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1   Introduction 

In monographs [1 - 4] reveals the following effects of the principal significance: 
1. The birth of the universe is convoying of appearance of the repulsion forces. In the existing 

terminology - we discover the “negative pressure” and “dark energy” in all cases. This fundamental 
result does not depend on the mechanism of external perturbations. In other words, the anti-gravity in 
the physical vacuum exists, if there is dissipation of energy or in the absence of dissipation at all.  

2. Physical Vacuum (PV) is not a speculative object; it is a reality as “matter” and “fields”. In other 
words, the physical vacuum is "the third" physical reality along with matter and fields. In this case, it is 
natural to raise the question about the existence of the effect which is similar to the Hubble’s effect. As 
installed the appearance of this effect in the physical vacuum does not contradict the conclusions of non-
local physics. 

In this article we investigate in the frame of non-local physics the connection between from the first 
glance different effects like Physical Vacuum and PV boxes, clear air turbulence (CAT), the Shawyer 
EM-drive (PV-engines), Special Theory of Relativity.  

2   The Burst of PV Volume as an Analogue of the Hubble Motion 

The following progress in cosmology, in understanding the origin and evolution of the Universe, will be 
based on projects like Planck, NASA WMAP (Wilkinson Microwave Anisotropy Probe) space mission 
and the BICEP2 (Background Imaging of Cosmic Extragalactic Polarization 2) experiment. In this case 
we can speak about (now speculative) models like the burst in domains filled by PV. These models are 
analogue of the Hubble boxes which are observed in reality, [5, 6]. 

In the mentioned case it is reasonable to use the spherical coordinate system; [1 - 4]. Let us derive the 
transport PV equations in the non-stationary spherically symmetric case. In the usual hydrodynamic 
notations we have continuity equation: 
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which in the non-stationary spherically symmetric case is written as 
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where τ  is a nonlocality parameter. The transfer to PV means the limit case ρ → 0 ; as a result we 
have from (2.2) 
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In the analogical 1D case in the Cartesian coordinate system we have 
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Equation (2.3) immediately can be integrated 
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Momentum equation in the non-stationary spherically symmetric case is 
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The transfer to PV means the limit case ρ → 0  

 

{ }
( ) ( )

∂ ∂τ τ
∂ ∂

ττ τ

⎧ ⎫⎡ ⎤∂ ∂⎪ ⎪− − − +⎨ ⎬⎢ ⎥∂ ∂⎪ ⎪⎣ ⎦⎩ ⎭
⎛ ⎞ ⎛ ⎞∂ ∂⎛ ⎞∂ ∂ ∂ ∂⎜ ⎟ ⎜ ⎟− − − =⎜ ⎟ ⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠⎝ ⎠

2
02

2
0 02

2 2

2

12 0

r r r r

r r

p pF F r F v
r t r rr

r pv pvp r
r t r r r rr r

  (2.7) 

or using (2.3)  
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or  
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or 
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The corresponding momentum equation in the Cartesian 1D case is written as 
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Then we have the following dependent variables in this variant of nonlocal theory of PV description - 
pressure p , the force rF  acting in the radial direction on the unit of PV volume and the radial 
hydrodynamic velocity 0rv . 

Consider now the energy equation 
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The transfer to the limit case ρ → 0  leads to equation  
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or 
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with the external perturbation 
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Analogical value in the Cartesian case 
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The following transformations of energy equation (2.14): 
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or using (2.3) 

 )( ( ) ( )

∂ ∂ ∂τ
∂ ∂ ∂

∂ ∂τ
∂ ∂

τ
ρ ρ

⎧ ⎫⎡ ⎤∂ ⎛ ⎞∂ ∂⎪ ⎪− + + + − +⎢ ⎥⎨ ⎬⎜ ⎟∂ ∂ ∂⎢ ⎥⎝ ⎠⎪ ⎪⎣ ⎦⎩ ⎭
⎧ ⎫⎡ ⎤∂ ∂⎪ ⎪− + + − + +⎨ ⎬⎢ ⎥∂ ∂⎪ ⎪⎣ ⎦⎩ ⎭

⎡ ⎤⎛ ⎞∂ ∂
− + −⎢ ⎥⎜ ⎟⎜ ⎟∂ ∂⎢ ⎝ ⎠⎣ ⎦

0
0 0 0

2 2 2 2
0 0 0 0 0 02

2
2

0 2

103 3 3 5 2

1 14 105 8 3 5

12 2 5

r
r r r r

r r r r r r r

r r r

vp p p pv p v F v p
t t t r r r r

r pv pv pv F v pv pv
r t r r r rr

p pF v r F
r rr

=
⎥

0

  (2.18) 

or 

 

)( ( )

∂
∂

∂ ∂τ
∂ ∂

∂∂ ∂τ
∂ ∂ ∂

∂ ⎛ ⎞∂ ∂
+ + + − +⎜ ⎟∂ ∂ ∂⎝ ⎠
⎧ ⎫⎡ ⎤∂ ⎛ ⎞∂ ∂⎪ ⎪− + + + − +⎢ ⎥⎨ ⎬⎜ ⎟∂ ∂ ∂⎢ ⎥⎝ ⎠⎪ ⎪⎣ ⎦⎩ ⎭

⎧ ⎫⎡ ⎤∂ ⎪ ⎪− + + +⎢ ⎥⎨ ⎬
∂ ⎢ ⎥⎪ ⎪⎣ ⎦⎩ ⎭
∂

−
∂

0
0 0 0

0
0 0 0

2 20
0 0 0 0 02

2
2

103 5 3 2

103 3 5 2

1 145 5 11

1

r
r r r r

r
r r r r

r
r r r r r

vp p pp v v F pv
t r r r r

vp p pv p v F v p
t t r r r r

v
r pv v pv pv pv

r t r r rr

r
rr

∂τ τ
∂ ρ ρ

⎡ ⎤⎧ ⎫ ⎛ ⎞⎡ ⎤ ∂ ∂⎪ ⎪− + − =⎢ ⎥⎜ ⎟⎨ ⎬⎢ ⎥ ⎜ ⎟∂ ∂⎪ ⎪ ⎢ ⎥⎣ ⎦ ⎝ ⎠⎩ ⎭ ⎣ ⎦

2
2 2
0 2

13 3 2 5 0r r r
p p pv F r F
r r rr

  (2.19) 

and finally 
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In the Cartesian 1D non-stationary case 
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We write down the system of equations (2.3), (2.10) and (2.20) using the simplest solution (2.3). 
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  (2.24) 

