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We consider a generalization of the special theory of relativity (STR) at a 5-dimensional space, and more specifically 

at (1 + 4) -dimensional space with (+ - - - -) metric. In the Extended space model (ESM), in contrast to the Special 

theory of relativity a rest mass m of the particle, is not constant, but can change its value as a result of external 

influences. We consider a 5-vector potential, which is a generalization of the usual 4-vector potential of the 

electromagnetic field. It creates tension, which a form 10-component tensor of the 2nd rank. The components of this 

tensor include the electric and magnetic fields, as well as 4 more additional fields.  Using the rotation in this space, 

one can transform field strengths in each other. It gives us an opportunity vanish the electric and magnetic fields, and 

concentrate all energy in four additional components. It permits us to propose in the frame of the ESM a new 

mechanism to tunnel the Coulomb barrier by photons. The other effect that exists in the ESM is the appearance of 

some spatial scales. The scales are different for different types of particles and interactions. We connect these scales 

with appearance of particle size. 
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Introduction 

In recent years various theoretical models that allow one to offer new mechanisms to tunnel 

the Coulomb barrier by charged particles are actively discussed in scientific literature. In particular 

such mechanisms were proposed in [1-3]. In this paper, we consider another possible mechanism 

to tunnel the Coulomb barrier. It is formulated in the frame of the our 5-dimensional (1 + 4)-

dimensional Extended Space Model (ESM) [4-7]. The ESM is a generalization of the  

Special theory of relativity (STR) to a 5-dimensional space with metric (+ - - - -). 

In tСe Мontrarв to STR Тn tСe ESε a rest mass m of a partТМle Тs not a Мonstant anН Мan 

МСanРe Тts value as a result of eбternal ТnfluenМes. χ quantТtв tСat МonjuРates to mass Тs an aМtТon. 

TСe aМtТon Сas sense tСe η-tС МoorНТnate Тn tСe ESε. TСe (1+γΨ-НТmensТonal εТnkoаskТ spaМe Тs a 

subspaМe of tСe EбtenНeН spaМe. In εωI Тs МonsТНereН η-veМtor potentТal, аСТМС Тs a РeneralТzatТon 

of tСe usual ζ-veМtor potentТal of tСe eleМtromaРnetТМ fТelН. He Мreates tensТon, аСТМС form 10-

Мomponent tensor of tСe βnН rank. χmonР tСe Мomponents of tСТs tensor ТnМluНes tСe eleМtrТМ anН 
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maРnetТМ fТelНs, as аell as ζ more neа aННТtТonal fТelНs. τne of tСem Тs a sМalar аТtС respeМt to tСe 

δorentz transformatТons Тn εТnkoаskТ spaМe, anН tСe otСer tСree - veМtor Мomponents. 

 
Electromagnetic field structure in the Extended Space Model.  

Using the rotations in the Extended Space Model, one can transform field tensions in each 

other. It gives an opportunity nullify the tension of electric and magnetic fields, and concentrate 

the energy in four additional components. This effect gives us an opportunity to offer in the 

framework of ESM, a new mechanism to tunnel the Coulomb barrier by photon. In the ESM a free 

electromagnetic wave falling in an external field transforms to a new state in which the 

electromagnetic components go into additional components. These components are not arise in the 

ordinary field theory, and tСeв Нon’t ТnteraМt аТtС ωoulomb barrТer. 

In tСe ESε tСe transformatТons, аСТМС are aННТtТonal to δorentz transformatТons, leaН to 

МСanРe tСe partТМles rest mass, Тn partТМular to emerРenМe of pСoton mass. TСТs mass Мan be eТtСer 

posТtТve or neРatТve. TСe МСanРe of mass Мauses a МСanРe of tСe laаs of ТnteraМtТon of partТМles аТtС 

tСe eleМtromaРnetТМ fТelН. TСТs Мan leaН to effeМts tСat Нo not fТt tСe traНТtТonal pТМture of tСe 

ТnteraМtТon of eleМtromaРnetТМ raНТatТon аТtС matter. 

Another effect that arises naturally in the EAM is the appearance of some spatial scales. 

They are different for different types of particles and interactions. The value of these scales can be 

related to magnitude of changes of particles mass. These scales may be associated with a particle 

size. 

In particular in the ESM the infinite plane waves, which are compared to particles in the 

usual field theory, are deformed and take the finite size under the influence of external influences. 

