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ABSTRACT 

 

  The origin of the Universe is being studied as an jump of an initial scalar field from a pre-universe. The 

scalar field is described by a cubic nonlinear multidimensional Klein-Gordon equation. The approximate 

solutions are presented. They describe scalar fields, scalar potentials and a weakly oscillating pre-Universe. 

At any moment the pre-Universe gives a birth to the billions of ‘seeds’ of rapidly evolving Universes. One of 

them accidentally formed our Universe during some quantum action. The strongly-nonlinear model of the 

eruption of the Universe  from the pre-universe  is developed in which all elements fit together in a tight and 

natural way. The origin of the particles, matter and dark energy is directly related to the strongly-nonlinear 

properties of the quantum scalar fields and  the resonant interaction and oscillations of them. The initial 

energy of the field is converted into particles during the eruption. They could work like a scaffold creating 

the four-dimensional spacetime. Some highly energetic particles could be very stable. Perhaps, these 

particles had been stable for billions of years before they begun to decay. This process can determine the law 

of expansion the modern Universe. On the other hand, these particles may correspond to the dark matter. 

However, the bulk of the initial energy remained unused. Perhaps, this energy was locked into the formed 

four-dimensional spacetime. This energy may correspond to the dark energy.  

The Universe is considered as a wave system. A scenario is developed, when the Universe begins in a state 

that differs greatly from that of the theories of the Big Bang and the inflation. The Universe was born having 

a finite volume. We believe that the coherent model for the emergence and initial evolution of the Universe 

is presented.  
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1. Introduction 

 

   Existence of the Universe and its origin are some of the greatest puzzles.  There were many tales, myths 

and ideas that attempted to provide an answer.  The scientists, however, came up with only a few 

fundamental theories.  We start by briefly introducing some of those concepts.  

   Up to the middle of the XX century many researchers thought that the Universe always existed and did 

not change with time.  This opinion was supported by the general theory of relativity of Einstein.  He 

considered that the Universe is stationary.  In particular, it has no beginning and no end.  This point of 

view held in cosmology for a long time after Einstein [1].  It still has its supporters up to the present time 

[2, 3].  In particular, models of slowly varying (nearly stationary) Universe without the beginning and the 

end were suggested.   

   However, more modern cosmological theories have been developed since then. 

   Debatably, modern theoretical cosmology was based by Alexander Friedmann [4, 5].  He started from 

the fundamental results of Einstein but rejected the static paradigm. As a result he formulated a 

mathematical theory of the evolutionary Universe, which has a beginning and a end.  According to the 

calculations of Friedman, at the initial moment, which we now call the Big Bang, all matter in the 

Universe was packed into a single point, where the density is infinite (singularity).  Friedmann’s results 

were the starting point for many works.  In most of them the researchers assumed that those described the 

being the beginning of the Universe.  Lemaître that assumed ‘the energy of the universe packed in a few 

or even in a unique quantum’ and ‘the beginning of the world happened a little before the beginning of 

space and time’ [6].  He formulated the fundamental thoughts. Indeed, the Universe did not necessarily 

begin from a singularity.  Maybe the Universe passed smoothly through the beginning [2, 3, 7, 8, 9]? 

   But how did this beginning come about?  Perhaps the most original opinion was formulated in [10].  The 

Universe can be born instantaneously, as a result of a quantum vacuum fluctuation, from ‘nothing’ along 

with space and time as a clot of energy and matter.  This suggestion opened a way to use physical laws to 

study the beginning of the Universe’s evolution [11-15].  

   The model [10] was criticized since a vacuum may only exist in some pre-existing spacetime (existing 

or existed before our Universe).  Now it is well known that a vacuum is very different from ‘nothing’ [16, 

17].  The vacuum can have energy.  The vacuum cannot be considered an empty place.  It is possible to 

assume that the vacuum of [10] belongs to some pre-existing universe.    Over the last few decades several 

scientific models have been developed taking into account a possibility of existence of the pre-universe 

and some spacetime before the beginning.  
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   The idea of existence of pre-universe or some global multiverse opened up opportunities for 

constructing theories which are far from models of a single stationary or quasi-stationary universe.  One of 

them is the theory of the eternal inflation.  According to it, our universe came into existence along with an 

infinite number of other universes (multiverse) due to a phase transition in some scalar field [18-20].  The 

origin resembles the birth of bubbles in boiling water.  The emergence of the bubble universe is 

determined by the quantum fluctuations when the conditions of the scalar field are close to the conditions 

of ‘boiling’ [21-24].  In this model a bubble universe can collide with another bubble universe [21, 24].  

   The parallel deep idea in scientific cosmology is that the Universe was born not just once, but multiple 

times in an endless cycle of fiery deaths and rebirths.  These cyclic-universe models were popular in the 

1920 -1930 years.  But they were replaced by the model of the Big Bang.  Now they reappear [25-33].  

Perhaps, the most well-developed version of this model is presented in [27].  Roughly speaking, it 

suggests the existence of two universes separated by an extra spatial dimension (parallel universes).  The 

universes exist independently, but periodically collide when the extra dimension disappears.  The moment 

of this collision can be regarded as an analogy of the Big Bang.  Thus, the model contains some elements 

and many results of the Big Bang model and the inflationary scenario.  At the same time it additionally 

takes into account the role of dark matter and dark energy.  After the collision the extra dimension 

increases and these universes diverge.  Some researchers speak about a single cyclic-universe.  Our 

Universe may have begun as the Big Bounce instead of the Big Bang [34].   

   Above we described two fundamental approaches to the origin of the Universe.  Many new models may 

be constructed within these approaches.  Some of them have been developed in recent years [35-40].  

   For example, the Universe could form as a result of a collapse of a star located in the pre-universe into a 

black hole [35-37].  The collapsing black hole causes the emergence of a new universe, whose 

fundamental properties may differ from the pre-universe where the black hole collapsed.  Each universe 

gives a rise to as many new universes as it has black holes. Or our 3-D Universe can emerge from a 2-D 

reality as some holographic picture [40]. 

   Thus, there are a sufficient number of well-developed theoretical models of the origin of the Universe.  

However, even the most popular standard cosmological model (the Big Bang model modified by the 

inflationary scenario) cannot claim that its predictions are fully consistent with the observations [41-43].  

In principle, the results of the collisions of the universes or the Big Bounce results can manifest 

themselves in the cosmic microwave background radiation (CMB) [44-46].  We can assume that the 

precision of modern experiments and cosmological observations is sufficient to allow us to start testing 

existing theories. But, for example, up to now traces of such collisions have not been detected [47].  The 

latest experiments did not support the holographic universe idea [48]. 
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   At the same time we think that the important results of the standard cosmological model are, perhaps, 

best at explaining many observations.  This standard model is based on Einstein’s equations rewritten for 

homogeneous and isotropic spacetime.  However, the latest observations [43, 47] did not support the 

above assumptions.  As a result, the standard model became a slippery concept not only because of the 

singularity at the beginning.  It is possible to improve this model using modified Einstein’s equations [3].  

But in this case, the model becomes very complex.  Some researchers think that we need now a simple, 

radical idea that will point towards new approaches to the puzzles of the origin of the Universe. 

   It is known that quantum effects play important roles at the very early Universe [6, 8, 10, 15, 22].  

Sometimes, these effects may be described by scalar field equations.  Can these equations describe the 

origin of the Universe [8]?  On the whole, an idea of using scalar equations is well known in cosmology 

[18, 49-52].  Practically, all cosmologists use scalar fields in their theories [53-57].  In particular, an 

ordinary differential equation describing a scalar field was used in [2] so that to model the origin of the 

Universe.  This formation from a  pre- universe  was studied with the help of the nonlinear Klein–Gordon 

equation (NKGE) in [58-60]. 

   In this research the sequence of solutions of NKGE describes the evolution of a pre -universe into the 

very early Universe, where gravitational forces have not yet emerged.  

   The material is organized as follows. At first (Part I) the scalar field, which describes structures of a 

static part and a dynamic part of pre-universe, is considered.  Multidimensional landscapes of the scalar 

field and the scalar potential of the pre- universe are described.  The landscapes consist of ridges and 

valleys.  Multidimensional spherical bubbles oscillate within the valleys. It is shown that the local 

interaction of the static and dynamic parts of the landscape can greatly increase energy of certain bubbles. 

As a result, the bubble erupts out of the valley (the potential well). We suggest that the energy of the 

bubble can yield our Universe.    Then an influence of quantum fluctuations on the scalar field is studied. 

They are also described by the nonlinear Klein–Gordon equation. Cases are studied when the fluctuations 

increase above some critical level. As a result the bubble can erupt from the potential well.   

At the Part II  the certain mathematical model of the origin and radiation of primordial particles is 

constructed.  While the bubble escapes out of the pre-universe,  the original spacetime is being shredded 

into fragments having great energy. We assume that a large number of small open string-like  fragments 

can appear in the scalar field.   The strongly-nonlinear oscillations of the fragments radiate particles with 

enormous energy, which form a new 4-dimensional spacetime and our Universe.    

In Part III we compare the theoretical results with experimental data. The most of examples are the 

strongly-nonlinear waves and water drops excited in resonators. However data for the Bose-Einstein 

condensate and the Belousov-Zhabotinsky reaction are also  considered.  

The brief discussion of the results, summary and conclusion may be found in the Part IV. 



 9 

   Here the results of the long time research is presented. The most of them were discussed in [58-60]. 

Some of them  are corrected, some results are new. 

 

Part I.  Models of eruption of the Universe out of a pre-universe 
 

2. Scalar field dynamics of a pre-universe 

 

The fields themselves are not ‘made of’ anything – fields are what the world is made of. At the same time, 

apparently,  fields are often the easiest way to describe different natural phenomena. In particular, field 

theories are often used for purposes of introduction of novel concepts and techniques. 

 

2.1. Basic equation and relations 

 

The pre-universe model is described here using the nonlinear Klein-Gordon equation (NKGE). It is known 

that this equation describes a wide variety of physical phenomena, such as wave propagation in different 

artificial and natural systems and the ‘birth’ of spinless particles in relativistic quantum mechanics. Above 

we stressed that this equation plays a fundamental role in certain cosmological models. 

Versions of NKGE.  We assume that there is nothing in the pre-Universe except the scalar field. Let it be 

described by NKGE in the following form 

2
*

1

ˆ ˆ ˆ ˆ( ) /
I

tt ii
i

c V
=

Φ − Φ = −∂ Φ ∂Φ∑ .                                                            (1) 

Here  *c  denotes a constant, I  is an integer value ( 1I ≥ ) and V  is the scalar field potential. The indexes 

denote the differentiation; 2 2ˆ ˆ /tt tΦ = ∂ Φ ∂ , 2 2ˆ ˆ /ii ixΦ = ∂ Φ ∂  , where ix  are rectangular Cartesian 

coordinates. 

We stress that rectangular Cartesian coordinates are used. These coordinates are used widely for 

description of complex processes in different areas of physics. In particular, turbulent processes are often 

described using these coordinates. Recently the collisions of universe was modelled with the help of 

Cartesian coordinates [46, 57, 61]. We note that the Friedmann-Robertson-Walker metric is used 

traditionally  for the study of the homogeneous and isotropic Universe at the earliest epoch of its 

evolution. But this metric is not applied to massless scalar fields.  

Different expressions for the function V can be found in many books and papers. We assumed that 
2 2 41 1

2 4
ˆ ˆ ˆ( )V m λΦ = Φ − Φ .                                                                       (2)  
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Here  2m  and λ   are  constants. A solution of (1) is represented as a sum, 

 

ˆ
f fλΦ = Φ +Φ + .                                                                               (3) 

Here Φ  is a stationary part and Φ  is a dynamic part of the scalar field, f  takes into account the quantum 

fluctuations, fλ  is a constant.  Using (3) we obtain from (1) equations for Φ , Φ   and f : 

2 2 3
*

1

I

ii
i

c m λ
=

− Φ = − Φ + Φ∑ ,                                                              (4) 

2 2 2 2 3 2 2 2
*

1
[3 3 3 ( ) 3 ( 2 ) ]

I

tt ii f f
i

c m f fλ λ λ
=

Φ − Φ = − Φ + Φ Φ+ ΦΦ +Φ + Φ +Φ + Φ + ΦΦ∑ ,         (5) 

2 2 2 3 2
*

1
3

I

tt ii f
i

f c f m f f fλλ λ
=

− = − + + Φ∑ .                                    (5.1) 

The equations (5) and (5.1) are focused on the interaction of the fields.  We will link the origin of the 

Universe with interaction of scalar fields. The equations (4)-(6) are a simple example of similar 

interaction. 

New variables and a simplified model of NKGE.  We cannot tell what the pre-universe looked like. 

However, we can assume that some structures inside the pre-universe were similar to the widely accepted 

form of the very early Universe. We assume that the pre-universe contains multidimensional spherical 

structures.  The following new independent variables are used to describe these structures and different 

scenarios of the evolution of the scalar field: 

 

2sin
I

i
i

K xη ϑ= − ∑ , * 2 2sin sin
I

i
i

R B t K xx ω ϑ= + − ∑ .                                       (6) 

Here ( , )iK K x t= , ( , )ix tϑ ϑ= , * *( , ) 0iR R x t= > ,  ( , )iB B x t=  , ( , )ix tω ω=  and ( , )iK K x t= . Let us 

assume that the dependence of these coefficients upon coordinates and time is very weak. It is accepted 

that the coefficients K , ϑ , *R ,  B  , ω  are constants when considering any local structures of the scalar 

field.      

We stress that the values η  and x  are independent. At the same time these values may be equal 

η x= ,                                                                           (7) 

if 

1 2 * 1argsin [( ) sin ]
I

i
i

t K K x R Bω ϑ− −= − −∑ .                                            (8) 
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In particular, if 0=ix , we have 

 1 *argsin /t R Bω−= − .                                                          (9) 

Thus, cases may occur when the fields Φ  and Φ  interact.  Similar cases are very important for this 

research. 

Using (6) we can find expressions ttΦ , iiΦ ,  ttΦ  and iiΦ . For example, 

 
2 2 21

2 (1 cos 4 ) 2 cos 2tt B t B txx xω ω ω ωΦ = Φ − + Φ ,                                         (10) 

2 2 2 2sin 2 2 cos 2ii i iK x K xxx xϑ ϑ ϑ ϑΦ = Φ − Φ .                                         (11) 

Then, we will ignore in (10), (11) the terms explicitly dependent on the harmonics. In this case, we rewrite 

equations (4) and (5) using (6):  
2 2 2 2 31
*2 0c K I mηηϑ λΦ − Φ + Φ = ,                                                        (12) 

2 2 2 2 2 2 3 2 21
*2

2 2 2 2 2

( ) 3

3 [ ( 2 ) ] ( ).
f

f f

B c K I m f

f f
xxω ϑ λ λλ

λ λ λ δ η x

− Φ + Φ − Φ − Φ =

Φ Φ+ΦΦ + Φ + Φ + ΦΦ −
                          (13) 

 

Here ( )δ η x−  is the Dirac delta function (the impulse function). We mean that  2 2Φ Φ+ΦΦ  
2 2 2( 2 ) 0f ff fλ λ+ Φ + Φ + ΦΦ ≠  if x η= . Thus, the left-hand term of (13) may be considered as an 

instantly acting source which is determined by the interaction of the fields Φ  and Φ .  If x η≠  then 

2 2 2 2 2 2 3 2 21
*2 ( ) 3 .

.
fB c K I m fxxω ϑ λ λλ− Φ + Φ − Φ = Φ                           (14) 

If the quantum fluctuations are ignorable then (14) yields 

 
2 2 2 2 2 2 31

*2 ( ) 0.
.

B c K I mxxω ϑ λ− Φ + Φ − Φ =                                        (14.1) 

We simplify the problem to the solution of ordinary differential equations. In general, this approach is 

widely used in cosmology for the modelling of dynamics of scalar fields [10, 12, 16-19]. This 

approximation enables us to describe observations and to identify main trends in the development of 

fundamental processes.  

We emphasize that very strongly-nonlinear fields will be considered, when the coefficient λ  varies within 

very wide limits. In particular, cases will be considered when λ changes from 12010− (see Fig. 14) to 2010 . 



 12 

At the same time we stress that according to [50, 52, 41] λ  typically has the order from 1310−  to 1510−  in 

modern cosmology.  

Remarks. The expression x  (6) can be compared with the Minkowski formula linking time and space.  

Indeed, if 0* =R  and tω , ixϑ  are very small,  the expression x  describes the distance from an arbitrary 

point of spacetime to the point 0=t , 0=ix . 

We used the variables t, ix  and  η , x   (6). We will assume, for the most part, that the scalar field and its 

corresponding derivatives are finite and continuous functions of these variables. At the same time we will 

consider also cases of exceptions, when the equation (13) has discontinuous solutions. 

 

2.2. Basic solutions. Dynamic and quantum effects       

 

We stress that in spite of the observational triumphs, this standard model remains an unfinished work of art. 

