riemannian-Christoffel tensor and the strain 
velocity tensor, rotational velocity tensor and the 
first curvature vectors of  the world lines of  the 
medium particles. As a result, the system provided 
to be overdetermined and it can not be realized in 
the Minkowski space. This system can be solved in 
considering the medium motion in the Riemannian 
space or in the general case in the space of  metric 
connectivity.

However if  one does not constrain on the 
continuum characteristics and only integrates the 
motion equations, for example, in a flat space-
time, then no transformation of  coordinates 
permit go beyond the scope of  the flat space-
time. In applying nonholonomic transform the 
curvature tensor obtained from the Minkowski 
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space in nonholonomic coordinates is identically 
zero. Provided that this zero tensor can be divided 
into two nonzero parts. One of  them is expressed 
by the Christoffel symbols and other one depends 
on the moving medium characteristics [2-5].

2. DISTANCE DETERMINATION 
METHODS IN THE LAGRANGIAN CO-
MOVING NONINERTIAL REFERENCE 
FRAMES IN THE SPECIAL RELATIVITY 
THEORY
In the Bell’s problem [7], it was shown that the 
string connecting identical uniformly accelerated 
point rockets moving with uniform acceleration 
in the cosmonaut system is broken. However, its 
length in the inertial reference frame (IRF) does 
not change. Solution [7] was used to calculate the 
motion of  an electron bunch in linear colliders in 
constant electric field [8]. In noninertial reference 
frame (NRF) frozen into a bunch or a string 
in the Bell’s problem, the correct formula of  
instantaneous length does not exist. Let signature 
of  the Minkowski space-time is (+ - - -), the Greek 
and Latin indices run values from 0 to 3 and from 
1 to 3, respectively. Standard formula [9] for the 
calculation of  the square element of  a physical 
distance dL2 by means of  the spatial metric tensor
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i k
ik ik

g gg
g

γ = − +  (1)

is used incorrectly. The correct (in accordance 
with special relativity theory (SRT)) application 
of  this formula on the hypersurface orthogonal 
to the world lines of  the bunch particles that is 
the instantaneous physical space of  co-moving 
medium observers results in the relation [10-12]

2
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2 2
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( ) ln cosh sinh 1 ,a L a LcL t
a c c

β    = + +    
    

 (2)

where L(t) is the bunch length (or the string in 
the Bell’s problem) in the reference frame co-
moving to the bunch as IRF time function t, L0 is 
the initial bunch (string) length, α0 is the uniform 
acceleration,  β = α0t/c. The latter formula is 
original and unknown in scientific literature from 
before [10-12].

Standard calculation accordingly to formula (1) 
from [9] in [8], [13]
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v t c
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where the curvature of  a space-like curve 
orthogonal to the world lines of  the medium 
particles is neglected, at the end of  speed-up 
in the Lagrangian co-moving NRF, results in 
increase of  the bunch length in modern linear 
collider [8] in tens of  thousands times. In (2) 
under the same conditions the bunch length 
increases in 1.003 times, but it does not solve the 
Bell’s problem in principle. The approach [14] 
based on the calculation of  the distance along 
the unit vector of  some instantly co-moving 
inertial reference frame (ICIRF) from the bunch 
beginning to its end, results in practical nulling of  
the bunch length at the end of  speed-up. In the 
Bell’s problem provided α0L0/c2 << 1 all formulae 
from the works above mentioned coincide.

Since many questions connected with the 
Bell’s problem arise, we would like to give some 
elementary explanations. Instead of  the rockets 
connected with a string, let us firstly consider two 
non-commuted identical charged particles, which 
interact only with the external field (the model 
of  charged dust widely used in physics). We place 
these particles in the uniform electric field, let 
the   axis coincides with the field direction. Let 
the second particle is located at origin, and the 
first particle is located at the distance   L from 
the second one. The particle interaction can be 
neglected as compared with the interaction with 
the external field. In the IFR we release these 
particles simultaneously at t = 0.

