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Abstract: This work fits into a framework of a program, etlated in [1, 2, 3], of the geometri-
zation of physics, as set in motion by the matheraktvorks of William Kingdon Clifford and con-
tinued into Einstein’s theory of General Relativity well as the theories of John Archibald Whedier.
discusses the physical and mathematical foundatibnscuum light-geometry and the Algebra of
Signatures. The vacuum is investigated by proldingth mutually perpendicular monochromatic rays
of light with different wavelengths. The result ashierarchy of nested 3-D light landscagésm
vacua”). We consider a locally uncurved and curstade of a vacuum region on the basis of the math-
ematical theory known as the Algebra of Signatube'szacuum condition” is formulated, based on the
definition of the “vacuum balance”. Inert propestief theAd-vacuum are considered. A kinematic ba-
sis for the possibility of discontinuities in a &aeighborhood of dnrvacuum is introduced. On the
basis of the foundations of the Algebra of Signedutescribed in [2, 3], metric-dynamic models of al
elementary particles included in the Standard Madelobtained. In this paper new concepts are-intro
duced, some of them with correspondingly new teahoigly. Therefore, at the end of the article a glos-
sary of new terms is provided.

Keywords: vacuum, light-geometry, emptiness, spin-tensgnaure, stignature, metric, affine

space, metric space, geometrized physics.

1. Technical post-Newtonian vacuum

When you fight monsters, beware that you do
not become a monster yourself. And if you
look at the Abyss for a long time, then the
Abyss peers at you.

F. Nietzsche

“Jenseits Gut und Bose”
(Beyond Good and Evil)

In modern physics, a vacuum (from the Latacuus meaningempty is an extremely complex
object, represented as a superposition of muligylers of quantum zero-point oscillations (scalac-
tor, spin, tensor, etc.) fields, or as a tapestmgxtremely tightly wound superstrings.

In this paper, we first return to the idea of achtacally absolutely pure vacuum, as an empty

space in which there are no material particles.

! alsignat@yandex.ru




To distinguish the objective empty space (thaaisabsolutely pure Newtonian vacuum) from
the various vacua of modern theories, for breviggwill call it a “vacuum” (with quotation marks).

Definition 1.1 A “vacuum” is a real 3-dimensional empty space withparticles, which is out-
side the consciousness of the observer.

As a result of the development of light-geometrd éme Algebra of Signatures (AS) (see Ap-
pendix), the “vacuum” model will become more andrencomplicated until many analogies are found
with Einstein's vacuum, Dirac’s vacuum, Wheelegswum, De Sitter vacuum, Turner-88k

vacuum, vacuum of quantum field theory and the is@any vacuum of superstring theory.

2. Longitudinal flat bundles inAn-vacuum
First, consider a 3-dimensional volume of the “vac
um”, in which there is no curvature.
We use the experimental fact that in a “vacuun
light beams (electromagnetic waves, i.e., photpnspagate
at a constant speed

If the “vacuum” does not change, then the li

through which a photon passes (resulting in a rfalygat) _ _
Fig. 2.1. Stationary laser beams rendered

remains unchanged (Figure 2.1). visible using a spray (see
oo ) . ) https://heatmusic.ru/product/Is-systems-
Definition 2.1 A beam or ray of light at time t is ¢ beam-greeny

fixed line in the “vacuum”, along which a photonshpassed

in the time interval from the momepot its emission to t.

We divide the entire wavelengthrange of electro-

magnetic (light) waves into sub-intervals from™16m to

! ' g . Emn

interval will be denoted byAA = 10" — 10™*cm”, or simply

“AA=10" - 10" where it is assumed (or stated for empt

sis) thatn = m+ 1 and that the units are centimeters.

If one sends monochromatic rays of light of wav _. _ , o
Fig. 2.2. The 3-dimensional lattice in a

lengthAmn (the range 1Becm <Apn<10' cm wheren =m + 1) "vacuum", which consists of mutually
orthogonal fixed beams of monochromatic

through a volume of a “vacuum” from three mutughgr- light of wavelengtm,,, where the length
of an edge of the cubic cel}, is approx-

pendicular directions, then the screen can “vigealia imately 16 A,

3-dimensional stationary light grid (Figures 2.22)avith the



edge length, denoteg,, of the cubic cell equaling approximately,. This 3-dimensional net will by
convention be called a 3-D light landscapelgsvacuum.

Definition 2.2 A Anrvacuum is a 3-D landscape in a “vacuum” which dstsof a stationary
intersection of monochromatic rays of light of wlangthrange10"cm < Ann< 10' cm, where n=m
+1 (Figures 2.1 and 2.2Y he thickness of the light rays, in comparison wh#hvolume of the “vacuum”
under investigation, tends to zero, so ttiet condition of applicability of geometrical omtics fulfilled.

Sequentially analyzing the probed volume of “vactitmonochromatic rays of light of wave-
lengths of all sub-bands 1@m < A< 10" cm, we obtain an infinite number of nestdg-vacua
(Figure 2.3).

