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Abstract

In this paper the surface superfluidity property is defined. Such
a property is discussed for the four-component vacuum medium and is
responsible for motion of separate components along the separation sur-
face between them. The four-component medium � can be decomposed
into two three-component submedia a and b. If they are in a rotational
state then they represent electron and positron respectively. The sur-
face superfluidity property is responsible, within this model, for rotation
of the electron. Furthermore, defining of this property is viewed as a
stage in description of creation of electron-positron pair. Rotation of
the electron is considered as a complex phenomenon connected with in-
ternal dynamics of the medium a, interchange of components between
surrounding �-medium and the particle, near-to-surface separation of
components and their evolution. Within such a complex system of phe-
nomena it is shown that the surface superfluidity property can also lead
to modelling precession of spin.

1 Introduction

Resting electron exhibits complicated rotation associated with precession of
spin. This phenomenon is considered in theoretical physics [1], [2]. A natural
question is related to mechanisms which govern such a motion. This question
is still more important when we would like to describe creation of electron-
positron pair taking into account all intermediate stages of this process which
happen between strong electromagnetic waves and entirely formed new parti-
cle.

In the paper [3] the four-component vacuum medium � is considered. The
electron is viewed there as an extended particle which appears as a result of
decomposition of the medium � into two three-component submedia a and b.
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Then, rotating part of the medium a constitutes electron and rotating part
of the medium b constitutes positron. The medium a is separated from � by
means of a discontinuity surface S. Motion of the particle is represented by
motion of this surface. Consequently, in order to describe creation of pair
within this concept we have to model process of separation of components and
next process of initiation of the rotation. Modelling of all processes should
be based on a set of elementary postulates related to properties of the four-
component vacuum medium.

Taking into account fact that we model the vacuum medium at the most
elementary level and particles appear as a more complex state, the question
related to mechanisms of rotation should be expressed by appropriate vacuum
medium properties.

Accordingly, the aim of this paper is to introduce and discuss a property of
the four-component vacuum medium responsible for rotation of the electron.
This property, called here surface superfluidity, forces rotation of parts of a
and b submedia appearing during pair creation process as a result of separation
from �-medium.

Discussion of such a property is viewed as part of a larger concept designed
for description of the process of particle-antiparticle pair creation. First stage
of this concept has been discussed in the paper [4], where a method of modelling
strong electromagnetic waves has been introduced. Within this model effects
preluding separation of components are taken into account. Therefore, the
next step within the concept of particle-antiparticle pair creation modelling
is connected with mechanism of generation of rotation for separated parts of
media.

2 General assumptions related to the four-component

vacuum medium

We consider here a four-component medium which is identified with three-
dimensional space E3. We introduce in this space a Cartesian coordinate
system X = {Xi}, i = 1, 2, 3, X ∈ E3. One assumes also that behaviour of
this medium does not influence geometry introduced by the coordinate system.

We consider densities representing an amount of component related to a
volume. Volume is discussed as a natural consequence of introduced coordinate
system. Consequently, let �v, �v̄, �w, �w̄ stand for densities of the four com-
ponents correspondingly and � stand for density of the united media. Then,
the relation

� = �v + �v̄ + �w + �w̄ (1)
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is satisfied by assumption. Symbols of introduced here densities will be also
applied as names for corresponding to them media.

Consequently, we assume that the four components joined in the �-medium
constitute elementary units which all together generate a stable medium struc-
ture for sufficiently low energy states.

State of each elementary unit is described by displacements or a kind of
polarization of discussed components within units. They are represented by
vectors v, v̄, w, w̄. We assume that two pairs of the components are dis-
criminated by special interactions. Components within each pair are able to
move with respect to each other. Then, we can introduce new variables which
reduce number of degrees of freedom: u = v − v̄ and q = w − w̄. It is also
assumed that v̄ = −v, w̄ = −w. The variable u is identified with the vector
of the electric field intensity E and q is identified with the magnetic induction
vector B.

Summarizing, we have a symmetry between description of electric and mag-
netic field. However, separation of components during creation of particle-
antiparticle pair does not already exhibit such a symmetry. As a result we
have electric monopoles and we do not observe corresponding to such a sym-
metry magnetic monopoles.

Destruction of discussed above symmetry is discussed in the paper [3],
where we have assumed that the medium � can be decomposed into two three-
component media a and b, � = a + b for higher energy. Then, we assume
that

a = �v +
1

2
(�w + �w̄) , b = �v̄ +

1

2
(�w + �w̄) . (2)

This kind of decomposition appears as a result of attaining by u a critical
value u∗ viewed as characteristic property of the �-medium. After such a de-
composition the components a and b constitute media of electron and positron
respectively.