Many of its recent successes can be traced to the initial conditions postulated for very early stages of the 

Universe.  The model assumes that the Universe had to start with certain properties that have never been 

successfully explained by the fundamental physics. So that to explain new observational data, researchers are 

introducing more and more suggestions which are not fully supported by observations, experiments and the 

results of fundamental physics. As a result the initially simple Big Bang theory became quite complex.  

In contrast with this we hope [58-60] that some solutions of NKGE can describe the strict sequence of stages 

of an eruption of the Universe out of some pre-universe. In particular, the solutions should  explain an 

appearance of the initial energy of the Universe. Possibly it is  a result of the interaction of scalar fields. But 

how can they interact ?  

Here we will consider the equation (13) as a simple example of this interaction. Here we will study very 

localized   interaction of the static and dynamic parts of the scalar field.  

The static part. First we look for an expression for the static part of the scalar field.  The localized exact 

solutions of (12) are sought in the form of the solitary waves (solitons): 

 
sechA ηΦ = .                                                                         (15) 

The equation (12) yields 
 

2 2 2 3 2 2 31
*2[ (sech 2sech ) sech sech ] 0.c K I m A Aϑ x x x λ x− − + =                                (16) 

 
Using (16) we found three values for A : 

 

0 0A = ,    2 /A m λ+ = ,   2 /A m λ− = −                                               (17) 

and 
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2
2 2

2
*

2mK
c I

ϑ = .                                                               (18) 

Thus, the three solutions (15), (17) for the static part of the field are found.    

The dynamic part. Now we take into account  the dynamic part, but the quantum fluctuations are 

ignored. Let  

  sechA xΦ = .                                                              (19) 

Substituting these expression into (13) we have after simple calculations 

 
2 2 2 2 2 3 2 2 31

*2
2 2 2

[ ( )(sech 2sech ) sech sech

(3 sech sech 3 sech sech ) ( )] 0.

B c K I m A

A A A A

ω ϑ x x x λ x

λ η x η x δ η x

− − + −

− + − =
                        (20) 

 
The equation  (20) yields 

2 2 2 2 2 21
*2 ( )B c K I mω ϑ− = − .                                                       (21) 

 
In this case the equation (20) determines the quadratic algebraic equation. The solution are  
 

0 0A =                                                                      (22) 
and 
 

2 21
2 [ 3 ( ) 3 ( ) 8 / ]A A A mδ η x δ η x λ± = − − ± − − + .                                  (23) 

 
1. No interaction. If  x η≠  we have 
 

2 /A m λ+ = ,   2 /A m λ− = − .                                          (24) 
 

Thus, if  x η≠ , the expressions for  Φ  (see (15) and (17))  and Φ  (see (19), (22) and (24)) are formally 

the same.  Using these solutions we can construct 9 expressions for the scalar field (3). For example,  if 

we assume that A A−=  (17) and A A−=  (24), then 

 
ˆ 2 / (sech sech )m Aλ η ηΦ = − + .                                              (25) 

2. Interaction (x η= ). But the situation changes at the points of the interaction of the static and dynamic 

parts of the field. In particular, if  2 /A A m λ+= =  (17),  then (23) yields two expressions for A: 

3.  

                                              1 2 2 /A m λ− = −     and  1 2 /A m λ+ = − .                                        (26) 
 

If  2 /A A m λ−= = −  (17),   then 
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2 2 2 /A m λ+ =     and  2 2 /A m λ− = .                                            (27) 
 

Thus, the expression of  the dynamic part of the scalar field changes strongly if there is the interaction. For 

example, instead (25) we have for the case (27) that 

 
 2

ˆ ( )sech 0A A η− −Φ = + = ,                                                 (28) 
or 
 

2
ˆ ( )sech ) 2 / sechA A mx λ x− +Φ = + = .                                      (29) 

 
 At the point x η=  there is the jump from negative to positive values of the field. We will link the origin 

of  the Universe with similar jumps.  The amplitudes of the parts are determined by the values 2m  and λ .  

Values ϑ , K , B , ω  and K  are not completely determined by (18) and (21).  We will consider these  

values as arbitrary. From (18) and (21) follows that 

 
2 2 2 2 2 1 2

*K B c I Kω ϑ− − −= +                                                      (30) 

We have 22 KK >  in (6).   

 We cannot really know what are those scalar fields represented by the solutions.  We can only see that the 

solutions determine different types of the dynamic parts of the scalar field.  The evolution of this part is 

the most important subject of our research. Apparently these parts may be interpreted as different vacuums 

[20, 50, 63], however we will not study the possibility of this interpretation. We will call of them  positive 

( A A+= (24)), negative ( A A−= (24)) and zero ( 0A A= (22)) dynamic fields.   

Effects of the quantum fluctuations. Now we additionally take into account  the quantum fluctuations. 

Taking into account (34) we assume that  

( ) sech sinf A nx x x=  .                                                      (30.1) 
 

Interaction (x η= ). We will consider here interaction of all fields.  Substituting (15), (19) and (30.1) in 

the equation (13) we have  
2 2 2 2 2 3 2 2 31

*2

2 2 2 1 2 2 2 2

1 2 2 2 2 2 2

( )(sech 2sech ) sech sech

3 [ sech sech sech sech sech sech sin

( sech 2 sech sech ) sech sin ] 3 sech sech sin 0.
f

f f

B c K I m A

A A A A A A n

A A A A A n A n

ω ϑ x x x λ x

λ η x η x λ η x x

λ η η x x x λλ x x x

−

−

− − + −

− + +

+ + − =



 

    (30.2) 

Since x η=  the equation (30.2) yields (21) and the cubic algebraic equation having the forced term 

3 2 2 2 2 2 2 2 2 2 2 2 23 1
* 2 23 [( ) / 3( 2 sin ) ] 3( sin ) 0.f f f fA AA B c K I A AA n A A AA A A nω ϑ λ λ x λ λ λ x+ + − + + + + + =      (30.3) 
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Thus, if we have the quantum perturbations, then the study of the scalar waves  requires the consideration 

sufficiently high nonlinearity (cubic). On the other hand, quantum perturbations can be the cause of 

resonance effects and the great amplification of the waves. We emphasize that the main content of the book 

is determined by an influence  of these effects on scalar fields and the origin of the  Universe. In particular, 

many results  of the book is obtained on the basis of the solutions of the equations similar  (30.3) (see, as 

examples, (42), (49) and (50)). 

 
 

2.3.  Two-dimensional maps of landscapes of the pre-universe 

 

How can we interpret the solutions and expressions written using  the variables η  and x ? Let us return to 

the Cartesian coordinates.  

At first we consider the landscape of the scalar field so as to appreciate its dynamics. Generally speaking, 

using the solutions  (15) and (19) we can construct  smooth as well as discontinuous landscapes. Here 

smooth landscapes are considered. Assuming 2 /A A A m λ−= = = −  ((17), (24)) and using Φ̂ = Φ +Φ  

(3) we have (25),  

ˆ 2 / (sech sech ).m λ η xΦ = − +                                                         (31) 

The expressions (31) and (2) allow us to calculate the scalar function and the scalar potential.  In 

particular, the expression Φ̂  (31) determines a landscape of the scalar field which is described by static 

and dynamic parts. We stress that if η  and x  are very large then ˆ 0Φ ≈ . 

For simplicity, the two-dimensional landscapes will be calculated.  In Figs. 1 and 2 the results of the 

model calculations are presented.  It is assumed that * 5R = ,  B =25, 1ω = , 300K = , 0.15ϑ =  and 

0.85K = . We stress that 300K =  is used. In this case, the dynamical part describes a  structure having a 

very thin wall.  
The landscape of the scalar field calculated according to (31) is shown in Fig 1 (top). For simplicity we 

assume that 2 / 1m λ = . The stationary part of the scalar field describes the landscape, which consists of  

ridges (hills) and  valleys (Fig. 1 top). The highest value of the function  is reached at the top of the hills. 

The dynamical part of the field disturbs the stationary picture in the valleys  where a thin ring radially 

oscillates (Fig. 1 bottom).  This ring may be named as the oscillon [63,64]. 

This oscillon corresponds  to a multidimensional oscillating bubble (sphere, clot) which can have a very 

thin wall. The lowest value of the dynamic field (negative field) is reached in this wall. Within the bubble 

0Φ ≈ , if  the wall is very thin ( K →∞ ).This case is some analogue of the well-known thin-wall 

approximation [63, 64].   
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Fig. 1. The static (top) and dynamic (bottom)  two-dimension maps of the landscape of the scalar field.  

The dynamic landscapes were calculated at three dimensionless moments of time: 0, 1.57 and 2.4. 

Substituting (31) into  (2) we approximately find  that 

 
1 4 2 4ˆ( ) [(sech sech ) (sech sech ) ]V mλ η x η x−Φ = + − + .                                     (32) 

The expression (32) determines a landscape of the scalar potential (Fig. 2 bottom) which takes into 

account static and dynamic parts of the field. For the calculation we assume that 1 4 1mλ− =  in (32). 



 17 

   

 
Fig. 2. Two-dimensional maps of the combined landscapes. The map of the scalar field (top) and  the map 

of the scalar potential (bottom). The calculations were made at three dimensionless moments of time: 0, 

1.57 and 2.4. 
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The dynamic part (bubble,  sphere,  clot) of the scalar field  oscillates inside the scalar potential well (Fig. 

2 bottom). This part cannot escape from the well unless it is given a large enough energy influx. We 

assume that similar  landscapes describe the scalar potential of some pre-universe. 

   We think that the calculations describe qualitatively a structure of some pre-universe. According to our 

model the pre-universe is a system of infinite number of bubbles oscillating in potential wells. The hills 

and wells are described by the static part of the scalar field. The bubbles correspond more to the dynamic 

part. The bubbles may be slightly different from each other, since the coefficients in (6) may be different 

slightly. The bubbles contain a scalar field which may be very close to  the zero field. The negative field is 

concentrated in the surface of the bubbles. We can compare the inner field with pressure of gas in  some 

elastic bubble, and the negative field may be some analogue of the surface tension. The negative field 

(which was described as 0.52 sechmλ x−−  (19), (24)) does not allow us to increase strongly the volume of 

the bubble. We can use another parallel  for  the oscillating bubbles. Let us suggest that  the ‘potential’  

energy of bubbles transforms partly into ‘kinetic’  energy and vice-versa. In other words, the zero field  

(pressure) transforms partly into the negative field (tension) and back. 

   Generally speaking, the bubbles might be very small (the value *R  may be like  the Planck’s scale 

dimension)  and the amplitude of the oscillations might be also extremely small.   

 
4.   Description of quantum perturbations 

 
How can we introduce a quantum action to describe the evolution of an element of the pre-universe into 

the Universe?  

   According to Heisenberg’s uncertainty principle, the wave packets of energy instantly and 

spontaneously are forming and quickly are disappearing within vacuum.  This process is known as 

‘quantum fluctuations’. We assume that these  localized fluctuations occur in the pre-universe. The 

problem is to describe an influence of the perturbations on the scalar field. 

 
3.1.   Quantum perturbations and free nonlinear oscillations in the potential well 
 
So far, we did not stress the influence of quantum fluctuations on the origin of the Universe. We studied 

above the geometrical structures of the dynamical landscape of some pre-universe. The important 

particularities of the structures are the potential wells containing oscillating bubbles of the scalar energy.  

Now we suggest additionally that there  are actions of quantum fluctuations on the structures.  These 

fluctuations are described by the equation (5.1). The fields Φ  and f  are considered as separable. Then  

the equation (5.1) is rewritten using the variable x (6).  As a result we have an equation similar to (14):  
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2 2 2 2 2 2 2 3 21
*2 ( ) 3fB c K I f m f f fxxω ϑ λλ λ− + − = Φ .                                       (33) 

 
The solution is written in the form: 

( ) sech sin( )f A nx x x f= Ω Ω + .                                                (34) 
 

Here Ω , Ω   and ϕ  are constants,  n  is an integer number ( n =0, 1, 2, 3,…).  According to (19) 

sechA xΦ = Ω .                                                          (34.1) 

 

The expressions (34), (34.1)  are substituted into the equation (33). Then we find that 

 
2 2 2 2 2 2 2 21

*2
2 2 2

2 2 3 31
4

2 3

( )[2 sech (cosh 1)sin( )

sin( ) 2 sech sinh cos( ) sin( )]sech

sech sin( ) sech [3sin( ) sin 3( )]

3 sech sin( )
f

A B c K I n

n n n n n

m A n A n n

AA n

ω ϑ x x x f

x f x x x f x f x

x x f λλ x x f x f

λ x x f

− Ω Ω Ω − Ω +

−Ω Ω + − ΩΩ Ω Ω Ω + − Ω Ω + Ω

+ Ω Ω + − Ω Ω + − Ω +

= Ω Ω +



 

 .

          (35) 

 
We will ignore the terms with  cos( )n x fΩ +   and  sin 3( )n x fΩ + . The equation (35) yields 

 

0 0A =   and  1 1 2 2 2 2 2 2 21
*32 ( )fA c K I B Aλ λ ϑ ω− −

± = ± − Ω − .                          (36) 
And 

2 2 2 2 2 2 2 2 21
*2 ( )( )m c K I B nϑ ω ω= − Ω − .                                      (36.1) 

Thus, our solution can only be valid for a very weak interaction of fields Φ   and  f . Using (36.1) 

we rewrite (36) in the form 

2 2
2

2 2 2

2 2
3 ( )f

mA A
nλ λ±

Ω
= ± −

Ω − Ω
 .                                                 (36.2) 

 

Thus, the quantum amplitude increases infinitely, if  2 2 2nΩ = Ω . 

We assume that the expressions (34) and (36) determine quantum perturbations acting on the dynamic 

landscape of the scalar field. Perhaps,  these expressions approximately describe the eigenfunctions of the 

equation (33). Let us compare these functions with the eigenfunctions which describe oscillations within 

different potential wells. The comparison is presented in Fig. 3 for the eigenfunctions (localized wave 

packets) calculated for different potential wells and different equations.   

The left curves were obtained for the square potential well, the centre curves were obtained for a well 

having the  parabolic potential. The right wave packets were obtained for the rectangular well which  

models the well of the dynamic landscape of the scalar field (see Figs. 1 and 2).  It was assumed that 
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certain quantum wave packet excite the bubble oscillating on the bottom of the well. The dimension of the 

packet may be much larger than the dimensions of the  bubble. 

   

Fig. 3.  The eigenfunctions calculated for different potential wells and different equations. 

 

The eigenfunctions presented in the left part and the centre correspond to the Schrödinger equation [94]. 

The wave packets presented in the right part are calculated according to (34) for different nΩ   and f . 

Namely, the curve 1 corresponds to sechx ,  the curve 2 corresponds to sech sinx x ,  the curve 3 

corresponds to sech cos 2x x  and the curve 4 corresponds to sech sin 3x x .  It is seen that these localized 

wave packets describe well the data of the Schrödinger equation.   

Indeed, it is known that  some wave equations can describe a wide variety of physical phenomena. In the 

next subsection we illustrate this assertion additionally. 

Conclusion. The expressions (34) and (36) determine quantum perturbations acting on the bubbles of 

energy oscillating on the bottom of  the potential wells (see, additionally, Fig. 1 and 2 describing the 

dynamic landscape of the scalar field and its potential).  These wave packets may be considered as 

external perturbations (sources) acting on the bubbles. In this case the equation (14.1) is rewritten in the 

form:  
2 2 2 2 2 2 31

*2 ( ) ( )B c K I m fxxω ϑ λ x− Φ + Φ − Φ = .                                     (37) 

We assume that this equation determines a possibility of the origin of the Universe.   

 
4.2. Oscillons and experiments 

Oscillons which were shown in Figs. 1 (bottom) and 2 are not well-known.  The oscillating localized 

objects, similar to those presented in Figs. 1 and 2, have different names: oscillons, breathers, pulsons and 

Q-ball [6, 64, 65].  The name, oscillon, was introduced in [64], where spherically-symmetric unstable 

scalar field configurations (‘bubbles’) were examined.  
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 (a)   (b) 

Fig. 4.  Typical oscillons excited on a suspension surface. One oscillon (a) and three oscillons (b) [66].  

 

Oscillons on a granular layer were observed in 1996 [65]. Then  oscillons were excited on  suspension 

layers [66]. The photos illustrating the last case are presented in Fig. 4.  

In the experimental system [66] a layer of a suspension was vibrated vertically. A cubical container with 

20 cm sides was used, with Plexiglas lateral boundaries. The container was mounted on a mechanical 

shaker providing vertical  acceleration from 0 to 30 g. The range of driving frequencies was limited from 

10 to 60 Hz. The maximum amplitude was 1.25 cm. The working suspensions were a mixture of water 

with commercial clay powder. At a critical value of acceleration the initial spatially-uniform surface loses 

its stability, and localized vertically-oscillating waves  (oscillons) can appear ( Fig. 4). 