& m+n

Fig. 2.3. Discrete set of 3-D light landscap@l,+vacua) of the same 3-dimensional
portion of a "vacuum," wheréy, > Am+1)n+ 1)> Ame2)n+ 20> Amea)ns 3)> Ameayn+ a)...

If Amn > Am+1)n+1), then the sizes of the cubic cells of the Jdht landscape§imrvacuz) obey
&mn = Em+1)(n+1)-
Definition 2.3 A longitudinal bundle in a “vacuumis a representation of an empty 3 - dimen-

sional space consisting of an endless sequends@tte nestedvacw (3-D light landscapes).

3. Lidar method of investigation of the “vacuum”

The rays of light in a “vacuum” are not visible, t® human eye also does not record mono-
chromatic rays of light formed in &,+-vacuum. Nevertheless, it can be visualized if giommple, aer-
osol particles are sprayed on laser light pathgufféi 2.1).

A more correct method of investigating the metryoramic properties of a “vacuum” is elec-

tromagnetic carrier signals with wavelength.



Let the pulse of the electromagnetic sign antenna cikonal reflector
beamed by the lidar, propagate in the investigatsd /
tion of the “vacuum” to the reflector, then be eeted
from it in the opposite direction (Figure 3.1), dmehl-

ly the reflected signal enters the aperture ofitle. watch
The time intervaldt = t, — t; elapsed from the
time t; of the emission of a pulse until the momeruf
the reception of the reflected signal is recordgdab Fig. 3.1.Laser scanning unit (Lidar) for

isi lock probing a section of a "vacuum"
precision clock.

Knowing the period of timelt, and assuming 1°

that the speed of light in a “vacuum” is a fundataén

constant, it is easy to calculate the length of ghth i
. . dz| 7 7
along which the light beam propagates from therant / A

na of the transceiver to the reflector by the fdamu dix - o 5 >
1 ____________ .

dl = Ecdt. (3.1) x
Fig. 3.2. The propagation of a light beam along
Suppose, too, that the distance measured wi a curved portion of a "vacuum”

ruler (Figure 3.1, 3.2) equals
If dl =L, then this can be interpreted as a rec
linear propagation of the laser beam from the trais
ter to the reflector and back.
If dl #L, then with fully adjusted lidar, this ma’
correspond to one of the following cases:
a) the monitoring portion of the “vacuum” is ber

so that the light beam propagates along a geotiesic
in the curved 3-D landscape (Figure 3.2); Fig. 3.3. Scanning of the volume of the "vacu-

b) in the volume under investigation there is a ¢ Um"under investigation from three mutually
perpendicular directions
rent (motion) of the “vacuum”, which carries the &
light away from the direct path;
c) there is both a curvature and a “vacuum” flowthis area. vature of the “vacuum”. For a more
complete definition of its metric-dynamic propestiét is necessary to probe this section at leash f

three mutually perpendicular directions (Figure)3.3



4. Features of the lidar method

The lidar method of sounding the “vacuum” contdime fundamental aspects that will later in-
fluence the development of light-geometry.

First, note the important fact that the time in&rdt, measured by the clock of lidar (Figure
3.1), is not related to the region of the “vacuuntiich is probed, since this region of the “vacuum”
located between the antenna aperture and the taeflend the clocks are outside of this site. Imeot
words, in the lidar method, time is an attributeanfoutside observer, rather than an exploredoseofi
the “vacuum”. This means that the metric-dynamatesof the local section of the “vacuum” is deter-
mined by its curvature and/or motion, and not lghange in the flow of time, as it is treated in-Ein
stein’s General Theory of Relativity (GR).

Secondly, it follows from the lidar method that hr@perties of the surrounding region have at
least two conjugate 4-dimensional sides: “exteraall “internal”.

Let us explain this statement by way of an examifhe basic lidar equation (3.1) can be repre-

sented in the form

gt = (. +dl) (4.1)

C

wheredl; is the distance traveled by the light beam inftrevard direction (from the antenna to the
reflector of the lidar, Figure 3.14l, is the distance traveled by the light beam inapposite direction.

That is, in the lidar method, there are inevitalalp beams: direct and reverse. They correspond
to two conjugate sidesxternalandinternal.

During the time intervadit, the light beam travels a distance

cdt = dl, 4.2)

whered| = (d¥ + dy? + dZ%)” is the length element in 3-dimensional “vacuum”.

rom (4.2) follows the expression

Zdt = d + dy? + dZ. (4.3)
In turn, (4.3) is possible to write down in two vgay
(A= ?d? —dx¥*—dy’ —dZ =0, (4.4)
8¢ = —c?df® + d¥ + dy*+ dZ= 0, (4.5)

respectively, to direct the beam (be outerside) and the returning light (or thrgernal side).
The sum of the squares of the intervals (4.4) dt) (s equal to true zero:
Lds)?+ dsM?) = d?+ ds? = (P — ¥ — dyP — dZ) + (—cPdE + A + dyP +dD)=©O. (4.6)
This circumstance makes it possible to remove dilesomain problems of quantum field theo-
ry: the infinity of the energy of a physical vacuusince in this case, the zero-point energy of each
ti-oscillator corresponds to the zero-point enavfig corresponding harmonic oscillator.