In the previous papers [4-7] we proposed a generalization of the Special theory of relativity 

(STR) at a 5-dimensional extended space with metric (+, -, -, -, -). 

We construct a model that combines electromagnetic and gravitational interactions. This model is 

formulated in the extended space in which the fifth coordinate s is added to the ordinary spatial 

coordinates (x, y, z) and time t. 

From geometric point of view s is an interval in Minkowski space, but physically we 

associate it with a refractive index n. 

The mass of the particle changes when it moves along the axis. The change of a mass leads 

to a change in the gravitational field created by it. 

In particular, zero mass particles (photons) when entering from the empty space with n = 1 

into a medium with n> 1, acquire nonzero mass and become a source of gravitational field. The 

system united of equations that describe such processes was proposed in [4,7]. 
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In this space we constructed mechanic equations for a massive point particle [4,7]    and 

electrodynamical equations  [5,6]. We found as well Lienard-Wiechert potentials and analyzed the 

properties of their corresponding solutions of the extended system of the Maxwell's equations.  

We considered also the gravitational effects in the extended space, such as the escape 

velocity, the red shift and the deflection of light [6]. It is shown that the formulas are obtained in 

the general theory of relativity to calculate the magnitude of these effects; one can get a completely 

different way in the Model of extended space. In order to do this, it was assumed that the 

gravitational field in the space creates a certain refractive index n, which depends on the strength 

of this field. This refractive index n defines the rule of movement of photons and massive particles 

in this space. In the frame of the ESM one can find all gravitational effects with the help of rotations 

in the Extended space. 

Here we summarize the main results obtained in previous works. 

It is proposed a generalization of STR, which takes into account the processes in which the 

particle mass m would be variable. Under the particle mass m, following the recommendations of 

the review [11], we understand its rest mass, which is a Lorentz scalar. To do this, first of all, we 

construct the expansion of (1+3) -dimensional Minkowski space by (1+4) -dimensional space 

which we call the extended space. 

As a fifth additional coordinate we use the interval S, which  is already exists in the 

Minkowski space. 

                                        2
2 2 2 2S ct x y z                                                      (1) 

 

This value is conserved under the ordinary Lorentz transformations in Minkowski space but 

changes under the rotations in the Extended space. The Minkowski space is a cone in the Extended 

space. In this space, the quantity      

 

                  2 2 2 2 2( )s ct x y z const                                               (2) 

 

is conserved. 

It is known that the energy, pulse and mass of a free particle are connected by a relation 

[11]. 

 

                                 2 2 2 2 2 2 2 2 4 0
X Y Z

E c p c p c p m c                                                (3) 
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It is an analogue of (1) in the space conjugate to the space'G (E;P,M) . The mass m is the 

quantity that  conjugate to the interval S. 

TСe δorentz transformatТons МСanРe tСe partТМle’s enerРв E anН Тts pulse, but conserve the 

mass m. The transformations in the Extended space, additional to Lorentz transformations, change 

the mass  m of the particle, conserving in  general case only the form (4). 

 

                      2 2 2 2 2 2 2 2 4

X Y Z
E c p c p c p m c const                                           (4) 

 

In εТnkoаskТ spaМe  )P M(E;


tСe pulse-enerРв ζ-veМtor  

 

, , ,
x y z

E
p p p p

c

      

 

МorresponНs to a free partТМle. TСe Мomponents of tСТs veМtor are МonneМteН bв tСe relatТon (γΨ. 

In Minkowski space, all particles are divided into two types: massive, which are 

characterized by a mass m, and massless (photons), which are characterized by a frequency. In 

ESM the rest massiv solid particles are associated with 5-energy-momentum-mass vector-weight:  ̅ = ,  ⃗,mc). 

A photon moving in empty space with velocity c in the direction k  is characterized by a 5-energy-

momentum-mass vector
     ; ,0p k

c cħ

ħ ħ
 . 

τne Мan see tСat botС tСese veМtors are ТsotropТМ. TСerefore Тn tСe ESε ТsotropТМ veМtors Тn  ′( ,  ⃗, ) МorresponН botС to massТve anН massless partТМles.  

TСe rotatТons Тn tСe spaМe   , ,G T X S , aННТtТonal to tСe δorentz transformatТons, mТб 

МoorНТnates МorresponНТnР spaМe anН tТme аТtС tСe a neа МoorНТnate S. In tСe Нual spaМe suМС 

rotatТons transferreН enerРв anН momentum Тnto mass anН vТМe versa [ζ,η]. 