The first question is. How the distance between 
the particles in the initial IRF at any instant of  
time   t will change? To answer the question it is 
necessary to consider the problem solution [9] for 
relativistic uniformly accelerated rectilinear motion 
with uniform acceleration in a proper (at the each 
instant of  time) reference frame. Then we calculate 
the displacement of  both particles relatively the 
origin of  coordinates. For the first particle at the 
right side of  the equation, we add the L value 
(original Lagrangian coordinate). The second 
particle is placed at the origin of  coordinates. 
Then we have the obvious equality x1(t) – x2(t) = 
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x(t, L) – x(t,0) = L = const. Thus, the distance 
between the particles remains constant. So in the 
initial IRF there are no any Lorentz contractions. 
If  the distance between two particles is filled with 
the similar ones that turns into the dust-like bar 
which we call the Logunov’s system [15].

It follows from the considered example that 
the Logunov’s system is a classical rigid one. The 
drawback of  this system is: from the viewpoint 
of  other IRF moving relatively the initial one t = 
const is not a simultaneity surface. Therefore, the 
Logunov’s system is not the Lorentz-covariant 
one.

Let us continue the consideration of  two 
particles (we will connect the Fermi-Walker tetrad 
with each particle [16]). We place the massless 
observer on each particle, each observer will move 
with constant acceleration (that is that will have 
a fixed first curvature vector of  the world line 
or constant acceleration α0 in the proper NRF). 
Physical observer space in NRF in Fermi-Walker 
transport will be stretched on the Fermi triads. 
For our particular case, when all Fermi triads in 
the initial time coincide with the affine triads of  
Minkowski space with zero initial velocity, one of  
the triad reference mark always will be directed 
perpendicularly to one of  the neighboring world 
lines 1 or 2. The own world line corresponds to 
each particle in initial IRF. In this plane at t = const 
the distances between the neighboring world lines 
remain steady and equal to L. However the length 
of  perpendicular from the cross point of  the line t 
= const with the world line of  the second particle 
on the world line of  the first one will not be kept 
in moving the particles as opposed to L. On the 
basis of  the property of  projection operators it 
follows that the distance in Fermi triads in particle 
motion will increase. Thus, the first particle will 
run from the second one. The observers on the 
particles will see the Lorentz elongation instead of  
the Lorentz contraction.

It is easy to see that if  one connects two particles 
with a thin massless glass string then the fiber will 
be broken due to the Lorentz elongation but not 
from the Lorentz contraction. Such a viewpoint 
is the most famous in literature [7, 8, 13], but it 
contradicts to the relativistic elasticity theory. The 

basis of  the theory was developed by Pauli and 
Herglotz [17] in terms of  the Born conception. 
Neither Lorentz contraction nor Lorentz 
elongation can cause the stress in a rigid body and 
break the string. Up to date this crude error exists 
in scientific literature for the explanation of  the 
Bell’s problem.

In order to generalize the classical conception 
of  the rigid motion Born introduced the definition 
consistent with SRT and GRT. According to the 
definition the continuum motion is called rigid (in 
the Born’s sense) if  for any pair of  neighboring 
body particles the orthogonal interval between 
corresponding pairs of  world lines of  medium 
particles remains constant during the motion. The 
difference between the classical and relativistic 
rigidity conditions is in the selection of  spatial 
hypersurfaces along which distances between world 
lines of  body particles are measured. Obviously in 
rigid moving hypersurfaces orthogonal to world 
lines in one IRF are hyperplanes orthogonal to 
world lines in all other IRF, that makes the Born-
rigid NRF the Lorentz-covariant one as opposed 
to the classical rigid NRF.

According to Pauli, it is the deviation from the 
Born’s rigidity but not the Lorentz contraction 
(Lorentz elongation) that results in deformations 
and tensions in the body.

It turns out that the standard formula for the 
Lorentz elongation is wrong. In non-rigid (in the 
Born’s sense) motion, the spatial hypersurface 
orthogonal to the world lines is curved and this 
curvature is not taken in to account in the Lorentz 
elongation.

This solution is used to calculate the motion 
of  electron bunch in linear colliders in constant 
electric field [10]. Thus, we got a paradoxical 
result. Particles being in completely identical 
conditions run from each other! Thus, the 
relativistic Logunov’s NRF results in paradox. 
The main drawback of  the Logunov’s NRF is the 
absence of  relativistic rigidity.

The Möller-Rindler NRF is an alternative of  
the Logunov NRF. The Rindler NRF is obtained 
from the Möller NRF [18] by simple re-designation 
of  the Lagrangian coordinates and the transition 
to the dimensionless variables. The Möller NRF 
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advantage is: the system is a relativistic rigid (in 
the Born’s sense) one. Its drawback is: this NRF 
is not a global uniformly accelerated system and it 
has horizon. Each particle of  the Möller medium 
moves with the uniform acceleration, but these 
accelerations are not equal each other. Therefore, 
the designation of  the Möller transform as the 
transform to the uniformly accelerated NRF (as 
it is, for example, in Fok’s book [19]) is not quite 
correct.