Definition 4.1. “True zero” is defined as: © =0 - 0. 4.7)

In a local region, oscillators and anti-oscillateesn be shifted in phase or differ in amplitude
and polarization, and therefore continuous flucturet of the photon-anti-photonic vacuum condensate
are possible at every point of space; howeverheraverage, in a given region of the “vacuum”, they

completely annihilate one another.

5. Geodetic line in admy-vacuum

Monochromatic light rays with different wavelengths, propagate “in a vacuum” with the
same speed of light obeying the same laws of elégtramics.

Therefore, if the investigated section of the “wamii is not curved, then all 3-D light land-
scapes Amrvacw) will differ from one other only by the length,, of the edge of the cubic cetll
10PAmn (Figure 2.2).

However, if the “vacuum” is twisted, almrvacua
will differ from one other due to the fact that thght rays
with different wavelengths have different thickressEach
3-D light landscapeAnrvacuum) is unique (Figure 5.1), €

all the irregularities of the “vacuum” are averagethin the

thickness of the light beam.

This conclusion is theoretically justified by thewis
of geometrical optics, which take into account tasolving Fig-a 5)“16 z;‘:%ndr;/?\?vur:g:]dirnnfj:fed in
power of optical instruments [14, 17], and are coméd by
experimental data (Figure 5.2).

A Amrvacuum is only a 3-D slice of a given curved “vamtiuegion (Figure 5.1). For a more
complete description of the curved section of thvactium”, it is necessary to obtain a set of
AmrVacuum nested in one another.

In order not to lose information on a curved sectaf the “vacuum”, a sampling of the
Amrrvacuum must satisfy the Nyquist theorem (also kn@asnthe Nyquist Sampling Theorem, the
Nyquist-Shannon Sampling Theorem or the ShannormpiagnTheorem, and in Russia as the Kotelni-
kov Theorem). In fact, this theorem is a conditadnthe “vacuum” quantization of nested 3-D light

landscapes.
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Fig. 5.2.Experimental data on the laser beam thicknesdasction of the wavelength
of monochromatic beamgtfps://tech.onliner.by/2006/03/29/blu_ray abhout

Given the properties of propagation of rays of iggdlectromagnetic eikonal waves), we con-
clude that a curved-B light landscapeAn-vacuum) is detected in the “vacuum” only when tlae
length of the monochromatic probe light ralg, is much smaller than the size of the curvaturehis
case, the geometrical optics approximatian — O is applicable, so that the rays of light canrdve
garded as infinitely thin lines of light traversitige 3-D landscapelf-vacuum) (Figure 5.1).

Therefore, for example, to illuminate a 3-D langsxat the level of fluctuations of the quark-
gluon vacuum condensate with characteristic cureatin scales of I& — 10°'° cm, it is necessary to

use beams of light with wavelengths, > 10" cm.

6. Sixteen rotating 4-bases
We return to the ideal (uncurved) portion of on¢ha&fA,-vacua (Figure 6.1).
In an uncurved region of a “vacuum?”, the 3-D liggmdscape differ from each other only in the
cubic cell edge length,~ 107 Ay, SO this item refers to the description of anyhef Ay, -vacua.
We calculate how orthogonal 3-bases originate atctmtral poinO of the given volume, the

Ammrvacuum (Figure 6.1).

(o)

€mn

Fig. 6.1. Uncurved local luminous portion of a 3-D light t&tape 4n-vacuum), consisting of
monochromatic rays of light of wavelength, The cells of such a 3-dimensional light grid
are perfect cubes with an edge lengthof approximately 19,



In an uncurved region of “vacuum”, the 3-D lighhdscape differ from each other only in the
cubic cell edge lengthnn~ 10% Amn, SO this item refers to the description of anyhefAnrvacua.

We calculate how orthogonal 3-bases originate atctintral poin© of the given volume, that
is, theAnrvacuum (Figure 6.1).

Definition 6.1 An orthogonal 3basis consists dhree mutually perpendicular unit vectors em-
anating from a common point.

If we classify 3-bases with respect to the samgimiipointO in Figure 6.1) by taking into ac-

count their different directions, it turns out thia¢y number 16 (Figure 6.2 a, b).
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a) eight internal 3-bases b) eight external 3-bases adjpcent cubic cells

Fig. 6.2.Sixteen 3-bases about a central pQirih the
Ben of “vacuum” under investigation

Of these, eight 3-bases belong to the cubic c&dlifit(Figure 6.2 a), and the eight opposite
3-antibases belong to adjacent cubic cells (Figuzeb, c).