On a granular layer, strongly-localized vertically-vibrating waves can also occur. Examples of such waves 

arising on a layer of small balls are shown in Fig. 5.  

 

    
Fig. 5. Periodical granular column and crater on the surface of a vertically-excited layer: b and c are a bird 

view, d and e, are a side view [65].  A granular column and two  craters near  it, and  granular standing-

wave ‘nodes’ [67]. 
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The oscillon is an axisymmetric excitation. It oscillates with half the frequency of the exciting frequency. 

It is a parametrically-excited localized wave.  During one cycle of the excitation it is a peak; on the next 

cycle it is a crater. The oscillon may be started by touching the surface of brass balls with a pencil.  After 

formation of the surface crater, the oscillon begins to bounce up and down, while the surrounding material 

stays in the same place.  The oscillon height is usually larger than the layer thickness (Fig. 5).  Thus, these 

excitations may be considered as strongly-nonlinear waves, where the vertical motion of the particles is 

connected with their horizontal motion.  Similar spatiotemporally oscillating localized nonlinear waves 

having properties of both standing and travelling waves were described in [68-74].  In particular, the 

analytical theory of these waves was developed.  

A possibility of the existence of space oscillons in the very early Universe immediately after the end of 

the inflationary stage of its expansion was found [73, 75-78].  It is very important for us that those 

oscillons were described by the solutions of NKGE. Thus, the similar objects were found in different 

strongly nonlinear wave systems.  The similarity is not surprising since it is wellknown that a nonlinear 

wave equation often describes different experimental results.  Therefore, we can expect that the solutions 

(19) and (34) also describe different experimental results, for example, for the Bose-Einstein condensate 

(BEC). 

BEC was obtained for the first time in year 1995 and then the study of its properties began.  Some of them were 

explained by strongly nonlinear properties of  BEC [79].  In particular, localized regions of periodic oscillations 

were found in the condensate (Fig. 6). 

 

 
Fig. 6.  Oscillations  of a rotating Bose-Einstеin condensate [80]. 

 

It is interesting that it was shown in 2001 that local oscillons similar to those found in BEC can exist in 

cosmic space [81].  
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Modeling of oscillons in the Bose-Einstein condensate (BEC).    In Fig. 7 we present data of 

calculations of the landscape of the scalar field which simulate the Bose-Einstein condensate oscillations. 

   

   
Fig. 7. Radially oscillating rings are shown which form the peak during the convergence.  The data 

simulate the experiments with the Bose-Einstein condensate [80] (see, also,   

http://www.lkb.ens.fr/recherche/atfroids/anglais/vortex_an.html) . 

    

It is assumed that 001.0* =R ,  B =3.5, 1ω = , 5=K  and 0.15ϑ = .  We stress that in contrast with Fig. 1 

we have assumed 5=K  in Fig. 7.  As a result, unlike Fig. 1 the thickness of the rings in Fig. 7 increased.  

Fig. 7 begins to resemble data of the experiments with the Bose-Einstein condensate (Fig. 6).  

Thus, there is some similarity between the oscillations of the dynamic part of the scalar field (Fig. 7) and 

the data from the experiments studying the wave processes in the Bose-Einstеin condensate (Fig. 6).   

 Simulation of oscillons on surfaces of granular and liquid media.  Oscillons on the surfaces of these 

media are usually parametrically-excited localized standing waves.  Generally speaking, they resemble the 

oscillons presented in Figs. 6 and 7.  However, here, as it is shown in Fig. 8, the oscillons form peaks and 

craters in two different places during the full period of the oscillations.  
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Fig. 8.  Landscapes calculated according to the expression 1

2sech sinx x  (34) for t = 0.3; 0.6; 0.8; 0.9; 1.1; 

1.3; 1.57; 1.7; 2; 2.1; 2.3; 2.5; 2.7; 2.9; 3.14. 

 

The results of the calculations are presented in Fig. 8 for different moments of time.  It is assumed, that 
* 0R = ,  B =150, 1ω = , 75K = , 0.15ϑ = , nω =0.5 and ϕ =0.  First the craters appear when t =0 (Fig. 8).  

Then the craters begin to expand.  Their depth decreases (t = 0.3; 0.6; 0.8).  After that each crater changes 

its position (t = 0.9; 1.1; 1.3; 1.57) and starts to convert into a peak (a top of a hill, t =1.57).  These peaks 

rapidly transform into the craters.  Then the process of the expansion of the craters repeats (t = 1.7; 2; 2.1; 

2.3), but at new locations. The craters begin to move to the old locations if approximately t = 2.35.  After 

that they begin to increase the depth (t = 2.5; 2.7; 2.9; 3.14).  After t = 3.14 the described process is 

repeated. 

Oscillons are usually modelled with the help of numerical calculations [65, 75-78].  However, we have 

shown that they may be also studied analytically in the context of the theory of extreme waves [58-60, 68-

74]. 

 

   3.3.   Simple model of the origin of the Universe: mathematics and imaginations 

 

We considered the structures of the landscapes of the scalar field and scalar potential. Generally speaking, 

the amplitudes of these reliefs may be quite different. This fact is very important for our research, since 

the origin of the Universe may be imagined as an eruption of the scalar field from some potential well. But 

how deep may these wells be  and how intensive may the fields be ? The replies are determined by the 

constants 2m   and  λ . 

   For example, if  1510λ −=  we have for different  2m  the following expressions for coefficients  1 4mλ−   

and 2 /m λ  which determine the potential well (32) and the scalar field (29).  
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1. Let 2 210m −= , then 1 4 1110mλ− ≈  and  6.52 / 10m λ ≈ . In this case apparently the field 

cannot erupt from the potential well; 

2. Let 2 510m −= , then 1 4 510mλ− ≈  and  52 / 10m λ ≈ . In this case apparently the field can 

erupt from the potential well; 

3. Let 2 710m −= , then 1 4 10mλ− ≈  and  42 / 10m λ ≈ . In this case the field erupts out of the 

potential well. 

We also stress that the depth of the potential well is determined by the difference 
2 4[(sech sech ) (sech sech ) ]η x η x+ − +  (32), which may be very small in contrast with  sechx  (29),   

which determines the scalar field.  

 All this determines that after the jump the value of the scalar field can greatly exceed the depth of the 

potential well. If this takes place,  the field can erupt out of the pre-universe. Then it can form the 

Universe. 

 The solutions of the subsection 2.2 demonstrate the possibility of jumps of the scalar field in the point 

where η x= . As a result, the field attains some large positive value. Of course the landscape of the scalar 

field is changed at the moments of the jump. Different landscapes illustrating this change are shown in 

Fig. 9.  
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Fig. 9.  Rough scheme of the jump. A sequence of pictures of the scalar potential (A) and the scalar 

potential plus the scalar field (B, C, D). The pictures demonstrate the landscapes before the jump (A, B, C) 

and the results of the jump (D). 

 

The picture A shows the element of the landscape of the static potential.  The pictures B and C  shows the 

sum of the static potential and the dynamic part of the scalar field at same moment of time.  The scalar 

field is located in the valley of the potential.  The picture B is the bird's-eye view, the picture C is the side 

view.  The picture D is the bird's- eye view on the landscape after the jump of the scalar field. We think 

that the local jump of the landscape (Fig. 9) illustrates well the main results of  the subsection 2.2. We 

stress that the local variation of the landscape which is presented in Fig. 9 is very instant and may be 

extremely large. We illustrate the main result of Fig. 9 by Figs. 10-12.  
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Fig. 10. The rough scheme of the development of the scalar field into the Universe.  The two-dimensional 

landscape of the pre-universe (left) and the scheme of the origin of the Universe (right) [59]. 

 

Fig. 10 (right) shows qualitatively results of quantum perturbations, bifurcations and resonances [59]. On 

the other hand, it corresponds qualitatively to the jump of a bubble of the scalar field to a new, very high 

energy level. The birth of our Universe can put in correspondence with this jump of the bubble.   

Fig. 11 [90] illustrates additionally this point of view.  

 

 
Fig.11. Image credit: Moonrunner Design, via http://news.nationalgeographic.com/news/2014/03/140318-

multiverse-inflation-big-bang-science-space/. 
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At the same time there is certain analogy of the result of Fig. 9 with an eruption of a volcano. This analogy 

is supported by Fig. 12. 

 

 
Fig. 12.  A rough scheme of the eruption of universes from the potential wells of a pre-universe [134]. 

 

Of course, pictures like Figs. 11 and 12 may be considered as some wild speculations connected with 

unsolved problems of science. Indeed, some cosmological theories may be considered as crazy. But 

society should get accustomed to them. The pictures like Figs. 11 and 12 should help us to understand the 

crazy ideas better. On the other hand the scientific art which were showed in the last figures, could 

popularize  scientific ideas and results which are not supported up to this moment by experiments and 

observations [41, 42, 47, 48, 92, 93].   

Remark. We recall that basic laws of quantum mechanics are applicable for our analysis. In particular, it 

is wellknown [41, 61] that the energy density and the energy pressure of the scalar field depend on 

derivatives 2
iΦ , 2

tΦ and the scalar potential ( )V Φ . Thus, these density and pressure can increase 

infinitely in the points of discontinuity.  Due to above circumstances, our Universe can emerge having 

practically infinite energy and mass.    

 

4. Modelling of instant quantum actions 
 

We have the solutions describing many dynamic scalar fields. Our interpretation of the above results is  

that the spacetime of the pre-universe is pervaded by a number of scalar fields. It is possible to assume 

that they correspond to some boson-like fields. The fields are localized in some space, which is 

determined by the coordinate x .  All fields focus at the same place where they could interact. As a result 
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the external sources may  appear in the field equations. The simplest version of the similar equation has a 

form 2 2 4( ) ( , ) ( , ) (3 / 8 )G x y x y Hµ δ π− + = −� . This equation was used by Hawking [21]. Similar equations  

take into account the quantum effects.  

 We assumed that the quantum perturbations exist in the potential well of a pre-universe (the subsection 

3.1) . We also found that these perturbations, developing within the  scalar field, act on certain bubbles 

located in the bottom of the well. In this case the equation describing the periodical oscillations of the 

bubbles should be supplemented with a term which takes into account these perturbations.  

 

4.1.  Theoretical model 

 

Using the results of the subsection 3.1 we will consider  the equation (14.1) subject to an instant external 

quantum action. As a  result new term appears in the right-hand side of the equation [82]. In this case we 

have 

 
2 2 2 2 2 2 31

*2 ( ) ( ) ( )B c K I m Axxω ϑ λ ϕ δ x− Φ + Φ − Φ = Φ  .                                         (38) 

Here x  is a point subject to the quantum action, ( )δ x  is the Dirac delta function, A  is the amplitude of 

the quantum fluctuation and ( )ϕ Φ  is an arbitrary function.  Let 

sechA xΦ =  and 2( ) sech sinhϕ x xΦ = .                                               (39) 

We will consider the field in the vicinity of x .  It is assumed that there the value of the field can change 

discontinuously as a result of the quantum kick (fluctuation).  This discontinuous change in the field is 

computed by integrating (38) from jx x ε= −  to 1jx x ε+ = + :   

 
2 2 2 2 21

*2

2 3 3

( )[ ( ) ( )]

( sech sech ) ( ) ( ) .

B c K I

m A A d A d

x x

x ε x ε

x ε x ε

ω ϑ x ε x ε

x λ x x ϕ δ x x
+ +

− −

− Φ + −Φ −

+ − = Φ∫ ∫
 

This equation is rewritten using  (39). As a result we have 

 
2 2 2 2 2 2 21

*2

2

3 2 3 21
2

3 3 2

( )[ ( sech sinh ) ( sech sinh ) ]

2 [( argtan(exp )) ( argtan(exp )) ]

[( sech sinh ) ( sech sinh ) ]

[( argtan(exp )) ( argtan(exp )) ] sech sinh (

B c K I A A

m A A

A A

A A A

x ε x ε

x ε x ε

x ε x ε

x ε x ε

ω ϑ x x x x

x x

λ x x x x

λ x x x xδ

+ −

+ −

+ −

+ −

− − +

+ −

− −

− − =  ) .d
x ε

x ε
x x

+

−∫

         (40) 
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Let 0ε →  and  ( ) ( )A Ax ε x ε+ −>> . First we collect the terms with 

2(sech sinh )x εx x + .                                                                (41) 

As a result we have an equation linking Ax  and A , 

 
3 1 2 2 2 2 2 1

*( ) 2 0A B c K I A Ax xλ ω ϑ λ− −+ − + = .                                              (42) 

Then we collect the terms with 

argtan(exp )x εx +  .                                                            (43) 

In this case the equation (40) approximately yields that 

 
2 21

2 ( )m Axλ= .                                                              (44) 

Thus, we have the algebraic equation (42) coupling the nonlinear properties of the field,  the amplitude of 

the quantum action and coefficient 2 2 2 2 2
*B c K Iω ϑ− .  If   0A = , then (42) yields the former solutions 

(22), (24) for the dynamic part of the field. However, for some values of  A  a solution of (42) can be 

larger  2 /A m λ+ =  (24). In this case, the vicinity of the point x can erupt out of the potential well. 

On the other hand, the equation (42) can have discontinuous solutions.  Of course, the discontinuous 

solutions are only for certain values of the coefficient 2 2 2 2 2
*B c K Iω ϑ−  and A , 1λ− . Let us consider 

conditions determining an origin of the discontinuous solutions. 

 

4.2.  Calculations and their  analysis 

 

Our aim in this section to study the influence of  2 2 2 2 2
*B c K Iω ϑ−  and A on solutions of the equation (42). 

Effects of 1λ−  are also analysed, but for the most calculations we use 1510−=λ  [41].  

 

4.2.1.  Discontinuous jump of the scalar field 

 

We recall that ϑ ,  B , ω  and K  in (42) are arbitrary values which determine the coefficient 
2 2 2 2 2

*B c K Iω ϑ− .  This coefficient will be considered as a variable.  

Discontinuous jump. The solutions of (42) also depend strongly on effects of nonlinearity (the coefficient 

λ ) and A .  However, if 12Aλ−  is very small, the equation (42) has real solutions for practically any 
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2 2 2 2 2
*B c K Iω ϑ− .  Namely, one solution if 2 2 2 2 2

* 0B c K Iω ϑ− + <  and three solutions, if 

2 2 2 2 2 18
* 10B c K Iω ϑ −− + >  (see, as an example, Fig. 13A).  The situation is different for strong enough 

quantum actions. In this case, we can construct discontinuous multivalued solutions of (42) with jump 

(see, for example, a composite discontinuous curve consisting from segments 1, 4 and 5 or a composite 

discontinuous curve consisting from segments 2, 4 and 5 in Fig. 13B).  These discontinuous multivalued 

curves (solutions) are also illustrated by the corresponding smooth segments in Fig. 13C.  

   Typical nonlinear picture of roots of the equation (42) is shown in Fig. 13. We assumed that 
2110A −= (A)  or  1910A −=  (B and C).  If  approximately 2 2 2 2 2 18

* 4 10B c K Iω ϑ −− + > ⋅ , there are three 

different real solutions of (42) (segments 1, 2 and 3). If approximately 2 2 2 2 2 18
* 4 10B c K Iω ϑ −− + < ⋅ , the 

solution is determined by one curve, which is composed from the segments 4 and 5 (see Fig. 13B and C).  

The jump takes place approximately at the point 2 2 2 2 2 18
* 4 10B c K Iω ϑ −− = − ⋅ .  

It is important that the jump to the positive values experiences fields having negative  amplitudes  

(segments 1 and 2).  It is seen that values of these fields may be very different.  However, during the jump, 

these fields coalesce, and begin to interact in such a way that they form a new field corresponding to the  

segments 4 and 5 ( 2 2 2 2 2 18
* 4 10B c K Iω ϑ −− + < ⋅  (Fig. 13B)). 

 

  

 

Fig. 13.   Typical nonlinear picture of the amplitudes of the dynamic part calculated for 1510λ −= , 

different values 2 2 2 2 2
*c K I Bϑ ω− ,  2110A −= (A)  or  1910A −=  (B and C).   The curves show and explain 

the formation of the discontinuous solutions of (42). 
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So we have presented in Fig. 13 the curves determining  the amplitude of the function sechA xΦ =  (39) 

for some value x . Generally speaking, the equation (42) determines the amplitude A as a function of the 

parameters included in 2 2 2 2 2
*B c K Iω ϑ− . These parameters link x  with time t  and coordinates ix (6). 

Depending on the coefficient 2 2 2 2 2
*B c K Iω ϑ−  the equation can define five different segments. The 

segments 1, 2 and 3 correspond to three different real roots of the equation (42). We will call these real 

roots as 1A , 2A  and 3A . They were found for  1510λ −= .  In this case, we found that the weak action 

( 1910A −= ) increases instantly the amplitude of the function sechA xΦ =  up to the order  of 0.1.   