Thus, both Logunov’s NRF and Möller’s NRF 
do not eliminate all SRT paradoxes. We proved 
the statement that the Born rigid relativistic 
uniformly accelerated NRF can be realized in the 
Riemannian space-time which in the general case 
is not connected with GRT [1].

3. THE CONNECTION OF THE SPACE-
TIME GEOMETRY WITH CONTINUUM 
PROPERTIES AND FORCE FIELDS
In the Newton’s mechanics and SRT a mass point 
has zero absolute acceleration relatively IRF 
when the forces applied to it are absent or their 
vector sum is equal to zero. In GRT this rule is 
not fulfilled. The mass point being at rest on the 
surface of  the gravitating sphere in accordance with 
GRT has the first curvature vector (4-acceleration) 
different from zero. Absolute acceleration is 
directed along external normal to the sphere and it 
is equal to the Newton’s free fall acceleration near 
the surface. The support reaction force from the 
sphere surface moves the body from its geodesic 
line having zero first curvature vector only when 
the support reaction is absent. According to 
Newton, absolute acceleration of  a mass point on 
the sphere surface is equal to zero. For weak fields 
Einstein’s equations coincide with the Newton’s 
theory, however the correspondence principle is 
not applied to absolute accelerations.

One can judge about the force field by the 
motion or the rest of  test particles. By definition, 
test particles do not interact with each other, 
and they interact only with external field. Let 
test particles are identical and represent some 
continuum. The 4-acceleration, the strain rate 
tensor and the tensor of  the angular velocity 

are the characteristics of  the continuum in four-
dimensional space-time. 4-acceleration is entered 
into the law of  motion and, at the known plane 
metric, the field of  the 4-velocity and the main 
medium tensors are determined by the integration 
of  the equation of  motion. Continuum in the 
force field specifies some reference frame (RF). 
For RF with the specified properties one must 
know the additional conditions of  the main 
medium tensors depending on 4-velocities and 
4-accelerations. For example, the demand of  
the rotation absence and the Born rigidity. The 
number of  the equations for determination of  
the 4-velocity becomes overdetermined and the 
integrability conditions must be fulfilled. They are 
fulfilled when both 4-velocities of  the medium and 
the metric coefficients are sought. The integrability 
conditions were obtained

, [ ] [ ] [ ]2 2 2 ( ),R V V Fµ
εσ ν µ ε σ ν ε σ ν ε σ ν= ∇ Σ + ∇ Ω + ∇  (4)

for which in moving continuum in four-
dimensional space-time the equations are valid

,V V Fµ µ µν µν µ ν∇ = Σ +Ω +  (5)
where Vμ is the field of  four-velocity, which 
satisfies the normalizing condition

1,g V Vµ ν
µν =  (6)

gμν is the metric tensor in the Euler frame of  
reference,

( ) ( ) ,V V Fµν µ ν µ νΣ = ∇ −  (7)

[ ] [ ] ,V V Fµν µ ν µ νΩ = ∇ −  (8)

,F V Vν
µ ν µ= ∇  (9)

where Σμν is the strain-rate tensor, Ωμν is the tensor 
of  angular velocity of  rotation, and Fμ are the 
first curvature vectors of  the world lines of  the 
medium particles.

One can obtain the Raychaudhuri equation 
[20] from the structure equation (4).

Can we repeat on their basis our NRF results? 
It is the technical question and does not have 
practical significance.

Integration of  system (4-9), where ,Rµ
εσ ν  is 

the curvature tensor (conventionally expressed in 
terms of  the metric tensor), yields a solution to 
the problem on the space-time geometry, in which 
NFR with a specified structure is implemented. 
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Equations (4) will be referred to as structural 
equations for the NRF. The theorem, that the 
Born rigid uniformly accelerated motion is shown 
to be realizable in the Riemannian space, is 
proved [4], [21]. The structure equations are not 
connected with GRT but they impose additional 
conditions to the Einstein’s equations. A theorem, 
according to which all static spherical symmetrical 
GRT solutions are compatible with the structure 
equations, was proven. One-dimensional solution 
beyond the plane infinite massive source does not 
exist in GRT, but the structure equation has it and 
it induces the metric for constant uniform static 
field [21].