Any movement in the “vacuum” must be accompaniedabgimilar anti-movement, this is
called the “vacuum condition” in the framework bketAlgebra of Signatures (Definition 12.2). So if
one 3-basis (together with the cubic cell) rotatieskwise (Figure 6.2c), then this is possible oifily
the adjacent cubic cell (along with the 3-antibpbkewise rotates counterclockwise, since thereds
point of support in the “vacuum”.

In connection with the foregoing, it is conveniémtadd all the 3-bases (Figure 6.2a) along the
fourth time axis, and add the fourth opposite amis time to the eight 3-antibases (Figure 6.2b).

Thus, at the poinD, a Amrvacuum (Figure 6.1) has 8 + 8 = 16 orthogonbbdes, as shown in

Figure 6.3.



Fig.6.3.Sixteen 4-bases about the pdihbbtained by adding a temporal axis
to each of the eight 3-bases and eight 3-antibases

Sixteen 4bases (Figure 6.3) can be obtained within a loeattium” area using the lidar sens-
ing method. In Section 3, it was shown that foregetmination of the metric-dynamic properties @& th
“vacuum” in the neighborhood of poif, lidar signals (monochromatic light rays) shoutane from
at least three mutually perpendicular directiongyfe 3.3).

Let pointO be the origin for six monochromatic rays of lig¥ith circular polarization (two on-
coming beams of light with three mutually perpentac directions, as in Figure 6.4).

For example, consider a pair of opposing light be@nopagating towards each other along the
x-axis (Figure 6.4). Let the polarization of thehlidoeam under consideration be given by the etectri
field vectorE,", and the polarization anti-light by the electrieldi vectorE,". These vectors are de-

scribed by the complex expressions [9]:

= - s+ . . ().

E)(<+) - Eg:n)equ)el(wt—kxx) " iE§,2€|¢xy e|(wt—kxx) , (61)
= ~ L) i oy —ig) i

EQ) = Qe g i@k ~iE()e 0y i@tk (6.2)

wherebyE,\") is the projection vector &, onto the z-axis E, " is the projection vectd, " onto
they-axis E, is the projection vectdE,” onto thez-axis E,n\is the projection vectd,~ onto
the y-axis where:w is the angular frequency of the lighkg;is the wave vector projection onto tke

axis; ¢", #,\") are the phase orthogonal components of a waveagading in the forward x-axis
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direction; ¢, ¢, are the phase orthogonal comp iy o B
nents of a wave propagating in the oppositis direc- D
tion. ¥

Of the six rotating electric field vectors shown By

B,
A 0 M
Figures 6.4 and 6.5, we can form 16 rotati » )
- - w \{
3-bases. Of these, eightbases are rotated in a clocl
wise direction; eight other-Bases are rotated counte ‘
clockwise as shown in Figure 6.3. x EY CE

EM

Let us briefly explain how the fourth axial tim
Fig. 6.4. Polarization of light and anti-light

axis was introduced into each 3-basis. If the fezmies  rays coming to a point fromree mutually
. .. perpendicular directions
of all three probe monochromatic rays arriving la t
point O under investigation (Figure 6.4) with the thre
orthogonal directions being the same= w = w, then
their electric vectoE;* at this point is rotated with the
same angular velocity
oP/Or = Q = . (6.3)

Together these three electric field vectdEs®

form an orthogonal 3-basis of an electric fieldpstantly

rotating at an angular velocity of (6.3), which ilep the

X

need to maintain the axis of tingg 2 =t.
Thus, the lidar sensing method of a “vacuum” Fig.6.5.Two 3-bases, consisting of vectors of

_ _ _ - O E® E®
the neighborhood of a given poifit leads to the same electric fieldse,™, E,™, B, and

. - L E, E.X,E. O rotating in opposite directions
sixteen 4-bases as shown in Figure 6.3. But indase T around tﬁe poﬁ%
the reference vectors with 4-bases make up thdriele.

field vectorg;®

7. Subcont and antisubcont
An important aspect of the theory developed hetbeasassertion that the object of research is
the three-dimensional volume of the “vacuum” (Feg@c2). From this postulate follows the basic for-
mula of affine light geometry (4.2)
cdt = di @ + dy* + d2)” = jdx+ jdy+kdZ, (7.1)
wherei, j, k are the standard mutually perpendicular unit vactand the basic formula of metric light

geometry (4.3) is
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2d€ = dx + dy? + dZ (7.2)
the transformation of which leads to a system af t@njugate metrics (4.4) and (4.5):
ds?= Adf—d¥—dy’ —dZ = dx’—dx’—dx’—dx =0 with signature (+ ——-); (7.3)
{ ds? = —?df + dxC + dy? + dZ = —dxo> + dx® + dx’ + dxs® = O with signature (- + + +).  (7.4)

From this system of equations follows two “techiiicanclusions:

1. The quadratic forms (7.3) and (7.4) can be jpmeged as a single metric of two four-
dimensional sides of the same 4 + 4 = 8°= Himensional metric space, which will be called a
“23- Amrvacuum region®.

