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ABSTRACT

The features of object characterized by complex mass,
energy and momentum (signalled in many articles) have
been analysed.

It has been stated, that complex mass object must move
with velocity bigger than limit wvelocity ¢, or even
with complex welocity according to Special Relativity.
In such cases, complex space-time coordinates cccure.
It has been stated, that complex mass arises as the re=-
sult of interaction with unempty vacuum, like effective
mass in solid bedy arises as the result of interaction
with eristal lattice, especially that effective mass
may be expressed by complex mass, too.

The discrepancies, which led to rejection of pDirac's
unempty vacuum, have been removed.

The conception of two coupled Dirac's seas connected
with particle and antiparticle has been introduced,

and the superconducting or superfluid character of
Dirac's sea has been postulated.

It has been proved that the unempty vacuum conception
is not discrepant with (speciszl) Relativity, but on

the contrary, it implicates Lorentz's transformation
and further consequences.

The dependence of mass upon velnnity has been inter=-
preted as the effect of interaction with unempty va-uum.

1.1.1.
Introductien

complex mass occurs in many works written by knewn and
famous physicists, what is wery important and interesting fact.
so it is the fact worth consideration, especially, that com-
plex mass was analysed in various contexts, which implies
the possibility that this phenomenen has great consequences

and is wvery universal.
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For the first time complex mass appeared in. the work by -
J.Goldstone [{:] but Author didn*'t analyse its consequences
unfortunately.

In the fameous monography by E.Leader and EpPredazzi [E]
the equation arises;

Ty = V'Ju'z

where: m, = Higgs' bosons mass
}; - mass of bare quantum of field
It is nhuiaqs that either m, or M is complex mass.
In this case ,,u,E-r.'.l .

The same situation apprears in the same work by J.Geldstone. [1}
In the other work by J.Goldstone, concerning 26 dimensions [3]

the equation occurs:

2 2
3 x i 2 x

-+

at (2e)? \a2e

n
o

Again it is obvious that either energy or coordinate is ex-
pressed by complex number. )
In the equation in the work by A.M.Polyakov [#] the factor

rn"'r exists:

4
Fi) + (Fu) Fw) + n*Fu) - o
Even if m‘ is real number and n‘:’n 3

then mz} g or mz-r.:u and m may be expressed by complex
number.

Analegically in the work by E.Cremmer {5] arises the possibi-

lity that m2< O .

very interesting case exists in. the work by J.Bars and
D.Nemsechanskoy [E] where we have HE = —p2 .

Both possible cases HE{ 0 or pziiu are useful for further

considerations.

Cemplex energy is introduced inte propagator in purpose
to aweid singularity by calculation of integral [?] .
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Complex mass occurs in conception of tachyen, too. [5]
This ceoaceptien is still current notwithstanding the diffi-
culties in experimental supparting [9} .

There are many experiments hewever, for explanatien of
results of which, complex mass is needed. These experiments
preved the real existence of complex mass.

J.Berstein, N.Cabbibo and T.u.LeefBﬂ]haun introduced the functions

-

1 ;
12 = q -{m1+m2] - 5 i.(f"1 + FE)J

1 el
— i——— - - 1 -
§ = 2y q{“"i "2) = 3 i(rl rz-)_

for explanation of the result of experiment concerning Hg
decay.

It is obvieus, that in the square brackets complex mass
atcurs.

The review of experiment , for explanatien of result of which
the transfer of negative quadrmomentum is needed, is included
in the works by B.Badetek and others [41112_] .

The complex effective mass in selid body cerresponds with
complex mass analysed hitherto.

E.Kane [‘Iﬂ]desnribea the complex wave wvecter of electron
in electron band, which cerresponds with complex energy.
Analogical situation eccurs in the work by J.Pendry [’M-]
and by Y. Chang and 3.N. Schulman [@E}.

G.D.Mahan {Hﬁ]dasnrihes many cases of cemplex energy in solid
bedy, for example the complex self-energy of electron or
complex energy of interactien electron-polaron .

Effective mass in solid body may obtain all values, it
means complex or ewven negative; compare D.L.Smith, C.Mailhiot
[17] .

Matrix of effective mass exists too, but matrix of mass occurs
not nnl# in. physies of solid state.

The mass matrix occurs in the wark by j.Goldstone, A.Salam
and S.weinberg [ﬁﬂ]. It is moreover complex mass matrix 4x4,
which fully documents all analogies.
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J-Berstein, N .Cabbibe, T.D.Lee [*!DJ consider complex mass
matrix 2x2 .,

In the work by E.Cremmer hg] antisymmetric mass matrix Bx8
occurs. Amalogically in the work by E.Kane symmetric energy
matrix 8x8 occurs. This case considers solid body.

The complex mass matrix (3x3) occurs again inm. the work by
K.T.Mahanthappa and L.Maiani [2ﬂ1i

The complex mass, mass matrix and square of mass occur in
the work by L.Brink and others. [21]

M.J.puff [22] describes Einstein's tensor with complex com-
ponents, so energy momentum tensor must have complex compa ~—
nents, too.

It corresponds with very interesting cases of complex momenw
tum described by pP.Bewcock and R.Gregory hﬁ].

M.J.Duff [ZA]decribas the case when mass® = xE, so mass = +|x|
but the most interesting facts presented in that work are
complex coordinates in the more than 4 dimensional space.,

This fact is strictly connected with complex mass, what will
be. described in chapter III.

complex coordinates occur in the work by M.J.puff,

Callan and Friedan describe complex superspace coordinate.
Then J.gllis [27]considers cyclic Green's functien on the com-
plex plane.

Time may be expressed by complex number, too.

It occurs in the works by §,w.Hawking [28] and by J .Bars
and K.sfetsos [25].

The existence of complex mass, complex energy, complex mo-
mentum. complex coordinates (and even complex time) in so many
works by so many authors, and at se many various problems,
can not be omly an accident.

It manifests, that complex numbers describe deeper reality
and are not mathematical trick only. oOne should analyse the
features of objects described by complex numbers.
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The complex Mass Particles

2.1.1.

It has been obtained from the theoretical analysis of
experimental data, that in precess of interaction and self-
interaction take part particles, which are called virtual
particles. The name *wvirual particles' means that energy
of these particles and their lifetime are connected by
Heisenberg's uncertainty principle. The traditioenal par=-
ticle is surrounded by a cleud of wvirtual particles.

It is knewn from calculations, that the mass of such vir-
tual particle is given by the complex number,

Let's contemplate properties of these untypical objects.
We can assume that the Special Relativity Theory may be
used for descriptien of particles, mass of which is ex-
pressed by the complex number, because Special Relativity
[srR] is one of the most fundamental theories and a deviation
from this theory haven't been ocbserved.

Accaording to Special Relatiwvity Theory, the dependence
of the mass of the particle om its velocity is expressed
by the formula;

m = (1)

m - mass of the particle

m - rest mass of the particle
v = wvelocity of the particle
c

= limit veleocity

1f the mass of the particle is expressed by the complex
number, them, according to (1), its velocity must be bigger
than ¢ |

50 we expect, that the particles, masses of which are
expressed by the complex numbers, move with velecity bigger
than c .
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This fact ¢an be proved on the ground of Speecial Relativity.
we see from (1), that if wv>c¢ , then the mass is given
by the complex number and vice versa: if the mass given by
the complex number then v>e¢ , but under condition that the
rest mass m, is given by the real number.
Because of the formal point of view, we canst eliminate
the pessibility, that the rest mass may be given by the com-
plex number. We have to consider this possibility.

2.1.2

we have to prove that the formula (1) may be used in case
when v>c ,
This fact is obvious.
This equation may be generalized to the case v ?c, because
in nene place of special Relativity the assumption that v< e
does occur. (Especially by eduction of formula (1).)

So there are no physical reasons for introduction of li-
mit velocity in Relativity.

The next argument for applicability of formula (1) in the
range: v >c is the fact that this equation may be applied
even at the point of sihgularity V =G .

We have then:

o hv
m -+ 5 - -;?— ¥ = any real number

and the case of photon.
The third argument is that there is no limit of velocity
in quantum mechanics.
So there shouldn't be such limit in special Relativity either
especially, that an electron moving with velocity 0,99 ¢ may
be described both by quantum mechanics and Special Relativity
and such description must be compact,

2.1.3

It follows from sg, that the particle moving with velocity
v>c must have the mass expressed by the complex number.
we will prove, that the particle, mass of which is expressed
by the complex number, moves with velocity wv»c .

we define machyon as an object, mass of which is given
by the complex number. we assume, that the rest mass of the
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We assume, that the rest mass of the machyon is given by the
complex number. We will see in § 1.3.1 that it is in general
property of machyons.

Tachyun.is the special case of machyon - see § 2.2.3.