The calculation in the Lagrangian co-moving 
NRF results in the metric

1
2 0 2 1 2 2 2 3 20

2

2
exp ( ) ( ) ( ) ( ) ,

a y
dS dy dy dy dy

c
 

= − − − 
 

 (10)

where the acceleration α0 is directed along the 
y1 axis. First metric [10] was obtained in [1] and 
repeated in [22, 23]. One independent component 
of  the curvature tensor calculated by metric (10) is 
of  the form

2
1 20

10,10 04 exp(2 / ).aR a y c
c

= −  (11)

The components of  the Ricci tensor 
,R g Rαγ

βγ αβ γδ=  and the scalar curvature R can be 
written as

2 2
0 0

00 10,10 11 104 4,  ,  0,  2 .
a a

R R R R R
c c

= − = − = =  (12)

One can directly be convinced of  the uniformly 
accelerated NRF (12)

1 1
1 1 0 2

00

11
1 00 0
00 1 2

00 00
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1 .
2

DV dVF V
dS dS

g ag
g g y c

= = +Γ =

∂
= Γ = − =

∂

 (13)

The rest of  the components of  4–accelerations 
are equal to zero. The metric (10) can be interpreted 
as the equilibrium of  the probe particles in any 
constant uniform force field. Let the identical 
probe charges with the identical masses are hanged 
up on the weightless threads at the uniform 
constant electric fields. It is clear from the physical 
consideration that the charges are at rest relatively 

each other (the model of  charged dust) and the 
tensions of  all threads are identical.

Two points of  view are permissible.
1. The space-time is a plane one and the sum 

of  the forces on each charge is equal to zero.
2. The space-time is a Riemannian with the 

plane section and the vector of  4-acceleration is 
constant and it is calculated in accordance with 
formula (13). 

Investigation of  electrostatics in the 
Riemannian space is considered in detail in [21] 
and the system of  the solutions of  the Einstein-
Maxwell equations consistent with the structure 
equations was obtained in [24, 25].

We shall develop the second point of  view in 
accordance with GRT.

In the Riemannian geometry, the particle fixed 
in the field has nonzero first curvature vector 
(4-acceleration), and in the Minkowski space the 
same particle has a straight world line with zero 
4-acceleration.

From the global equivalence principle, the 
locking of  the particles in the uniform constant 
force field is equivalent to their occurrence 
in Born’s rigid relativistic global uniformly 
accelerated NRF. In releasing the particles from 
the bonds, they begin to move at the starting IRF 
in the Minkowski space in the constant uniform 
electric field and the distance between the particles 
in IRF is not changed [2] as well as in NRF (10). 
In Bell’s problem when starting of  two point-like 
rockets with identical constant accelerations in the 
astronauts’ reference frame, after the oscillation 
damping in the thread the world lines of  the 
thread particles will be "parallel" to the world 
lines of  the point-like rockets in IRF. Perfect 
weightless accelerometers, fixed at the weightless 
thread and the rockets, will show identical values. 
Consequently, the metric for the thread in the 
astronauts’ reference frame coincides with (10). In 
NRF, the thread length is kept as well as in IRF 
since the initial Eulerian coordinates coincide 
with the Lagrange coordinates. The thread will 
not be broken. The paradox arises because of  the 
standard accepted at the moment transition from 
IRF to NRF.
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Deduced formula (2) in SRT is correct only in 
the case of  the standard transition from IRF to 
NRF.

We shall point out that the space-time is curved 
in the accelerated point-like rockets and the thread 
only in the limit of  the world band. The world lines 
of  the starting IRF particles of  the Minkowski 
space are the straight lines parallel to the time axis 
and having zero first curvature vectors. From the 
viewpoint of  any NRF, these vectors will remain 
zero as it is impossible to create or to zero out 
4-vectors by means of  the transition from NRF 
to IRF and conversely with the transformation of  
coordinates containing the time in non-linear form. 
Namely such transformations of  coordinates 
are considered by the orthodox persons as the 
transition from IRF to NRF and conversely. 
From the astronauts’ viewpoint the worlds lines 
of  the IRF particles seem not to be parallel and 
the medium particles of  the IRF basis move on 
the geodetic lines relatively NRF (10). The interval 
element has the form [2, 3]

2 2 2 2 2 1 2 2 2 3 2(1 / )( ) ( ) ( ) ,dS c dt v c dx dx dx= − − − −  (14)
containing in an explicit form the Lorentz 
contractions and describing a synchronous RF 
in the Riemannian space-time. The velocity v of  
IRF basis particles relatively NRF has the form v 
= csin(α0t/c).