 It is interesting to compare  the results presented in Fig. 13 and the solutions (22), (24).  It is seen that to a 

certain extent, the segment 1 (root 1A ) corresponds to 2 /A m λ− = − , and the segment 2 (root 2A ) 

corresponds to 0A = . The upper segment 3 (root 3A ) can be compared with 2 /A m λ+ = . Of course, we 

do not mean ‘fully compliant’ speaking of the comparison, since these segments depend on the quantum 

action and the value of 1 2 2 2 2 2
*( )B c K Iλ ω ϑ− − . The latter  is not equal to 22 /m λ−  (24), if there is the 

quantum action. Thus, by comparing (22), (24), and results of Fig. 13 it can be concluded that in a case of 

strong-enough quantum action the dynamic part of the resulting scalar field can jump, and significantly 

exceed the maximum value 2 /A m λ+ =  (17) for the static part of the scalar field. In this case, the 

dynamic part of the scalar field can leave its potential well. On the contrary, if quantum action is small 

enough, the dynamic part remains practically unchanged. The jump is very small or it is missing (see, as 

an example, Fig. 13A). In this case, the jump out of the potential well is impossible. 
 

   
Fig. 14.   Examples of extreme amplification  of  amplitudes of the dynamic part calculated for 

8010λ −= (A) and 12010λ −= (B) when 1210A = .  The horizontal axis corresponds to different values of 
2 2 2 2 2
*c K I Bϑ ω− . The curves show and explain the formation of the discontinuous solutions of (42). 

 

The field amplification depends strongly on the coefficient of nonlinearity (λ ). The smaller λ , the larger 

amplification. For example, if  8010λ −=  and 1210A =  then Ax  is of the order of 3110 . If  12010λ −=  and 

1210A =  then Ax  is of the order  of 4410  (Fig. 14).  
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Conclusion. We studied the influence of the nonlinearity and the amplitude A  on the size of the 

discontinuity (jump). According to our calculations, the field reaches the values of the order of 710− , when 
42 / 10λ =  and 2510A −= . If 202 / 10λ =   and 1810A −= , then the jump was of order  10. If 202 / 10λ −=   

and 3810A −= , then the jump was of  order 1910− .  Thus, the jump depends strongly on A  and λ . At the 

same time, we found that the jump amplification of the scalar field was proportional to 2 /A λ .  For any 
1λ−  this amplification changes approximately from 2010 A  to 1710 A . Thus, the scalar field can be greatly 

amplified as a result of weak-enough quantum action. 

These results are limited by the action of the instant quantum fluctuation. Let us consider more general 

cases of  finite time quantum fluctuations. 

 

4.2.2. Structure of the jump and its formation  

 

We emphasize that we were talking about an instantaneous jump, which corresponds to the instantaneous 

quantum action. We have calculated the value of the scalar field jump for certain values of the variable 
2 2 2 2 2

*B c K Iω ϑ− , nonlinearity and the quantum fluctuation.  At some spacetime point characterized by 

these parameters, the scalar field can jump out of the pre-universe. This jump can be viewed as a starting 

point of the evolution of our universe. Of course, this point requires a careful study. 

   It is noted in [58-60] that the jump can have, on a closer examination, a complex structure. It may 

consist of a series of jumps. The jumps from one energy level to another level can be accompanied by the 

destruction of the spacetime and the appearance of particles of matter and energy. 

   We now focus on multiple jumps of the scalar field. First we look closer at the jump area in Fig. 13. To 

do this, we assume that in this area there is a resonant dependence of the amplitude  A  (42) on the 

parameters ω , B , ϑ  and K  of the bubble oscillations. Thus, we assume that the amplitude of the 

quantum action A   can vary with 2 2 2 2 2
*B c K Iω ϑ− .  This is a strongly-localized resonant variation, and 

therefore the field remains at the point x .  
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Fig. 15.  Two examples of discontinuous oscillations of the scalar field. The quantum actions are shown 

on the left. The horizontal axis corresponds to different values of 2 2 2 2 2
*c K I Bϑ ω− . 

 

Some results of the calculations are presented in Fig. 15. We assumed that 
4/ 0.5 10 [ 1 0.5sech(0.01 )cos( )]A z zλ γ−= ⋅ − + .                                      (45) 

 

Here  2 2 2 2 2 21
*4000 ( ) 10z B c K Iω ϑ= + − ⋅ , 1910~ −≈A , γ  is a constant and  1510λ −= . The curves of Fig. 

15A are calculated for 0.01γ = . The curves of Fig. 15B are calculated for 0.05γ = . It is seen from Fig. 

15 that the weak action ( 1910~ −≈A ) increases the amplitude of the function sechA xΦ =  (39) up to the 

order  of 0.1.  In contrast with Fig. 13 we now have multiple jumps. 

  Of course, the number and size of jumps (discontinuities) depend on many circumstances. Generally 

speaking, they can appear in different points of the horizontal axis. This case is illustrated by Fig. 16. We 

assumed for calculations that 

19/ 10 [ 1 0.5sech(0.01 )cos(0.01 )]A z zλ γ −= ⋅ − − .                                  (46) 

Here 21222
*

22 10)(5000 ⋅−+= IKcBz ϑω , 2510~ −≈A , γ  is a constant and  410−=λ .  The curves of Fig. 

16A are calculated for γ =1.425. The curves of Fig. 16B are calculated for γ =1.4375. 

 

   
Fig.16. An example of the formation of the jump (discontinuity) which can eject the piece of the scalar 

field out of the pre-universe into the new spacetime [58-60]. The horizontal axis corresponds to different 

values of 2 2 2 2 2
*B c K Iω ϑ− . 
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   The appearance and location of the jumps depend strongly on   the amplitude of the quantum fluctuation 

A  and λ . Small-enough quantum action can locally change the amplitudes of the field, but cannot form 

the new jump (Fig. 16 A). The jump forms if the quantum amplitude increases enough (Fig. 16 B). 

We can have an extremely large amplification of the scalar field due to the jump. According to our 

calculations the scalar fields of the bubble jump to approximately same value ( A~1018≈ ): both the inner 

part of the bubble (the curve 2 (the zero-like field)) and its surface (the curve 1 (the negative field)). It 

seems if there is a sufficiently strong quantum action, then the scalar field can jump out of the potential 

well. 

 

5. Finite time quantum actions 

 

Figs. 13-16 show the possibility of a very strong change in the amplitude of the dynamic part.  It opens a 

possibility for the energy bubble to jump instantly out of the potential well.  However, generally speaking, 

this phenomenon may be not instantaneous. It is determined by the quantum fluctuations (see the 

subsection (3.1)). For example, if the quantum fluctuation is determined as ( ) sechf Ax x= Ω (the curve 1 

in Fig. 3), the equation (37) yields 
2 2 2 2 2 2 31

*2 ( ) sechB c K I m Axxω ϑ λ x− Φ + Φ − Φ = Ω .                             (47) 

Since 3sech sechx xΩ ≈ Ω , we rewrite (47) in the form 

2 2 2 2 2 2 3 31
*2 ( ) sechB c K I m Axxω ϑ λ x− Φ + Φ − Φ = Ω .                             (48) 

Let  sechA xΦ = Ω . In this case the equation (48) yields  the equation for the amplitude A , 

                                       

                                                          3 2 2 2 2 2
*( ) 0.A B c K I A Aλ ω ϑ+ − + =                                                  (49) 

It is easily seen that  this equation practically coincides with the equation (42) for the instant quantum 

action. Therefore all results obtained for the last case are valid for the quantum fluctuation sechA xΩ .   

 

5.1.  ‘Short’ quantum actions  

 

We have examined  the effects  of the instant and extremely short quantum actions on the scalar field and 

obtained the results linking directly nonlinearity of the scalar field and the emergence of the Universe. In 

particular, the instant and finite-duration quantum actions are described by similar equations (see the 

equations (42) and (49)). Their solutions have a bifurcation at the point where 2 2 2 2 2
*B c K Iω ϑ≈  (Fig. 
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13A). Now we consider the bifurcation point more attentively, using the equation  (37) and the expression 

(34) which determines the quantum action. Equation (37) is greatly simplified near 2 2 2 2 2
*B c K Iω ϑ≈ . Let 

us examine the continuous and discontinuous solutions of the equation near this point in order to further 

investigate the effect of the nonlinearity and its influence on the eruption of the Universe.  For this case 

the scalar field  and the quantum action will be described by the equation 

 
3 1 ( ).R fλ x−Φ + Φ =                                                                (50) 

Here 2 /R m λ= − [58-60],  ( )f x  describes the quantum action. Below several examples of the quantum 

action are presented.  

1.  At first we consider a soliton-like quantum fluctuation when 1 ( ) sechf Aλ x x− = Ω  in (50) (see Fig. 17). 

This case corresponds to  the wave packet 1, which is shown in Fig. 3. Let the parameters of the quantum 

fluctuation be: 3010A E −= − ⋅ , 295 10Ω = ⋅ .  For this case the solutions of the equation (50)  are shown in 

Fig. 17 for the different E .  

According to Fig. 17 the three independent fields (curves 1, 2 and 3) are described by (50), if  the 

amplitude of the quantum action is small enough ( E <0.385).   The fields begin to interact and form a new 

composite field when the quantum action  increases. In particular, the composite discontinuous solution 

appears when E = 0.385.  In this case, the curves 1 and 2 coincide near the point 0 and  jump to the curve 

3. As a result, the complex composite field is formed if 0.385E ≥ .  The composite solutions (pictures 

E = 0.5, 10)  describe the discontinuous slope of the hill-like scalar fields and the strong amplification of 

the fields 1 and 2.  They can reach the hilltop of the composite scalar field.  Then the composite scalar 

field reduces.  
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Fig. 17.  Continuous  and discontinuous curves described by the solutions of (50), where 

2010R −= − .  The curves 1, 2 , 3 and 4 are determined by different roots of the equation. Pictures  E =0.3 

and E=0.384 are determined by three continuous solutions. These solutions begin to interact when 

E =0.385. The pictures E =0.385, 0.5 and 10 are determined by discontinuous solutions. The quantum 

fluctuation is the upper picture, left.  

 

   We stress that  some theories describe the initial evolution of the Universe as rolling down of the scalar 

field from some local maximum  [50, 52].  Fig. 17 shows how the scalar field can jump to this maximum. 

At the same time, we do not touch here the process after the jump. We only consider here the possibility 

of the jump. The study of the jump and the following process are special complex problems. 

2.  Now we consider a case when 1 ( ) sech sinf Aλ x x x− = Ω Ω  in (50) (see Figs. 18 and 19). This case 

corresponds to  the wave-packet 2, which is shown in Fig. 3.  In this case the quantum fluctuation changes 

its sign, if 0x = . Let the parameters of the quantum fluctuation be: 3010A E −= − ⋅ , 295 10Ω = ⋅  , 
294 10Ω = ⋅  (Fig. 18 the upper picture, left).  The solutions of the equation (50) are shown for the different 

coefficient E .  

 

   

  
Fig. 18.  Continuous  curves described by the solutions of (50), where  2010R −= − . The curves 1, 

2  and 3 correspond to different roots of the equation. 
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The pictures  of Fig. 18 are determined by three continuous solutions. If the amplitude of the action is 

small,  then the fields are independent and the curves 1, 2 and 3 do not interact. These solutions begin to 

interact when E =0.8275.  

 

 

  
Fig. 19. Examples of the discontinuous solutions of (50) constructed for  E =0.83 and E =1. The 

full pictures of the roots and the corresponding curves (left). The simplified pictures  of the roots and the 

corresponding curves illustrating an appearance of jumps and the discontinuous fields (right). 

 

Fig. 19 shows the possibility of a very strong interaction of scalar fields determined by the equation (50), 

if the quantum amplitude is large enough. If E  > 0.8275 then the solutions of the equation (50) are 

determined by the discontinuous and multivalued curves. In this case a multivalued composite 

discontinuous field is formed, which is determined by the discontinuous oscillations (the local jumps). 

These jumps determine a new fast-varying scalar field.   

We will study the discontinuous oscillations of the field additionally in the following subsections. 

 

5.2. Modulated quantum actions 

 

We assume in the equation (50) that 

( ) sech cosf Ax λ x x= Ω Ω ,                                                    (51) 

where Ω  and Ω  are constants. This case corresponds to  the wave packet 3, which is shown in Fig. 3. The 

equation (50) yields 
3 sech cos .R A x xΦ + Φ = Ω Ω                                                (52) 

Thus, the quantum action is being described by the packet of oscillations. We expect that the amplitude 

and the form of oscillations of the dynamic part can be amplified strongly inside the potential well as a 
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result of the quantum action (51). On the other hand, we found that the amplification is possible only for 

certain  resonant values 2 /R m λ= −  [58-60].  Below several examples of the action are presented. 

1. Let the parameters of the quantum fluctuation (51) be: 2110A −= , 395 10Ω = ⋅  and 405 10Ω = ⋅  (Fig. 

20). 

 
Fig.  20.  The quantum fluctuation as a soliton-like packet of waves (51) [58-60].  

 

Let  1410R −= − .  For this case the solutions of the equation (52)  are shown in Fig. 21.  

 

   A 

   B 

Fig. 21.  The evolution of the scalar fields at the resonance ( 2 14/ 10R m λ −= − − = − ) [58-60].  

The upper picture A shows 3 types of root which correspond to continuous lines (thin and thick 

segments) and  dotted line (dotted segments). The bottom line B consists from segments and this line 

corresponds to the dotted line of the picture A. 

 

The curves of the picture A are determined by three types of the roots of the equation (52). These curves 

slightly oscillate when the horizontal coordinate is smaller than 404 10−− ⋅ . In this case the curves 

correspond to three independent fields. The upper curve corresponds to the positive field, the middle curve 

corresponds to the zero field and the bottom curve corresponds to the negative field (see the subsections 
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2.2 and 4.2.1). These curves (fields) begin to interact when the horizontal coordinate increases more than 
404 10−− ⋅ .  The composite (multivalued) field is formed by elements of the independent  fields. 

   Thus, the three independent fields  are described by the equation (52), if  the amplitude of the quantum 

action is small enough (see  Figs. 20 and 21 together).  The fields begin to interact when the quantum 

oscillations increase. As a result the very complex composite field is formed. The corresponding roots (the 

solutions) form the profile which resembles the mushroom-like waves. We have violent nonlinear 

distortions of the initial scalar field and, apparently, violent nonlinear distortions of the initial spacetime. 

The curves B (Fig. 21) are determined just one of the 3types of roots of the equation (52). These roots 

slightly oscillate relatively the zero line when the horizontal coordinate is smaller than 404 10−− ⋅ .  The 

curve is ruptured and  strongly different pieces of the scalar field are formed, when the amplitude of the 

quantum action increases. 

The same behaviour is observed in the following two cases, where we consider a quantum fluctuation with 

other parameters. 

2.  Let the parameters of the quantum fluctuation be: 393 10A −= ⋅ , 395 10Ω = ⋅  and 405 10Ω = ⋅ . 

  A 

 B 

Fig. 22. The evolution of the scalar fields at the resonance ( 1 2 25.7510R mλ− −= − = − ) [58-60]. The 

composite (multivalued) solution (A), the discontinuous solution (B). 

 

The upper picture A shows 3 types of root which correspond to continuous lines (thin and thick segments) 

and  dotted line (dotted segments). The bottom line B consists from segments and this line corresponds to 

the dotted line of the picture A. 

   In this case the resonant interaction of the fields take place, if 25.7510R −= −  (Fig. 22). The curves (fields) 

begin to interact when the horizontal coordinate increases more than 404 10−− ⋅ .   The curves B (Fig. 24) 
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are determined just one of the 3types of roots of the equation (52).The rupture and the amplification of the 

scalar field are illustrated.  We think that this figure demonstrates  violent nonlinear distortions of the 

initial scalar field and, apparently, violent nonlinear distortions of the initial spacetime. 

3. Let the parameters of the quantum fluctuation be: 513 10A −= ⋅ , 395 10Ω = ⋅  and 
4110Ω = .  In this case 

the resonant condition is satisfied if 343 10R −= − × . The resulting fields are illustrated  by Fig. 23. 

 

   
Fig. 23.  The evolution of the scalar fields (solutions) during the modulated quantum action. 

The interaction of three fields (upper picture); the interaction of two fields (bottom pictures, left 

and mid); the discontinuous oscillations of one field (bottom picture, right) [58-60]. 

 

The curves Fig. 23 (bottom pictures, left and mid) are determined by two different types of the roots of the 

equation (52).  The curve Fig. 23 (bottom picture, right)) is determined just one of the 3types of roots of 

the equation.  These curves demonstrate that quite different scalar fields might be originated, by resonant 

excitation of the initial scalar field by the modulated quantum actions. 