For the case (2.22) we find 

 τ τ τ
ρ ρ ρ ρ ρ

⎡ ⎤ ⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎡ ⎤∂ ∂ ∂ ∂ ∂ ∂ ∂
= − = − + ≈ −⎢ ⎥⎜ ⎟ ⎢ ⎥⎜ ⎟ ⎢ ⎥⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂⎢ ⎥ ⎝ ⎠ ⎣ ⎦⎝ ⎠ ⎣ ⎦⎣ ⎦

2
2 2 2

2 2 2

1 1 32 5 3 5 lnpert
r

p p p p p p pA r F r p r
r r r r r r rr r r   (2.25) 

Then the term τ
ρ

⎡ ⎤∂ ∂
≈ − ⎢ ⎥∂ ∂⎣ ⎦

2
2

3pert p pA r
r rr

 can be considered from the hydrodynamic point of view as 

external perturbation connected with appearance of particles like Higgs bosons. 
Let us introduce an analogue the Hubble boxes which can be named as the PV box. Following this 

analogue we suppose: 
A. The process of PV evolution is an implicit function of t . 
B. Velocity 0rv  is written as 

 ( )=0rv A r r   (2.26) 
From Item A follows that time dependence exists in the form 

 ∂ ∂ ∂ ∂
= =

∂ ∂ ∂ ∂0r
r v

t r t r
  (2.27) 

Then we have from momentum equation (2.23)  

 τ τ
⎧ ⎫⎡ ⎤ ⎡ ⎤∂ ∂∂ ∂ ∂⎪ ⎪− − + + =⎢ ⎥ ⎢ ⎥⎨ ⎬

∂ ∂ ∂ ∂ ∂⎢ ⎥ ⎢ ⎥⎪ ⎪⎣ ⎦ ⎣ ⎦⎩ ⎭

0 0
0 0 0

42 2 3 0r r
r r r

v vp pv p r v p pv
r r r r r r

  (2.28) 

and from energy equation (2.24) 
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∂ τ
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∂∂τ
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τ
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p pr F
r rr

  (2.29) 

defining the PV evolution in the PV box. Write down these equations in the dimensionless forms using 
the scales 

 ρ ρ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤= = = =⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦
20 0

0 0 0 0 0 0 0 0 0 0 0
0 0

, , , , , , ,
p x

x u p F t x u t p u
x u

   

and tilde for the dimensionless values. 
Momentum equation 
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 τ τ
⎧ ⎫⎡ ⎤ ⎡ ⎤∂ ∂∂ ∂ ∂⎪ ⎪− − + + =⎢ ⎥ ⎢ ⎥⎨ ⎬

∂ ∂ ∂ ∂ ∂⎢ ⎥ ⎢ ⎥⎪ ⎪⎣ ⎦ ⎣ ⎦⎩ ⎭

0 0
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v vp pv p r v p pv
r r r r r r

  (2.30) 

Energy equation 

 ( )

∂ τ
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∂∂τ
∂ ∂

τ
ρ

⎧ ⎫⎡ ⎤∂ ∂∂ ∂⎪ ⎪+ + − + +⎢ ⎥⎨ ⎬
∂ ∂ ∂ ∂⎢ ⎥⎪ ⎪⎣ ⎦⎩ ⎭
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∂ ∂
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pr F
rr ρ

⎡ ⎤⎛ ⎞
=⎢ ⎥⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

2

0p
r

  (2.31) 

Then we have the following system (SYSTEM PV) of the dimensionless equation defining the PV 
evolution in the PV box: 

 ∂
=

∂ r
p F
r

  (2.32) 

 τ τ
⎧ ⎫⎡ ⎤ ⎡ ⎤∂ ∂∂ ∂ ∂⎪ ⎪− − + + =⎢ ⎥ ⎢ ⎥⎨ ⎬
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  (2.33) 

 

( ) ( )

∂ τ
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∂∂τ
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  (2.34) 

Three ordinary differential equations (2.32)-(2.34) define three dependent variables rF , 0rv  and p . 

The energy equation includes in the last term the external perturbation. In principal, there are no 
difficulties to organize the mathematical modeling using this system of equations.  

Is it possible to speak about existence of PV boxes and moreover about the practical interaction 
between known fields and physical vacuum? The last events (which can be discussed further) lead to the 
conclusion that we can’t exclude this possibility.  

It would be interesting to reveal the basic features which could be discovered. With this aim let us use 
the item B in the form ( )=0rv A r r . This relation should be introduced in the mentioned SYSTEM PV 
of equations; as a result we obtain the following dependent variables: ( )rF r , ( )p r  and ( )A r .  

Let us consider the particular cases of relation (2.26) written as 
 =0

n
rv Ar   (2.35) 

where A  is const. If = 1n  the space ( )0rv r  evolution is an analogue of the Hubble expansion, > 1n  
corresponds to the particular case known as “expansion with acceleration”.  
Substituting (2.35) in (2.33) we find 

 
⎛ ⎞ ⎡ ⎤∂ ∂

+ + + + − =⎜ ⎟ ⎢ ⎥∂∂ ⎝ ⎠ ⎣ ⎦

2
2 2

2

5 3 31 2 0
2 2 2

p pr r n p n n
rr

  (2.36) 

In this particular case we have the following chain of calculations: momentum equation becomes an 
independent equation; solution ( )p r  of this equation defines the force ( )rF r  from equation (2.32) and 

( )pertA r  from the energy equation (2.34). 
Let us consider the particular case1) as an analog of “Hubble regime” =( 1)n , we find 

 ∂ ∂
+ + =

∂∂

2
2

2

7 0
2

p pr r p
rr

  (2.37) 

and 
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 ( ) = +1 2
2

C C
p r

rr
  (2.38) 

 − −
⎡ ⎤∂ ∂

= + = − −⎢ ⎥
∂ ∂ ⎢ ⎥⎣ ⎦

3/2 31 2
1 22

1 2
2

C Cp C r C r
r r rr

  (2.39) 

Let = = >1 2 0C C C  and it’s as the force term (see 2.32) 

 3/2 31 1 2
2

p r r
C r

− −∂
= − −

∂
  (2.40) 

Fig. 2.1 reflects the results of calculations with the designations ∂
↔ ↔

∂
1 D(P)(x)/Cp y
C r

, ↔x r ; 

= 1.n  

 
Figure 2.1. Dependence ∂

∂
1 p
C r

 on r  for = 1.n  

Obviously in this case only the attraction forces act.  
Consider the case 2) if = 2n  for which the following equation is valid: 
2) For =( 2)n  we have Euler-Cauchy equation 