2.1.4

It is obvieous, that when wv> ¢ » thenm m is a complex
number (formula (1)).

we will present this proaf in the opposite direction.
Let's imagine that m is expressed by complex number
m = m_ + :Lmb » and an object moves with velecity w<¢g ,

Let's make easy calculation:

%] [(a+ib) % - Xp+ixg
2 m im \ - ib) vy ' ' (2)
P =(m, + B) y| = (H‘.. + iMB) (a+ib) y | = (M;iHE) Yativg

z (a+ib) z :

L i ] EA+izE

P is momentum in LAB

we have presented the complex as a product of two complex
numbers (what is always possible) and one of them has the

sense of mass.
(%A + imq) = (HA + iHE) (a + ib)

So we have the complex coardinates of velocity and positionm
which is characteristic feature of object moving with velo-
city wv>c¢c (Lemat).

So we assumed that we have complex mass and motion with
velocity w<c (and ¥ - real number) and we obtained that
this motion is equivalent to the motiem velocity v>c¢
or even Vv complex.

Let's notice how deep consequences has the fact, that
both product of two complex numbers, and product of complex
number and real number, are complex numbers.



We will prove now Lemat.
Let's write the Lorentz's transformation in its general

form [30] .

rv = r +

E; (B-7)B - ype (3)

S0 we have:

x* = f{ x,y,z,t, (4)
y' = g Xe¥aZ,L, {5}
z' = h|=x,y,z,t, {ﬁ]
v r
L = ,:2
£t = [?}

X,¥s2Z,t are coordinates in LAB, so they are real numbers.
X'yy'sz2'yt' are complex numbers then and only then, when
v>ec , or when v is complex number.

We will develope this argumentation further.
Let's transform to the coordinate system, in which the com-

plex mass particle rests.
In this coordinate system:

Xp * ixa 'D“
v= |y, + iyg and Vv = |0
F . 0
ZA - izE L

So r =1fb dt # 0 in. gengral case

$0 we have =z

X = J(xA + ixa)dt = ‘[xhdt + %];Edt = cl + icz



and analogically:

Y = Bl+iDE

]|
"

El + iEE

when VE}-cE . vE is real number

and
X'y¥'yZ* are (purely) complex numbers

what means that Ei = Dl = E1 = 0

when UE is complex number, x',y',z' are meaningly complex num-
bers.
It is impossible that C, = 0, = E, , Decause of (4) ¢ (6).

2.1.5

Let's notice that both v and Ve may be expressed by com-
plex numbers.

The 4-vector in 4 dimensional space-time is defined:

R = [-:.dt,. tdx,, idx,, ich:l]
then space-time interval is equal;

=2
5 2 2,.2 2

= ds = ¢ dt” - dx 2

2
1 - de - dxs

The 4-vector of wvelocity is defined;

dx dx dx
vV = [cunat,i 1 32, ;3

dt dt dt

and then

Let's put const = Cc .

2. 1. 6

Now we will present the proof of the fact, that when complex
mass has imaginary component only, velocity is bigger than
(v >¢).

The indirect proof. Let's imagine that the situation is
different.
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So we have the assumption that: x, t, v are real. Next:

' X = vt
» =
EI
1[1-::_
2
c
t = vX
t' = . :
1--”“"E
2
c

So velocity in the ‘prim' coordinate system has the value:

xl
W = — = =% e R.
t!

- But
p=mw = ilm| w = mi (w)

But it is implicated (from the definition of momentum and the
elementary features of multiplication) that velocity has ima-
ginary component only. So this is diserepancy.

We have proved the thesis in the case of noncurved spacetime
Such spacetimes can exist in the Nature at least locally, so we
have proved the fact, that wv>c¢ ocecurs in certain conditions
at least.

2.1.7

The equations (4) - (9) implicate that the coordinates
X,¥s»Z,t are expressed by complex number in general case.
$o we need B real numbers to describe the space-time.
This 8-dimensional space-time corresponds with numerous cases
of multidimensional spaces E?!* 45] » Tor example;:

11 or 10 dimensions , E.witten

11 dimensions , M.J.puff

26 dimensions , J.Goldstone
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This 8 dimensional space may be the subspace of those spaces.
Let's notice that time is complex too.

It corresponds with the idea of complex time, introduced

earlier by S.Hawking.

The Heisenberg's wuncertainty principle may be written now

with the shape;:

lﬁxl[ﬂt]? fi
o] st > &

2.1.8

Let's call as W the system coordinate, in which machyon
rests. Let's consider the system coordinate w', which moves
towards LAB with velocity w , w2¢c , and which machyon moves in
(compare with figure 1}.

According to (4), (5), (6), position of machyon in this
reference system has three complex components:

[?ir + inu v Yo * iyEu + Yzp * i?iul

| or six real components;

moves with veloclty
V. v>C

{Firi Yiur Yorr Your Yz ?;u}
Its time is expressed by the
complex number too:

I-—
t' = tr_ + i.tu

(t., t, are real numbers)

Figure 1. Machyon moves with velocity u, ¥>e. Machyon moves in reference sys-

System W' moves towards LAB with velocity w. tem w'. Components of its ve=
W moves towards LAB with velocity v. locity in this system we can

S write, wsing the formula

d(vyr + 1vgy) 9 (vor + ivo,) 9 (Var * ivg, i
d (tr + Ltu) "4 (tr + itu) '

d (t,_ + it,)
= (zir + izu v Zo,. ¥ :Lz:Eu » Zg,. * izlu)

where:; z, , Z z are real numbers.

ir tu’ Z2r Zo2ur %3rr %3y
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Such derrivative is well defined.
We use the fact that the quotient of two complex numbers is
a complex number too.

Mass of machyon is expressed by the complex number:

m = + m
mr i u

m are real numbers.

m
r' u

The momentum of machyon in this system can be expressed

by equation: g T B
Z1r * iziu Per * Lpiu
P =mu = (ﬁr + Lmu) Zy + izEH = Po, * lpEu

Ilr + 1ziu pir * ipIu

The product of two real numbers is a complex number.
Machyon is described in reference system,in which it rests,
by six real components of position, and in other reference
$#stam moving towards LAB with velocity w; w>c, in which
machyon moves =~ by six real components of position and six
real components of momentum.

Let's comment on it more precisely. In coordinate system
moving towards LAB with wvelocity w , w<c , both position
and momentum. of machyons are expressed by three real compo-
nents (there are only three axis in such system).

It results from Lorentz's transfermation,

2.2.1

We proved that complex mass particle moves with veloci-
ty v , v>c. This fact isn't discrepant with sR, but is
implicated by this theary.

Machyon has six real components (or three complex compo-
nents) of position, velocity and momentum in the coordinate
system movimg towards LAB with welocity w , w>c , but in
LAB machyon has three real components of pesition, velocity
and momentum.
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The dependence of energy of machyon on its mass is
expressed by the equation:
2

E = m¢g E!}
where:
mo= m o+ 1m¥ : (@, m, are real numbers)
on the other hand:
mg uz
E = (9)
2
c

where; m, = rest mass aof machyon
vV - its velocity in [AB (expressed by real number)

From (8) and (9) we obtain:
2
2 2 2 v
m, = (mx - my + Eimkm?) 1 - 2 (10)
The right member of equation (10) is expressed by complex num-
ber, so m, is expressed by complex number too.
The left member is expressed by complex number. We get the
next property of machyen. Its rest mass is a complex number.

2.2.2

The physical nature of complex mass is a very interesting
preblem.
The complex mass is an equivalent of effective mass in solid
body.
The conception of complex mass needs correlation with conce -
ptions of unempty vacuum (see caapter III).

The complex mass arises as the resgsult of interaction
with unempty wacuum in the same way as effective mass of elec
tren in solid body as the resylt of interaction of electron
with cristal lattice,

The next argument supporting this mechanism of arising
of complex mass is the theoretical conceptian [1}614?]
treating space-time as cristal lattice with constant lattice
tending to zero.
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We have te add, that the particle in this attitiumde is
understood as maximum of spectral density. This conception
iclude both 'traditional' particle like proten, photon, elec-
tron, positron, piom... and particles characterising solid
body, as hole, phonon, plasmon, exciton and quarks existing
in nucleon without possibility of going out, and cloud-like
surreunding another objects) virtuwal particles with complex
mass. (Virtual particle means that its energy and lifetime
are connected with Heisenberg's wuncertainty principle.)

2.2.3

The effective mass in solid body may have meaningly com-
plex walues too [-l?ri?]what means that m = m  + im, ; ., £ 0,
mY # 0 .

The conditien m # 0 corresponds with general formula of
mass of machyon.

The compactness of idea of complex mass implies the neces-
sity of generalisation of tachyon and introduction of machyon
with not only Jm m ¥ Q , but Re m £ Qg , either.

The matrices of mass [15*3] exist in the same way the matrices
of effestive mass, what suppotrs our consideartions.

There are bands with solid body with meaningly complex wave
vector

k=kx+ikv,kx#ﬂ.k?,iu (11)

Such cemplex wave vector corresponds with complex energy
E="Hhka= #L(k: + ik?) y» and further with complex mass

n = E5 = %(kx + :LI:?) (11a)
c co

begause of equivalence of mass and energy.