In the cases considered above (Figs. 21 – 23) we found resonant parameters at which the three source 

independent scalar fields begin to interact and form a new composite field.  The amplitude of the 

composite field’s oscillations increases beyond that of the original fields.  It may increase to a point where 

it becomes possible for the energy bubble  to escape the potential well  (Fig. 2). 

The nature of the oscillations themselves changes.  They become very complex and can potentially 

contain jump discontinuities. 

We found that the amplification of the fields and the strongly-nonlinear evolution of their forms took 

place, when some resonant conditions for coefficients 2 /R m λ= −  and A  of the equation (52) were 

satisfied.  We considered cases when these resonant conditions take place.  The influence of the change of  
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the quantum fluctuations on the amplitude and the form of the resulting nonlinear scalar fields (waves) 

was studied. 

An important result of the calculations is that a very weak quantum action can form the composite scalar 

field within the resonant band.  Near the resonant band the field evolution may be described by tree 

branches of the solution. Generally speaking, the branches may interact. According to the calculations the 

scalar field can jump between the upper and lower branches (between  positive and negative values of the 

energy).  

Remark.  The calculated results did not qualitatively change when  Ω  and Ω  were increased  to 
275 10Ω = ⋅ , 285 10Ω = ⋅ . 

 

5.3.  ‘Long’ quantum actions 

 

Let us study a case of  the quantum fluctuations having longer duration (Fig. 24). It is assumed also that 

the quantum action function can have  fast-varying parts (Fig. 24 centre and right). These parts are much 

shorter than the action duration. The two last curves may be interpreted as  sums of a long (first) 

eigenfunction and a short, but high,   eigenfunction of the quantum action (see Fig. 3). 

 

 

Fig. 24. The quantum action described by the expression  1 ( ) argtan[exp( )]f Aλ x x− = −Ω  (left) and more 

complex curves describing the quantum action in (52) (centre and right). 

 

The solutions of the equation (52) obtained for the above quantum actions are presented in Figs. 25-28. 

Considering these figures we mean that the roots 1 and 2 (the segments 1 and 2) describe the evolution of 

certain scalar fields 1 and 2. 

1.  First it is assume that 1 ( ) argtan[exp( )]f Aλ x x− = −Ω (Fig. 24 left), where 3010A A −= ⋅ , 295 10Ω = ⋅   and   
2010R −= −  in (52) .  For this case the solutions  are shown in Fig. 25. It is seen that the scalar fields are 

independent if A =0.01 or A =0.2 in 3010A A −= ⋅ . The segments (fields) 1 and 2 begin to interact when 
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A =0.245. The jumps of the scalar fields (segments 1 and 2) to the positive values take place when 

A >0.246. 

 

     

  

    

Fig. 25.     Results of the quantum action 1 30( ) 10 argtan[exp( )]f Aλ x x− −= ⋅ −Ω (Fig. 24 left) 

calculated for different coefficient A . The scalar fields 1 and 2  can jump up to the top level (the plateau) 

if 0.246A ≥ . 

 

We have considered the case (Fig. 24 left), when a long quantum action is not accompanied by quantum 

fluctuations of small amplitude. It is known [58-60] that their impact can be very important. These 

fluctuations determine the possibility of the destruction of the spacetime of the pre-universe. On the other 

hand the small fluctuations can influence the eruption  of the scalar field from the potential well. Below 

we present the results of the analysis of the impact of the small fluctuations on the nonlinear processes 

which are considered. 

2.  Let us consider the quantum fluctuation presented in Fig. 24 (centre and right). The amplitude of the 

quantum fluctuation 1 ( )fλ x−  equals 3010− and   2010R −= −  in (52). Some results of the calculations are 

presented in Fig. 26. Curves A were calculated for the action presented qualitatively in Fig. 24 (centre). 

Curves B were calculated for the action presented qualitatively in Fig. 24 (right).  
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   A 

  B 

Fig. 26. Results of the quantum actions.  The actions are accompanied by quantum oscillations of 

a small amplitude (see Fig. 24 (centre and right)).   

 

Fig. 26 demonstrates the existence of three scalar independent fields when the horizontal coordinate  is 

smaller than 2910−− .  These fields interact very strongly within an interval from 2910−−  to  0 (A) and from 

0 to 2910−  (B). The single composite field is formed after the interaction. Perhaps, this field corresponds to 

the origin of the Universe. The formation of the mushroom-like (elastica-like) structure [58-60] is shown 

in the picture B. This structure is a result of the strongly-nonlinear interaction of the initially-independent 

scalar fields.  

3. We have considered cases when the coefficient R  in (52) was very small. Now we study additionally 

cases when this coefficient is 10R = −  or R = − 2010 .   

3.1. Let us consider the case of the quantum action which is similar to the case presented in Fig. 24 

(centre).  The calculation results are shown in Fig. 27. 
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Fig. 27.   Results of the quantum actions accompanied by quantum oscillations of a small 

amplitude. 

 

Here the curves A are calculated for 10R = −  and  the amplitude of the quantum fluctuation 1 ( )fλ x−  

equals 1.110 . Curves B are calculated for 2010R = −  and  the amplitude of the quantum fluctuation 
1 ( )fλ x−  equals 3110 . In these cases we found the resonant parameters at which the three initial  

independent scalar fields begin to interact and form a new composite field.   

3.2. Let us consider the case of the quantum action which is similar to the case presented in Fig. 24 (right). 

The calculation results are shown in Fig. 28. 

 

              

 
Fig. 28.   Results of the quantum actions accompanied by quantum oscillations of a small 

amplitude. The amplitude of the quantum fluctuation 1 ( )fλ x−  equals 3010−− .    The formation of the 

mushroom-like (elastica-like) structure [58-60] is shown. 
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Here the curves A are calculated for 10R = −  and the amplitude of the quantum fluctuation 1 ( )fλ x−  

equals 1.110 . Curves B are calculated for 2010R = −  and the amplitude of the quantum fluctuation 1 ( )fλ x−  

equals 3110 . We found the resonant parameters at which the three initially  independent scalar fields begin 

to interact and form a new composite field.   

 Conclusion. We found the resonant parameters at which the three initially-independent scalar fields begin 

to interact by means of multivalued discontinuous oscillations. As the result the new field is generated 

which is thrown on the plateau-like top of the hill (see Figs. 25-28). We think that similar new composite 

fields may be considered as a starting point of the evolution of the Univerve. We studied the instability of 

a scalar field which is caused by a quantum fluctuation.   

 

Fig. 29. An example of highly-nonlinear standing waves appearing on the interface of two liquids with 

different densities.  The interface has the low-frequency sinusoidal perturbation [83]. 

We can expect that the waves presented in Figs. 21-23 and 26-28 may be formed in different unstable 

systems during impact actions. Indeed,  the wave forms presented in Figs. 21-23 and 26-28 are similar to 

the wave shapes generated due to the Richtmyer–Meshkov instability of incompressible liquids (see Fig. 

29). 
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 6.  Résumé of the sections 3, 4 and 5 
 

The calculations demonstrate the existence of distances on the horizontal coordinate line x , where the 

three scalar fields are independent from each other. On the other hand, there are distances where the fields 

interact strongly. The nature of the field oscillations changes.  They become very complex and can contain 

jump discontinuities. The composite fields are born as the result of the interaction.  

The amplitude of the composite field oscillations increases beyond that of the original fields.  It may 

increase up to a point when the energy bubble  escapes from the potential well.  Because of the 

oscillations this process is described by the composite (multivalued) and discontinuous curves.  We  

assume that this process corresponds to the origin of the Universe [58-60].   

Thus,  by the way of analytic solution of the nonlinear Klein-Gordon equation we come to the initial point 

of some models of the origin of the Universe. In particular, the existence of some volume of the inflaton 

on the top of a certain energetic hill is the starting point for a few inflation models [ 20, 50, 52]. 

 

7.  The fragmentation of multidimensional spacetime during the field eruption from 

the potential well  
 

We have studied the great amplification of quantum fluctuations of a scalar field.  In particular, 

discontinuous oscillations of the fields occur.  These oscillations can work like certain  hammer blows, 

smashing the local spacetime on some fundamental blocks. These blocks may differ from our ideas about 

the basic elements of space-time. Their sizes may depend on the energy of the oscillations (the energy of 

the hammer blows). In particular, it is accepted in [58-60] that spacetime may be fragmented into some 

one-dimensional string-like ingredients. 

The multivalued and discontinuous oscillations of the composite field include the elements of the 

previously-independent fields (see figures of sections 3 - 5). The transition of one element to another is 

not necessarily smooth and continuous. The discontinuities could destroy the spacetime. The boundaries 

between spacetime dimensions were less stable during the eruption than they are now. As a result the 

multidimensional spacetime can be split into many two-dimensional (space + time)  elements.  The 

spacetime fabric was transformed and fragmented when the field energy has been increased strongly. 

Generally speaking, it agrees with the ‘vanishing dimensions’ theory [84-87].  According to this theory, 

systems with higher energy have a smaller number of dimensions.  The higher the energy, the smaller 

spacetime dimensions. Thus, our theory implies that the number of dimensions in the Universe reduced 

during the eruption.  
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Generally speaking, the initial energy field could have many dimensions.  The string theory proclaims that 

the number of the dimensions may be different, for example, 5, or 11 or 26.  As the number of dimensions 

reduces, the volume of the initial bubble (clot, sphere, drop) can increase after the fragmentation very, 

very strongly. 

The process could be visualised by imagining a three-dimensional drop of oil impacting the surface of 

water. As a result of the impact the oil drop is separated into many elements (particles) which spread over 

the two-dimensional surface of water.  These elements of oil occupy in the two-dimensional space much 

bigger volume than they had in the initial moment. It is important that the elements became more isolated 

from each other comparing to when they were inside the drop.  

Qualitatively the fragmentation of the spacetime fabric could resemble the atomization of the water drop 

(see  Fig. 30).   It shows the fragmentation a drop which was vibrated in the vertical direction in its 

fundamental axisymmetric mode [88]. The forms of the surface waves and the small drops, shown on Fig. 

30, are determined by surface tension and some resonant conditions. 

 

 
Fig. 30. Scheme of the rapid-ejection process and the formation of  the cloud of particles [88]. 

 

As a result of the transresonant evolution the fragments (elements) gained extremely high energy. Thus, in 

the course of the eruption the bubble (clot) of a scalar field increases strongly its energy, loses the space 

dimensions and can strongly increase the volume.  It was assumed [58-60] that the elements  became  

absolutely isolated without any connections.  

The process of fragmentation, shown in Fig. 30, can serve as a model for many natural wave phenomena 

[59]. In particular, as a result of the transresonant evolution of the initial field a large number of small 

finite elements appear which possess extremely high energy. Using the terminology of the string theory 

these elements may be defined as strings.  They begin to vibrate (Fig. 31). 
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Fig. 31.  Linear oscillations and a quantum fluctuation of a string stretched between two D0-branes [89]. 

 

On the whole this conclusion agrees with suggestions of Steven Carlip of the University of California, 

Davis [87]. In 2012 he gathered up many theories and found that, according to many of them, the Universe 

had got one or two spatial dimensions during the hot, dense start.  In other words, geometry appears to 

have been radically different in the beginning.  Carlip and his colleagues showed that space was split into 

discrete elements in the first seconds of the Universe.  Each element experiences nothing outside its own 

existence [84-87].  Thus, the behaviour of the Universe’s spacetime might be very surprising in the 

beginning.   

Conclusion.  Three fields defined by the equation (1), which was presented as (50), are normally stable.  

However, in certain circumstances the fields lose stability.  They begin to vibrate.  We found the examples 

of parameters at which the fields begin to interact.  We will call these parameters – resonant.  The 

resulting composite field consists from the elements of those previously independent fields.  The transition 

of the elements from one to another is not necessarily smooth and continuous.  Discontinuous transitions 

are possible and the jumps can be very large.  We can say that in the resonant situations the field becomes 

fragmented.   

The main thing – there are the situations when the scalar field can lose the stability fully.  This process can 

be accompanied by the disintegration of the spacetime in which the field was prior to the quantum 

resonant action.  The disintegrated spacetime contains absolutely isolated spatially one-dimensional 

string-like elements.   

 

Part II.  Mathematical model of the origin and radiation of primordial particles 
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8. The origin of the particles of energy and matter as a strongly-nonlinear resonant 

phenomenon  
 

We assume that a large number of small open string-like elements can appear in the scalar field.  They 

begin to vibrate (Fig. 31). We can study these vibrations as a strongly nonlinear problem which is 

described by NKGE (1). This equation has the cubic nonlinear term and the d’Alembertian operator.  Near 

the resonant frequencies the influence of this operator is small.  Using this we constructed multivalue 

models which describe the origin of the highly energetic particles [58-60].  

The multidimensional model of the element is considered. We write the equation (1) in the form 

2 2 3
*

1
0.

I

tt ii
i

c m λ
=

Φ − Φ + Φ − Φ =∑                                                       (53) 

We assume at the ends of the element that 

Φ =0 at 0; .ix L=                                                                   (54) 

New coordinates r and s are introduced 
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Here c is a constant. Let its value is very close to 2 0.5
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where c  is the perturbation of the speed с.  The function Φ  is represented as a sum: 

 
)2()1( Φ+Φ=Φ ,                                                               (57) 

where (1) (2)Φ >> Φ .  It is assumed that 

 
(1) ( ) ( )J r J sΦ = −  and 

(2) ( ) ( )j r j sΦ = − .                                      (58) 

Substituting (57) into (53) we write two equations 
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Let 
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(1) 1 1(sin sin )A c r c sω ω− −Φ = −  and NLc πω 21 =−
  ( N = ,....3,2,1 ±±± )              (61) 

It is also suggested that the function j  is periodical having the period equal L.  In this case the conditions 

(54) and equation (59) are satisfied.  Let us now consider (60).  We will construct the approximate solution 

of (60) which is valid where 

 
(1) (2)

rr rrΦ >> Φ    and    
(1) (2)

ss ssΦ >> Φ .                                            (62) 

The interaction of the opposite travelling waves is not taken into account. In this case equation (60) yields 
3 1sin 0j Rj q c rω −+ + = ,                                                     (63) 

where 

2 0.5 2 1 2 2
*

1
[2 ( ) ]

I

i
i

q c c k c c Aλ ω− −

=

= +∑ .                                           (64) 

There are three distinct cases, when the equation (63) has real solutions: 

1.  Let R =0, then the equation (63) is satisfied if 
1/3( ) .j q= −                                                              (65) 

2.  Let R >0, then the function j  is unique, single-valued and continuous 
31

32 sinh[ arcsinh(0.5 )]j D qD−= − ,                                             (66) 

where 0.5[ ( )]( / 3)D sign q R= . 

3.  Let R <0 and 2 2/ 4 / 27 0q R+ ≤ .  In this case there are three solutions 

31
32 cos[ arccos(0.5 ) 2 / 3],Mj D qD Mπ−= − +                                      (67) 

where M =0;1;2. Using these continuous solutions we can construct multivalued solutions. 

 

8.1. The origin of the particles  

 

Above the model is presented for an arbitrary space dimension of the field. The interesting us result follows 

from it if  I=1 and  ik  =1 in (55). Conditions (62) are considered as conditions of resonance. Model 

calculations were made.  We assumed that  

0.0014R = − , 25.5ω = , c =1  and  0.0001q = .                                    (68) 

1. First we study the nonlinear oscillations described by the equation (63) and (2)Φ (58). Figs. 32 and 33  

illustrate second and first modes of the oscillations correspondingly. 
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A.  Resonant continuous oscillations of the scalar field elements according to the second resonant 

form.  Periodic formation of the particles of matter.  The thin smooth lines correspond to the linear 

oscillations [58-60]. 
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B.  Resonant discontinuous oscillations of the scalar field elements according to the second resonant 

form.  Periodic formation of the particles of matter.   

 

Fig. 32.   Curves illustrating the process of formation of the particles of matter. Curves described by 

the composite solution A. Curves described by the discontinuous solution B. 

 

We think that Fig. 32 illustrates the emergence of particles of energy and matter.  The particles radiate above 

or below the scalar field element.  Namely, there are moments (for example, 0.1775 and 0.1925) when the 

particles separate from the energy level of the element. 

It is important that the appearance of the energetic particles (see Fig. 32) incorporates an important quantum 

concept - the momentary creation of pairs of particles.  However, periodic radiation of a sole particle is also 

possible if the element oscillates according to the first resonant form (Fig. 33). We used (68) where 26.1ω = . 
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Fig. 33.  Resonant oscillations of the scalar field elements according to the first resonant form.  

Periodical formation of particles of matter.  The thin smooth lines correspond to the linear oscillations [58-

60]. 

 

The shapes of the nonlinear oscillations are quite different from the linear forms.  In particular, the nonlinear 

shapes have the folds which were formed by the curved segments corresponding to the different solutions of 

the equation (63).  Within and near these folds the scalar field can have jump discontinuities.  There the 

differential can be very large up to infinite values.  According to [41, 61]  derivatives 2
iΦ , 2

tΦ  determine the 

density and the pressure of scalar fields. 