4. RELATIVISTIC RIGID ROTATING NRF
Usually when considering the rotating disk one 
selects the rest-frame in which the cylindrical 
coordinates r0, φ0, z0, t0 are introduced and passes to 
the rotating reference frame r, φ, z, t in accordance 
with formulae:
r0 = r, ψ = φ0 + Ωt, z0 = z, t0 = t,
where the rotational speed Ω relatively z axis is 
considered as constant. The interval element has 
the form

2 2
2 2 2 2 2 2 2 2

21 2 .rdS c dt r d dt dz r d dr
c

ϕ ϕ
 Ω

= − − Ω − − − 
 

 (15)

The formula holds when rΩ/c < 1. In [26-
28] other velocity distributions, which restrict the 
linear velocity of  the disk at r → ∞ with the value 
of  velocity of  light c and at Ωr/c << 1 form v = 
Ωr, are discussed. However only usual distribution 
law v = Ωr, Ω = const, satisfies to the stiffness 

criterion both the classic and the relativistic one 
(in Born’s sense).

Let us determine the metric of  the rigid 
relativistic uniformly rotating NRF by means 
of  our method supposing in the formulae the 
strain velocity tensor Σμν = 0 and demanding the 
constancy of  the invariant characterizing the 
relativistic generalization of  the square of  the disk 
angular velocity ω

2

2

2 .const
c

µν
µν

ω
Ω Ω = =  (16)

In the Lagrangian co-moving frame of  reference 
connected with the rotating disk we have

2 2 2 2 2 2 2( ) 2 ( ) .dS D r c dt P r cd dt dz r d drϕ ϕ= − − − −  (17)

1 2 3 01 , 0.
2

dDF F F F
D dr

= = = =  (18)

Afterwards the cumbersome calculations we have 
two independent equations

2 2 1/22 ( ) ,P dD dP Dr P
D dr dr c

ω
− = − +  (19)

2 2 1/22 ( ) ,dD DP Dr P
dr c

ω
= − +  (20)

Condition (16) is equivalent to the constancy of  
the value of  chronometrically invariant angular 
velocity vector [29] and the constancy of  the value 
of  the angular velocity in the co-moving tetrads 
[28].

The relativistic ω and the classic angular velocity  
Ω are connected by the relation

12 2

21 .r
c

ω
−

 Ω
= Ω − 

 
 (21)

For metric (17) there is a steady-state solution 
applied in the whole sphere 0 < r < ∞ but realized 
in the Riemannian space-time.

The solution of  the system (19), (20) in 
quadratures is absent. Numerical analysis showed 
that at ωr/c << 1 metric (17) coincides with metric 
(15). Centripetal acceleration in the rotating NRF 
is determined with the formula

2 1

2 2
,cPa c F

Dr P
ω

= = −
+

 (22)

which at small r passes to the classical one 
and at r → ∞ gives a = –ωc. The calculation of  
the independent nonzero components of  the 
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curvature tensor are cumbersome, and we omit 
them (see [2], [3]).

After simplifications the system [24, 25] is 
represented in the form

2 2 2(1 ) (2 )(1 ),dv v v v v
dx x

+ − = − −  (23)

2
exp( 2 ),  ,  ,  .

1
U P rD vdx v U x

cr DU
ω

= − = = =
+

∫  (24)

Physical interpretation of  function v(x) means the 
dimensionless linear velocity of  the disk. For small 
velocities

2
2 2exp( 2 ) exp( ) 1 ,  P .rD vdx x x

c
ω

= − = − = − =∫  (25)

that is equivalent to the classic expression. It 
follows from the analysis of  (23) that for x → ∞ 
the equation has the solution v = 1. This solution is 
markedly differed from the classic rigid disk where 
the velocity field at infinity is indefinitely great. 
Apparently the diagram of  the numerical solution 
(23) is resemble the diagram of  the hyperbolic 
tangent or the deformed step function for x > 0.