So the complex wave vector means complex energy and com-
plex mass.
Consequently, machyons arise im proces of tunneling and
decay.
The arising of complex wave vecter in proces of tumneling
was described earlier by P.Bowcock and R.Gregory [21] where
the by complex number expressed wave-vector has even far
more complicated shape than (11) .



2.2.4

The cenception of complex mass creates a new problem.
when the complex mass arise, then the probability of existen-
ce of particle in whole space is not equal 1.[45}

fd‘ﬂ' z ¥ 9 ) <1 (12)
i=1

then it may be explained by the pessibility, that in complica-
ted processes of interaction, decay or tunneling not 2ll mem-

bers of series of wave function have been taken under conside-
ration, so some positive members on the left side of (12) have

not occured, so this side is less than 1.

The totally different attempt is needed when

N
fdv Z P ¥ ) > (13)
iat

because the module of complex number is real, bigger or equal
ZEro.
This case may be explained using the fact that a kind of num-
bers called generalized quaternions has norm , values of which
may be both pesitiwve and negative.
(Generalized quaternions ought to be treated separately to
quaternions, norm of which has only wvalues bigger or equal
zere, as in the case of complex numbers.)

The norm N(x) (in the linear, algebraic space)

H (n,m) = (1,51,92.93> Q; n

of generalized quaternion:

X = X, % X484 + Xj@5 + xzeg
has the wvalue:

2 2 2 2
N({x) = Xog ~—NXyg™ =MX," + X “nm (14)

n,m: Integer

and has the sense of square of module because there are the
squares of coordinates XoytXgeXa,Xg in equation (14).
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The mathematical shape of (14) implicates that in the case
of some XqeXq9Xo9X; € R and n,m €& J , N(x) may have nega-

tive value.
So defined norm may reduce the probability bigger than 1
to value 1 , which is expressed by the equations:

N M

ﬁ” ;]"’ilz + jé.”(xj“)) = 1

-y o

X(x) is wave function with values from the set of genera-

lized quaternions.

X(x) is naturally solution of Schrédinger's or pirac's

equation.
The consequention of this fact is that in the processes of
interaction, selfinteraction, tunneling, decay, the objects
take part, which are characterized by wave function with valu-
es from the set of generalized quaternions.

The real mass and complex wave function has been considered
hitherto only.

The enlargement of class of numbers describing mass,
to complex numbers, makes possible or even implies necessity
of enlargement of class of numbers being values of wave func-
tion. There are generalized quaternions in this case, but
quaternions may be naturally too.

There are more informations about generalized quaternions
in the Appendix A,

It is no matter if the second power of wave function module
. 2 2 .
is described by the quadratic form F = p“+q”, resulting
from complex number x = p+qgi
2 2 2 2
or by the quadratic form F = p ™= ng" = mr® + nms resulting
from generalized quaternion x = pe, + qe, + re; + se, .

This, what is important, is that the whole spaee integral of

density of probability is equal 1.
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The following facts can be reasons of “"disconservation

probability”:

of

The spacetime is four dimensionlike, so dv = dx dy dz dt.
when we don't take this faect under consideration we ob-
tain false integral and false result.

If w>c¢c , the spacetime is eight dimensionlike and then

dv = dxl de dyl dyz dzi dzE dti th .

There are spaces 0 = 10, 11, 26 dimensionlike and the
element of volume in the integral must reflect this fact.
There are parallel Universes conjugated by black holes (ac-
cording to S.W. Hawking). The wave function of a particle

may have the non-zero values partially in this Universe

and partially in another, and then even a correct one Uni-
verse volume integral may be false.

The history of "paradoxes" is instructive.
The opponents of the sphericity of the Earth used the ar-
gument, that if it were a sphere, these who lived on the
opposite side of the globe would have failed down.
What's more, Copernicus, who didn't know the law of gravita-

tion, wasn't able to abolish this "paradox". And now it is



ebvious what is in the reality.

The antagonists of Relativity advances so called "para-
dox of simultaneousity". Nevertheless, it appeared that tle
idea of simultaneousity wasn't precise, and not relativity
“Faradﬁx.uf disconservation of probability” in the case of
complex mass appeared to be the result of blanks in the mathe-
thematical knowledge of certain physicists, what the author

has proved in & 2. 2. 4 and in the Appendix A.

2.3.1

The trajectory of machyen is always curved. It is easy to
notice. Let's imagine, that trajectory of machyon is straight
line and vector aof velocity is parallel to this line.

The momentum of such machyon is equal

s
P = (hx + imy) v
Erom the geometric interpretation of complex number we obtain
that momentum has component perpendicular to trajectory.
so there is the component of vector of velocity parallel to
trajectory, but im this way we obtain discrepancy with the

assumption,
Let's support it with easy calculation

7 = (mx + im?)? = (qu- iH?)(a-t- E::i)::ri'h =
= (ﬁx + LHQ)(;ﬁ + iH#)
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and we obtain two perpendicular components of vector of
velocity.

The objects called ghosts are characterized by closed loop
trajectory [ #;,51] in the microscopic scale. So their tra-
jectory must be curved, which is the feature of machyons.

So ghosts ought to be treated as real existing kind of ma-
chyon. In such attempt ghosts are part of cloud surrounding
the trsditional particle.

2.3.2

Because of analogy cristal lattice - vacuum, we may sus-
pect, that the equivalent of ghosts exists in solid body and
surround such paftinles as, for example, electrons.

The phase velocity always bigger than ¢ is a candidate
for velocity of such ghosts in solid b¢d$;

The phase velocity is in such attempt velocity of really
existing, virtual objects surrounding particle in solid body.
The ghosts in solid body do not transfer energy, because

their trajectory is closed loop in micrascepic scale.

20 4.1

we will discuss problem of interactions of machyons with
particles whose masses are real numbers. Such interaction
must occur, in other case we couldn't be able to observe
the existence of the complex mass particles (compare § 2.1.1).
wWe will analyse mathematically this interaction Wwhich means
the change of momentum and energy of both objects.
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Let's assume that both particles move towards a is z .

We will prove, that in this case the interaction occurs.
Let's define the mass of machyon before interaction

as -m .+ im? ; after interaction as m, + im; s its weloci-
ty before and after collision as v, and v .

Analogically: m, m', v, v' mean one after another: the real
mass of particle before, after interaction and its velocity
before and after interaction.

From the principle of conservation of energy and princi-
ple of conserwvation of momentum, we obtain two equations:

. 2 2 2 2
(m'x + :.m?): + mc" = (rni + im;r)a + m'c (15)

(&x + imy)vz + mv = (@i + im;)ui + m'v! (16)

we have to take into aecount the dependence of masses of
particles on their wvelocities. This dependence is expressed
by equation (1) or by equivalent ‘Pythagoras theorem*'.”

We obtain two next equations for both particles:

4 2.2 A \ 2.2
(mxvrim,f)zc -(mx+im92 V, € = (mx+1my]2c -(m:q-im.?)z vy, © (17)

n?c? - n%v%c? = w22 - me 2vi2c? (18)
The complex part of right member of equation is equal with the
complex part of left member of equation, and similarly: real
part of right member of equation is equal with real part of
left member of equation.

E S S — e = S ———

* This equiporance may be proved by the next transformations:

-2 2 2 mgczuz 2 2 [ll%ﬂgﬂ'?-l- mzc‘ -— MEGEUE I'I'IEi:"-dF
pC +m_Cc = + mc = ° ° I =
9 v2 © ) 2 2
1-== -p 1-f5
c

From equation (1) we obtain 'pPythagoras theorem'. on the
other hand 'Pythagoras theorem' and the sequence of trans-
formations wouldn't be true without equation (1). So we
proved this equiponderance.
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So we obtain from (15)-(18):

m, = my (19)
and then:

m, + m = mt o+ m (20)

WV, + MV = mE VS o+ ROV (21)

2(22) o w?(2e?) (a2

mx<F2~v§) = mi(%?—vi?) (23)
(mi - mi)(ﬂz - vi) - (nfu' - m.;fz)(ag - H'IEJ ( 24)

If m. M » M,V sV are knewn , and LR unknown,

Y
then we have the system of five equations and four unknown

numbers. Generally such system of equations can't be solved.
1f M sMyV, 4V are. known , and mi,m‘,m?,vﬁ, v' unknown,

then we have the system of five equations (20)-(24) and five
unknown numbers, which can be solved.

Necessity of inclusion of m inte unknown numbers is caused
by the equation (19). The solwability of system of five equa-
tions is a mathematical proof that the interaction of complex
mass particle with real mass particle is possible.

The real component of mass of machyon doesn't change du-
ring described process, because the real and complex compo=-
nents of energy and momentum are conserved separately.
Nevertheless the complex mass influences the process of inter-

action. By fixed wvaluesg of m., m, v, and v the collision

is possible only then, when my is equal the value, which

Is obtained from the system of equations (20)=-(24).
The complex mass is an important parameter of collision pro-
Cess.
when ﬂ; and y' are complex numbers, we obtain two unknown
parameters and two equations more, so nothing changes.