Taking into account Figs. 32 and 33 we can imagine that very massive particles may be generated during the 

resonant oscillations of the fragments of the scalar field. 

The scheme of this generation is presented in Fig. 30, where vertically excited waves and drops on a surface 

of 100 millimetric volumes of water are shown. The atomization may be considered as certain analogue of the 

scalar field fragmentation. 

Qualitatively the origin of particles is shown in Fig. 34. 

 

                        
Fig. 34.  A qualitative pattern of an appearance of the virtual particle in vacuum or a separation of 

new closed Universe from a big volume of space [20]. 

 

2. Then we calculate the scalar field oscillations taking into account the linear contribution.  The oscillations 

are determined by expressions (57), (58) and (61): 
1 1[sin( / 2) sin( / 2)] ( ) ( ).A c r c s j r j sω π ω π− −Φ = − − − + −                            (69) 
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We have assumed that the shift of the linear oscillations (linear component of the solution) relative to the 

nonlinear oscillations (nonlinear component of the solution) at the resonance is / 2π− . 

Thus,  the scalar field oscillations are determined by expressions (69) and parameters (68).  The results of the 

calculation are presented in the Fig. 35. 

 

 
 

 
 

 
 

Fig. 35.  Resonant oscillations of a fragment of the scalar field and origination of a particle-wave. 

The first resonant form [58-60]. 

 

The elements noted above vibrate according to their resonant frequencies and can radiate particles of energy.  

If these particles possess some critical energy, they form matter. 

Strongly-nonlinear Faraday’s waves. Michael Faraday [90] began to study the effect of vertical vibrations 

for a layer of weakly-cohesive materials. He found that small heaps were being formed and a slow convection 

of the particles took place due to the vibrations. Here we refer to a more conventional example of gravity 

surface waves to support the above findings for scalar resonant waves. In recent years, very interesting results 

of the study of vertically-excited resonant waves have been received. These waves can be named as Faraday’s 

strongly-nonlinear waves [91]. 

The results of the calculations are qualitatively corresponded to the Faraday-type experiments [92, 93] (see 

Fig. 36).  In particular, the curves 0.13, 0.17 and 0.173 (Fig. 35) describing the peak (jet)  formation 

correspond to the photos of Fig. 36 (left). The curves 0.25, 0.295, 0.31 and 0.35 (Fig. 35) describing the 

evolution of the wave trough correspond the photos of Fig. 36 (right).       
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Fig. 36.  Experimental data [92, 93]. 

 

The elements of scalar field noted above vibrate according to their resonant frequencies and can radiate 

particles of energy.  If these particles of the scalar field possess some critical energy, they form matter [58-

60]. 

 

8.2. The origin of dark and normal matters, and dark energy 

 

We can imagine that during the oscillations and the radiation of the energy particles the common energy 

of the fragment is reduced. Let us study this phenomenon. 

Dark matter particles. First we assume that 2 1 0.0014R m λ−= − = − , A =-0.2, 26.1ω = , 0.12L = , c =1 

and 0.0001q = . The results of the calculations are shown below. 
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Fig. 37. Resonant oscillations of a fragment of the scalar field accompanied by eruptions of energetic 

particles.  Origination of a particle-wave.  The case of 2 1 0.0014R m λ−= − = − [58-60]. 

 

On the whole we have got the results which are similar presented in Figs. 32, 33 and 35. We assume that 

they describe the formation of very heavy particles.  

Normal matter  particles. Increasing 2 1 0.00042R m λ−= − = −  we receive the results shown in Fig. 38. 

 
 

 

 

Fig. 38.  Resonant oscillations of a fragment of the scalar field.  The case of 2 1 0.00042R m λ−= − = −  

[58-60]. 

 

We assume that Fig. 38 describes the formation of normal matter  particles.  
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Dark energy particles. One can see that Fig. 38 does not show  the particle radiation clear. However, we 

assume that the energy of the fragment continues the reducing. Therefore, we assume that  the coefficient 
2 1 0.0000014R m λ−= − = − . Corresponding oscillations are shown in Fig. 39. 

 

 

 

 
Fig. 39.  Resonant oscillations of a fragment of the scalar field. The case of 

2 1 0.0000014R m λ−= − = −  [58-60]. 

 
It is known [41, 61] that the density and the pressure depend very strongly on the gradient of a scalar field. 

In points where the field changes rapidly the pressure and the density can be very large. In particular, the 

mass of the dark matter particles may be very near infinite, the mass of the normal matter particles may be 

extreme large, but the mass of the dark energy may be very small. 

We assume that highly energetic particles (Figs. 32, 33, 35 and 37) could be very stable. These particles 

may correspond to dark matter. They could begin to work like a scaffold creating the cosmic structure (the 

four-dimensional spacetime). We can imagine that these particles had been stable for billions of years before 

they begun to decay. The last process can determine the law of expansion of the modern Universe [58-60]. 

The particles radiated near the resonances can form  normal matter.  The particle-waves did not form very 

near the resonances (Fig. 39). The scalar energy stops to transform into matter. The remaining energy of the 

scalar field is dark energy. After the eruption the dark energy was expanded together with the very early 

Universe. As a result, during the expansion the dark energy density  decreased. Apparently now the dark 

energy density is very close, but not equal, to zero! 
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Important conclusion. Thus, the calculations (Figs. 32, 33, 35 and 37) have shown that the radiation of the 

particles is possible only for sufficiently small values of the transresonant parameter R .  They might be formed 

only far enough from the exact resonances. On the other hand, we get almost harmonically oscillating elements 

of energy if  0R ≅  (Fig. 39). We can assume that these  elements correspond to the dark energy. Thus, this 

energy is a remnant of the initial  energy of the fragments (elements). The remnant was stored after the 

transresonant transition.  

   The very energetic particles (Figs. 32, 33, 35 and 37) correspond to the dark matter. The less energetic 

particles after the collapse into more elementary elements (the normal matter) could form our visible Universe. 

According to the presented model, the transresonat process has determined the formation and contents of the 

matters and energies in the Universe. During this process the pure energy of the Universe was reducing, since 

the matter was appearing. According to this model the origin of the Universe might consist from five stages:  

1.  The eruption of the energetic bubble out of the pre-universe and the fragmentation of the spacetime of this 

bubble. The fragments of the spacetime of the bubble are completely independent; 

2.  Radiation of energetic resonant particles by the fragments; 

3.  The dark matter began to form when the fragment frequency crosses the boundary of the resonant band 

(when  1 2R mλ−= −   crosses the boundary of the resonant band); 

4.  The normal matter began to form when  R    increases enough; 

5. The initial energy stops the transforming into energetic particles.   It is a case of practically exact resonance, 

when 0R ≈  and 0R < . We have 2 0m ≈ ; 

6.  Density of  the dark energy begins to drop to zero. 

 

9.    The origin of the Universe as the strongly-nonlinear phenomenon 

 

Generally speaking, the Universe may be considered as a finite or infinite object. Our model does not describe 

the last case. As the starting point of our consideration we assumed that our Universe was originated as a finite 

object. 

The evolution scenario of the scalar field subjected to a quantum fluctuation presented above can be viewed as 

describing the origin of the Universe. We think that the spacetime of the bubble might undergo transformations in 

which its fabric was fragmented into the string-like vibrating elements. Then the elements began to emit different 

kinds of highly energetic particles.  Some of them could begin to work like a scaffold creating the cosmic 

structure. As a result during the eruption the fabric repaired itself within a new number of spatial dimensions. 

Thus, the dynamic part of the scalar field – the bubble (clot) of energy (Fig. 1 right) – may be considered as the 

‘seed’ of the Universe.  As a result of the quantum action the bubble was obtained huge energy. This energy 
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caused the bubble to expand.  During this process the initial field was being fragmented into almost infinite 

quantity of highly energetic one-dimensional elements which oscillated at resonant frequencies.  The waveforms 

of these resonant oscillations are highly nonlinear.  These waveforms emit particles of energy and matter.  The 

individual elements noted above are only one-dimensional ‘shards’ of space and time.  The three-dimensional 

space and time emerged only after the appearance of enough matter forming this spacetime. 

The eruption (jump) of the Universe was not instantaneous. The Universe had enough time to become  

homogeneous and isotropic.  After the eruption the one-dimensional vibrations of the elements continued to 

generate particles of energy and matter.  As a result the total energy of the initial field was reduced.  At the same 

time the spatial dimensions of the bubble  were increasing. Finally the three-dimensional space and time emerged  

[58-60]. The Universe had appeared where high-energy particles, dark matter and dark energy were floating in the 

four-dimensional spacetime. 

The spacetime appeared as some sort of large scale construction of more fundamental elements. The spacetime 

properties would ‘bear’ from the underlying physics of its constituents, just as water’s properties emerge from the 

particles that comprise it [94, 95]. The  construction (condensate, primordial medium) had properties that could 

not be found in the individual elements. In particular, waves began to form and propagate in the primordial 

medium. 

According to the equation (50) the Universe was born due to the variation of the parameter R  inside of some 

resonant band (transresonant process). The dark mater was born when the value of R  was minimal within the 

resonant band.  The normal energy emerged when R  began to increase. The dark energy appears when R  is 

increased up to near zero. Roughly speaking, the dark energy is no used part of the initial energy.  

After the eruption the volume of the Universe increased so much that quantum effects became  unimportant 

for its global evolution but the role of matter and gravitation became extremely important. After this moment 

the evolution may be studied using models of the early Universe [50, 52, 96-100]. The subsequent global 

evolution of the Universe was probably determined by the parameters of the scalar fields and the matter, in 

particular, by their heterogeneities which were formed during the tunnelling.  The dynamic part of the scalar 

field which was originally approximately uniform, gained some weak heterogeneity during the eruption.  

Similar heterogeneity could also arise due to quantum effects in the course of the origin of the Universe.  Due 

to these heterogeneities waves and vortices began to form and propagate within the very early Universe.   

 

10.   The evolution of the Universe after the eruption 

 

The appearance of time and the three-dimensional space did not mean that the expansion of the Universe 

stopped.  It continued to possess a huge amount of energy.  High energy elements vibrating with resonant 
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frequencies continued to generate particles of matter.  Of course, the energy of those vibrations kept reducing.  

Therefore the particles appeared with less and less energy.  On the other hand the high-energy particles that 

appeared earlier were breaking up into smaller-energy particles.  As a result the Universe was being filled by 

the particles more and more familiar to us.   The temperature and the primordial matter of the very early 

Universe appeared.  Evolution and interaction of different particles of this matter were described by different 

scalar fields. The particles and new scalar fields began to interact. 

Let us consider a new dynamic field χ , which interacts with a basic scalar field ϕ  but which has no mass 

term. In this case according to the quantum field theory an effective potential depends on the functions ϕ  and 

χ  [52]: 
2 2 2 2 4 *1 1

0 2 4( ) 'effV V m Cϕ ϕ λ ϕ χ λϕ ϕ= + − − + .                                  (70) 

Here *C  is constant. The scalar field  determining the temperature is considered. We can write 
2 2 2' ,g Tλ χ =                                                        (71) 

if the scalar field is in a thermal equilibrium.  Taking (71) into account we rewrite (70) in the form 
2 2 2 2 2 3 *
* ( 2 ) .tt c m g T Cϕ ϕ ϕ λϕ− ∇ = − − + −                                   (72) 

Thus, near 
2 2 22m g T= ,                                                         (73) 

the equation (72) can instantly change its solution.  The condition (73) corresponds to the phase transitions in 

a physical field.  In other words, if 
222 2 Tgm = takes place, the scalar field can bifurcate into new scalar fields 

(Fig. 40). 

 

Fig. 40.  Various representations of  (70) [101]. 
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The matter formed the continuum having density and pressure.  The volume of the matter continued increase, 

therefore the temperature and the density began to diminish.  As a result, the system crossed different critical 

states when it changed very strongly.   

The production of the particles continues after the origin of the Universe. Inside of the expanding Universe, the 

heavy highly energetic particles decay into lighter particles and radiation.  The Universe size continued to 

increase.  According to the well known terminology the described fast expansion of the Universe may be called 

the inflation.  Although according to our representations the speed of the expansion was much slower than it 

follows from the known inflation models.  According to our model the Universe could form rather large, almost 

evenly filled by the particles of energy and matter.  Therefore the special stage of the superfast expansion is not 

required for our model (Fig. 41). 

 

 
Fig. 41.  Schemes demonstrating the evolution of the initial bubble of energy and the appearance of 

particles, matter,  waves and vortices. The appearance of the matter forms the four-dimension spacetime. 

 

The speed at which these particles are produced reduces all the time. However, it is possible that the particles of 

matter form in the depths of cosmos even now.  Certainly, the volume of their production is not comparable to the 

volumes in the first moments of the existence of the Universe.  This production may support and can even 

accelerate the continuing expansion of the Universe. 

Thus, we explain qualitatively the emergence of the Universe and describe its initial evolution.  It is assumed that 

the eruption was a process at which the multidimensional timespace collapsed and the newly formed spacetime 

elements began to vibrate with resonant frequencies creating energy and matter particles.  Then the waves and the 

vortices were formed  [58-60]. 

Our Universe appeared with its four-dimensional spacetime. The Universe size was much greater than the Planck 

size and it was substantially evenly filled with highly energetic particles of matter.  

Résumé of the research. 

1. The pre-universe exists within a multidimensional spacetime.  This pre-universe is described by a 

scalar field.  The field is roiled by the tiny quantum fluctuations; 
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2. At any moment the pre-universe gives birth to billions of ‘seeds’ of rapidly evolving Universes, one 

of which accidentally evolved into our Universe; 

3. The Universe sprang into existence due to quantum fluctuations;  

4. During the earliest stage of the evolution the multidimensional scalar field was fragmented into 

vibrating elements having very high energy. The fragments are modelled as one-dimentional strings; 

5. Highly nonlinear oscillations of those elements emitted very heavy particles of mass and energy 

which formed the four-dimensional spacetime; 

6. Our Universe appeared with huge energy, mass and the finite size; 

7. The spacetime began to stretch very rapidly as more and more particles appeared and the heavy 

particles began breaking up into lighter particles and the energy continued to transform in mass.  It was the 

Universe’s rapid growth spurt; 

              8.  Because of the University expansion the dark energy density (the cosmological constant?)  begins 

to drop to zero; 

9. Waves and vortices began to form in matter. 

  According to the developed model the origin of the Universe was the pure nonlinear process. In particular, dark 

matter emerged as the very stable clots of the initial energy which were been generated due to the nonlinearity. 

Normal matter was formed by  small parts of the instable clots of the initial energy which were generated due to 

the nonlinearity.  Dark energy is some remnant  the initial energy remaining after radiation of high-energetic mass 

particles. Figuratively speaking, the dark energy is coals and ashes a bonfire which was burnt down. The normal 

and dark matters are sparks and flames of the long-vanished bonfire. 

 

Part III.  Supporting experimental results 

 

11.  Supporting experimental results: gravity waves 
 

In the sections 3-5 we presented many examples of the oscillations of a scalar field.  Do they describe the 

behaviour and evolution of the fundamental field of the pre-universe?  We do not have experimental evidence 

supporting or denying this statement. 

However, it is possible to expect that the above waves can exist in the case of other wave processes, since the 

wave processes are described by similar equations.  The above we showed that there are certainly analogies in 

the wave processes of different physical nature. Folded shapes of the scalar field waves are complex.  However, 

similar evolution was observed on the surfaces of liquids. Thus, the scalar field waves can be similar to the 

waves in water. Let us continue this analogue at this section. 
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11.1. Strongly-nonlinear Faraday waves 

 

Let us again compare waves of Figs. 37-39 with the strongly-nonlinear Faraday’s waves [59, 102-104].  These 

waves were excited in a vertically oscillating container [102].  Its length was 0.6 m, and the width 0.06 m. The 

depth of water was 0.3 m. All wave profiles (Fig. 42) were observed during one experiment. The forcing 

frequency was 1.6 Hz and the amplitude was 4.6 mm. 

 

 
A. Gravity waves observed at the moments of time: 0, 0.04, 0.08, 0.12, 0.16, 0.2 (left), 0.24, 0.28, 

0.32, 0.36, 0.4, 0.44 sec (right). The transresonant nonlinear evolution of surface water waves accompanied by 

the strong change of the wave forms and by the eruption of the particles from wave tops. Similar waves may 

be in the scalar fields. 
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B. Gravity waves observed at the moments of time: 0.52, 0.56, 0.6, 0.64,0.68, 0.72, 0.76 (left), 0.8, 

0.84, 0.88, 0.92, 0.96, 1, 1.04 sec (right).  Similar waves may be in the scalar fields. 