Definition 7.1 A 2“A,rvacuum region is an auxiliary logical “structure’meaning a space
with 2 mathematical measurements (where k = 3, 4, 5p), which are “realized” out of a “vacuum”
by probing it with direct and inverse monochromatgs of light with a wavelengthy,, The simplest
23-Amrvacuum region has two “sides”:

—a 4-dimensional space with the Minkowski metri@Yand the signaturg+ — — -),

—a 4-dimensional Minkowski metric anti-space w4 and the signature-(+ + +).

Algorithms of the transition from formal parametéos P cEsss ﬁ{f{ftfiﬁTﬂﬁjﬁpﬂ
2“mathematical measurements of the physical quastitier- :flCEM S ERmRBEpuEEuERSC Ly
OO 7
acterizing the 3-dimensional volume of a “vacuumg alis- HH ﬁ;
[N
cussed below. dn 1
[l
Although a 3-Apnrvacuum regionis a purely logical . > m
I [N
4 + 4 = 8- dimensional structure, the physical consequen mn m
can be deduced from this. We explain this usingféfiewing :‘ m 3[
2 + 2 = 4- dimensional example. E{F‘ H _T\H
. . / ;l-:"?‘i}:;« ;::'”._"Ttt?%ﬂ
On a sheet of paper (whose thickness can be ignorec -
e SRR
there are two 2limensional pages (Figure 7.1). Ther _ _
Fig. 7.1. Curved double-sided
fore a sheet of paper can be regarded as an aeabbgu2 + 2 surface of a sheet of paper

= 4 -dimensional region.
If the paper is not deformed, then both sidesnms$eof geometry are virtually identical.
However, if the sheet is bent, then on one of-tdidiensional sides all its elementary areas will
widen slightly, and on the other, conjugate, 2-disienal side, all elementary areas will slightlyisk.
Similarly in the curved portion of the “vacuum”,caeding to the “vacuum condition”, they oc-
cur simultaneously as local compression and ratiefacegions, which automatically takes into ac-
count the “bilateral” view of its 4 + 4 =-8dimensional metric space.
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Taking into account the thickness of the sheetapigp, then as part of this characterization there
arises an elementary cube, situated between theitles of the sheet.

In this case, as will be shown below, it will becagsary to consider the continuous region with
4x16 = 8x8 = 64 mathematical dimensions. To comtimith an even finer consideration for a
16 x 16 = 256-dimensional region, or even furtteehigher dimensions, it is necessary to regard a
2“-dimensional mathematical space (whiere ).

Thus, in light-geometry, a “vacuum” has only thpgysical spatial dimensions and, associated
with an observer, one temporal dimension, as veell mathematical (i.e., formal or technical) meas-
urements, wherk = 2, 3, ... o0; all this depends on the consideration of thelstibs of the given vol-
ume of the “vacuum”.

When the problem can be reduced to a two-sideddenagion of a 2A,-vacuum region, then
for clarity it serves to introduce the followingtaton:

7.2 Definition The“outer” side of a 2-Anrvacuum region (or subcont) is a 4-dimensional re-
gion, local metric-dynamic properties of which gigen by the metric

s %= g;OdXd¥ with the signature(+ — — -), (7.5)
i off o o
o o o o)

O =
where 9= O O O 7.6
"l 62 o o 7o
oy o o o
which is the metric tensor of the “outer” side b&2*-A,-vacuum region (or subcont).
When
1 0 0 O
g0 =po =0 100 (7.7)
! ! 0 0 -1 0
0 0 0 -1

then a “subcont” is synonymous with the 4-dimenal@pace with the Minkowski metric (7.3) and the
signature(+ — — -).
7.3 Definition The“internal” side of a Z-Anrvacuum region (or antisubcont) is a 4 - dimen-
sional region, the local metric-dynamic propert@svhich are given by the metric
b * 2= g;dxXd¥, with signature(— + + +), (7.8)
9o G0 U0 Gk
@ g g® q®
where @ =% %’ G Ga (7.9)
Yi ® g g® g®
O G2 O Gar
9% o g O
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which is the metric tensor of the “external” sid& 2y,-vacuum region (or antisubcont).

When
100 0
g =po=[ 0 100 (7.10)
T 0010
0 001

the “antisubcont” is synonymous with the 4-dimensioMinkowski metric antispace described by (7.4)
and the signature+ + +).

To shorten the exposition, we assigned terms tdwieauxiliary concepts which were intro-
duced in Definitions 7.2 and 7.3.

Definition 7.4 A subcont (abbreviation of “substantial continuum® a hypothetical continu-
ous elastic-plastic 4-dimensional pseudospace, &eits local metric-dynamic properties are given
by the metric (7.5).