 ∂ ∂
+ + =

∂∂

2
2

2
6 7 0p pr r p

rr
  (2.41) 

and 

 
⎡ ⎤⎛ ⎞ ⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟= +

⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
1 25/2

1 3 3sin ln cos ln
2 2

p C r C r
r

  (2.42) 

Let = = >1 2 0C C C  

 ( ) ( )⎡ ⎤⎛ ⎞ ⎛ ⎞∂ ⎢ ⎥⎜ ⎟ ⎜ ⎟= − − +
⎜ ⎟ ⎜ ⎟∂ ⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

7/2

1 1 3 33 5 cos ln 3 5 sin ln
2 22

p r r
C r r

  (2.43) 

Fig. 2.2 reflects the results of calculations if as before ∂
↔ ↔

∂
1 D(P)(x)/Cp y
C r

, ↔x r ; = 2.n  
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Figure 2.2. Dependence 

∂
∂

1 p
C r

 on r  for = 2.n  

In this case not only attractions forces act, but also the repulsive force in the close vicinity of the PV 
bubble. In the definite sense it reminds the behavior of the Van der Waals forces. 
2) For =( 3)n  we have the following equation 

 ∂ ∂
+ + =

∂∂

2
2

2

17 16 0
2

p pr r p
rr

  (2.44) 

and solutions 

 
⎡ ⎤⎛ ⎞ ⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟= +

⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
1 215/4

1 31 31sin ln cos ln
4 4

p C r C r
r

  (2.45) 

 ( ) ( )⎡ ⎤⎛ ⎞ ⎛ ⎞∂ ⎢ ⎥⎜ ⎟ ⎜ ⎟= − − +
⎜ ⎟ ⎜ ⎟∂ ⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

19/4

1 1 31 3131 15 cos ln 31 15 sin ln
4 44

p r r
C r r

  (2.46) 

 
Figure. 2.3. Dependence 

∂
∂

1 p
C r

 on r  for = 3.n  

At large distances, the force curve experiences oscillations. Really 

 ( ) ( )⎡ ⎤⎛ ⎞ ⎛ ⎞∂ ⎢ ⎥⎜ ⎟ ⎜ ⎟= = − − +
⎜ ⎟ ⎜ ⎟∂ ⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

19/4

1 1 31 310 31 15 cos ln 31 15 sin ln
4 44

p r r
C r r

  (2.47) 

This relation leads to the transcendent equation 

20 Advances in Astrophysics, Vol. 3, No. 1, February 2018

AdAp Copyright © 2018 Isaac Scientific Publishing



 
⎛ ⎞ −
⎜ ⎟ =
⎜ ⎟ +⎝ ⎠

31 31 15tan ln
4 31 15

r   (2.48) 

with knots (m  is integer number) 

 π
⎧ ⎫⎡ ⎤⎛ ⎞+ −⎪ ⎪⎢ ⎥⎜ ⎟= +⎨ ⎬⎢ ⎥⎜ ⎟−⎪ ⎪⎝ ⎠⎣ ⎦⎩ ⎭

8 97 16 128 15 31exp arctan
31 128 15 31

r m   (2.49) 

with the number line 

  
For example for = 3m  we have 

 π
⎧ ⎫⎡ ⎤⎛ ⎞+ −⎪ ⎪⎢ ⎥⎜ ⎟= +⎨ ⎬⎢ ⎥⎜ ⎟−⎪ ⎪⎝ ⎠⎣ ⎦⎩ ⎭

8 97 16 128 15 31exp 3 arctan
31 128 15 31

r   (2.50) 

or in the general case 
 { }π= 7.0152 exp 1.4368r m   (2.51) 

Solutions (5.6.33), (5.6.34) for (2.37) in [4] are valid in vicinity of the transition point r =1because of 

 
2

2 1/4
1 22 2

7 5 5 5 1exp exp 1
2 16 4 4

p pr r p r C r C r
rr r

⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎛ ⎞∂ ∂ ⎢ ⎥+ + = + − −⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟∂∂ ⎢ ⎥ ⎝ ⎠⎝ ⎠ ⎝ ⎠⎣ ⎦
  (2.52) 

Now taking into account the obtained results, we can create the theory of Shawyer’ engine. 

3   To the Theory of PV-Engines 

Let us discuss now from the position of the developed theory the situation with the so called “EM 
Drive”. This (hypothetical) engine was invented by British scientist Roger Shawyer in 1999. The 
principal scheme of this EM Drive can be shown as follows (Fig. 3.1): 

 
Figure. 3.1. Principal scheme of EM Drive. 

Shawyer’s testing was done on a torsion balance using air bearings [7, 8]. He observed rotation of the 
complete apparatus with all electronics and power supplies on-board. He discovered that the thrust 
(close to 5600 times) larger (Q-factor) than expected from pure classical radiation thrust. Q-factor can 
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be defined by different way but in the general case Q ~ (maximum energy stored / power loss). 
Independent tests were carried out in China by Yang et al [9, 10] who tested the EMDrive on a force-
feedback thrust stand and achieved up to 720 mN of thrust with 1000 W microwave power with even 
higher Q factors compared to Shawyer. 

The typical parameters of following White’s experiments [11 -13] are as follows. The RF resonance 
test article is a copper frustum with an inner diameter of 27.9 cm on the big end, an inner diameter of 
15.9 cm on the small end, and an axial length of 22.9 cm. The vacuum test campaign consisted of a 
forward thrust phase and reverse thrust phase at less than 8 × −610  torr vacuum with power scans at 40, 
60, and 80W. The test campaign included a null thrust test effort to identify any mundane sources of 
impulsive thrust; however, none were identified. Thrust data from forward, reverse, and null suggested 
that the system was consistently performing with a thrust-to-power ratio of 1.2±0.1mN⁄kW. 

The test article contains a 5.4-cm-thick disk of polyethylene with an outer diameter of 15.6 cm that is 
mounted to the inside face of the smaller diameter end of the frustum. A 13.5-mm-diam loop antenna 
drives the system in the TM212 mode at 1937 MHz. Because there are no analytical solutions for the 
resonant modes of a truncated cone, the use of the term TM212 describes a mode with two nodes in the 
axial direction and four nodes in the azimuthal direction. A small whip antenna provides feedback to the 
phase-locked loop (PLL) system. The steady-state displacement from the calibration force is used to 
calibrate any force applied to the torsion pendulum by a device under pendulum.  

The usual comment for the thrust appearance in this construction sounds as follows. The EM Drive 
uses electromagnetic waves as “fuel”, creating thrust by bouncing microwave photons back and forth 
inside a cone-shaped closed metal cavity. In other words, electricity converts into microwaves within the 
cavity that push against the inside of the device, causing the thruster to accelerate in the opposite 
direction. 