 
C. Gravity waves observed at the moments of time: 1.16, 1.2, 1.24, 1.28,1.32, 1.36 (left), 1.46, 1.5, 

1.54, 1.58, 1.62, 1.66 sec (right). Similar waves may be  in the scalar fields far enough from resonances. 
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Fig. 42.  The transresonant nonlinear evolution of surface water waves accompanied by the strong 

change of the wave forms and by the eruption of the particles from wave tops (see A) [102]. 

 

Very wide spectra of strongly-nonlinear waves are presented in Fig. 42. It is clear that waves of Fig. 42 

are described qualitatively by our theory. In particular, Fig. 37 corresponds to Fig. 42A, Fig. 38 

corresponds to Fig. 42B and Fig. 39 corresponds to  Fig. 42C.  However, there are some discrepancies 

between the observations and the calculations. 

In our calculations we assumed that the shift of the linear oscillations (linear component of the solution) 

relative to the nonlinear oscillations (nonlinear component of the solution) was / 2π−  (69).  Generally 

speaking, this value is not known.  The shift can be anything from 0 to π− .  Certain discrepancies 

between the observations and the calculations can be explained by the variance in the value of the shift. 

Surface jets  and folds. During the experiments the wave crests erupted streams of water sometimes, or 

sometimes they were crowned by small travelling breakers [102]. Fig. 43 demonstrates these waves, which 

can be schematized as modes A, B and C. Experimental data of Fig. 43 are modelled and illustrated by Figs. 

44 and  45. 
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  1        2          3 
Fig. 43.  Profiles of counterintuitive waves [59, 102-104]. The modes resemble some forms shown in Fig. 

42. 
 

The mode A in Fig. 43 is defined by a sharp angle at the crest and by the appearance there of a  jet. The 

mode B is characterized by almost-plane or slightly-concave peak, and by the presence of folds on the crest 

edges. The mode C has a dome-like crest. Counterintuitive profiles of these waves appeared at the container 

centre.  

We emphasize that inside the resonant bands, counterintuitive waves can occur. We found a few curves 

resembling modes A, B and C – those curves are denoted in Fig. 43 by numbers 1, 2 and 3. The curve 

(wave) 1 reproduces cnoidal-type waves. The curve (wave) 2 corresponds to the mode B, but this wave is 

accompanied by the bubble under the wave trough. The curve (wave) 3 corresponds to the mode C. 

Results of calculations modelling of experimental data of Fig. 43 presented in Figs. 37-39 and 44 [103]. In 

particular, it is seen that curves A, B and C of  Fig. 44 qualitatively correspond to photos A, B and C of 

Figs. 42 and 43. 

 

 
A 
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                      B 

 
C 

Fig. 44. The transresonant evolution of waves. The simulation of  the vertically excited waves  of 

Figs. 42, 43. The dash-dot lines determine the initial standing wave. The thin lines determine the elastica-like 

waves (they are formed by opposite travelling waves). The thick lines are a sum of the dash-dot lines and the 

thin lines [103, 104]. 

 

 
Fig. 45. The opposite travelling breaking waves observed in [105] which correspond to some 

pictures of Figs. 37 and 44. 

 

The travelling breaking structures on a interface two liquids forced in a resonator were observed in [105] 

(Fig. 45). It is seen that the travelling breaking structures (Fig. 45 left) are qualitatively modelled by the thin 

lines 0.215, 0. 22, 0.225, 0.23  of Fig. 44 and the travelling breaking structures (Fig. 45 right) are 

qualitatively modelled by the thin lines 0.255, 0. 26, 0.265 of Fig. 44. 
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Fig. 46.  Destruction of  water surface by the Faraday's waves [93]. 
 

Results presented in Figs. 42 and 43 were amplified in Kolesnichenko’s researches [92, 93]. He studied the 

wave forms excited on water surface by strong vertical vibrations. At the whole, his results presented in Figs. 

36 and 46 correspond well with data of Figs. 42 and 43. In particular, wave 1, waves 2, 5 and 6, waves 4, 7 of 

Fig. 46 resembles curve 1, curve 2 and curve 3 of Fig. 43, correspondingly.  

Kalinishenko results are presented in Figs. 47 and 48 (upper rows).  Results of our calculations are shown 

there in the bottom rows. 

 

 

 
Fig. 47.  The comparison of experimental data [92, 93] with calculations [58, 59]. 

 

On the whole, the wave A (Fig. 47) corresponds to the picture 0.173 of Fig. 35. The wave B corresponds to 

picture 0.1875 of  Fig. 35 and the picture 0.43 of Fig. 38. The wave C corresponds to the picture 0.665 and 

0.69 of Fig. 39. The down row of Fig. 47 describes additionally only some particularities of waves A, B and 

C. 

 

 
 

Fig. 48.  The comparison of experimental data [92, 93] with our calculations [58, 59]. 
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Fig. 48 shows the formation of the crater, the collision of  the waves and the eruption of the jet. On the whole, 

the Fig. 48 corresponds to the picture 0.17 of Fig. 35. 

Thus, we have shown that our research of the scalar field oscillations is supported well by many experimental 

data. 

 

11.2. Resonant particles, drops, jets, surface craters and bubbles 

 

Fig. 49  shows the formation of jets during the collapse of the surface depression or cavity. The calculated 

curves show the interaction and the evolution of resonant waves of some scalar field (left of Fig. 49). These 

processes are modelled by parametrically (vertically) forced surface waves (craters, jets and drops) in photos of 

Fig. 49. 

 

     
Fig. 49.  Photographs showing the axisymmetric wave depressions (surface cavities) and jets [106]. 

Results of calculations of a resonant wave in the scalar field [58, 59, 103]. The figures near the calculated curves 

determine  dimensionless time. 

 

Other examples of these waves are presented in Fig. Fig. 50, in which the photomontages show the formation of 

jets of a liquid during collapse of the surface craters. 
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Fig. 50.  Photomontages of the surface collapsing craters, a bubble near the liquid surface and  surface jets [107]. 

The calculated curves illustrate the photomontages [58, 59, 103]. Results of calculations of resonant waves in 

the scalar field. The figures near the calculated curves determine dimensionless time. 

 
The photos 50 demonstrate various forms of the craters arising on the liquid surface (a–c) and a bubble (c). The 

calculated curves are found for different dimensionless time. The curves 49 and 50 show the evolution of 

resonant waves in the scalar field. The general agreement of experiments and calculations is apparent. 

 

11.3. Scalar fields: modelling of instability and evolution of waves into vortices 

 

Here we refer to a more conventional examples to support the above findings for scalar resonant waves. 

1. First we consider the case of the Richtmyer–Meshkov instability of an interface of a two-liquid system [83]. 

The results of instability are presented in Figs. 51 and 52 (upper rows). The results of our calculations are 

shown there in the bottom rows. 

 

  

 
 

Fig. 51. The comparison of experimental data [83] with calculations. Here R is some 

transresonant parameter. 

 



 72 

We simulate results of the experiments as some transresonant process describing by the nonlinear 

Klein-Gordon equation (1).  

                

                 
 

Fig. 52. The comparison of experimental data [83] with calculations. 

 

Results of the Richtmyer–Meshkov instability are difficult to describe analytically. Especially a 

transformation of smooth elements of waves into vortex is difficult to simulate.  However, the 

calculations shown in Figs. 51 and 52 allow to image the streamlines which have formed the vortices. 

These streamlines are shown in Fig. 53. 

 

  
Fig. 53. The vortex scheme of  certain experimental results [83], which follows from results 

of calculations (see Figs. 51 and 52 right). 

 

It is seen (Figs. 51-53) that the calculations describe qualitatively the appearance of vortices because of 

the Richtmyer–Meshkov instability.  We stress that R in Figs. 51-53 corresponds to the transresonant 

parameter R  (50). 

2.  The generation of vortices in different physical fields as a result of the instability is a known effect.  

Apparently during instability both waves and vortices may appear in scalar fields.  In particular, in a Bose 

Einstein condensate vortices were created due to the snake instability (Fig. 54). 
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Fig. 54 Spontaneous formation of vortices through the snake instability [108]. The initial 

perturbation (0.2 ms) evolves into many vortices (14.9 ms). 

 

  In particular, this evolution (Fig. 54) is similar to the evolution presented in Figs. 51-53. 

 
a                                                                 b 

Fig. 55   Evolution of the initial perturbations of some interface into the elasica forms (mushroom-

like waves), vortices and turbulence. The occurrence of the vortices shown by spots during the Belousov -

Zhabotinsky reaction (a). The occurrence of the vortices and turbulence according to the numerical solution of  

the Ginzburg-Landau equation (b) [109]. 

 

The evolution of the perturbations of interface between two environments into vortices was studied in [109]. 

Fig. 55 was taken from [109]. There theoretical studies of the nonequilibrium Ising-Bloch bifurcation have 

utilized the FitzHugh-Nagumo reaction-diffusion model and a variant of the complex Ginzburg-Landau 

equation that describes amplitude modulations of forced oscillations. We can consider the perturbations of the 

interface as a heterogeneities in the very early Universe.  They are shown by Fig. 55 (a,d).  The initial 

interface (a, d) changes as a result of growth of the perturbations.  Fig. 55 (e, f) shows the positions of vortices 

(the spots in the figure) at the different moments of time.  Thus, Fig. 55 (d, e, f) demonstrates the evolution of 
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the originally very smooth heterogeneity in mushroom-like waves and vortices. Some examples of similar 

evolution were shown in Figs. 51-53.  We think that Fig. 55 shows certain rough schemes of global evolution 

very early Universe and the formation of galaxies. 

Thus, we have shown that in the nonlinear scalar fields can form a wide spectrum of strongly-nonlinear 

waves. Similar waves were observed in the experimemnts (Figs. 51-55). Strongly-nonlinear waves of scalar 

fields considered in the section 8 and 11 coorespond well with data of namy experimants presented in the 

section 11.   

  

12. ‘Elastica’-like waves and particles: from Bernoulli, Euler, Laplace and Faraday to the eruption of the 

Universe 

 

Euler’s elastica forms. The elastica forms of strips attracted the attention of James Bernoulli, Leonhard 

Euler, Pierre Laplace,  Gustav Kirchhoff, Max Born and others [110-119]. In particular, James Bernoulli 

posed the precise problem of the elastica in 1691.  Euler, building on (and crediting) the work of the 

Bernoullis, was the first to completely characterize the family of curves known as the elastica (Fig. 56). His 

treatment was quite definitive, and holds up well even by modern standards (Fig. 57).   

 

  
Fig. 56. Six of Euler’s elastica figures: Fig.6 –Fig. 11 (left and right) [110].  
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Fig. 57. The evolution of the elastica forms as  function of  certain parameters a, c  (left) and λ: λ = 0.1; 0.2; 

0.249; 0.25; 0.251; 0.28; 0.3027; 0.35; 0.4; 0.5; 1  and  2 (from top to bottom of the picture) (right) [110, 113]. 

 

The elastica forms calculated for different values of certain parameters a and b, and 2 21
2 a cλ −=  are shown in 

Fig. 57 (see [110, 113]). The reader can see the transform of the harmonic wave (λ = 2) into the shock-like 

wave (λ = 0.5) and then into the mushroom-like configurations (λ = 0.4 and  0.35). Euler’s elastica (Fig. 56 

(left and right) and Fig. 57 (left)) describe well some results of modern calculation showed in Fig. 57 (right). In 

particular,  Euler’s elastica 6, 7, 8, 9, 10, 11 (Fig. 56) correspond well to curves λ =1, 0.4, 0.3027, 0.251, 0.25 

and 0.249 (Fig. 57 (right)).  

The folding and formation of relating elastica forms are well-known processes of the instability of many long 

flexible systems (Fig. 58). In particular, folding and knotting of thin structural elements can take place under 

an axial impact [120-122].  
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Fig. 58. Development of the dynamic buckling form of a long structure under an impact loading (a) initial, 

(b) t = 0.322 ms, (c) t = 0.504 ms, (d) t = 0.918 ms, (e) t = 1.598 ms, (f) t = 2.612 ms [120]. 

 

The form λ = 0.35 of Fig. 57  corresponds to the tucks arising at axial crushing of the square tube (Fig. 

59eft). The shapes presented in Fig. 59 (centre and right) form by the compression of very flexible rods. 

 

     
Fig. 59. The folding can take place during the crushing of square tubes left) [121]. Table-like form (centre) and 

mushroom-like form (right) of a thin rod [122].  

 

Experiments of Sir Taylor and an ‘elastica’. Let us consider results of the interesting experiments 

performed by Sir G.I. Taylor (Fig. 5) [123].  

 
Fig. 60.  Threads of SAIB, floating on mercury [123]. 

 

Taylor wrote in 1969:  “The analogy between the equations of motion of a viscous fluid and that of an 

incompressible elastic solid is well-known.  It was pointed out to me by Brooke Benjamin that when a thin 

rod is subjected to end compression it forms an elastica and that Love’s Theory of Elasticity contains a 

picture of the set of elasticas.  I, therefore, found a very viscous fluid, known as SAIB (Sucrose Acetate 

Isobutirate) and stretched a thread of it between two sticks.  I then laid this thread on the surface of a dish 

of mercury and either pushed the sticks towards one another or laid two matches on the thread and pushed 

them towards one another, and photographed the thread” (see Fig. 57: λ = 1, 0.5 and 0.4).  Sir G. I. Taylor 
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observed also a very viscous stream of the fluid falling onto a plate [123]. A short distance above the plate 

the stream begins to wave or rotate into a spiral form. More complex folding was observed when the 

stream falls into a fluid of less density than itself. In the last case the stream can fold and form knots. The 

folding of the stream resembles the buckling of the elastic bodies which have been showed in Figs. 58 and 

59.   

Laplace’s capillary waves.  Apparently, the elastica forms can exist in many highly-nonlinear wave 

systems. We suppose that the elastica forms can describe qualitatively periodic appearance of splashes, 

drops and bubbles on a liquid surface as results of highly-nonlinear effects and  the surface tension. In 

particular, the forms which intended for the description of different forms of rods may be used for the 

analysis of highly-nonlinear capillary  waves.   

 
Fig. 61. Some elastica forms can describe the water surface forms which can appears because of the 

capillarity [115]. 

 

Pierre Simon Laplace investigated the shape of the capillary in his 1807 work [115]. We think that the 

elastica-like waves and their dynamics describe  processes which have been observed in many 

experiments. In particular, parametrically (vertically) forced surface waves, which may be known as 

Faraday waves [90, 91], can describe as elastica forms [104].  

We presented the data describing strongly-nonlinear waves both in continuum and scalar fields. The 

nonlinear Klein-Gordon equation describes the wide spectrum of the wave phenomena which have a 

resonant nature. The theory describes many elastica forms, which attracted the attention of many of the 

brightest minds in the history of mathematics and physics, including Galileo Galilei,  James Bernoulli, 

Leonhard Euler, Pierre Laplace, Michael Faraday, Gustav Kirchhoff , Max Born and others.  We have 

shown the similarities of nonlinear phenomena which take place from  oscillations of water surface through 

to the eruption of the Universe.  

We show that the strongly-nonlinear (‘elastica’-like) waves of scalar fields considered in the section 8 and 

11 coorespond well with data presented in the sections 11 and 12.   

 

Part IV. Discussion and comments  

   In this book we developed certain ideas which had been collected in [73]: 
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 ‘The amplitude and the form of the resonant waves is defined by nonlinear, dispersive, dissipative and 

spatial effects. In the trans-resonant frequency band the balance between these effects varies along with the 

frequency. Therefore within the band unexpected phenomena can be generated. For example, the trans-

resonant transformation of harmonic smooth waves into shock waves were observed in tubes. In mechanical 

systems, only the first resonances can typically be observed, because of the damping and the narrowing of 

the resonant band with the increase of the resonance order. However, in electronic, optic, crystal and 

quantum systems the damping may be very small and higher order resonances can occur. Electrons and 

atoms can also form resonators. Interesting elliptic standing wave patterns were recently observed formed 

by a single atom and a 2D free electron gas. It was found that the Bose-Einstein condensate can have 

unprecedentedly large nonlinearity. As a result, a resonantly tuned light pulse travels at a velocity of only 17 

m/s and is strictly compressed in the condensate. This effect might explain various anomalous observations, 

in particular, in space. Indeed,  the varying-speed-of-light theory of the cosmos was developed during recent 

years. The acoustical, resonant and nonlinear effects may be important for cosmology. It has been 

discovered that the background radiation has large-size peaks (a fundamental mode) and smaller peaks 

(‘overtones’). The early Universe rang like a spherical resonator after the big bang. Thus, recent 

observations show that the acoustic model of the early Universe is correct. The rapid expansion of the 

Universe produced nonlinear pressure and density waves, since the matter of the early Universe was highly 

nonlinear and very dense.  