Properties of the whole medium are expressed by behaviour of its com-
ponents. In particular one assumes that each component �v, �v̄, �w, �w̄

considered separately attracts its own elements. Similar assumption is done
for a and b since they represent to some degree properties of their predominant
subcomponents �v and �v̄ correspondingly. After separation of a and b from
� we have to obtain possibility of recovering the vacuum medium structure.
Therefore, each discussed component has also to attract the other ones for
sufficiently small energy what leads to formation of the elementary units.

Above discussion enables to distinguish several characteristic energy levels.
The lowest energy corresponds to pure electromagnetic field with displacements
u and q only, which are considered as small. Higher energy levels are associated
with creation of elementary particles. Consequently, electron and positron are
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viewed as rotating a and b-media separated from � by a discontinuity surface
[3]. Still higher energy levels can be considered in connection with elementary
particle processes.

3 Concept of the surface suprfluidity property

in the vacuum medium

Increasing energy considered in the four-component vacuum medium leads to
gradual separation of components a and b united previously within elementary
units. A method of description of electromagnetic field for energy correspond-
ing to states close to total separation has been discussed in [4]. It is natural
to continue such a description towards further increasing energy. However,
then the situation changes qualitatively. Total separation of a from � needs
new variables for description. Furthermore, the separation surface S between
a and �-media appears. Description of evolution of such a new state of the
vacuum medium needs additional postulates. They have to be related to the
discontinuity surface S in particular.

It this paper we introduce a law which induces motion of the medium a with
respect to the medium � along the surface S. One assumes furthermore that
this law induces the main mechanism responsible for generation of rotation of
the electron emerging from the vacuum medium during the creation process.

We assume that this is possible to use deformation functions for describing
evolution of the media a and � considered separately. Such a function rep-
resents positions of elements of a medium assigned to points in a reference
configuration and is widely applied in continuum mechanics [6]. In the papers
[3], [4] one discusses possibility of using such functions for description of elec-
tromagnetic field considered within �. Method of modelling of motion of a is
also connected with application of a similar function [3]. Consequently, let χa

and χ� be deformation functions related to the medium a and � correspond-
ingly. Thus, χa determines position of elements of a-medium and the function
χ� determines position of the elementary units with respect to some reference
configurations. Using of deformation functions in discussed here modelling is
formally possible since we have introduced coordinate system.

Formal introduction of the deformation function enables also determination
of the discontinuity surface S which is a border between discussed components.
Discontinuity is related then to density of components as well as to values of
the deformation functions. In particular we can define χ−

a and χ+
� as values of

these functions assigned to the surface S.

Discussed media can move one with respect to another what can be ex-
pressed by a displacement duS defined on the surface. Let X be a chosen point
of space in a reference configuration for which the condition xS = χ+

� (X, t) =



Surface superfluidity property 1359

χ−
a (X, t) is satisfied for a given t. Then, the displacement evolving from time

instant t to t + ds is defined by

duS = χ+
� (X, t + ds) − χ−

a (X, t + ds) . (3)

It is assumed furthermore that duS is tangent to the surface S at the point xS.
Thereby, we do not discuss any motion of S in perpendicular to this surface
direction. Motion of S in the perpendicular direction is connected with motion
of the particle.

The definition of displacements enables in turn to define relative velocity
of the media on the discontinuity surface as follows:

vS(xS) =
duS

dt
(X, t) =

∂χ+
�

∂t
(X, t) − ∂χ−

a

∂t
(X, t) . (4)

In the next step we assume that stresses in the media can be considered.
Let us note that such a possibility follows from very general assumptions.
If we accept conservation of energy law as well as a description which uses
the deformation functions then the stresses appear formally as derivatives of
energy with respect to gradients of deformation. We do not tend to discussing
nature of stresses in detail. However, they play qualitative role in description
of evolution of the medium also on the surface S and therefore are discussed
here.