The interaction of machyon with the particle, whose mass
is real und unequal zero, is possible. It means, that the
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complex compoment of machyon can't change during the interae-
tion. We obtained this result earlier (compare with equation
(22)). we can analyse the motion and real mass particles when
their velocities have three components (connected with motion
towards axes x,y,z). We have then mere complicated system of
equations, but it gives nothing more.

The complex component can change only in interaction of
machyons. The complex mass particles take part in all kind
of interactions, what will be-describadlﬁs].

2.4.2

It is known, that photon moves temporarily with velocity
v2>c and temporarily with velocity v<c¢ , but its average
velocity is equal wv=c [54]. This fact can be explained, when
we assume the existence of particles with complex masses and
with velocities bigger than ¢ . The conception of complex mass
particle with velecity bigger than ¢ 1is needed for explana-
tion of oscilation of velocity of photon around value c.
Let's analyse this problem nearer.

a) a) photon, whose mass is equal
hﬂfuz aggregates temporarily
m, +im, Eﬁ with machyon, whose mass is
c? equal m +im, (see figure 2a).

It isn't discrepant with law
of conservation of quadrmomen-

b) : ~ tum. The rest mass od photon
is equal zero (m,=0)} so the
_ hy ) square of this quadrmomentum
i, P iy is equal zero. because:
| 02 = g2.p2c2 _ wZct - o
c
So its quadrmomentum is equal
hy , zero, too, and so it can be
2 T, added to quadrmomentum of ano-
ther particle without changing
d) it. aAfter aggregation of photon,
| the quadrmomentum of machyon
. hv . doesn't change. (Photon can
m, +im, — m, -im,
c be absorbed - for example by

an atom - and it is normal situ-

Figure 2.



-2 -
The mass of object is equal:

hv
m = -;§r+ m1 + in

According to earlier discussion, its velocity v is bigger
than c.

b) The machyon, whose mass is equal my+im, and photon (with
mass hﬂan} - see figure 2b . The mass of this object is
equal:

hv hv
n==—2+m1+in2+m1-—ing =?*+EII1

This mass is expressed by real number, so this object moves

with velocity v<ec . This process can be treated as aggrega-
tion of photon with conservation of quadrmementum (compare a)).
We can treat it as an annihilation eof complex mass, which is
analogical to the process of annihilation of real mass (for
example annihilation of electron and positron with emission

of photon). In our case we would have the emission of
quasi-photon with rest mass zere and mass

2

m = 2 im, c

2

such process must be pessible because of symmetry of nature.

c) Machyen with mass m,+im, comes off; a cluster is created
only by machyon with mass miuimz_and by photon with mass h: .
. : c

The mass of such object is expressed by the equatien:

hv
m = |— + m - im
EE 1 2

and velocity v is bigger than ¢ (compare figure 2c¢).

d) Machyon with mass m,+im, associates again (compare figu
re 2d). such situation was discussed in point b ,

Photon is surrounded by the machyon cloud, which it int r-
acts with,
There is a possibility of creation eof bound systems photon-
-machyen, photon- twe machyons, and so on. The emission
of quasi photons can accompany this aggregation (compare
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point b). The mass of system machyon-photon is complex
and therefore this system meves with velocity wv>c¢c .
This means,that faster particle binds with a slower particle
and a created cluster moves faster than the slower particle.
The binding of photon and two machyons, whose masses are
expressed by conjugate complex numbers, causes that photon
behaves as if it were aggregated with a real mass particle.
According to it , velocity of this object is less than c.

The fluctuations of velocity of photon around the value v=c

can be explained in the following terms:

- Photon interacts with the cloud of surrounding machyons;
there is the possibility of creation of the particle compo=
sed of photon and one more machyon.

- Photon is bound with machyons most of time. There is the
most probable situation, when photon is bound with one
machyon (then the mass of cluster is co plex and velocity
v 2c) or when photon is bound with two machyons, whose
masses are described by two conjugate complex numbers
(then the mass of cluster is real and its velocity wv<c).
We don't observe pheton itself, we observe cluster of
photon and machyons and its fluctuating velocity.

- Photon creates with machyon the binding states described
by sequention from figure 2. the lifetimes of all binding
states are equal.

- The binding states don't have to arise in such order as
in figure 2, but the clusters with complex mass have to
arise as often as the clusters with real mass.

2.4.3

The. existence of particle moving with velocity v>c
isn't discrepant with sr, but on the contrary, is implica-
ted by this theory.
1t is known, that using the conceptien of machyons with
complex mass, we are able to explain the fluctuations of ve-
locity of photon arcund the limit velocity ¢ .
It is succes of this appreach.
Necessary condition of motion of real mass particle with ve-
locity v >c 1is absorption of machyon with complex mass.
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The absorptien of complex mass particle by the real mass
particle is possible on the same way, as the fusion is possi-
ble, and this fact isn't discrepant with law of conservation
of quadrmomentum. .

The fusion isn't discrepant with law of conservation of
quadrmomentum in such a case when isn't discrepant with law
of conservation of energy and law of comservation of momen-
tum. The absorption of something is a kind of fusien yet.

we. have the equation:

02 o 2022 _ n2c4

what means that quadrmomentum of particle is defined by the
rest mass of particle, and when the fusion occurs, the new
particle arises with different (in general) rest mass.

The possibility of fusion, as far as the relativistic
point of view is concerned, is determined by the law of con-
servation of energy, the law of conservation of momentum,
and the relativistic dependence of mass of particle on its
velocity.

So the law of conservation of quadrmomentum doesn't forbid
the fusion of machyom with real rest mass particle.

It is the argument for the fact, that virtual particle crea-
ting a cloud,must have complex mass.

This means it would cause that the real mass particle
would create the cluster with machyon and this cluster would
move with velocity v 2>c because of its complex mass.
such situation isn't observed not because of law of conserva-
tion of quadrmementum, but because of other reason. The par-
ticle is surrounded by the cloud of machyons and interacts
simultaneously with great number of machyons situated in va-
rious places in space and these interactions are mutually com-
pensated and the fusion doesn't occur.

2.5.1

The tachyons, special case of machyon, described by
Jm m¥ZQ0 and Re m=0 had been investigated thaaretiﬂalbf[ﬂ]
They were looked experimentally for, but without resultfﬁ]
The shock wave connected with tachyon has not been discove-
red.
This fact can be explained,
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The complex mass particles are short living virtual particles.
It implicates, that the shock wave is far weaker than has been
seemed, and arises very insignificantly over the background

of radiation of others living tachyons.

Such wave is attenuated before arising.

2.5.2

In the processes of inelastic electron (muon) - nucleon scat-
tering are characterised by QE » Which is the negative of the
square of the four-momentum transferred by the lepton to nucle~

on. [11-12]

QE describes the real experimental effects.

we have:
QE = -qE (g = four-momentum.)

Because QE >0
then q is complex number.

So it is the next proof for existence of complex mass particles.
The transfer of momentum is described by the exchange of
a particle with appropriate quantum number.
In my opinion these particles are really existing objects with
complex mass discovered in experiment, to description of result
of which they had been needed.
Regge pole exchange is a generalization of a single-particle
exchange. Regge poles are characterized by quantum numbers too.
Formally the Regge pole corresponds to a pele of the
t-channel partial wave amlitude in the complex angular momentum

plane.

2.5.3

The assumption of quantum emission and absorptien of electro-
magnetic radiation was needed for explanation of dependence
of black body on wavelenght.

Such assumption turned out to be physical truth.
Now we have the same situation.
we need an assumption of existence of complex mass for explana-
tion of the dependence of cross section on wavelenght.

So in both cases the assumptions present physical truth;
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it is the next argument for real existence of complex mass.

2.5.4

The mass of the particle moving with wvelocity v>c is ex-
pressed by complex number - it is a consequence of SR.

It was considered till now, that complex mass particles are
only mathematical trick.

It hasn't been known, how to interpret and classify thenm.
Therefore they have been called virtual particles and haven't
been treated as real existing objects.

However such phenomena like: guantum character of emission
and absorption of electromagnetic radiationm,postulated by
Planck ; de Broglie's mattery waves ; or existence of quarks
foreseen by Gellmann and Zweig, which were treated at first
only as mathematical assumtions, are really existing in Nature.

If de proglie hadn't invented the conception of mattery wa-
ves, electron diffractien discovered by pDavisson and Germer
would-have been called: quasi-diffraction or pseudodif frac-
tion...

There is a similar situation as far as the complex mass par-
ticles are concerned. They really exist in Nature., Their pro-
perties ought to be amalyzed on the ground of SR. There is
no reason why this fundamental theory couldn't be confronted
with these particles. |

The consequence of this fact is existence of machyons,
which are moving towards LAB with velocity wv>c .
we shall see in the next chapters, that complex mass particles
are deeply rooted in the structure aof physics.

Il
The Unempty Vacuum

5.1.1.