One of the goals of this paper is to study highly nonlinear wave phenomena in various dissipative-dispersive 

resonant systems. These systems can be surface layers, microresonators, the early Universe, etc. We develop 

the theory of trans-resonant wave phenomena in these systems. The perturbed wave equations are studied. It 

is known that the physical processes of generation and transformation of waves can differ dramatically, 

nevertheless equations and analytical solutions which describe these processes are often similar. For 

example, shock-, soliton- and cnoidal-like solutions are well known in nonlinear dynamics. In particular, it 

has been recently found that similar solutions describe waves in spherical resonators and different 

anomalous wave phenomena, and wave patterns observed in water and granular layers. It has been shown 

that the perturbed Maxwell wave equation and the perturbed Klein-Gordon field equation ( 4f  field) have 

similar solutions.’   

We considered the origin and the evolution of the Universe using ideas noted above.  

 

13. The great tragedy of science 
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The standard model of the universe is based on an oversimplification of Einstein’s equations of general 

relativity. There are two big assumptions. First, that the universe is homogeneous, looking roughly the same 

in all locations. Second, it is isotropic, looking roughly the same in all directions from any standpoint. These 

assumptions led to the Big Bang model and the cosmic inflation theory. The Einstein’s equations become 

very complex and the Big Bang and the inflation become slippery concepts if these assumptions are not 

valid [41-43]. 

It is found today that galaxies exist in clusters and filaments of matter distributed around the boundaries of 

huge, bubble-shaped voids. These voids have roughly one-tenth of the clusters' matter density, but account 

for more than 60 per cent of the universe's volume. ‘Everyone knows that the universe is inhomogeneous,’  

says Thomas Buchert of the University of Lyon in France. ‘To idealise such a complex structure with a 

homogeneous solution is a bold idealisation’. The problem is, we don't have a bird's-eye view of the 

universe on such scales. David Wiltshire, cosmologist  at the University of Canterbury in New Zealand, 

thinks that what is going on right in front of our eyes might be distorting our view  [124].  

The idea of the cosmic primeval fireball was born in the mind of George Gamow [125-129]. This idea is 

fantastically successful. Basing on it Gamow and his co-authors presented brilliant predictions about 

chemical element abundances when they have come out of the cosmic fireball and about the cosmic 

microwave background (CMB). This idea was very successful since Gamow main interest was in the cosmic 

history 1 second after the Big Bang. For example, the hot Big Bang theory predicted that no galaxy in the 

Universe contains less than 23 percent of helium. This amount was confirmed by observations.  But these 

and other successes had not shed light on the mystery which is the origin of the Universe. Indeed, according 

to  the hot Big Bang theory we have the singularity in the beginning where the laws of physics are not valid. 

Therefore the Gamow model does not work very close to the beginning. 

The inflation theory is trying to correct this situation.  

Observations tell us that CMB is remarkably isotropic. However, there is a tiny bit of anisotropy in CMB. 

Planck's map (Fig. 62) greatly improves cosmologists' understanding of the universe, but it does not solve 

lingering mysteries over unusual patterns in the CMB.  These include a ‘preferred’ direction in the way the 

temperature of light varies, dubbed the cosmic ‘axis of evil’, as well as an inexplicably cold spot that could be 

evidence for universes beyond our own. Perhaps, it is not very surprising. The last data give the theorists 

something from which to build mathematical models about contents of the early Universe. Some physicists 

wonder whether the axis of evil requires a rethink of our ideas about the Universe. They include Joao 
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Magueijo at Imperial College in London, who coined the term ‘the axis of evil’. According to Fig. 62, there 

may be something seriously wrong with Big Bang and inflation models. 

 

 
Fig. 62. The north/south differences and a ‘cold spot’ in CMB [130]. 

 

These include a ‘preferred’ direction in the way the temperature of light varies, dubbed the cosmic ‘axis of 

evil’, as well as an inexplicably cold spot that could be evidence for universes beyond our own. Perhaps, it is 

not very surprising. The last data give the theorists something from which to build mathematical models about 

contents of the early Universe. Some physicists wonder whether the axis of evil requires a rethink of our ideas 

about the Universe. They include Joao Magueijo at Imperial College in London, who coined the term ‘the axis 

of evil’. According to Fig. 62, there may be something seriously wrong with Big Bang and inflation models. 

‘The great tragedy of science,’ as Thomas Huxley observed, is ‘the slaying of a beautiful hypothesis by an 

ugly fact’. He was talking about the origins of life, but it may be true for the starting point of the Big Bang 

model and the cosmic inflation theory . 

 

14. Some notes about the inflation models: pros and cons. 

 

In March 2014 curly, vortex-like patterns were observed in CMB with the help of the telescope at the South 

Pole (Fig. 63). There are pinwheel-like swirls in Fig. 63.  What they mean? This explains high interest in the 

BICEP2 data. Using a radio telescope at the South Pole, the US-led team has detected the first evidence of 
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primordial gravity waves and vortices (Fig. 63).  It may be considered as a long awaited confirmation that the 

origin of the Universe was accompanied by a very fast expansion.  

 

 
Fig. 63.  Pinwheel-like swirls in a map of the Background Imaging of Cosmic Extragalactic 

Polarization [130]. 

 

We want to resemble that there are many loop-like structures in the figures of the book (see, for example, 

sections 5, 8 and 11). What do they mean?  May they be interpreted as vortices in certain scalar field ?  Can 

we consider these structures as the seeds of the galaxies and its clusters in the early Universe? 

Can we consider the patterns in Fig. 63 as the ‘footprints’ of the vortices which were imprinted on the sky a 

lot of time ago?  Of course, this is only a suggestion.  Modelling the origin of the Universe is a bit like 

playing whack a mole.  All time the new results knock out the old theories. 

Cosmologists knew that inflation would have a distinctive signature: the brief but violent period of 

expansion would have generated gravitational waves, which compress space in one direction while 

stretching it along another. Although the primordial waves would still be propagating across the Universe, 

they would now be too feeble to detect directly. But they would have left a distinctive mark in the CMB: 

they would have polarized the radiation in a curly, vortex-like pattern known as the B mode. 

The results were declared  during March 2014. In particular,  the journal Science [131] published exciting 

paper ‘First wrinkles in spacetime confirm cosmic inflation’. ‘This is a totally new, independent piece of 

cosmological evidence that the inflationary picture fits together,’ says theoretical physicist Alan Guth of the 

Massachusetts Institute of Technology (MIT) in Cambridge, who proposed the idea of inflation in 1980 

[12]. He adds that the study is ‘definitely’ worthy of a Nobel prize.  ‘If the BICEP2 data are confirmed, 

apostles of inflation may celebrate the dramatic conformation of the general idea of inflation’ say Aleksei 
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Starobinsky of the Landau Institute for Theoretical Physics in Moscow, Russia, who had published his own 

theory of inflation in December 1979 [11].  Several physicists are suggesting that the data of the BICEP2 

will change the face of cosmology and particles physics. 

Then journal Nature  collected reactions  of leading researchers about the BICEP2 data [132]. We quote a 

few of them:   ‘It’s just amazing because many great intellectual discoveries are never confirmed at the time 

when the authors are still alive. I’m not dead yet and they are already seeing this gravitational-wave signal. 

So I was just flying there on the airplane thinking is this going to break? If my life ends right now I’m not 

going to know.’ Andrei Linde, theoretical physicist at Stanford University in California, and one of the 

founders of inflation theory [13]. 

 ‘This is Nobel prize material, no question. It’s not everyday that you wake up and learn something 

fundamentally new about the Universe, a telegram from the very earliest moments of the Universe. It also is 

the first detection of the effects of a gravitational wave on matter: that’s a great landmark achievement just 

in time for the one-hundredth birthday of Einstein’s general [theory of] relativity next year.’ Marc 

Kamionkowski, cosmologist at Johns Hopkins University in Baltimore, Maryland. 

‘There’s no doubt that the gravitational waves, if confirmed, would kill the cyclic and ekpyrotic models that 

my collaborators and I proposed. We have always been very clear about that. But that is a big if.’ Paul 

Steinhardt, theoretical physicist Princeton University in New Jersey 

However, although further observations may yet confirm the findings, independent researchers now say  that 

the results do not relate to the very early Universe  [42]. In particular, Paul Steinhardt, who is one of the 

founders of inflation theory [14],  stressed [133]: ‘The BICEP2 instrument detects radiation at only one 

frequency, so cannot distinguish the cosmic contribution from other sources.... Now a careful reanalysis by 

scientists at Princeton University and the Institute for Advanced Study, also in Princeton, has concluded that 

the BICEP2 B-mode pattern could be the result mostly or entirely of foreground effects without any 

contribution from gravitational waves. …. The inflationary paradigm is fundamentally untestable, and hence 

scientifically meaningless.’. 

 

15. From Alfonso the Wise to our theory 

 

Alfonso the Wise and the inflation. The second century witnessed the culmination of Greek cosmology. Its 

author was Claudius Ptolemaeus (Ptolemy). In his book Ptolemy launches his unique and crowning 
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achievement: the first complete and rigorous account of the planets' erratic motions. Epicycles, deferents, 

eccentrics and equants were introduced to describe the motions.  The Arabs, in their efforts to improve the 

accuracy of Ptolemaic theory, had added more epicycles. As result the theory became scandalously 

complex.  For example, Alfonso the Wise, the thirteenth-century king of Castile (1221-1284), was rather 

sceptical about the theory ‘If the Lord Almighty had consulted me before embarking upon creation, I should 

have recommended something simpler’. 

King Alfonso could have make a similar remark about the Big Bang model. This model explains many of  

the detailed features of the Universe seen today. But the model assumes that the Universe had to start with 

certain properties that have never been successfully explained by the fundamental physics. So that to explain 

new observational data, researchers are introducing new and new suggestions which are not fully supported 

by observations, experiments and the results of fundamental physics. As a result the initially simple Big 

Bang theory became quite complex.  

Singularity of the Big Bang and the metaverse. Of course, it is impossible to overthrow the main results 

of the Big Bang theory. However, the theory says nothing about the explosion itself. On closer examination 

it was found that this explosion was very sensitive to very small perturbations. 

Alex Vilenkin [20] compared the stability of the expansion with the stability of a pin balancing on its point. 

Nudge it slightly in any direction and it will fall. A tiny perturbation from the required power level results in 

a cosmological disaster, such as the fireball collapsing under its own weight or the Universe being nearly 

empty.  At the same time, all properties of every object in the Universe are determined, in the final analysis, 

by some number of constants of nature. The Standard Model of particle physics, which describe strong, 

weak , and electromagnetic interactions of all known particles, contains about twenty-five ‘adjustable’ 

constants. Research in different areas of physics has shown that many essential features of the Universe are 

sensitive to the precise values of some of the constants. Any change to any of these constants could change 

our Universe. And most likely neither we, nor any other living creatures, would be around to admire this 

new universe. 

Thus, our presence in the Universe depends on a precarious balance between different tendencies. In 

particular, the balance would be destroyed if the constants of nature were to deviate from their present 

values. What are we to make of this fine-tuning of the constants? We can suggest that there are infinite 

number of universes and that one of them corresponds to our Universe [20]. 

A few notes about our theory. We presented above the coherent model for the emergence and initial 

evolution of the Universe. In particular, we found that a scalar field can give birth to the billions of ‘seeds’ 

of rapidly evolving Universes. Most of them are Planck-sized ‘flicker’ universes, which blink in and out of 

existence. But then, there are some universes that evolve to a large size. One of them accidentally formed 

our Universe with the fundamental parameters which we have.  
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We reject the starting point of the Universe as the explosion or the singularity.  The model without the initial 

singularity is introduced.  The pre-history of the Universe is introduced instead of the singularity. 

1. We have developed an approximate model of the origin of the Universe. The model is common and has 

potential for development. This is not an engineering-type model like the Big Bang theory or the 

inflation. It is based on the equations of the quantum scalar field. We found the number of solutions. 

Using these solutions one can calculate the pressure and density of the field, and then the temperature. 

Of course, these calculations may be quite complex. But through these calculations we can align our 

model to the theory of the Big Bang. From the point in time when the density and temperature, 

calculated according to our model, increase up to the density and temperature, calculated according to 

the Big Bang theory, further calculation must be carried out using the model of the Big Bang. 

2. We attempted to develop the strongly-nonlinear model for the origin of the Universe in which all the 

elements fit together in a tight and natural way. The origin of the particles, mass and temperature is 

directly related to strongly nonlinear properties of the quantum scalar fields. In result, our theory opens 

the way for the development and further generalizations to explain the existence of dark matter and dark 

energy.  

2.1. During the tunnelling and subsequent time a portion of the energy, which can be qualitatively 

evaluated as the value of the second order relative to the initial energy of the entire field, is converted into 

particles and mass (see, for example, section 8). However, the bulk of the energy determined by pure 

harmonic oscillations  remained unused. We can assume that this energy was locked into the formed four-

dimensional spacetime. This energy may correspond to the dark energy. 

2.2. Some highly energetic particles  generated in the beginning could be very stable. They could work 

like a scaffold creating the cosmic structure. We can imagine that these particles had been stable for billions 

of years before they begun to decay.  This process can determine the law of expansion the modern Universe. 

On the other hand, these particles may correspond to the dark matter. 

3. We stress that our Universe must be asymmetric since the landscape around the potential wall was 

asymmetric during the eruption (Figs. 1, 2 and 9). It is also interesting that the origin of the particles is 

described by the solutions of the wave equation. Therefore it is not surprising that they have wave 

properties in accordance with the theory of Louis de Broglie. 

4. We do not have any precise data about the physical processes near the beginning. These processes could 

be very different from those familiar to us. Near the beginning the gravitation could be absent, the 
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Einstein theory may not be applicable and the sound speed might be much larger than the light speed. 

We assumed that the matter of the very early Universe could have unprecedentedly large nonlinearity, 

much greater than nonlinearity of the Bose-Einstein condensate [73, 108].  This nonlinearity was often 

ignored. We stress that the interaction of particles is the interaction of the fields. Results of the 

interactions are determined by the nonlinearity of the fields.  

 

16.  Conclusions  

 

Recent results from the Planck satellite, combined with earlier observations from WMAP, ACT, SPT and 

other experiments do not support the current standard model of cosmology, which combines the Big Bang 

origin and the inflationary scenario [41-43]. Here the scenario is developed, when the Universe begins in a 

state that differs greatly from that of the theories of the Big Bang and the inflation. The Universe was born 

having a finite volume. The coherent model for the emergence and initial evolution of the Universe, dark 

matter and dark energy is presented. 

It is assumed that the scalar field of the pre-universe leaps over infinite distances and permeates all of the 

spacetime.  This field is described by the nonlinear Klein-Gordon equation. Due to quantum fluctuations 

its solutions can interact and form the composite field which determines initial conditions of the evolution 

of the Universe. This approach is  quite different from those used in the current standard model of 

cosmology. 

Thus, we considered in this work some fundamental problems of cosmology. On the whole, we developed 

and corrected some results from [58-60].  Our aim was to demonstrate that solutions of  relatively simple 

versions of a nonlinear Klein-Gordon equation can describe the strict sequence of stages of the evolution 

of some pre-universe into the Universe, if strongly-nonlinear effects are taken into account. We link the 

origin of the Universe with strongly-nonlinear interaction of scalar fields existing in some pre-universe. 

Generally speaking, these fields are separable. However, due to quantum fluctuations the fields can 

occasionally interact. The Universe might have originated as a result of similar interactions. A simple 

picture  of the pre-universe,  its dynamics and the eruption of matter, dark energy and the Universe from 

the pre-universe was constructed. 

In particular, the eruption depends strongly on the amplitude of quantum fluctuations A  and the 

coefficient of nonlinearity λ . We found that the jump amplification of the scalar field was proportional to 
1Aλ−  .  For any 1λ−  this amplification was  approximately 2010 A . Thus, the scalar field can be amplified 

extremely as a result of the weak enough quantum action. Together with this, we recalled that the basic 

laws of quantum mechanics are applicable for our analysis. In particular, it is well known  that the energy 
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density and the energy pressure of the scalar field depend on derivatives 2
iΦ , 2

tΦ and the scalar potential 

( )V Φ . Thus, density and pressure can increase infinitely in the points of discontinuity. Due to the above 

circumstances our Universe could emerge, having practically infinite energy and mass. As a result the 

bubble energy separated from the pre-universe.  

In the research we tried to consider many strongly–nonlinear phenomena. We presented the scheme of the 

theory describing strongly nonlinear waves both in continuum and scalar fields. The theory describes the 

wide spectrum of the wave phenomena which have a resonant nature. The resonances provide a common 

platform to reduce disciplinary boundaries and to construct the unified theory of the extreme waves. The 

theory describes many elastica forms, which attracted the attention of many of the brightest minds in the 

history of mathematics and physics, including Galileo Galilei,  James Bernoulli, Leonhard Euler, Pierre 

Laplace, Michael Faraday, Gustav Kirchhoff , Max Born and others. We have shown the similarities of 

nonlinear phenomena which take place from  oscillations of water surface through to the origin of the 

Universe.  

A scenario is developed, when the Universe begins from a pre-universe and evolves into a state that 

differs from initial conditions of the theories of the Big Bang and inflation. 
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