Obviously this explanation has no attitude to reality. The nozzle of this “jet engine” is closed by a 
round plate. It means that the formulated explanation leads to the contradiction with the Newton's 
Third Law, which states, "To each action there's an equal and opposite reaction," and many physicists 
say the EM Drive categorically violates that law. From the position of classical mechanics this 
corresponds to the attempt of Baron Münchhausen to pull itself out of the swamp by his own hair. In 
order for a thruster to gain momentum in a certain direction, it has to expel some kind of propellant or 
exhaust in the opposite direction. But the EM Drive knows nothing about the law of conservation of 
momentum, which Newton derived from his Third Law.  

Since its invention, the EM drive was tested many times and reveals “anomalous thrust signals”. 
Putting it mildly, we can say - if EM Drive indeed produces thrust we should find the corresponding 
explanation for this effect.  

In this case I should define my position in connection with the mentioned problem: 
1. Appearance of thrust in the systems like EM Drive does not contradict the conclusions following 
from nonlocal physics. 

2. The emergence of the thrust is due to the interaction of radiation with physical vacuum. 
3. It is impossible to provide an explanation of the effect using methods of local physics. 
4. Then no reason to discuss other theoretical models originated by local physics. 
5. We do not intend to go into details of the experiment organization including the possible 
experimental errors, because we are interested only in the correspondence between theoretical and 
experimental data in basic experiments.  

6. Here we indicated only some main stages of the vast experimental researches. 
Let us consider now the process of excitation of physical vacuum by radiation. It is known that the 

first experiments demonstrating the direct light pressure on a surface (including gases) were realized by 
P.N. Lebedev [14]. Then when light impinges on the surface of a liquid, part of the light is reflected 
(with the reflection coefficient χ ) and the remaining fraction is transmitted. The new experiments show 
for the first time that the liquid surface bends inward, meaning that the light is pushing on the fluid in 
agreement with the Abraham momentum Ap  of light. The corresponding equation for the photon 
momentum in a dielectric with refractive index n is:  

 ν
=A

hp
nc

  (3.1) 
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where h is the Plank constant, ν  is the frequency of the light and c is the speed of light in vacuum. 
Light pressure can be found by the formula 

 ( )χ
Φ

= + 1r
rp c

  (3.2) 

where Φr  is the density of radiation energy flux falling on a surface, for the mirror surface χ = 1 . For 
the state close to thermodynamic equilibrium we have 

 =
3r
up   (3.3) 

where u  is the energy density. 
As before we consider the limit case ρ → 0  corresponding to transfer to Physical Vacuum in 1D case. 

For our aims is sufficient to use the plane model (for example this case correspond the spherical wave 
front of the large radius). Then for the flat case → ∞r  we have the following system (SYSTEM PV) of 
the dimensionless equations defining the PV evolution (see also 2.32-2.34) 

 ∂
=

∂ x
p F
x

  (3.4) 

 
⎡ ⎤∂∂ ∂

+ =⎢ ⎥
∂ ∂ ∂⎢ ⎥⎣ ⎦
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0
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2

x
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x x x

  (3.5) 
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  (3.6) 

Therefore we can introduce in system of equations (3.4) - (3.6) an external dimensionless pressure exA . 
Generally speaking exA  is a function of coordinates and time and should be calculated independently 
with the help of the Maxwell equations. 

As a result (if the mass perturbation can be omitted) we have the “system A”: 

 ∂
=

∂ x
p F
x

  (3.7) 
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  (3.8) 
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v p A v p A v

x x x

  (3.9) 

Now we are ready to display the results of the mathematical modeling realized with the help of Maple 
(the versions Maple 9 or more can be used). The system A of equations (3.7) – (3.9) has the great 
possibilities of mathematical modeling as result of changing of four Cauchy conditions and parameters 
τ  and exA  describing the character features of physical system.  

Maple program contains Maple’s notations – for example the expression ( ) ( ) =0 0 0xD v  means in the 
usual notations ( ) ( )∂ ∂ =0 / 0 0xv x , independent variable t  responds to x . The following Maple 
notations on figures are used: u- velocity 0xv , p - pressure p , and f - the self-consistent force F , A - 

exA . Explanations placed under all following figures. The results of the calculations are presented in 
figures 3.2 - 3.25. The information required is contained in the figures and in figure captions. We use for 
all calculations the Cauchy conditions 

 ( ) ( ) ( ) ( ) ( ) ( )= = = = → =0 00 1, 0 1, 0 1, 0 1 (0) 1x xv p D v D p f  
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which of course can be changed; parameter A  varies widely. As a rule we use the following lines: 0xv  - 
solid line, p  - dashed line, F - dotted line. 
Remarks: 
1. If ( ) ( ) ( ) ( )= =0 0 0, 0 0xD v D p  and =exA const , we have only trivial solutions =0 ,xv const =p const . 
Conditions ( ) ( ) ( ) ( )≠ ≠0 0 0, 0 0xD v D p  deliver the appearance of non trivial solutions even if the mass 
perturbation = 0pertA . 
2. The figures 3.2 - 3.4 are constructed for the case when the external field is absent. The left boundary 
of the solution existence (lim1) is indicated. 
3. The following figures 3.2 - 3.17 are constructed for conditions ( ) ( )= =0 0 1, 0 1xv p , ( ) ( ) =0 0 1xD v , 

( ) ( ) =0 1D p  but for the parameter exA  changing in the interval ( )410, 10 . Captions like lim1 reflect 
the domain of the solution existence. 

 
Figure 3.2. Evolution of ( ) ( ) ( )0 , ,xv x p x F x ; = 0exA , τ = 1.  

 
Figure. 3.3. Evolution of ( ) ( )0 ,xv x p x ; = 0exA , τ = 1.  
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Figure 3.4. Evolution of ( )F x ; = 0exA , τ = 1.  

 
 

Figure 3.5. Evolution of ( )F x ; = 10exA , τ = 1.  

 

 
Figure. 3.6. Evolution of ( ) ( )0 ,xv x p x ; = 10exA , τ = 1.  
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Figure 3.7. Evolution of ( ) ( )0 ,xv x p x ; = 10exA , τ = 1.  

 
Figure 3.8. Evolution of ( )F x ; = 100exA , τ = 1.  

 
Figure 3.9. Evolution of ( ) ( )0 ,xv x p x ; = 100exA , τ = 1.  
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Figure 3.10. Evolution of ( ) ( )0 ,xv x p x ; = 100exA , τ = 1.  