The complex mass particle moves towards LAB with velocity
¥ ¢ , and its rest mass is expressed by complex number. In
this moment we should understand what means the fact of exi-
stence of complex mass particles.

We will use in our analysis the conception of effective
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mass of electron in the solid body.

Electron in solid body interacts with other electrons and
crystal lattice. It introduces effective mass for description
of this interaction. It means, that electrom in solid body
behaves so, as if it had different mass than electron in. wacuum.
It is a similar situation to the motion of air bubble in liquid.
The bubble is moving slowly, although the buoyancy acts, becau-
se the force of internal friction acts too. It can be told
differently, that the bubble moves slowly, because it has a huge
effective mass, which is caused by interaction with other parti-
cles in liquid,

The effective mass of electron in the solid body is a long
step towards complex mass, because the values of effective
mass may be negative and complex too. 1In order to explain con-
ception of complex mass we will adduce the conception of unempty
vacuum.,

We assume that this, what we call vacuum, has its inside stru-

cture.

The complex mass of machyons is resulted from their inter=

action with objects creating structure of unempty vacuum.
Interaction of machyons with unempty wvacuum leads to existence
of complex mass just as interaction of electron with other elec-
trons and crystal lattice leads to existence of effective mass.

312  experiment suggested by Aharonov and @ohm [55] and then
many times realized and FEFEEted|EEF53]prnves, that vector poten-
tial really exists in Nature and isn't, as it had been thought
earlier, only element of mathematical formalism.

It has been proved that the field exists really, whose per-
turbations are observed as the constnt electric field or cons-
tant magnetic field or electromagnetic wave.

Aharonov's and Bohm's experiment supported Maxwell's prevision
concerning existence of oscilating environment filling the space,

The other case for existence of unempty vacuum are all results
of experiments, which can't be interpreted without introduction
of complex mass particle cﬁnnaptian.[ﬂ*ﬂ]]‘he complex mass charac-
terizing these objects manifests existence of interaction of
these objects with unempty vacuum similar to interaction of elec-
tron with crystal lattice and other electrons, which leads to
existence of effective mass of electron.
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The existence of complex mass manifests pessibility of motion
with velocity v >»c and the existence of unempty wvacuum,
The first fact isn't discrepant with SR. we proved it im chap-
ter IX. The consistency of the second fact with SR we will prove
inn § 3.2.1.

3.2.1

Dirac postulated manifestly existence of unempty vacuum.
Let's analyze Dirac's vacuum filled by electrons, which occupy
the electron states, whose energy is negative and less or equal

E = —mnnE {mu - rest mass of electron). The observed electrons

are excited states of wvacuun, which arise when electron is
knock out of the negative energy state and occupies the positi-

2

ve energy state, whose energy is bigger or equal E_ = m.c” .

0
The hole, which arises after such excitation of electron
was identified by Dirac with the positive charge (equal +e),
whose rest mass is equal with rest mass of electron. Such parti-
cle was discovered by Anderson and called positron.
we ought to put some obvious questions.
- Why don't we feel the huge charge of vacuum?
- Why don't we feel the huge gravitation resulted from huge
mass of wvacuum?
- why doesn't resistance to motion exist, which would be caused
by unempty vacuum?
- Why is there unnatural asymmetry in Dirac's approach?
Dirac assumed, that positron is the hole in electron sea.
There is unnatural and groundless assymetry. why positron could
be hele in electron sea, and electron couldn't be hole in posi-

tron sea?

.2.2

The latest doubt can be easily eliminated and it is the step
leading at once to elimination of other doubts.

The discrepancies - because of which the pirac's conception
of unempty vacuum and particles understood as the excited sta-
tes of vacuum and hole as antiparticles, was rejected - are re-
moved in this work.
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It was noticed, that if the equation

(iﬁB'MBF -Pm:) Y = @

corresponds with the situation when particle is the excited sta-
te of vacuum and antiparticle - the unpopulated state, then
the equivalent equation

'(—“LRKME,M -Pmc)L]J = 0

corresponds with the situation when antiparticle is the excited
state of wvacuum and antiparticle is unpopulated state.
Because the pirac's equation is implicated by the equation:

1ﬁ.«"3‘t LP{F;t} = ELlJr{Fg-t} = CVNEGE '*hrzvz'q){F,t]

and the change of the sign means the change of sense of zaxis

of energy.

Let's assume that both sea of electrons and sea of positrons
exist. wWe eliminate the problem of asymmetry. Both beings: elec-
tron and positron are totally symmetrical. The signs of charges
of electron and positron are opposite, so there are electromagne-
tic attractive forces between them and the electron pairs come
into existence. vVacuum is filled with pairs composed of opposite
charges, so it is neutral. The local fluctuations of dipole ele-
ctric moment are possible only. If we excite one particle from
electron-positron pair (for example electron) - it means that
we set it outside the pair - then free electron originates
and its empty room remains (the hole - in other words), and
free positron originates too (compare figure 3b).
we remove the first particle and become the second particle and
the hole, which can be interpreted as this second particle.

The elimination of one electron cutside electron sea, causes
automatically the elimination

) hv of positron outside positron

(::Y&ﬂuﬁfmﬂw&ﬂuﬂf{i:) sea, and hole originmates,

Vice versa: elimination of
one pasitron ocutside positron

b) sea causes automatically the
= elimination of electron out-
& %
(::VRﬂUﬁ; . side electron sea and origina-
(::) tion of hole (in the sea of
F:igul:l:l “ electrons). Both seas are con



nected because of existence of electron-positron pairs.
Both descriptions (Dirac's and this) are complementary.

3.2.3

Superconductors, semicenductors and pirac‘'s unempty vacuum
are described by madel of energy bands and energy gasps between
them. Electron in conduction band in semiconductor moves influen-
ced by electric field. Its empty room in walency band moves then
in opposite direction and has the properties of particles (so
called holes).

Negative energy band in superconductor is filled with elec=-
trons creating Cooper's pairs. These electrons superconduct,

There is a similar situation in case of Dirac‘'s vacuum,
Electrons and positrons create pair. Free electron and positron
means, that one pair from Dirac's sea has zbsorbed photon and
has been burst (compare figure 3).

Annihilation of electron and positron means c¢reation of electron-
pesitron pair 'under the surface' of pirac's sea, which is accom-
panied with emission of pheton. The electron-positron pairs

are parallel to cooper's pairs in semiconductor. The charges
creating pair are in this situation opposite, but the difference
isn't so much as it could seem,

Let's imagine, that electron and positron bring nearer
one to anether because of attractive force between them. The
observer connected for example with positron may tell that two
charges are opposite and they bring nearer, but he may interpret
this situation in different way. He may tell, that the signs
aof charges are the same, but the time in system connected with
positron is negative - it means that time goes in opposite di-
rection. (we have analogous situation when we project film,
starting from the end.)

The electron-positron pairs filling Dirac's unempty wvacuum
cause the superconducting character of pirac's sea. The unempty
vacuum is a superconductor or something wvery similar. It is a
postulate, but very logical and attractive idea.

The runnunig friction in wvacuum doesn't exist because of the
same reasons which are responsible for non-existence of crystal
lattice dissipation of Cooper's pailr in semiconductors.
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3.2.4

We don't feel the huge gravitational forces generated by
the huge mass of Dirsc's sea, because forces generated by all
surrounding us from all sides particles are countermanded
themselves mutually. we can't forget, that our dimensiens are
remissingly small, point like as a matter of fact, in compari-
son with the distances in cosmic scale. This situation is analo-
gous to melecules in the liquid.
The molecule inside the liquid is acted by the resultant inter-
molecular force equal zero, because 2ll forces generated by
neighbowring, surrounding molecules are countermanded mutually.
There is a different situation in case of surface molecules,
because the forces generated by neighbouring molecules aren't
countermanded.
The wector of resulatant force is turned inside the liquid.
It is the cause of surface tension. There is a similar situa-
tion as far as nucleus is concerned. The nucleon inside the
nucleus composed of great number of nucleons is acted by the
resultant force equal zero, and the surface nucleons are acted
by the nonzero resultant force turned inside the nucleons.

3.2.5

The vacuum has very rich structure, because two united pi-
rac's seas exist in case of all types of particle-antiparticle
paire.

3.3.1

The next argument supporting the existence of unempty va-
cuum is fact, that both velocity of electron in vacuum and
velocity of electron in solid state depend on the vector of
electron wave (compare figures 4a and 4b).
The next analogy leads to si-
‘nv milar conclusion: both creation
of electron-hole pair in semi-

conductor accompanied by emission

Y X

of quantum of erystal lattice
oscillation-phonon, and creation

of electron-positron psir in
vacuum accompanied by emission

of quantum of wacuum oscilla-

Fig 4a. Dependence wk) for electron in vacubm tions, sre described by the
k = 2xIT = 2xp/T = 2amy/hV'1-(VIE)
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same creation-annihilation eperator formalism. This fact sug-
gests, that wacuum can have inside structure. In theoretical
research of quarks imprisonment is used the mathematical trick
consisting in introduction of lattice in spacetime and then
approaching the limit of lattice constant equal zern.[ﬁﬂ*#?]
This lattice, which is treated by theorists only as a

mathematical trick seems to be analogue of crystal lattice in
solid bedy. It corresponds with complex effective mass and com=~
plex band structure [13-1?}.

v These analogies are so nume-
rous that they can't be only
coincidence, all the more so

as there are experimental

facts which evidence the exi-
stence of unempty wvacuum (com-
pare § 3.1.2.).