Definition 7.5 An antisubcont (abbreviation of “anti-substantiantinuum”) is a hypothetical
continuous elastic-plastic 4-dimensional pseudospadtereby its local metric-dynamic properties are
given by the metric (7.8).

The conceptsubcontand antisubcontare auxiliary concepts of pseudo-4-dimensionaligt t
are synonymous with, respectivebyter andinner sides of a 24,+vacuum region. These concepts
are introduced only for convenience in order tardgvarious elastic-plastic processes occurrirten
“vacuum”.

8. Algebra of stignatures

The physical basis of a light-geometry “vacuum” veonsidered above. Next we will primari-
ly be concerned with the formal mathematical anahgetrical aspects of this theory.

So as to not further complicate the formal math@abapparatus of the Algebra of Signatures,
it should be remembered that the geodetic lingbefiven 3-D light landscape (drn- vacuum) are
infinitely thin monochromatic light beams havingweengthsin,. z

Thus the main subject of an infinitely small 3-Dbaucell

Amrvacuum in the vicinity of the poir® (Fig 6.1, 6.2.), each cor: A
ner of which is connected by two rotatable 4-basgeshown in > y
Figure 6.3.

Each of the sixteen 4-bases imparts the directidghenaxes

in 4-dimensional affine space with special charssties, which x ct
] o Fig. 8.1.Base with stignature

together will be referred to as the associateghature {+++ +}
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To introduce a description sfignatureaffine space, we first define the concepbase We
choose from the sixteen 4-bases shown in Figura praferred 4-basa® (&, &1, &®, &®) (Fig-

ure 8.1) and conditionally accept that the direwdiof all its unit basis vectors are positive

Here we introduce a shorthand notation {+ + + +hiet will be called a “stignature” affinity
(vector) space defined by the above 4-basis, heredésignatee®.

Definition 8.1 A “base” is one of the sixteen 4-bases, as showfigare 6.3, in which the direc-
tion of all 4-unit vectors are denoted as positse the base always has stignat{iret+ + +}.

An arbitrarily chosen “base” (4-bagS) of all the 4-bases shown in Figure 6.3 have tie-

ing signs:
Table 8.1
4-basis Stigmat 4-basis igBature
e (e, &P, &V, &) = e (e, &, &7, &%) =
=(,1 -1,1 - {++—-+} =(-1,1,-1,1) - {—+—}
a(2) (90(2), 61(2), e2(2)’ e3(2)) - a(10) (90(10), el(lO)’ e2(10), %(10)) -
= (1, -1, -1, -1)-> {+---} =(-1, 1, -1, -1) - {—---}
a(3) (90(3), 91(3)’ 62(3), e3(3)) - a(11) (eo(ll), el(ll)’ ez(ll), %(11)) -
=(1, 1, -1, -1)- {++--} =(-1, 1, -1, -1) - —+--}
a(4) (60(4), 61(4), 62(4), e3(4)) - a(12) (eo(lZ), 61(12), 82(12), e3(12)) —
=(1,-1,-1, 1) - {+ ——+} =(-1,-1,-1, 1) - {———+}
a(5) (60(5)' 61(5), 62(5), e3(5)) - a(13) (60(13), 61(13), 82(13), e3(13)) —
=1, 1,11 - {+++ +} =(-1,1,1,1 - {—+++}
a(6) (eo(ﬁ), 91(6)’ 62(6), e3(6)) - a(14) (90(14), 61(14), 62(14), %(14)) -
=(1,-1, 1,-1) - {+-+-} =(-1,-1, 1,-1) - {—-+-}
a(7) (90(7), 91(7), e2(7)’ e3(7)) - a(15) (90(15), 61(15), e2(15), %(15)) -
=(,1,1,-1) - {+++-} =(-1,1,1-1) - —++-}
a(8) (60(8)' el(S), 62(8), e3(8)) - a(16) (eo(lG), 61(16), 82(16)' e3(16)) —
=(1,-1, 1, 1) - {+—++} =(-1,-1,11) - {——++}

Definition 8.2 A “stignature 4-base” is a set of characters corresdong to the directions of its
reference vectors with respect to the directionthefreference “base vectors”.
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All stignaturesn Table. 8.1 can be combined into a 16-componettix:

{+++ +}z: {+++ —}i’ {-++ —}zj {++- +}z(l’
siore?)=| T, L L ©2)

{__+_}03 {+_+_}13 {_+__}23 {____}33
This matrix represents a single mathematical objettt unique properties. Here are some of
them:
1. The sum of all 16-stignature and (8.2) equadsztiro stignature
(++-+} + {+—-3F + {(++--}+{+——+} +
+ {++++} + +—+-Pp{+++-} +{+-++}+ (8.3)
+{~+-+} + {~——-}+{-+—--} +{———+}+
+ {~+++} + ~—+-p {~++-} +{--—++}={0000}.
2. The sum of all 64 characters included in ther&8.2) is equal to zero (32 “+” 32 +" = 0).