δet’s МonsТНer noа tСe eleМtroНвnamТМs Тn EбtenНeН spaМe. 

In orНТnarв eleМtroНвnamТМs tСe eleМtromaРnetТМ fТelН Тs РenerateН bв ζ- Мurrent veМtor.  τne 

Мan obtaТneН tСТs veМtor from tСe ζ- enerРв-momentum veМtor of a МСarРeН partТМle bв НТvТНТnР Тt 

bв tСe rest mass m of tСe partТМle anН multТplвТnР bв tСe МСarРe НensТtв. 
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It Тs a МorreМt proМeНure beМause Тn tСe SpeМТal tСeorв of relatТvТtв botС tСe rest mass of tСe 

partТМle anН Тts МСarРe are МonsТНereН to be sМalars. TСТs Мurrent Тs tСe sourМe of tСe eleМtromaРnetТМ 

fТelН, аСТМС Тs НesМrТbeН bв ζ-veМtor potentТal. χnН eaМС Мomponent Мan be МonsТНereН as a Мurrent 

sourМe of tСe МorresponНТnР Мomponent of tСe veМtor potentТal. 

In ESε moНel a partТМle Тs assoМТateН аТtС η-enerРв-momentum-mass veМtor. Its fТftС 

Мomponent eбpresseН Тn terms of tСe rest mass of a partТМle anН for tСТs reason Тt Мan be assoМТateН 

аТtС РravТtatТonal fТelН. Аe аant to Рet a Мurrent, аСТМС Тs a sourМe of eleМtromaРnetТМ anН 

РravТtatТonal fТelНs. For tСТs aТm аe multТplв tСe η-veМtor at tСe МСarРe НensТtв. It's stТll a МorreМt 

proМeНure beМause Тn tСe ESε a МСarРe Тs a sМalar. ψut tСe mass Тn tСe eбtenНeН spaМe Тs not a 

sМalar. 

In tСe traНТtТonal formulatТon of tСe eleМtromaРnetТsm tСe Мurrent Тs a ζ-veМtor Тn εТnkoаskТ 

spaМe. It Тs neМessarв to transform tСe ζ-НТmensТonal Мurrent veМtor Тnto η-НТmensТonal veМtor. χs 

Тn tСe Мase of enerРв-momentum veМtor, аe НemanН tСat tСe veМtor аas ТsotropТМ. TСerefore, аe 

obtaТn [η,7]. 

 

        2
20

0 22 2
, , ( , , , ),

1 1
s

c v v
j j c

c

                            (ηΨ 

 

Here (t, x, y, z) - is the electric charge density at the point (t, x, y, z) in the laboratory 

coordinate system. It is invariant under Lorentz transformations and is an analogue of the rest mass 

of the particle. 

The value        , , , , , , , , , , ,
x y z

v v t x y z v t x y z v t x y z  - is the local velocity 

of the charge density. 

In the Extended space model the first four components of the 5-current vector (5) are a 

source of electromagnetic field, and the fifth component - is a source of gravitational field. More 

precisely, this separation takes place in the case when there are no processes that change the rest 

mass of the particles, if such processes occur, the two fields are combined into a single 

electromagnetic-gravitational field. 

Additional transformations which are exist in Expanded space, change a value of 0  in the 

same way as they change the rest mass m. 

In order to describe the phenomena both in terms of point particles and in terms of fields 

and waves also, we propose the following formalism. 



Proceedings of International Conference PIRT-2015 

25 

 

In the Extended space of the current (5) provides a field that describes by the 5-vector 

potential 

 

    4
, , , , , , ,

t X Y Z S
A A A A A A A                                                 (6) 

 

The potential (6) and the current (5) are related by equations [5,7] 

 

                                           4
t

A                                                                           (7)

                   
4

A j
c

                                                                        (8)                 

                                         
4

S S
A j

c

                                                                     (9)  

Here                              
2 2 2 2 2

2 2 2 2 2 2

1

s x y z c t

                                                (10)  

       

The field that corresponds to potential (6), contains in addition to the conventional electric 

and magnetic components some additional components. It corresponds to the fact that in the 

process of interaction the mass of the particle can vary. 