. a
i o Wy L] ol

Fig. 4b wk) for electron in solid state, u is lattice constant,
k is value of wave vector - solution of Schrodingers equation

$.3.2

The existence of unempty wvacuum is proved e«perimentally
and we shouldn't be afraid of the fact that we don't see it.

The ground of the surrounding us reality, is quantum,
and the observed classical world is only limiting case of quan-
tum world. There are such situations in quantum world, when
we don't see something, although it really exists.

The crystal of semiconductor illumunated by electromagne-
tic radiation at its plasma frequency behaves like vacuum.
It means that oscillations induced by the outside electromagne-
tic field are creating such an electromagnetic field, that the
same field and deformed outside electromagnetic field are so,
as if the outside electromagnetic field weren't deformed and as
if it were only field propagating in vacuum. We don't see the
crystal im such conditions.

There is a similar situation in case of Ramsauer-Townsen
effect., The electrons at energies about 1 ey see the argon
atom as the whole, but at energies about 0,7 ev the scattering
cross section is so little, that this gas is for electrons near-
ly transparent. [59}
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we shouldn't be afraid of it either, that both wvector poten

tial as well as its derivatives expressed by the fundamentsal

equations of electromagnetics, have the physical meaning.

There is a similsr situstion in case of Nuclear Magnetic Reso-

nance, in which both electric field £ and its gradient (grad E)

play the role [GG].

IV

The Cenception of Unempty Vacuum and Special Relativity Theory

4.1.1

The results of aAharonov and Bohm evidence explicitly the
exlistence of environment, whose perturbation is observed as
electromagnetic field.

The conception of ether is renewed, but the experimental
facts can't be turned down because they don't appeal to us.

From the other side, SR is a very deep, beautiful and experimen-
tally testified theory.

It leads to supposition that the conception of ether isn't dis-
crepant with §R.

4,1.2

wWe will prove that the existence of ether isn't discrepant
with SR.
The space is homogeneous and isotopic, so ether filling the uyni-
verse is homogeneous and isotopic. we know, that ether has a

superconducting character {compare § 3.2.4) .

Megative result of M.M. experiment
is a consequence of the fact, that
the motion towards something can't
be discovered, when this something
is homogeneous and isotropic and
doesn't resist to wuniform motion
because of its superconducting cha=
A B racter. all points of ether are
identical and their surroundings

L J

@
Figure.5 are identical, so the observer at

point A (see figure %) isn't able
to state if he has translocated to the identical point B or if

he hasn't translocated; 2ll the more so as he doesn't feel the

resistance to motion, which could evidence this motion.
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The motion towards local heterogeneities like for example
electrons, protons or others elementary particles or their agglo-
merations like for example atoms, planets can be only observed.
We. aren't able to state, if we move towards vacuum and it means
that the motion has relative character.

It isn't possible to observe the motion towards the medium
which is homogeneous in global scale, isotropic and supercon-
ducting, which means that it doesn't resist to uniform motion.

It is the reason of negative result of Michelson's and Morley's
experiment (although the ether exists) and it implies sg.
Negative result of M.and M. experiment doesn't ewidence the
nonexistence of ether, but it evidences only the impossibility
of observation of motion towards ether)

The existence of ether has been however experimentally disco-
vered by Aharonov and Bohm. The special relativity Theory isn't
discrepant with the conception of ether, but on the contrary,
it is implicated by this conception. The results of michelson's
and morley's experiment, which implies SR, are conditicned by
the properties of ether.

The homogeneity, isotropity and superconducting character of
ether create the essentials of gpecial realative Theory|

4.1.3

The Lorentz's transformation results from postulate of iden-
tical shepe of Maxwell's equation im all inertial systems.

The rightness of this postulate is self-evident: if it is
impassible to observe motion towards unempty vaeuum, then all
inertial systems are equipollent and as a consequence he shapes
of fundamental Maxwell's equations in each inertial system must
be identical. also in this case SR results indirectly from the
impossibility of observation of motion towards ether.

It is widely known that Einstein has repudiated the conception
tion of ether because he has admitted it to be unnecessary.

The equations (1)-(7) and others equations of SR can be actually
considered, separating the character of vacuum. The existence
of unempty wvacuum isn't necessary for eduction of equations
(1)-(7) and foreseeing their consequences. SR results however
from the existence of unempty vacuum, which has been evidenced
in § 4.1.2 , although srR can be formulated without adduction
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of unempty vacuum. (The motionm of planets around the Sun is
caused by the gravitatiomal force although the acceptance of
this fact hasn't been necessary for formulation of hel iocentric
system. )

It seems to be parasdox, but the deepest ground. of SR is
conception of unempty wacuum (or ether), which has been experi-
mentally testified.

4.2.1

We can explain qualitatively the dependence of mass of the
particle on its welocity, using the conception of unempty, su-
perconducting vacuum.

The particle, whose velocity increases in LAB, began to
interact with unempty wvacuum more intensively. The growth of in-
tensity of interaction with unempty vacuum leads to growth of
mass. If the velocity of object is bigger than c which is limit
velocity, then the interaction of this particle with vacuum
leads to arising of complex mass (compare chapater I ).

The mechanism eof change of mass with change of velocity is
analogous to mechanism causing the arising of effective mass
of electron in solid body.

Let's consider this problem on the other way. vacuum doesn't
hamper the constant motion because of the same reason which
ﬂsuEEE. that the electrons in superconducting state aren't
hampered by crystal lattice. The growth of velocity corresponds
with growth of interaction with unempty vacuum and connected
with it change of masses with possibility of arising of com-
plex mass when wv>c¢ .

The increase of wvelocity (acceleration) corresponds with
perturbation of ordered superconducting state, which leads to
increase of intensity of interaction and to increase of mass
on this way too. The growth of mass difficults further growth
of velecity and further deformation of superconducting state.

System; particle - unempty vacuum aims at conservation of
superconducting state, whose results are increase of mass upon
velocity, and arising of complex mass when v>c¢ .

The tendency of conservation of supercinducting state is
realized by negative feedback:

-growth of welocity
-perturbation of superconducting state
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-growth of interaction wunempty vacuum - particle
-growth of mass
-difficulty of further increase of welocity

The observer in coordinate system connected with himself
can't observe the constant motion if he doesn't see other re-
ference system because the motion is relative. He can't obser-
ve the motion towards vacuum, because both his and 3ll masses
in this system (and the reference mass equal, for example, 1 ki-
logram) increase in the same way. It means that all these mas-
ses are multiplied by the same factor:

1
1-"’2
o2

The observer can observe only the accelerated motion (without
other reference system) because of the force of inertis.

The forces of inertia are caused by acceleration, which is crea-
ted by others forces which are created by others objects.

The friction (in sense of loss of energy caused by interac-
tion with enwvironment) is purely classical idea. Energy isn't
necessary for heeping the object mowving in case of quantum ob-
jects like superconduction of motion,or motion of helium II up
the wall of the wvessel.

The unempty vacuum has a quantum character, so energy isn't
needed for Keeping the constant motion (towards some reference
system) . The energy of constant motion can be lost because of
interaction with heterogeneities, which are the excited states
of wacuum like for example electrons,or clusters of such exci-
ted states like for example planets, rough surfaces.

4.35.1

Einstein has analysed such problem. He has considered the par-
particle composed of two protons. If this particle is desseved
then according to the principle of conservation of momentum,
both protons are moving in opposite directions (along the same
axis) with the same walue of wveloecity. If we measure the posi-
tion of the first protom , we know the position of the second
proton without measurement. It is said to be discrepant with
quantum mechanics. This problem can be explained on the ground
of results obtained in this work.
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Both moving protons interact mutually exchanging particles
whose masses are expressed by complex numbers.

There is a cloud composed of machyons between two mowving pro=-
tons. Machyons inside the cloud can travel any distance in freely
short time because there is not upper limit for velocity of com-
plex mass partiule.'

It means that there is always such machyon, whose velocity
is enough huge, that it travels the distance between both pro-
tons in freely short time At.

The vacuum moreover doesn't resist to constant motion. This
fact implicates that both protons create the bound system, even
when they are very far one from another. The machyons are res-
ponsible for creation of bond between protons, similarly elec~
trons are responsible for creation of bond between two nuclei
in diatomic molecule.