 
Figure 3.11. Evolution of ( )F x ; = 1000exA , τ = 1.  

 
Figure 3.12. Evolution of ( ) ( )0 ,xv x p x ; = 1000exA , τ = 1.  
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Figures 3.13 - 3.15 reflect the calculations for the x  intervals (-0.5 - 2), (0 - 10), (0 - 100) 
correspondingly 

 
Figure 3.13. Evolution of ( )F x ; = 410exA , τ = 1.  

 
Figure 3.14. Evolution of ( )F x ; = 410exA , τ = 1.  

 
Figure 3.15. Evolution of ( )F x ; = 410exA , τ = 1.  
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Figure 3.16. Evolution of ( )0xv x ; = 410exA , τ = 1.  

 
Figure 3.17. Evolution of ( )p x ; = 410exA , τ = 1.  

Important to notice that for all cases reflected in figures 3.2 - 3.17 we have the physical modes with a 
predominance of so called “anti-gravity”; but a narrow domain with usual gravitation is also presented. 

The following figures 3.18 - 3.25 reflect the hypothetical situation when < 0A . 

 
Figure. 3.18. Evolution of ( )F x ; = −10exA , τ = 1.  
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Figure 3.19. Evolution of ( ) ( ),u x p x ; = −10exA , τ = 1.  

 
Figure 3.20. Evolution of ( )F x ; = −100exA , τ = 1.  

 
Figure 3.21. Evolution of ( )p x ; = −100exA , τ = 1.  
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Figure 3.22. Evolution of ( )0xv x ; = −100exA , τ = 1.  

 
Figure 3.23. Evolution of ( )F x ; = −1000exA , τ = 1.  

 
Figure 3.24. Evolution of ( )0xv x ; = −1000exA , τ = 1.  
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Figure 3.25. Evolution of ( )p x ; = −1000exA , τ = 1.  

The calculations presented on figures 3.22 - 3.25 give a general idea of the physical system filled by 
radiation and PV. But radiation occupies only a part of the considered system diminishing with the 
grows of the distance x  Let us reflect this fact introducing the approximation 

 =
+1

ex
n

BA
x

  (3.10) 

The following figures 3.26 - 3.29 show the result of modeling for approximation (3.10) for different B  
and n . 

 
Figure 3.26. Evolution of ( ) ( ) ( )0 , ,xv x p x F x ; = =10, 10B n , τ = 1.  

 
Figure 3.27. Evolution of ( ) ( ) ( )0 , ,xv x p x F x ; = =10, 10B n , τ = 1.  
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Figure 3.28. Evolution of ( ) ( ) ( )0 , ,xv x p x F x ; = =10, 2B n , τ = 1.  

 
Figure 3.29. Evolution of ( ) ( ) ( )0 , ,xv x p x F x ; = =10, 2B n , τ = 1.  

Compare now the curves shown in the figures 3.2 - 3.6 and 3.26 - 3.29. As we see the general features 
of the ( ) ( ) ( )0 , ,xv x p x F x  evolution remain the same. The greatest changes correspond to the pressure 
of the physical vacuum. The greatest influence on the results of the calculations provides the initial 
Cauchy conditions. 

The main result consists in the affirmation that the physical system “works” in regime of anti-
gravitation. It is well-known that the Van der Waals equation of state leads to the force curves shown in 
Figure 3.30.  

 

Figure 3.30. The typical van der Waals curves 
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Compare now the curves of Figures 3.30 and 3.26. We have the opposite behavior of curves - curves of 
attraction and repulsion are reversed. It is direct consequence of nonlocal physics.  Interesting to 
notice, that we return to the Van der Waals curves as a result of diminishing of PV pressure by an 
artificial way (compare figures 3.30 and 3.23). 

There are the experimental works (see for example [15]) confirming that at larger distances and 
between macroscopic condensed media the retardation effects can be revealed. 

Although these long-range forces exist within all matter, only attractive interactions have so far been 
measured between material bodies [16 - 18]. In [18] is shown experimentally that, in accord with 
theoretical prediction [19 - 21], the sign of the force can be changed from attractive to repulsive by 
suitable choice of interacting materials immersed in a fluid. The mentioned theoretical predictions (as 
well as qualitative considerations in [22]) have phenomenological character and do not lead to transport 
PV equations in principal. 

We often read phrases like “quantum fluctuations create intermolecular forces that pervade 
macroscopic bodies” without concrete calculations of quantum fluctuations in the quantum 
hydrodynamic equations in reality. Is it possible using this terminology to indicate explicit fluctuations 
in the nonlocal theory of PV? It is possible. Really, for example, let us return to 1D dimensional 
equations (2.4, 2.11, 2.21) 
(continuity equation, 1D case) 

 ∂ ∂τ
∂ ∂

⎧ ⎫⎡ ⎤⎪ ⎪− =⎨ ⎬⎢ ⎥
⎪ ⎪⎣ ⎦⎩ ⎭

0p F
x x

  (3.11) 

(momentum equation, 1D case) 

 

∂ ∂ ∂ ∂ ∂τ τ
∂ ∂ ∂ ∂ ∂

∂ ∂ ∂ ∂τ
∂ ∂ ∂ ∂

⎧ ⎫⎡ ⎤ ⎛ ⎞⎪ ⎪− − − − −⎨ ⎬ ⎜ ⎟⎢ ⎥
⎪ ⎪⎣ ⎦ ⎝ ⎠⎩ ⎭

⎧ ⎫⎡ ⎤⎪ ⎪− + + =⎨ ⎬⎢ ⎥
⎪ ⎪⎣ ⎦⎩ ⎭

2

3 0

p p p uF F F
x t x x x

p p uu p
x t x x

  (3.12) 

(energy equation, 1D case) 

 ( ) ( )

∂ ∂ ∂ ∂
∂ ∂ ∂ ∂

∂ ∂ ∂ ∂ ∂τ
∂ ∂ ∂ ∂ ∂

∂ ∂ ∂ ∂τ
∂ ∂ ∂ ∂

∂ ∂τ
∂ ∂

τ τ
ρ

⎛ ⎞
+ + + −⎜ ⎟

⎝ ⎠
⎫⎧ ⎤⎡ ⎛ ⎞⎪ ⎪− + + + −⎨ ⎥⎬⎜ ⎟⎢

⎪ ⎣ ⎝ ⎠ ⎪⎩ ⎦⎭
⎧ ⎫⎡ ⎤⎪ ⎪− + +⎨ ⎬⎢ ⎥
⎪ ⎪⎣ ⎦⎩ ⎭
⎛ ⎞

− − + =⎜ ⎟
⎝ ⎠

⎛ ⎞ ⎡ ⎤∂ ∂ ∂ ∂
= − −⎜ ⎟ ⎢ ⎥∂ ∂ ∂⎝ ⎠ ⎣ ⎦

3 3 5 2

3 3 5 2

5 5 11
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p p u pu p u F
t x x x

p p u pu p u F
t t x x x

upu u pu up
x t x x

p uF u A
x x

p pA F p
x x x ρ

⎡ ⎤
⎢ ⎥∂⎣ ⎦

p
x

  (3.13) 

For the case under consideration all terms proportional to τ  should be considered as quantum 
fluctuations containing PV flashes and the mass perturbation pertA . 