With the help of potential (6) one can build the tensions tensor of the field 

 

                       ; , 0,1,2,3,4.i k
ik

r i

A A
F i k

x x

       

 

0 -E -E -E -Q
X Y Z

E 0 -H H -G
X Z Y X

E H 0 H -GF = Y Z X Yik
E -H H 0 -G

Z Y X Z

Q G G G 0
X X X

         

                                              (11) 

 

Here the new fields Q and G   are appeared in the tensions tensor (11) 
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04

40

0 4

S
A AA

Q F
x x c t s

                          (1βΨ 

   
          4 1

41

1 4

S
x

AA A Ax
G F

x x x s

                                                   (1γΨ 

        

  4 2

42

2 4

S Y
Y

AA A A
G F

x x y s

              

         34

43

3 4

S z
Z

A AA A
G F

x x z s

                  

                                                                                         

 

TСe tensТon tensor (11Ψ МontaТns, Тn aННТtТon to tСe Мomponents tСat are analoРous to 

МonventТonal eleМtrТМ anН maРnetТМ fТelНs, tСe aННТtТonal Мomponents tСat НesМrТbe tСe РravТtatТonal 

fТelН. εore preМТselв, Тn tСe Мase аСen Мomponents of η-Мurrent veМtor (ηΨ НepenН on tСe МoorНТnate 

s, all Мomponents of tСe tensor (11Ψ НesМrТbe a sТnРle eleМtro-РravТtatТonal fТelН. If tСe Мurrent Нoes 

not НepenН on tСe МoorНТnate s, tСen tСe sвstem of equatТons (7- λΨ splТts Тnto tаoμ  at tСe sвstem of 

εaбаell's equatТons anН tСe δaplaМe equatТon for tСe sМalar РravТtatТonal fТelН.   

TСus, aММorНТnР to ESε, Тn emptв spaМe РravТtatТonal anН eleМtromaРnetТМ fТelНs are eбТst 

separatelв, but Тn tСe area аСere eбternal forМes affeМt at tСe partТМles anН fТelНs, tСeв are МombТneН 

Тnto one sТnРle fТelН. 

TСe eбpressТon for tСe forМes aМtТnР on a partТМle of МСarРe e anН mass m, bв tСe fТelН (11Ψ 

аas founН.  

Аe suppose tСat Тn tСe referenМe frame K ', аСТМС moves Тn tСe EбtenНeН spaМe  S),XG(T;


toРetСer аТtС a МСarРeН partТМle, tСe forМe Тs РТven bв tСe ζ-veМtor )Qe,Ee(F  
. 

In suМС frame of referenМe tСe equatТons of motТon reaН 

 

                            ', '.s
dpd p

eE eQ
dt dt

                                                    (1ζΨ 

 

In tСe transТtТon to anotСer referenМe frame bв a rotatТon Тn tСe spaМe ( ; ; )G T X S   

  tСe fТelН (11Ψ Тs transformeН bв tСe rules establТsСeН Тn [η,θ]. 
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δet’s МonsТНer some eбamples of suМС transformatТons.  

TСe parameters ( , ,u)
S

v v   НefТne tСe transТtТon from one МoorНТnate sвstem to anotСer. 

1Ψ TСe ( )TX   - transformatТon Тs МСaraМterТzeН bв veloМТtв v . UnНer tСese rotatТons tСe fТelН (11Ψ 

Тs transformeН as folloаsμ 

 

                   ' ' '1
( , ),  , , .s

v
E E v H G G E H H Q Q

c c
                               (1ηΨ 

 

βΨ TСe (TSΨ-transformatТon Тs МСaraМterТzeН bв veloМТtв S
v  alonР tСe МoorНТnate aбТs S. UnНer tСТs 

rotatТon tСe fТelН (11Ψ Тs transformeН as folloаsμ 

 

                               ' ' ' ,  , , s s
v v

E E G G G E H H Q Q
c c

                               (16) 

 

γΨ TСe (SX)  - transformatТons are МСaraМterТzeН bв a veМtor parameter  ⃗.   
It МСaraМterТzes tСe МСanРe Тn tСe refraМtТve ТnНeб n аСen movТnР alonР tСe НТreМtТon  ⃗. 