If we treat protons like points, than we have a bound system,
whose position is described by six coordinates: three coordina-
tes of current position of the first proton and three coordi-
nates of current position of the second proton, or three coor-
dinates of current position of one proton and three coardinates
of position of start point (or centre of mass of the system).

we don't know naturally the position of one proton and posi
tion of centre of mass before measurement, but there isn't dis-
crepancy with quantum mechanics when we are asble to know the
position of the second proton without measurement, but only on
the grounds of two earlier measurements.

There is no discrepancy in this problem. It hasn't been known
earlier about existence of machyons, which are responsible for
creation of weak, but really existing bond between even very
distant protons, which causes bound system.
1t is the only reason of misunderstanding.

4.4.1

We proved in this part of work, that the existence of unempty

&
The Limit velocity ¢ is upper limit velocity of real mass par-

ticles and a lower limit for wvelocity of comlex mass particles
(compare chapter I ). The upper limit for wvelocity of complex
mass particle doesn't exist.
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vacuum isn't discrepant with SR. This theory is implicated by
this conception, although SR can be formulated without adduction
this fact.

The existence of umempty vacuum throws moreover light on a
matter of some facts of SR; it makes possible for example to
understand better the physical sense of equation (1) (see § 4.2.1).

The unempty wacuum is really existing being]

Its existence is experimentally confirmed fact.

The conception of unempty vacuum makes possible to explain
the origin of complex mass and to present de Broglie's wave as
the wave of Dirac's sea.

So this conception is useful and needed.

4,4,2

The idea of unempty vacuum throws light on a matter of wave-
particle duality. This phenomenon stops to be so mysterious.

The excited electron moves in the sea of unexcited particles
surrounding it from all sides.

The particle goes across the environment and it causes, that wa-
ve accompanying particle comes into being. In ones phenomena
the particle is exposed and in another phenomena the by particle
created wave is exposed. The similar conceptien has been postula-
ted by Bohm. Bohm explained the wave-particle duality, assuming
that particle is accompanied by so called piloting wave, which
is the solution of schrédinger's Equatiun.[ﬁi]

My conception is similar, the only difference is qualitatively
explained origin of this wave.

4.4.3

The de Broglie's wave exists really, because the difraction
and interference of wave of elementary particles on the crystal
lattice are observed.

From the other side in the case of refraction on the board of
phases, the part of wave is reflected and other part is refrac-
ted, which means that it goes into the other phase. But it is
known that elementary particle accompanied by this wave, either
goes into the second phase or stays inthe first phase.

This fact is described by Born's interpretation of wave function,
which treats wave function as something, whose second power of
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module, gives the density of probability of finding of elementary
particles.
In the Bohm's conception both particle and piloting wave occur.

Both interpretations are complementary.

Let's analyse the particle excited from Dirac's sea.
This particle moving in Dirac's sea creates the wave, which is
accompanying it.

In this way we obtain particle-wave dualism of de Broglie.

by

A B C

Let's analyse the wave function ¢ as at the figure.

The wave function is expanded in the whole space, but the
particle is in the same, concrete place (for example at points
A or B or C). The probability of the fact that particle exists
at point B is bigger than that it exists at point ¢, because
the wave created by the existence of particle has (at this po-
int B) bigger amplitude; and the biggest probability is at po-
int A, because wave created by the existence of particle has
at this point the biggest amplitude.

It is the generalizationm of the conception of piloting wave
of Bohm, and unfication with Born's conception.

So both de Broglie's wave exists and its amplitude (the
second power of its module) is measure of probability of finding
of elementary particle.

we have both real wave in pirac's sea (Bohm's interpretation)
and density of probability (Born's interpretation}.

At the board of phases de groglie's wave partially reflects
and partially refracts.

The Dirac's sea behaves like waving medium.

The particle either comes to the other phase or does mot, but
de Broglie's wave, created by the particle in pirac's sea, de-
termines the probazbility of both these events.
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We observe the difraction of de Broglie's wave on the crystal
lattice and its interferention, too.
So there is the complementarity of these two interpretations
of de Broglie's wave, and not contradictiaon.

4.4.4

The Dirac's equation deéscribes only the fermions with spin 1/2,
but the implicated by it theory of particles and holes is more
extensive and contains the bosons and other fermions, too.
The fact of the unhomogeneous population of energetic levels
of Dirac's sea is not important,
The fact which is important, is the existence of two Dirac's
seas - sea of particles and sea of antiparticles, creating
pairs coupled by interaction, in the case of bosons too.
The absorption of photon causes the destruction of the pair
and the creation of free particle and free antiparticle and
empty places in the space (called holes) in which there had
been particle and antiparticle when they had created the pair.
(The excited objects - particle and antiparticle - can move to
other places, because the vacuum doesn't attenuate the motion.)
The mechanism of creation of the particle-antiparticle pair
and the effects of destruction of such pair are the same both
in case of fermions and in the case of bosons.
It suggests the possibility of generalization of Dirac's equa-
tions for the case of others spins than 1/2, which will be dome
in the work [53] .

v
Recapitulatien

5.1.1

It was stated in this work, that the motion with velocity
v>c towards LAB (c is limit velocity) is possible and isn't
discrepant with sr, but on the contrary it is implicated by this
theory. The particle moving with velocity v>c according to SR
must have complex mass and complex rest mass.

The existence of complex mass particle has been postulated
in order to explain results of some experiment in elementary
particle physics. These objects have been called not existing
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particles because of their untypical character and difficulties
with lecation in the structure of physics. In this work the com-
plex mass particles were bound to SR and it was stated that ac-
cording to this theory they must move towards LAB with wveloci-
ty v?Zc ,

The experiments in quantum optics suggest that some kind of
interaction between two objects is propagating with velocity
v>c [62] This effect can be explained at once, when we assume
the existence of machyons, which are responsible for delivery
of signal. These experiments are actually the next proof of the
existence of machyons.

The argumentation, that relativity theory is theory qualita-
tively different from quantum mechanics doesn't stand the test
of criticism. There are some analogies between classicsl and
quantum mechanics: the classical mechanics is the limitary case
of guantum mechanics which corresponds to the situation when
the quantum numbers are great. From the other hand the mathems-
tical identity of fFermat wvariational principle (for electroma-
gnetic wave) and Jacobi's variational principle (for particle)
inspired de groglie to formulate the idea of wave particle dua-
lism.

We can start from quantum mechanics and come to classical me-
chanics and vice versa, so the argumentation that these theo-
ries are qualitatively different and quantum effects in optics
can't have something common with SR, doesn‘t stand the test of

criticism.

5.1.2

In order to deepen explanation of character of the complex
mass particle, the conception of unempty vacuum is resumed
using the analogy with effective mass of electron in solid body
caused by the interaction of electron with others electrons and
crystal lattice.

It was stated, that results of aharonov's and gohm's experi-
ment are irrefutable argument for existence of unempty wvacuum.,
It was referred to earlier theoretical conceptions by Maxwell,
de Broglie, Dirac and Bohm connected directly or indirectly with
this idea,

The discrepancies and unconsequences of pirac's approach
which called in guestion his extremely deep and original concep-

tion of pirac's sea, were removed.
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It wa stated, that unempty vacuum has very rich insid: structure,
and is homogeneous, isotropic and superconducting, which explains
its unexpected prnpertiEE} Homogeneity, isotropy and postulated
superconducting character of uﬁampty vacuum cause that sp is im-
plicated just by this idea.

These properties of unempty vacuum imply that motion towards
vacuum can't be observed. It means, that Michelson's and Morley's
éxperiment must give negative result, which implies the whole sR.
However the unempty vacuum can be observed in experiment sugges-
ted by Aharonov and pohm, and realised many times. The unempty
vacuum conception permits to understand better qualitatively the
physical sense of the dependence of mass on velocity in sR.

One ought to rematk, that idea of unempty vacuum isn't discre-
pant with field theory. gach particle is a source of field and
the part of energy of system is connected in each moment with the
field. The principle of equipollence of mass and energy implies
that at all points of field, at which energy is nonzero, there is
nonzero mass too, what leads directly to conception of unempty
vacuum,

5.2.1
Four mutually bound notions:

complex mass

motion with velocity wv>c

unempty wacuum

compactness of unempty wvacuum with Relativity
aren't discrepant with most important theories of modern physics
and make possible to explain many doubts, paradoxes and facts
connected with SR and quantum mechanics. The interpretation of
phase velocity, ghosts and introduction of equivalent of ghosts
in solid body makes this picture totally compact.

These notions together with results of Aharonov's and Bohm's
experiment create the compact set of ideas and facts, which are
well placed in the structure of physics.