Let n be unit and perpendicular to S vector. We introduce w+ = T+n
and w− = T−n + f̄ . We postulate furthermore that the condition w+ = w−

is satisfied on the surface. This relation determines boundary conditions for
each part of the medium discussed. Let us assume also that

T+n = τ S + f+ , T−n = τ S + f− . (5)

Let us note that w+ = w− follows f̄ = f+ − f−.
Adding both sides of equations (5) and putting 2fS = f+ + f− we obtain

T+n + T−n

2
− τ S = fS . (6)

Putting f− = 0 we obtain f̄ = f+ and f+ = 2fS.
We introduce equation designed to description of dynamics on the surface

S by the following postulate

Cf v̇S = fS , (7)

where Cf is a constant.
Let m be an unit and tangent to the surface vector with direction of ve-

locity on the surface. Then, vS = vSm. Surface superfluidity property is
introduced by determination of a constitutive equation imposed on the force
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Figure 1: Dependence of τ S on velocity on the surface in one-dimensional
scheme.

fS. We assume that τ S = τSm and then the constitutive equation is intro-
duced by dependence of τ S on vS in a manner shown in Fig.1. In this figure
behaviour of τ S on the surface as dependent on vS is shown in one-dimensional
scheme. τ S and vS have the same direction. Negative vS shown in this scheme
corresponds to rotated m by 180o. During this operation m corresponding to
τ S is unchanged.

Summarizing, we introduce surface superfluidity property as the law of
evolution of the medium a with respect to the medium � on the surface S,
determined by the equation

Cf v̇ =
T+n + T−n

2
− τ S(vS) (8)

with the function τ S = τ S(vS) assumed in the form shown in Fig.1.

Let us assume that T+n = 0 and T−n = 0. Then, the driving force fS
developed on the surface is equal to −τ S(vS) and increases after a perturba-
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tion from the metastable state corresponding to vS = 0. This force changes
until vS attains the value vm corresponding to τ S = 0 for vS �= 0. Then,
acceleration is also equal to zero owing to the equation (8). As a result, we
have obtained permanent motion of the medium a with respect to � what is
expected for resting particle. The question is what role is played by the term
1
2
(T+n+T−n) in (8). Let us notice that motion on the surface can be realized

basically when the surface has constant curvature. This follows from kine-
matical considerations. Such a situation can be perturbed when the particle
is at an early stage of creation. Then, surface of the particle could undergo
a change until it attains a kind of stationary state. At this nonequilibrium
state, stresses T+, T− can block possibility of motion on the surface until the
surface takes suitable form. In this case we would also expect that the surface
superfluidity property induces some stresses.

Summarizing, role of stresses in formula (8) is perhaps important in case
when we would like to describe early stages of creation of particle-antiparticle
process. Such stages correspond to parts of the media a and b which are
not in a stationary state yet. Then shapes of the separated parts can evolve
considerably.

Let us illustrate a possibility of inducing rotation of the electron by ap-
plication of the surface superfluidity property. We discuss here a simplified
case only when the particle is a rigid sphere. Then, we can calculate distri-
bution of fS(x), x ∈ S. Stationary rotation corresponds to situation when
ω = const. We postulate here the following law which describes dynamics of
the spherically symmetric particle

dω

dt
= M = CM

∫
fS(x) × r(x)ds , (9)

where r(x) is radius of the sphere with the end at the point x and CM is a
constant.

We obtain a distribution of fS corresponding to a constant ω for M = 0.
This distribution expressed in the spherical coordinates depends on angle θ
between r and ω and is shown in Fig.2.

4 On the possibility of precession modelling

Discussed above example of rotating particle is too simplified in comparison
with real rotational motion of the electron connected with precession. Thereby,
status of the surface superfluidity property depends on possibility of modelling
precession of spin. In order to discuss such a possibility we have to consider
more complex effects which happen near the surface of the particle.

Let us discuss qualitatively a variant of internal dynamics of the particle.
Effects of such a dynamics are manifested in our rigid sphere approximation,
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Figure 2: Distribution of the surface forces fS as a function of angle between
ω and r.
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by production of components a and b on the surface of the particle and motion
of the component b on the sphere. However, we still consider our particle as a
rigid sphere.

We assume that the resting particle is in a rotational motion induced by
surface superfluidity property as well as by permanent interchange of compo-
nent a with the surrounding medium �. In order to describe such a process we
postulate the following properties of the four-component vacuum medium [5]:
1. Elements of the a-medium attract themselves in a nonlocal way. The same
property is referred to the b-medium.
2. Arbitrary excessive state defined as �T > �0, �T = a + b + � induces an
excessive repulsion of all components. This interaction vanishes for �T ≤ �0.
3. We assume that a reduced amount of components �T < �0 induces interac-
tions which tend to recovering equilibrium vacuum medium structure � = �0.