UnНer tСese rotatТons tСe fТelН (11) is transformeН as folloаsμ 

 

        ' ' 1
, , , , .E E uQ G G u G Q Q u E

c
                         (17Ψ 

   

By applying this transformation to the system (14) one can find the Lorentz force acting 

on the moving particle. For the selected sequence of transformations (TS) +)XT(


+ )XS(


 equations 

(14) read 

 

 
    

2 2

1
( , ,

1 1
, , )

s s
s

s

v v v vdp
e E u E u Q v v u H

dt cc c

v u v G u v G
c c

             
  

          (18) 
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     1 1
, , , ,s

dp
e Q u E v G v u H

dt c c

                                 (1λΨ   

 

It аas sСoаn tСat tСe fТelНs , , ,E H G Q.  Мan МСanРe tСeТr sТРns НepenНТnР on tСe sТРn anН 

aРnТtuНe of tСe aММeleratТon Su . SuМС МСanРe of sТРns of fТelН strenРtСs anН, Мonsequentlв, tСe 

МСanРe of sТРn of tСe δorentz forМe maв be assoМТateН аТtС raНТatТon fТelН’s reaМtТon аСТМС oММurs 

аСen a МСarРeН partТМle moves аТtС aММeleratТon. 

TСe МСanРe of tСe sТРn of tСe tensТon Тn tСe EбteeН spaМe moНel Тs of Тnterest from tСe poТnt 

of vТeа tСat unНer МertaТn МonНТtТons tСe strenРtС of ТnteraМtТon betаeen partТМles Мan МСanРe Тts 

sТРn, Тn partТМular, tСe strenРtС of attraМtТon betаeen tаo massТve partТМles Мan Рo Тnto a repulsТve 

forМe, аСТМС Мan be ТnterpreteН as a manТfestatТon of "antТРravТtв ". 

 

Probable Coulomb barrier tunneling mechanism within ESM. 
In the frame of ESM [5-7] it is possible to offer a new mechanism to tunnel the Coulomb 

barrier by photons. In the frame of the ESM formalism there are possibility to convert the electric 

and magnetic field strengths into some new fields, which have new physical properties and can 

tunnel throw a Coulomb potential barrier. 

In orНer to sСoа Тt let’s МonsТНer a plane eleМtromaРnetТМ аave anН sСoа tСat tСere are 

transformatТons, аСТМС transform tСe fТelНs ,E H   Тnto tСe fТelНs ,G Q anН Мonverselв. АТtС tСese 

transformatТons a аave Нoesn’t НТsappear, beМause ТnsteaН of fТelН Мomponents  ,E H   tСere are 

appeareН nonzero fТelН Мomponents ,G Q  . 

For a plane аave, tСe relatТons 

 

                                 ,H k E                                                              (β0Ψ 

 

are satТsfТeН.  

δet tСe veМtor k


 Тs НТreМteН alonР tСe aбТs Б, tСen tСe fТelН Мomponents HE


, are 

МonneМteН bв tСe relatТons 

 

0; ; ;
X X Y Z Z Y

E H H E H E      
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We suppose that in empty space the other components of a plane wave are equal to zero.  

 

0; 0;
Z Y X

G G G Q      

 

Now we perform a variety of rotation and turns in space and see what happens with the 

components of a plane wave [4,5,7]. At the same time turns into space can be interpreted in two 

ways - as a transition to a different frame of reference, and as a physical effect that changes the 

properties of the field. 

There are two type of rotations in  S),XG(T;


: the hyperbolic rotations 

 

      
2

tanh
' cosh sinh

1 tanh

x ct
x x ct

  
                                   (21) 

'

21 tanh

ct xtanh
ct ctcosh xsinh

  
     

 

And spherical rotations 

 

                                   x xcos ysin                                                            (22) 

                                        y xsin ycos                     

               

δet’s Нo tаo suММessТve transformatТons of a plane wave: 

1. At first, make a rotation in the plane (Y, S) at the corner 
YS . In this case, the field 

components are transformed with regard to (22) as follows: 

 

                       ' ' '0; ;YS

X Y Y Z Z
E E cos E E E     

' ' '0; ; ;YS YS

X Y Z Z Z Y
H H E H cos H cos E                             (23) 

' ' '; ; 0;YS YS

X Z Y Y Z
G sin H sin E G G                            

YS

Y
Q sin E   
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δet’s take tСe angle  /2YS
, now 0cos;1sin  YSYS  .  