5. DISCUSSION OF THE MÖSSBAUER 
ROTOR EXPERIMENT
It is known [9] that on a revolving disk at all points, 
the clocks can not be identically synchronized.

From our point of  view, this opinion is 
erroneous and it is investigated in detail in [6], [30], 
[31].

We refer to as "physical" space orthogonal to 
the world lines of  medium particles. In rotating 
at the medium, the hypersurfaces orthogonal to 
particle world lines are absent [16, 29].

However, for subspaces it is not universally 
true. Let us divide the rotating thin disk into 
concentric thin hoops and consider particles 
located in one of  them. World lines of  this hoop 
particles in the Minkowski space (that is true for 
small velocities Ω) form the congruence of  the 
helical lines on the cylinder with radius r and axis 
ct, and the congruence of  space-like helical lines 
orthogonal to the congruence of  world lines of  
hoop's particles will be a "physical space". This 
congruence is found from Pfaff ’s equation

0
0 0,  ,  .V dx V d tψ ψ ω ψ ϕ ω+ = Ω ≈ = +  (26)

Integrating (26), we have

2

2

2

2 2

( , ) ,  ( ),

( , ) ,  ( ),
(1 )

.

rt r a
c

rt r b
c x

rx
c

ω ψψ

ω ϕϕ

ω

=

=
−

=

 (27)

In accordance with [9] "on a revolving body 
at all points the clocks can not be identically 
synchronized. So synchronizing along a closed 
circuit and returning to the reference point, we 
obtain that the time differs from the original one 
by the value"

2
02

2 2
00

1 1 .
(1 )

g rt d d
c g c x

ωϕ ϕ∆ = − =
−∫ ∫ 

 (28)

We believe that the clock synchronization on the 
closed circuit for the rotating hoop makes sense 
only in a hypersurface t = const. If  one selects t = 
0 as zero readings then in all other hypersurfaces 
t = const the clocks in different Lagrangian points 
of  the hoop will synchronize as any hypersurface t 
= const cuts off  the world lines of  identical length. 
Formula (27 b) coincides with (28) if  φ = 2π, , but 
these formulae make different sense.

We point out that formula (28) can be obtained 
from the solution of  the Pfaff ’s equation in the 
Lagrangian co-moving RF in which the solution 
(27b) was obtained by integration of  the Pfaff ’s 
equation

0 0 0
0 0 00 0

0 2 02

0000

0,  ,  ,
1 1,  0,  .

V dx V d V g V V g V
gV V dt d

c gg

ϕ ϕ ϕϕ

ϕ

+ = = =

= = = −
 (28a)

Whence from metric (15) taking into account (26) 
we have (27b). However, unlike (28) the contour 
integral is absent and it is changed by the integral 
in finite limits.

The time gap in (27b) corresponds to the time 
distance along the cylinder generatrix from the 
plane t = 0 to the "physical" spatial similar line 
with φ number. In 2π angle the Lagrangian point 
φ in "physical" space coincides with the world line 
of  the hoop particle with φ number.

Let us solve the following model problem. 
We cut a thin hollow tube from the disk center to 
the external radius Rh. We place a light source in 
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the disk center. The tube axis has the Lagrangian 
coordinate  φ = 0, which is unchanged for all tube 
length. Let us define the signal frequency vR at the 
tube output if  the frequency of  the source signal 
is equal to v0.

The world line of  the end of  the tube with 
radius  R forms a helical line on the surface of  the 
cylinder with radius R. The cylinder axis coincides 
with the time line ct.

From the point z = 0, y = 0, x = R coinciding 
with the beginning of  the world line of  the tube 
on the edge of  the disk at time t = 0 there is a 
"physical" spatially similar line orthogonal (in 
the sense of  pseudo-Euclidean geometry with 
signature (+ - - -)) to the world line of  the tube 
end. Let at time t = 0 the source emits a very short 
light pulse. In some point of  time t1 the light signal 
comes out of  the tube end and crosses its world 
line. The cylinder generatrix passing through the 
indicated intersection point crosses the "physical" 
line at time t2 < t1. It follows from (26), (27) that 
per time t1 the end of  the tube turned a corner

2 2
1 2 2

2 1 2,  ( , ) ,  .Rt t R X t X
c

ωψ ω ψ= = =  (29)

The time distance from the "physical" line to the 
world line of  the hoop particle at the point of  its 
intersection with the isotropic geodesic is
t1 – t2 = Δt = (1 – X2)t1.       (30)
For the light signal propagating inside the tube for 
a fixed Lagrangian coordinate φ = 0, z = 0, at Ω ≈ 
ω we obtain from (15)

2 2

2
0,  ,  1 .