Sufficiently strong nonlocal attraction of a can also induce production cb

of the component b by subtraction of a from � and transfer of the component
a into the electron. We assume that created particle expands owing to such
a nonlocal attraction. When this particle is a sphere we should expect a
uniform expansion owing to spherically symmetric attraction. However, when
the particle rotates we have a distribution of velocity on the surface S.

We assume that the nonlocal attraction is dependent on v. For low v
this interaction is strong and is fading for increasing v. Consequently, the
component a is transferred into the particle through poles where the velocity
is low sufficiently. Then, production cb of the component b appearing after the
subtraction of a from � is also concentrated around the poles.

Stopping of the expanding process is assumed by equatorial stresses which
appear in the particle as a result of exceeding a critical value of forces near
the equator. We assume here that such forces depend on velocity on the
surface. When velocity is high sufficiently the force takes the critical value
corresponding to a strength of the medium a. Then, part of the medium a of
the particle is stopped and attached to � what is manifested by production of
ca near equator of the sphere.

Discussed above processes lead to spherically nonsymmetrical particle. How-
ever, the nonlocal attraction recovers this spherically symmetric shape what is
inevitably connected with motion of a within the particle. We do not discuss
such a dynamics here. Finally, in our approximation we consider the sphere as
rigid and the internal dynamics is manifested by production cb near poles and
ca near equator. As a result, we obtain a permanent excess of b near the poles
and a deficiency of b expressed by production of a near the equator. Then, the
excessive repulsion property and recovering vacuum medium structure forces
induce motion of b towards equatorially placed a.

We consider our particle as a sphere with center at intersection of axes
X1, X2, X3. This particle rotates with angular velocity ω = {ω1, ω2, ω3}
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with ω1 = 0, ω2 > 0, ω3 > 0 at an initial instant. Angular velocity of precession
is ωP = {0, ωP , 0}, ωP > 0. Angle between ω and ωP is less than 90o.

Consequently, in order to change the angular velocity ω in accordance
with ωP we have to consider Δω = {Δω1, 0, 0}. Therefore, we organize the
situation within our rigid sphere model when processes considered near the
particle induce Δω with predominant component Δω1.

We assume that presence of diffusing b on the sphere changes surface su-
perfluidity property. This change depends on value of b and is manifested by
decreasing value of vm with increasing b.

We assume that production of cb is realized for such points of the sphere
where |vS| < v∗

S. The value v∗
S is chosen in order to obtain not too large regions

placed between poles of velocities ω and ωP on upper and lower part of the
sphere. Let mb be direction determined by poles associated with regions of
production cb.

Production of a is placed at a region where |vS| > v∗∗
S . We assume that this

is a narrow region near the equator associated with poles for production cb what
is possible for attaining by appropriate option of v∗∗

S . In discussed situation
we can expect homogeneous diffusion from the poles to the equatorial area.
This diffusion is generated by excessive repulsion induced by b and recovering
vacuum structure forces induced by a.

We can expect that such a homogeneous diffusion induces a change of mo-
mentum acting on the particle and equal to ΔM in the direction mb only. This
is so since change of b during diffusion, and thereby also τ S, are homogeneously
distributed around the direction mb.

In order to obtain dominant factor ΔM1 in ΔM, generating precession
around the axis X2, we should consider rather nonhomogeneous diffusion. This
is expected in fact since just the homogeneous diffusion is rather particular
unstable state for rotating particle with discussed above complex dynamics.

In order to induce nonhomoheneous diffusion of b we admit existing addi-
tional factors generating production ca. It could be for instance, some stresses
within the particle induced by its internal dynamics and not considered in our
model. Therefore, we have deviated, by assumption, area of production ca

in order to induce directional diffusion on the sphere. This deviation reflects
possible processes within the particle and consists in rotation of the plane of
production ca around axis which is perpendicular to mb and X1. As a result
produced component a with deficiency of b is more close to the pole of cb.
Thereby, diffusion goes from the poles of cb to poles indicated by ends of the
axis X1 which is perpendicular to the plane spanned on the vectors ω and
ωP . Production cb and ca are shown in Fig.3 where axes represent angles of
spherical coordinates with constant radius of the sphere.

Motion of the component b on the surface of the electron is described by
two-dimensional diffusion equation determined on the sphere. Form of this
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Figure 3: Production of components a and b shown in spherical coordinates.
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equation reflects properties of the medium introduced by the three assumptions
introduced at the beginning of this section. Excessive repulsion is expressed
here by the flux Jb = λb · grad(b). We have assumed in this case that after
separation of the component a, the component b is in excessive state what
means that �T = � + b > �0. Then, Jb with λ < 0 reduces this excessive state.
Direction of this diffusion is modified by recovering vacuum structure forces.
The component a produced by ca appears in absence of �. Consequently, at
this region the vacuum medium should be recovered.