Remind the basic conclusions following in particular from the results of mathematical modeling: 
1. The calculations are realized in the vast diapason of parameter changing and Cauchy conditions.  
2. In considered case (if the external pressure input is positive or equal to zero) the front of the 
physical vacuum waves convoy of appearance of the repulsion forces. In the existing bad terminology - 
we discover the “negative pressure” and “dark energy” in all cases. This fundamental result does not 
depend on the mechanism of external perturbations. In other words, the “anti-gravity” (better to say, 
the repulsion forces) in the physical vacuum exists, if there is dissipation of energy, supply of energy 
or in the absence of dissipation at all, (see figures 3.2 -3.17, 3.26 - 3.29). 
3. If the external influence leads to diminishing the PV pressure we obtain the curves of the van der 
Waals type. 

34 Advances in Astrophysics, Vol. 3, No. 1, February 2018

AdAp Copyright © 2018 Isaac Scientific Publishing



We have the following model EM thrust: 
1. Electromagnetic waves create pressure acting on physical vacuum.  
2. Appearing the PV flat waves create the repulsion forces. If the considered physical system creates 
PV boxes, it can lead firstly to the force of attraction and then repulsion demonstrating the effects 
like “anti-gravitation”, characteristic for so called “dark energy”. The point = crr r  exists where a 
mode of attraction is changed to repulsion mode. In this case a delay time should exist after the RF 
power is initiated. 
3. The returning in the volume the repulsion mode is damping by the RF mode. As a result we obtain 
the outgoing flow of physical vacuum leading to the thrust effect. Practically we have no restrictions 
for the velocity for the outgoing vacuum flow. 
4. This type of engine better to name as a Physical Vacuum Engine (PV Engine). If this effect exists, 
it is certainly a revolution in physics and technology. 
5. In collider LHC ( )σ −= 25 210tot pp cm ; taking into account the bunching effect σ −21 2~ 10bunch

tot cm , [23]. 
This value is much less of the cross section of encountered particles which could lead to the dangerous 
anti-gravitation effect. But the mentioned particle collision can create -  

a) Waves in the physical vacuum which correspond to the wake waves in colliders, [24]. 
b) Explosion of the PV bubbles in regime of Hadamard instabilities, [4]. 

Some general remarks: 
1. The birth of the universe is convoying of appearance of the repulsion forces. In the existing 
terminology - we discover the “negative pressure” and “dark energy” in all cases. This fundamental 
result does not depend on the mechanism of external perturbations. In other words, the anti-gravity 
in the physical vacuum exists, if there is dissipation of energy or in the absence of dissipation at all.  
2. Physical Vacuum is not a speculative object; it is a reality as “matter” and “fields”. In other words, 
the physical vacuum is "the third" physical reality along with matter and fields. In this case, it is 
natural to raise the question about the existence of the effect which is similar to the Hubble’s effect. 
As installed the appearance of this effect in the physical vacuum does not contradict the conclusions 
of non-local physics. 
3. The birth of the PV boxes in Universe is convoying of appearance of the critical PV box dimension 
when a mode of attraction is changed to repulsion mode. In this case we can speak about models like 
the burst in domains filled by PV. These models are analogue of the Hubble boxes which are observed 
in reality. In principal the PV burst can be discovered in the collider experiments. 
4. But in comparison with the Hubble expansion we need an evidence of the analogical PV expansion 
and the corresponding experimental data (from collider experiments for example). The excitation of 
the PV waves is the extremely important problem of the advanced technology. 

4   The Theory of Physical Vacuum and Clear Air Turbulence (CAT) 

Clear Air Turbulence (CAT) is defined as turbulence which is not associated with clouds and therefore 
cannot be detected visually or by conventional weather radar. The acronym CAT is now widely used 
throughout the world. Generally speaking CAT includes also two types of turbulence instabilities [25, 
26]:  

a) “Mechanical” turbulence which is connected with disruption to the smooth horizontal flow of air. 
Mechanical turbulence dominates the lowest few thousand feet of atmosphere. 
b) Thermal turbulence caused by vertical currents of air in an unstable atmosphere. 

Let us exclude the mentioned types of turbulence from consideration leaving the acronym CAT only for 
the last circus of the turbulent events. In this case CAT dominates (but not only) the upper troposphere 
and stratosphere, and evidence indicates that CAT is found at attitudes up to 100 km with the 
frequency maximum in the upper mesosphere [25], see Fig. 4.1.  
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Figure 4.1. Relative frequency of turbulence [25, 26] 

CAT can occur when there is a lack of evidence (like clouds or proximity to mountains) to alert pilots 
to the potential for turbulence on a plane. This means that a plane can hit a pocket of extreme 
turbulence without warning, catching passengers and crew members off guard. 

This was the case when a recent Aeroflot flight (May 1st, 2017) from Moscow to Bangkok experienced 
severe turbulence with the plane hit an "air hole" without warning. Because there was nothing to 
prepare passengers, many were out of their seats and/or without seat belts at the time. According to 
CNN, 27 passengers were injured in the terrifying event, some reportedly with head injuries, fractures, 
and bruises.  

Aeroflot said it was “impossible to predict” the clear air turbulence. “Therefore, the crew can’t warn 
passengers of the need to return to their seats,” the airline said. Clear sky turbulence isn't extremely 
common, but it can occur. CNN cited a flight operator as noting that about 750 cases of clear sky 
turbulence happen annually. The Federal Aviation Administration says 44 injuries were reported on 
commercial jets during turbulence last year. 

The typical recommendation to the aircraft team consists in reducing the aircraft speed, as a result 
the risk reduces of structural damage and vibration reduces making instruments easier to read. Let us 
now investigate the Playback of Aeroflot flight SU270, (see Fig. 4.2) available in Internet. 