In this case the formulas (23) transforms to:  

 

                 ,;0;0 ZZYYX EEEEE   

,0;;0  ZZYYX HEHHH                      (24) 

           ,0;0;  ZYYX GGEG    .YEQ   

 

2. The second rotation is performed in the plain (ZS) at the angle 
ZS . The field 

components (24) are transformed with regard to (22) as follows  

 

0; 0; cos sin ,ZS ZS

X Y Z Z Y
E E E E E           

0; cos sin ; 0,ZS ZS

X Y Z Y Z
H H E E H                          (25) 

cos sin ; 0,ZS ZS

X Y Z Y Z
G E E G G            

cos sin .ZS ZS

z Y
Q E E       

 

We can take in formulas (25) such angle
ZS  that in this case the fields HE  

,  are equal 

to zero. 

Non-zero fields will be only 

 

 cos sin ;ZS ZS

X Y Z
G E E                     (26) 

            cos sin .ZS ZS

Z Y
Q E E       

 

The physical meaning of the fields ,G Q    can be associated with the gravitational 

interaction and the formation of masses of particles [6,7]. As a result of these transformations 

instead of a plane electromagnetic wave we get an object, which can tunnel of a Coulomb barrier. 
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The spatial scales and appearance of particle size in the ESM 

TСe problem of loМalТzatТon of аave states Тs essentТal for tСe unНerstanНТnР of quantum 

proМesses. Аave-partТМle НualТtв refleМts tСe faМt tСat, on tСe one СanН, tСe ТnfТnТte plane аaves Тs 

МompareН to partТМles anН on tСe otСer СanН, tСe ТnteraМtТon of partТМles alаaвs oММurs loМallв Тn a 

verв small area. TСe eбТstenМe of suМС НualТtв Тn НesМrТptТon of eleМtromaРnetТМ proМesses refleМts 

tСe faМt tСat, НepenНТnР on tСe sТtuatТon, tСere are tаo НТfferent formalТsms. 

τne of tСem Тs baseН on enerРв-momentum veМtor МonstruМtТon. TСТs veМtor Тs assoМТateН 

аТtС loМalТzeН МorpusМular objeМt. АТtС Тts Сelp one НesМrТbes tСe proМesses of МreatТon anН 

annТСТlatТon of pСotons anН tСeТr beСavТor Тn tСe envТronment. χnotСer formalТsm uses tСe МonМept 

of enerРв-momentum tensor anН aНapteН prТmarТlв to НesМrТbe tСe аave propertТes of objeМts tСat 

are НТstrТbuteН Тn spaМe. In tСe frames of tСe ESε Мan establТsС a МonneМtТon betаeen tСese tаo 

approaМСes. TСТs аТll РТve tСe possТbТlТtв to МombТne tСe МorpusМular anН аave approaМСes to tСe 

НesМrТptТon of fТelН struМtures. 

In orНer to Тt аe use tСe faМt tСat аТtС tСe Сelp of transformatТons Тn tСe EбtenНeН spaМe 

tСe massless partТМles (pСotonsΨ Мan aМquТre a non-zero mass. TСТs mass, folloаТnР [10] Мan be 

МonneМteН аТtС some lТnear sМale. χnН tСe sТze of tСe sМale Тs НТfferent for НТfferent frequenМТes. 

From tСe otСer СanН one Мan Рet tСe fТnТte sТze of a partТМle аТtС tСe Сelp of tСe СвperbolТМ rotatТons 

(β1Ψ. TСese rotatТons objeМtТvelв transform an ТnfТnТte lТne Тnto a fТnТte lТne seРment. χnН Тt permТts 

us to Рet a loМalТzeН fТnТte sТze massТve partТМle from ТnfТnТte massless plane аave. 

TСТs МonstruМtТon enables one to preserve tСe relatТvТstТМ anН РauРe ТnvarТanМe of tСe 

tСeorвν nevertСeless tСat nonzero masses anН lТnear sМales are appeareН. τn tСe otСer СanН, tСe 

same transformatТons alloа us to Мompare tСe ТnfТnТte fТelН struМture аТtС some fТnТte sМales anН 

s, аСТМС also НepenН on tСe parameters of tСe fТelНs. ωomparТnР аТtС eaМС otСer tСese sМales anН 

masses, Мan be reМonМТleН veМtor anН аave approaМСes to tСe НesМrТptТon of eleМtromaРnetТМ 

pСenomena. 

 

Conclusion 

 In the frame of ESM it is possible to construct a mechanism, which converts a plane 

electromagnetic wave into a finite size massive object. This object has new physical properties and 

can tunnel throw a Coulomb potential barrier.  
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