We introduce the function frec(x) = − ∫
Ka(x − y)ca(y)ds +

∫
Kb(x −

y)cb(y)ds, x, y ∈ S, which does not evolve during the diffusion process for
simplicity. Ka(z) and Kb(z), z = x − y, are symmetric, positive functions
tending to zero at infinity. Then, the flux induced by frec takes the form
Jrec = b · grad(frec). As a result total flux of the medium b have structure
J = Jb + Jrec.

Finally, diffusion equation expressed in spherical coordinates, applied for
description of evolution of the component b on the sphere is given by

∂b

∂t
+ λ[

1

r2
(
∂b

∂θ
)2 +

1

r2sin2θ
(
∂b

∂ϕ
)2 + (

ctgθ

r2

∂b

∂θ
+

1

r2

∂2b

∂θ2
+

1

r2sin2θ

∂2b

∂ϕ2
)b]+

+
1

r2

∂frec

∂θ

∂b

∂θ
+

1

r2sin2θ

∂frec

∂ϕ

∂b

∂ϕ
+(

ctgθ

r2

∂frec

∂θ
+

1

r2

∂2frec

∂θ2
+

1

r2sin2θ

∂2frec

∂ϕ2
)b = cb+cbr ,

(10)
where cbr is negative production of b connected with recovering of the �-
medium, and is assumed to be proportional to ab.

Let us notice that we do not discuss balance of energy equation which is
accepted here as the most fundamental law. This simplification is accepted
since we investigate some chosen aspects related to modelling behaviour of the
medium near to surface of the particle, which influence the surface superfluidity
property. Connection of diffusion equations with balance of energy equations
can be attained by more detailed considerations related to fluxes.

We have obtained distribution of b during the diffusion process which is
shown in Fig.4. The total momentum acting on the particle in presence of
such a distribution of b is ΔM = {4.66, −0.02, −2.05}. The dominant part of
this momentum is related to ΔM1. Refining of this model for further decreasing
of ΔM3 is still possible by better controlling of the diffusion process. However,
let us note that our model neglects many factors describing precession and is
not in fact designed to describe the precession process in detail. Our aim is
to show that description of precession of spin is possible in general, with the
help of the surface superfluidity property. We come to the conclusion that this
is possible what finally makes better status of such a property of the vacuum
medium.
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Figure 4: Distribution of the component b expressed in spherical coordinates,
during diffusion on the sphere.
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5 Final remarks

This paper is aimed at developing concept of the four-component vacuum
medium by formulation of assumptions related directly to such a medium.
This level of description is viewed as the most elementary one.

Importance of particular assumptions should be estimated by investigation
of consequences which they follow. Therefore, we postulate the surface super-
fluidity property and next investigate whether such a property satisfies our
expectations at least in case of possibility of modelling precession of spin.

Total model of rotational motion of the resting electron is viewed as very
complicated and is not discussed here apart from some its general properties.
However, a part of such a model has to describe mechanisms of rotation. In
case of more detailed modelling of the electron we have to admit deformation
of the surface S, internal dynamics of the component a, generation of magnetic
field on the surface and more carefully determine nature of stresses within the
particle. Furthermore, a model of the stationary, rotating particle is not any
final aim. We would like to describe motion of such a particle and process
of formation of it during the creation process. In all cases we have to discuss
surface of separation between components. Therefore, role of postulates related
to relative motion of components on the separation surface is so important.

At this stage of investigations the surface superfluidity property is intro-
duced for development of models of creation of electron-positron pair process.
Activation of motion on the surface is connected with a precreation state dis-
tinguished in strong electromagnetic waves. In the paper [4] such a method
of modelling of strong electromagnetic waves is suggested. Precreation states
are characterized there by appearing of longitudinal component of the elec-
tric field preluding the separation of components and destroying symmetry in
description of electric and magnetic fields.

In the next stage of investigations we have to discuss partial separation
of components which leads to new particles or to recovering vacuum medium
structure. It is assumed that this unstable process depends on degree of ac-
tivity of nonlocal attraction within the same component in accordance with
assumption 1 from the previous section. Thus, sufficiently strong nonlocal at-
traction within separated components generates a sufficiently large part of a
single medium a or b what in turn creates conditions for activation of motion
on the separation surface. Thereby, further investigations of the surface su-
perfluidity property in relation to such nonequilibrium conditions should be
continued.
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