3. There are four possible combinations of birdrgracters:

R WEE NI N e
or in the form of a transposed binary characters :
HY o) Viel4)  H o) 17 e (8.5)
Various combinations of binary characters formigagions with stignature 16:
(8.6)

e el G e, Je ef e
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4. Using the Kronecker product, the square of tlagrisn with two rows of binary signatures forms a
matrix composed of sixteen stignatures (8.2):

Y o oo
R R OO OO N o0
-+ - 4 )
wherell is the symbol for the Kronecker product.
5. If the matrix (8.6) is assigned units, then & @double-row matrix
g R R e B e 68)
R N P B PR A
and
Sy I O I Py B ey 69
e e B e et
Eight of them:
BRI

e P e ey

are Hadamard matrices, as they satisfy

10
H(2)HT(2):2(0 J. (8.11)

When employing Kronecker graphs, any of the madr{@&?10) again produces a Hadamard ma-
trix H(n), satisfying the following condition:

HMH"(n)=nl, (8.12)

where thd - diagonal unit matrix of dimensianis:

1 0 0

| = o1 .. 0 ' (8.13)
......... 0
0O 0 0 1

For example,



1
o (1 1Y% (1 1) (1 1 _1(1
H@) _(1 —J _(1 —Jm[l —1}" 1[1

Ho =t L R .
1 -1 1 -1

1

11 1 1
1 -1 1 -1
11
1 -1-11

and so on according to the algorithm
H(2)™ = H2" = H(2) O H(2)™ ' = H(2) O H(2"Y.

5. The “base”, shown in Figure 8.1, is selectedtiantily. If you select a different “base” out of

-1 -1|

1 11 11 1 1
—J 1[1 —J J1 -1 1 -1
1y (1 1)1 1 -1 -1
—J 1[1 —J 1-1-11
11 1 1 1 1 1 1
1-11 -11 -11 -1
11 -1-11 1 -1-1
1-1-11 1 -1-11
11 1 1 -1-1-1-1
1-11 -1-11 -11
11 -1-1-1-11 1
1-1-11-11 1 -1

(8.14)

(8.15)

(8.16)

the 4 bases, as shown in Figure 6.3, the signkdrstignature matrix (8.2) will be swapped, but its

properties do not change. This kind of relatedviadial invariance properties of thig,-vacuum  will

be discussed later.

6. Sixteen 4-bases (given in Figure 6.3 and Taldle@rrespond to the 16 types of “color” qua-

ternions:

21=Xo +iXe+ X2+ kxg
Zr = —Xg —iX1 — JXot KxXg
Z3 = Xp — Xy —JXo+ KxX3
24 = X — X1+ JXo—KX3
Zs = Xp HX1 — X2 KXg

Zs = X + IX1 — [Xo—KX3
Z7 = Xo — X1+ X2 —Kxg

Zg = XotHiX1 + X2 + kdxs

{+++ +}

---+4
{r-—4)
-+
fre--)
F+-9)
{r-+)

{—+++}

---3

(+++-)
-+
(++—+)
-+

{+ -+ +}

C+-4)
.

Zg = Xo — X1 —jX2— kX3
Z10=Xo + X1 + [Xa— kX3
211= —Xo + X1+ X~ kxg
Z12= %o + X1 — X2 + KX
Z13= X0 — X1 + [Xo+ kxg
214= Xo — X1 + X2+ Kxa
Z15 = Xo + IX1— [Xo+ Kxg

Z16= Xo—iX1 —]X2—Kxg

(8.17)

In [2, 5] it is shown that “color” quaternion cospond to the “color” of QCD. By direct calcu-

lation it is easy to see that the sum of all 1&@#ypf “color” quaternions (8.17) is equal to zero

(8.18)
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that is, a superposition of all types of “color"agernions is balanced with respect to zero.
7.The stignature matrix (8.2) can be presentetienférm of the sum of diagonal and antisym-

metric matrées

{++++} { 0 } 0 0 { 0 } {+++—} }—++—% %++—+§
0 —+++ 0 0 -———+ 0 ——++ {—+—-+
0 0 {3 0 [Tl fred 0 froe] O

o o 0 {3 l-rd e et o

8. Let such a matrix, composed of four elementsli&ds, b, ¢, d be written as

a -b -c -d

c= b a -d -c , .28)
c d a -b
d c b a

Multiplication of a matrix of the form (8.20) witbne of the Hadamard matrices (8.14) gives a

matrix composed of linear forms with various stiggmas (8.21)
11 1 1)Ya -b -c -d a+b+c+d a-b+c+d a+b-c-d a-b-c-d

H@?2C = 1-11 -1)b a -d -c|_ |a-b+c-d -a-b-c+d a-b-c+d -a-b+c-d
1 1 -1 -1jc d a -b atb-c-d a-b-c-d -a-b-c-d -a+b-c-d
1-1-11)d ¢ b a a-b-c+d -a-b+c-d -a+b-c+d a+b+c-d

Definition No. 8.3"The Yi-Ching analogy" represents an analogy betwibe Algebra of Stig-
nature and the "Yi-Ching" (the Chinese "Book of Qijes").
- In the Book of Changes there are two fundamentals» (Yang) and «— —» (Yin); Algebra of
Stignature contains two signs: «+» (plus) and «mn{s).
- In the Book of Changes there are 8 trigrams (Bi¢a); in Algebra of Stignature we have eight
3-bases (Fig. 6.2a) and/or eight 3-antibases (Bigb).