 
Figure 4.2. Playback of Aeroflot flight SU270 Moscow - Bangkok 
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Aeroflot said that clear air turbulence happened during the 777’s flight 40 minutes before landing at 
Bangkok’s airport. This event corresponds to the pike on the altitude graph which is visible on the right 
hand side of Fig. 3.2. The jump of altitude is more than 200 m convoying of reducing of the velocity 
flight. Obviously:  

1. It is the beginning of the process when the crew had no possibility to interfere in the event. 
2. The changing of the aerodynamic characteristic of flight is in contradiction with the usual forces 
balance acting on the aircraft.  
Really, for any object immersed in a fluid we can define a flow direction along the motion. The 

spontaneous diminishing of the aircraft velocity leads to the loss of lift and to the instant diminishing of 
the flight altitude. But as follows from Playback of Aeroflot flight SU270 (Fig. 4.2) we see the growing 
up of the flight altitude instead of diminishing of the flight altitude. It would be strange to find a very 
narrow powerful vertical stream at this altitude invisible for radars. It is the facts of the fundamental 
significance; the following investigation should include the crew activity in the concrete situation and so 
on. 

Let us consider now the possible force diagram in vicinity of PV bubble, see Fig. 4.3. 

 
Figure 4.3. The possible positions of the anti-gravitation forces in the vicinity of PV bubble 

As we see from Fig. 4.3 anti-gravitation forces in the vicinity of PV bubble lead to the instant 
diminishing of the aircraft velocity and the instant variation of the altitude flight including the possible 
jumping up of the altitude flight. 
Remark: 

A team of planetary scientists and physicists led by John Anderson (Pioneer 10 Principal Investigator 
for Celestial Mechanics) has identified a tiny unexplained acceleration towards the sun in the motion of 
the Pioneer 10, Pioneer 11, and Ulysses spacecraft. The mystery of the tiny acceleration towards the sun 
in the motion of the mentioned spacecrafts remains unexplained as of 2006 until now. The anomalous 
acceleration was identified after detailed analyses of radio data from the spacecraft. 

This effect cannot be explained from position of local physics and have the same origin as anti-
gravitational force in the constructed theory of PV-bubble. 

5   Michelson - Morley Experiment and the Theory of Physical Vacuum 

The Michelson–Morley experiment was performed by Albert A. Michelson and Edward W. Morley 
and published in November, 1887 [27]. They compared the speed of light in perpendicular directions, in 
an attempt to detect the relative motion of matter through the stationary aether. The result was 
negative, in that the expected difference between the speed of light in the direction of movement 
through the presumed aether, and the speed at right angles, was found not to exist. Michelson–Morley 
type experiments have been repeated many times with steadily increasing sensitivity. The result is 
considered as the evidence against the aether theory, and initiated a line of research that eventually led 
to special relativity, which rules out a stationary aether. The figure 5.1 shows the Michelson - Morley 
device. Calculate the time for which the light will pass the distance to the mirror in the horizontal 
direction. In one second light travels с  meters, and the aether wind blows it in v  meters back. 
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Therefore, the actual speed will be equal ( )−c v . It means that light will reach the mirror over 

⇒=
−

L
t

c v
. 

 
Figure 5.1. The principal scheme of Michelson - Morley experiment 

Obviously the way back will take time ⇒=
+

L
t

c v
. Total time spent:  

 ⇒ ⇒ ⇒= + =
+ − −1 2 2

2L L L c
t

c v c v c v
  (5.1) 

Calculate the elapsed time for moving in the vertical direction. In one second the aether wind will shift 
the light on the v  meters to the left.  

In other words the stationary observer should see the real velocity of the vertical movement as 
2 2 cosu c c vϕ= = − . Then the real rate of convergence of the light with mirror (reflected on Fig. 5.1 

as the upper mirror) is 2 2u c v= − . Moving in the opposite direction leads to the symmetrical 
situation. Thus, 

 ⇑=
−

2 2 2

2L
t

с v
  (5.2) 

The time difference is 

 ⇒ ⇑
⇒ ⇑ ⇒ ⇑

⎡ ⎤ ⎡ ⎤−⎢ ⎥ ⎢ ⎥− = − = − = − −
− − −⎢ ⎥ ⎢ ⎥− ⎣ ⎦ ⎣ ⎦

2 2 2

1 2 2 2 2 2 2 2 22 2

2 2 2 2 1
L c L с с v с vt t L L L L

cc v с v с v cс v
  (5.3) 

Some conclusions: 
1. The mentioned above configuration known as Michelson-Morley experiment (1887) would have 
detected the earth's motion through the supposed luminiferios aether that most physicists at the time 
believed was the medium in which light waves propagated. From the first glance the null result of that 
experiment leads to the condition (see (5.3)) 

 − =1 2 0t t   (5.4) 
2. But relation (5.3) is obtained for closed thermodynamic system without taking into account the direct 
influence of physical vacuum PV (or in old terminology) luminiferous aether. 
3. In principal we consider the open thermodynamic system interacting with physical vacuum (PV). But 
the relation (5.1) - (5.3) obtained for classic dynamic system without taking into account the direct 
influence of PV on mentioned system.  
4. Nevertheless we intend to construct simplified theory excluding the direct PV influence. This fact 
leads to kinematic relation  

 ⇒ ⇑= −
2

2
1 vL L

c
  (5.5) 
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Let us remind the corresponding consideration in the special relativistic theory. Deduce the equations 
of transformation from one inertial reference system to another. We use the standard inertial frames 
К and ′К  which are set up such that the х and ′х  axes coincide and the y  and ′y  axes and z  
and ′z  axes are parallel. Let the system ′К  moves relative to the system along the x -axis with 
velocity υ . Then ′ =у у , ′ =z z . Seen from K , that ′К  moves in the positive x -direction with speed 
υ  and, seen from ′К , that K moves in the negative ′x  -direction with speed υ  (see Fig. 5.2). 
Furthermore, it is imagined that in each inertial frame there is an infinite set of recording 
clocks at rest in the frame and synchronized with each other. Clocks in both frames are set to 
zero when the origins O  and ′O coincide. 

 
Figure 5.2. Inertial frames К and ′К  

Since space and time are homogeneous, the transformations sought are linear functions of the form 
 γ β′ ′= +x x t   (5.6) 
 γ β′ = +x x t   (5.7) 
where γ γ β β, , ,  are constants. For the point О we have = 0x , υ′ ′= −x t . Substituting these values into 
(5.6), we obtain β γυ= . Let us now consider a point ′O . For this point ′ = 0x , υ=x t . Substituting 
these values into (5.7), we obtain β γυ= − . Substituting β  and β  in (5.6), (5.7) and taking into 
account that γ γ=  (because of the equality of the systems K  and ′K ) we find 
 ( )γ υ′ ′= +x x t   (5.8) 

 ( )γ υ′ = −x x t   (5.9) 
The step of principal significance: to determine the coefficient γ . we use the principle of the constancy 
of the speed of light in both frames.  