1
dr drdS dt c x

dtc x
= = = −

−
 (31)

One can see from (31) that the coordinate speed 
of  light tends to zero with increasing the distance 
from the center. However the "physical" speed of  
light is dr/dt = c. As we consider the nonrelativistic 
disk rotation then accurate within ω2r2/c2 = x2 << 
1 we obtain

1

2

2 2
1 2 10 2

,  (1 ) (1 / 6).
1

R t

t

dr Rdt t t X t X
cc x

= − = − = +
−

∫ ∫  (32)

The proper time is 2
1 11 ,X tτ = − , then

2 2

1 2

(1 / 6) 21 .
31

R X X
c X

τ τ
 +

= = + 
−  

 (33)

The value /R c τ  is the time of  a signal 
propagation from the disk center to the edge in 
NRF on a rotating disk. One can see from (33) 
that τ1 > τ. That means that the length of  the world 
line of  the tube end is greater than the radius R.
Formula (33) in the equivalent form using IRF 
time can be represented as

2

1
21 .

3
Xt t

 
= + 

 
 (34)

Let us carry out the following gedanken experiment 
to obtain the frequency change at the input v0 and 
at the output v of  the tube. Let the radiator in 
the disk center generates two flashes with the δt 
interval. The first flash is generated at t = 0 and 
the other one δt later. The second flash will reach 
the tube end at t + δt in accordance with the IRF 
clock and at t1 + δt1 accordingly to the time of  the 
rotating disk IRF where from (34) t1 = 0. Whence 
we have

2

1 1
2( ) 1 .

3
Xt t t tδ δ

 
+ = + + 

 
 (35)

Subtracting (34) from (35) and turning to 
frequencies,  1/δt = vR, 1/δt1 = v0, we obtain

2

0
21 .

3R
Xv v

 
= + 

 
 (36)

It is clear that instead of  red shift we have 
violet one. It is caused by increasing the centrifugal 
inertial force for the observer inside the rotating 
tube. With increase of  a distance from the radiator 
to the disk edge the centrifugal acceleration 
increases as ω2r.

Let us analyze the results obtained. The 
experimental setup of  the Mössbauer rotor is 
described in detail in [32-34]. Our aim is the 
comparison with theoretical results [32, 33].

In deriving of  formula (8) in [33] the author 
[32, 33] made a mistake. The reference to formula 
(10) from [35] is incorrect. We present formula (8) 
from [33] in our designations

2 2

21 .rd dt
c

ωτ
 

= − 
 

             ([33], 8)

In accordance with [33], ([33], 8) represents 
increment of  proper time on moving clock having 
the radial coordinate r for ωr << c. According to 
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standard viewpoint [9], true time c is connected 
with the coordinate time t, for the same space 
point, by the relation

00 .d g dtτ =  (37)

For the Langevin’s rotating disk metric (15) we 
have 

2 2

21 .rd dt
c

ωτ = −  (38)

Relations ([33], 8) and (38) are differed by the 
root in (38). In deriving this formula, the author 
[33] refers to [35] and formula (10) in it. In our 
designations, the formula has the form

2

2 .r dd dt
c

ω ϕτ = −            ([35], 10)

Formula ([33], 8) was obtained by the author from 
the "equality" formula

.d dtϕ ω=  (*)
The equality (*) is not mentioned in [33] but it is 
implied. We point out that ([33], 8) is unrelated 
to [35] where the author considers the Global 
Positioning System (GPS) and in calculations he 
keeps only the first order of  smallness of  ωr/c 
parameter, the second order is neglected but in 
[32, 33] it is taken into account.

Further the author [32, 33] considers the 
questions of  radial propagation of  light in NRF of  
a hard disk for which the increment of  Lagrangian 
coordinates is dφ = dz = 0. Thus, the reference 
of  [33] to [35] is pointless. Instead of  ([33], 8) the 
"equality" dτ = dt is obtained.

Though in [33] the formula coinciding with 
the Mössbauer rotor experiment was obtained 
[34], we consider that the theoretical results are 
not satisfying.