They are implicated by experiméntal facts and earlier thecre-
tical conceptions and throw some light on the established results,

so they can't be ignored.
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Appendix A

Generalized quaternions are expressed by equation:

X = X+ X 8y + KEEE * Xge5 XosXqsXoaXg are real

and the rules of multiplication are determined by multiplication
table:

1 1 ey €5 e
1 1 ey e, &3
e, €4 n €5 ne,
e, e, -e m -me,
e, e -ne, me, -nm

n,m € J ; A,m ¥ 0 . The structure of associative algebra
with i is introduced in the four dimensional zlgebraic linear
space H(n,m) = <1,e1,e2,35> Q by this table. [-::eﬂ“ain Russian book ]

Next the representation is introduced:

—
Xq *+ xIW? xEHm + xsﬂnm
KE{E1~ xz\{nm xn-xif;1

Determinant det Ax = xﬂE - xlzn - 312 m + 332 nm = N(x)

X = X+ Xs@, + Xp€y + xzez—k,hxz

has the sense of the norm of element x .
Mmorme N(x) depends on square of Xo1XqsXssXg, S0 it is an analog

of square of module of complex number and it is obvious that far

certain XgsXg1XosXg,n,m N(x) may obtaimn negative wvalues.

The generalized guaternions must be distinguished from quaternions,
which have not negative norm.
Quaternion is expressed by the formula:
X = X 4 xli + xzj + xak
X1 XqsXnyXg aTE real , but now multiplication table is

easier.



i = 3% =2 1% = -1, ij = -ji=k, jk=-kj=1i,
ki = ik = § .

E ] .
Then x7 = Xo = X1 - X53 = xsk

snd norm is equal:

N({x) = xx® = x < + X < C e

Appendix B

p=mV
p 1is complex no matter if m is complex or if v is complex.

Let's analyse energy:

| ]
] muzvpc2 mnzc4
EE 1/m Ec4 + PEGE = |Im 2c4 + =
o o >
1-Y_ 1 -
cE cE

If m, is complex (znd veR and v<c) then mﬂ_E is negstive and

E is complex.
If m,€ R and v is complex Ilvi}c] then E is complex too.

So E and p are complex no matter if m_ or v is complex.

o
We obtzined that in the case of canonically conjugated quanti-
ties E,p and t,x the complex numbers appear if v>c¢c; and in both
cases the assumption that m is complex and v<e¢ (veR) leads to
discrepancy.
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Appendix C

The complex potential U = V + iW V,W - real numbers
means really the appearence of particle with complex mass.
Though the complex potential describes the process of absorption
of quantum wave (it has been introduced in this way) and complex
mass particle describe processes of decay aﬁd fision (absorption).

The procedure of quantisation of potential U would lead to the
state with complex energy and complex mass; it is seen on the e-
xample when V and W are harmonic potentials.

Then naturally Eu = [(n+%} + i(m-pé-)] huw, n,m € N v {D}
Moreover we have in the case of complex mass

m = mx+im? s+ m_,m_€ R

XY
S50
E = Em+iE,:‘Ir ; rn}q:,mk‘Ir e R
and next
W= A i/h(ET)
0 Yo Eifﬁ {Ex+iE?}t . E'%t . EiﬂiExt

It is a formula describing oscillasting decay or absorption, as it
has been stated previously.

Appendix D

The probability of finding of ghosts is negative.
It means only that integral

I = f"l""P'*d‘#
L1

is locally smaller than zero although the integral runs the
whole system and must be equszl 1.

Il The fact that in the cazse of ghosts
the integral is smaller than zero
means only that ghosts are insepara-
ble of certain bigger system.

it corresponds with the fact that

//#H\\ ghosts as objects moving along closed
= curve, must be machyon with complex
\\HHJ// SZ} mass; and this (according to appendixﬂj

means that they exist in the con-




L7~

densation which appears in the process of oscilating decay and
simultaneous arising of another object or in the process of ab-
sorption and so on, for example in the cloud surrounding the par-
ticle.

L.

Naturally the product YY" is bigger or equal zero in the case
of complex numbers and guaternions but in the case of generalized
quaternions, the product w“”*may obtain both positive and negative
values.

Appendix E

It isn't truth thst the introduction of the conception of
unempty wvacuum introduces certain distinguished coordinate

system. In unempty vacuum there are the layers of particles
moving with different. velocities in any coordinate system.

Each value of velocity is obtained by certain group of particles. If we
want to introduce the distinguished reference system, we
would have to choose certain layer of particles, and there
is not any piysical reason to do it.

1t isn't truth, either, that one can discover unempty vacu-
um making a research in which it swims round the bodies with
different shapes.

Naturally there isn't any friction of bodies with unempty
vacuum. But unempty wvacuum, meeting the transverce surface
doesn't swim it round but comes through it like the neutrai-
nos through the Earth.

It concerns all bodies having an inside structure and I am

convinced that all bodies have such structure.

Appendix F

The particle knccked out from the Dirac sea comes through
it creating the wave. 0On the other hand it doesn't feel

friction because of effects analogical to superfluidity
or superconduction.

The problem arises if it isn't discrepancy.
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The motion of a particle in the Dirac sea is described by

the Dirac equation.

iﬁ(ﬁ'#ﬁ;m)w = 0 (25)

The superconduction is described by the London equation
m c?
: AH = H (26)
43T n Ei

The mass from the London equation may be put intoc the Di-
rac eguation

4T n EE H

2 A

ih J‘}LE}L - LIJ = 0 (27)

It is the most general equation of superconduction descri-
bed by the equation (27) equivalent to the eguations (25) and
(26).

It is clear that this same Dirasc's equation describes both
the motion of a particle in the Diraec sea and superconduc-
tion, so they are analogical effects. 8y this means the po-
tential discrepancy has been eliminated.

Appendix G

In this work it has been proved that the complex mass impli-
cates the curve of the route. But there is problem if the
particle move along a straight line.

We have
— -
P = mV ) m complex
=
T - Sp



49 -

F = 0 the condition of non-curve of the route.
— —_—
p = const
SO _, .
v = const

The particles with complex mass moving with constant velo-

city have the chance to move along a straight line. It cor-
responds with the R = oo.

Appendix H

When something passes from one reference system to ano-
ther, the forces of inertia are active. These forces are the
result of interaction with unempty wvacuum, just as the change
of superconducting state in consequence of the momentary vol-
tage is caused by the interaction of electrons with crystal
lattice.

Simply, there aren't sourceless forces. The "sourceless"
forces are the result of interaction with unempty wvacuum and

a proof for its existence.

Appendix 1

It isn't true that it is possible to discover a dis-
tinguished coordinate system analysing the differences of
flowing of a body by ether thanks to the differences of the
shapes of the body, because ether not only flows the body
but it passes through 1it.

There is only the problem ifeacch physical body has any
inside 5tructure[ﬁ3].

Appendix J

In this work the Relatiwvity has been generalysed.
It has been proved that this theory doesn't forbid the motion
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with velocity bigger than the limit wveloecity ¢, called the
velocity of light. It has been proved, too, that the concep-
tion of Dirac‘s unempty wvacuum - simply spezking: ether - does
not introduce any differentiated cooriinate system, so it
isn't discrepant from the Relativity.

These both conceptions are connected with the idea of
complex mass which removes Einstein's reservation that the
conception of ether isn't neccesary.

In this work the Dirac's sea conception has been 1m-

proved with the introduction of two seas and two systems:
particle and antiparticle adequatly for both of them.

This work presents a new vision of physics but it is
strongly based on the foundations created by predecessors
and it is implicated by them in the strict and logical way.

Appendix K

Quantum mechanics doesn't forbid the motion with ve-

‘locity bigger than limit velepciTy v>c.

s A Let's assume that in the distance
AR of time dt we have measured the par-
ol ticles, once at the peoint A and then

at the point B with the distance rgg.
There is ne condtition ¢ dt >ryq.
Considering the fact that the par-

A ticles of the same sort aren't pos-
sible to be distinguished, we can
assume that the particle from the
point C moved after certain time dt
to the point B,and at the same time

the particle from the point A moved
to the point C.
There are not the dependences
c dt > rac and c dt e

what's more, the procedure of Dirac's linearisation
of the root in so called Pitagoras theorem eliminates the li-
mit of welocity.
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Appendix L

We have

E

"

_ V- 2K
LAY

B = :ﬁ % Iﬁ

Since A is a real,existing field, so the existence of ether

is a fact; and @ is a real, existing field, too.
The influence of the static gravitational field on

the electromagnetic field is analogical to the influence of
a medium whose electric and magnetic permeability are equal: .

€= p' = 2 [64] -

T
The problemearises if the unempty and curved space must have
an inside structure. For a one-dimensional line the answer
is negative. The case of more dimensional structures will be
discuted.

Appendix M

We have the dependence
Vg ° Vg = GE

so, if vg<c then Vi> c.

This feature of phase velocity is the next proof that velo-
city can be bigger than c.

The interpretation of phase velocity is easy. The cloud
of tachyons is always bound with a real mass particle.

Appendix N

I is not true that during first small split second
after the B8ig Bang the laws of physics weren't satis-
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fied, because the veln:ity would be bigger than ¢ (v>c¢) .

The situation is opposite. The velocity v>c¢ isn't discrepant
from the Relativity.

Appendix 0

The existence of much amount of trayectories binding the

same two points may be result both of interaction and of the

fact that the particle propagating from x, to x feels what
happens at distant points of space and the topology of this
space. It is the proof of the existence of machyons (tachyons)
carrying information.
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