Let at the time moment ′= = 0t t  from the point ′=O O  in the direction of the axes x  and ′x  sends 
a light signal that produces a flash of light on the screen. This screen is located at the point with x -
coordinate in system K  and ′x  coordinate in system ′K . Then 

 ′ ′= =,  x ct x ct   (5.10) 
Substituting (5.10) in (5.8), (5.9), we obtain 

 ( )γ υ ′= +ct c t   (5.11) 
 ( )γ υ′ = −ct c t   (5.12) 

Multiplying respectively left and right parts (5.11) and (5.12), we have 
 ( )γ υ= −2 2 2 2c c   (5.13) 

 γ
υ

=

−
2

2

1

1
c

  (5.14) 

Substituting γ  в (5.8), (5.9) we reach 
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 υ

υ

′ ′+
=

−
2

2
1

x tx

c

  (5.15) 

 υ

υ

−′ =

−
2

2
1

x tx

c

  (5.16) 

Now we derive the transformation for time, expressing t  from (5.15) and using (5.16): 

 

υ υ
υ υ

υ υ υ υ υ

⎛ ⎞⎛ ⎞
′ −⎜ ⎟⎜ ⎟ ′ ′+⎛ ⎞ ′ ′+⎜ ⎟⎝ ⎠⎜ ⎟′= − − = − =⎜ ⎟⎜ ⎟

⎝ ⎠ ⎜ ⎟− − −⎜ ⎟
⎝ ⎠

2

22 2

2 2 2 2

2 2 2

1
1 11

1 1 1

x t xcx t ct x x
c

c c c

  (5.17) 

Thus, the formulae of transformations, called Lorentz transformations are of the form: 

 

υ
υ

υ υ

′ ′+′ ′+ ′ ′= = = =

− −

2

2 2

2 2

,  ,  ,  

1 1

t xx t cx y y z z t

c c

  (5.18) 

Reverse conversions can be obtained by replacing υ  (-υ )  

 

υ
υ

υ υ

−
−′ ′ ′ ′= = = =

− −

2

2 2

2 2

,  ,  ,  

1 1

t xx t cx у y z z t

c c

  (5.19) 

We turn to the Minkowski coordinates  
 ( ) ( )α = = 0 1 ,2 ,3, , , , , ,x ct x y z x x x x   (5.20) 

and designation of the upper index in the form like “,2” is done for the purpose to avoid 
misunderstandings with the exponent in the formula. Lorentz transformations (5.20) can be written as 

 υ υγ γ
⎛ ⎞ ⎛ ⎞

′ ′ ′ ′= − = − = =⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

0 0 1 1 1 0 ,2 ,2 ,3 ,3,  ,  ,  x x x x x x x x x x
c c

  (5.21) 

or, in matrix form,  

 

υγ γ

υ γ γ

⎛ ⎞
−⎜ ⎟⎛ ⎞ ⎛ ⎞′

⎜ ⎟⎜ ⎟ ⎜ ⎟
′ ⎜ ⎟⎜ ⎟ ⎜ ⎟′ −= = = Γ⎜ ⎟⎜ ⎟ ⎜ ⎟′ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟′⎝ ⎠ ⎝ ⎠⎜ ⎟

⎝ ⎠

0 0

1 1

,2 ,2

,3 ,3

0 0

0 0

0 0 1 0
0 0 0 1

x xc
x xX X

cx x
x x

  (5.22) 

The symbol «Γ » emphasizes that «Γ » is a matrix 

 

υγ γ

υ γ γ

⎛ ⎞
−⎜ ⎟

⎜ ⎟
⎜ ⎟−Γ = ⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

0 0

0 0

0 0 1 0
0 0 0 1

c

c
  (5.23) 

Get some consequences of the Lorentz transformations. 
Let in the system K  lie the rod parallel to the axis x . Its length in this system is = −0 2 1l x x  - a self - 
length of the rod. In accordance with (5.18) we have 
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υ υ

υ υ

′ ′ ′ ′+ +
= =

− −

1 2
1 22 2

2 2

,  

1 1

x t x t
x x

c c

  (5.24) 

where ′
1х  and ′

2х  - are the coordinates of the ends of the rod at the same time moment ′t . 

 
υ υ

′ ′−
= − = =

− −

2 1
0 2 1 2 2

2 2
1 1

x x ll x x

c c

  (5.25) 

or 

 υ
= −

2

0 2
1l l

c
  (5.26) 

Compare now the relations (5.5) and (5.26), we have the identical relations. This result is called as 
Lorentzian reduced size.  

Since the transverse dimensions of the body in its motion do not change, then the body volume is 
reduced similarly 

 υ
= −

2

0 2
1V V

c
  (5.27) 

Interesting to notice, that Lorentz was aware in the aether existing and claimed in defense of his 
hypothesis that the size of the Michelson installation should be reduced in the direction of motion for 

the share −
2

2
1 v

c
; indeed, in this case =1 2t t , (see (5.3)).  

The origin of contradiction consists in situation when the open thermodynamic system is considered 
as a closed one. In other words the mirrors should not be considered as fixed objects. 

6   Conclusion 

1. The birth of the PV boxes in Universe is convoying of appearance of the critical PV box dimension 
when a mode of attraction is changed to repulsion mode. In this case we can speak about models like the 
burst in domains filled by PV. These models are analogue of the Hubble boxes which are observed in 
reality. In principal the PV burst can be discovered in the collider experiments. 

2. But in comparison with the Hubble expansion we need an evidence of the analogical PV expansion 
and the corresponding experimental data (from collider experiments for example).  

3. Existing of the PV boxes (bubbles) leads to effect of “clear air turbulence”. 
4. Aether theories in physics propose the existence of a medium as a space-filling substance or field, 

thought to be necessary as a transmission medium for the propagation of electromagnetic or 
gravitational forces. The physical sense of aether theories should be reconsidered from position the 
theory of physical vacuum developed by me. 

5. In the definite sense the Shawyer engine is analog of Michelson-Morley device but placed on torsion 
balance. Real existing of “anomalous thrust signals” in EM-engine leads to the contradiction with the 
special theory of relativity.  

6. Special theory of relativity is kinematic theory which allows avoiding PV effects in the explicit form 
from consideration. 
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