Our results also coincide with the experiment. 
To obtain them we used the concept of  the 
"physical space" orthogonal to the world lines of  
the tube elements along which light is propagated.

6. CONCLUSION
There are some difficulties in describing extensive 
bodies in SRT [36]. The reason is misunderstanding 
of  the concepts of  a coordinate system and a 
reference frame. Beginning with the Einstein’s works 
one connects the transition from IFR to NFR with 
the transformation of  coordinates containing the 

time in non-linear form [19]. Therefore, at present 
in SRT the conventional definition of  elementary 
rigid uniformly accelerated RF is absent. Fok 
considers that the Möller’s NFR is such a system 
[18]. However, it is not a globally uniformly 
accelerated one. Each medium particle moves with 
a constant acceleration but these accelerations of  
different particles are not equal each other. In the 
alternative uniformly accelerated Logunov’s NRF 
[15], all particles have identical acceleration but the 
relativistic Born’s stiffness criterion is not fulfilled. 
From the starting IRF viewpoint, the Lorentz 
contraction between adjacent consecutive particles 
is absent. The Logunov’s system is a classical rigid 
one. The enigma and difficulty of  SRT is. How 
electrostatics describing the motion of  charged 
dust without the initial velocity results in the 
violation of  relativistic rigidity?

In [5, 30, 31] the theorem is proved, that in 
the Minkowski space the Born-rigid and relativistic 
uniformly accelerated translational continuum 
motion is absent.

If  one imposes supplementary conditions 
for rigidity or continuum rotations, besides the 
continuum motion equations, these conditions 
“take away” the moving medium from the flat 
space-time.

The obtained metric of  the Born rigid globally 
uniformly accelerated continuum is realized in the 
Riemannian space-time. This metric combines 
the Möller’s metric properties (the Born rigidity) 
and the Logunov’s metric properties (the global 
uniformly acceleration). It should be noted that 
the proper time obtained by Einstein [37], which 
was called the exact time, can be obtained from the 
metric (10)

1
0

2exp ,s
a y
c

τ τ
 

=  
 

 

where τs is the proper time for the given space 
point, τ is the universal time for the fixed 
Lagrangian particle. But Einstein dismissed the 
exact expression for the approximate (Möller) one.

Derived structure equations impose constraints 
connected with integrability of  motion equations 
in SRT and GRT.
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The relativistic Born rigid uniformly revolving 
NRF without the restriction of  the radius value and 
having at infinity the linear velocity, which is equal 
to the light velocity, and finite acceleration, and 
realized in the Riemannian space-time, is obtained. 
The problem concerning clock synchronization on 
a rotating disk was solved contrary to the statement 
[9] that "on a revolving body at all points the 
clocks can not be identically synchronized". From 
our viewpoint, the derivation [9] is erroneous. 
In formula (28), the contour in the "physical" 
space is unclosed. This is obvious in dividing the 
rotating thin disk into concentric thin hoops and 
considering particles located on one of  them.

World lines of  this hoop’s particles in the 
Minkowski space form the congruence of  the 
helical lines on the cylinder with radius r and axis 
ct, and the congruence of  space-like helical lines 
orthogonal to the congruence of  world lines of  
hoop’s particles will be a "physical space".

This congruence is found from Pfaff ’s equation. 
Each spacelike line is unclosed and formula (28) is 
inapplicable.

Time interval t(r,φ) from (27b) corresponds to 
the time distance along the element of  cylinder 
from the plane t = 0 up to the "physical" spatially 
similar line t(r,φ).

If  one places identical clocks along the hoop 
and initially time at all clocks t = t1 then on any 
hypersurface t = const lengths of  world lines of  
all clocks will be identical, that means all clocks 
on the hoop are synchronized. It must be from 
physical considerations as clocks placed at identical 
distances from the hoop center are in equal terms.

The solution of  Bell inequality is proposed. In 
SRT, the Bell’s paradox is not solved as according 
to the proved theorem [5, 31] in the Minkowski 
space conditions of  relativistic rigidity and 
global relativistic uniform acceleration are not 
simultaneously satisfied.

To solve the paradox one must admit that it is 
impossible to realize the transition to NRF with 
the transformation of  coordinates containing the 
time in non-linear form. Such transformations can 
not result in nonzero space-time curvature tensor.

The theory explaining the Mössbauer rotor 
experiment was developed.
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