— e D e L e e FE
/ _— = SEnEns NEE|ExEnSnEs
4{ TN mEEaEaEaEulE B
@ : - — -
= K= == B = =|# =l =
1 a9 I X EEHERENE g EME g SuE #
ul EEE -} ==2iEiEde e anaziss
JLIRELEL r =E2EIE E a|E nlEn|EwlEu
\ 9 / | 22|28 B8 0|28 (2 |5 g2 2 o
\ - == / vy Fog 20 | ) — == ==l = Er |
— t E'E'=_'E|§!E|§HE_EEE §£‘.§.E;—;f—l|§§_‘ﬁﬂ
- == ==|22 |22 (22 Ef|== == _ =3 (== l=E)
s = Eﬁﬁlﬁas zz |52 ¥t |3 BB|sz itz

Q) b)

Fig. 8.2. The eight trigrams and sixty four hexagrams of@hénese Book of Changes
http://hong-gia-ushu.ru/vu-chi/traktat-vo-kyk-vuir@vtor-li-khong-tai
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- In the Book of Changes the combinations of twgrams give 64 hexagrams (Fig. 8.2 b, c); in
Algebra of Stignature we have 64 combinations @@aldior multiplication) of each of the 3-bases with
each of the 3-antibases.

- The dialectics of the Book of Changes is basedaonbinations of thewo opposite principles
«—>» (Yang) and «— —» (Yin):

old Yang old Yin young Yang  young Yin

Heat Cold Warmly Cool
Summer Winter Spring Fall
Fire Earth Water Air

Similarly, in the Algebra of Stignatures the foumdry combinations of signg+» u «—» (8.5)
are possible: {+ +} {--} {+-} {~+}.

9. Stignature spectral analysis
We point out the possible use of the Algebra ofi&ttures to empower spectral analysis.
Recall that in quantum physics, there is a proeguoceeding from the coordinate to the mo-
mentum representation. Let there be a functiorpats and time (ct,x,y,2. This function is represent-
ed as a product of two “amplitudes”

p(Ct!leiz = (D(Ctlxyy,z)'(ﬂ(c'[ux,y,?)- (91)

Further, two Fourier transformations are performed

#(PesPus Py P2) = [ #(CL X 12 exXp(et=x=y =22, (9.2)
#* (Pa PPy P2) = [ St X 0 exPf- (ot x4 y+2)}d0 (9.3)
where
p = 27/m/A — generalized frequency; (9.4)

A —wavelength;

n — coefficient of proportionality (in quantum mechasc= % = the reduced Plank constant);
dQ = cdtdxdydz -elemental 4-dimensional volume of space;

o — angular frequency;

k — wave vector;
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exp{i( wt—k/A)} = exp{i(277/4) (ct — x —y — B : direct wave; (9.5)
exp{i(~wt + kT)} = exp{i (271/]) (= ct+x+y+2)} : reflected wave. (9.6)

A pulse (spectral) representation of the funcpiet,x,y,3 is obtained by the product of the two
amplitudes (9.2) and (9.3)

GlRw P By: Py) = AR P By P 10 (Rt B By ). 9.7)

The spectral representation giving a balance af sethus achieved

c(—X—-y—-)+(ct+x+y+2=0, (9.8)
which can be written as
r—--
— + + +}
{0 0 0 O} (9.9)

We now formulate the foundations of the spectralysis of stignatures.
In analogy to the procedure (9.1) to (9.7), we espnt the functiop(ct,x,y,2 as the product of
the “amplitudes”

/)(Ctux,y,z):(ﬁl(c'['x,y'z) ¢2(Ctlxiy’3 (03(Ct,X,y,3x e X(Dg(Ct,X,y,a = l:|¢k (Ct’ XY Z)- (910)

Instead of the imaginary uniitpresent in the integrals (9.2) and (9.3), we warghe eight ob-

jects¢: (wherer = 1, 2, 3, ..., 8), which satisfy the relationsianticommutative Clifford algebra:

¢mCk + Cklm = 2km, (9.11)

wheredynmis the Kronecker deltai{,= 0 whenm# k and dxn= 1 whenm=K).

Satisfying these requirements, for example, iSdhewing set of 8 x 8 matrices of type:
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1000
0100
0010

0
0
0

0
0
0

0001

00O00O0
00O00O
00O00O0

0
0

0
0

0
0

0

-1
0

-10000

0

(5=

100000O00O0
01 000O0OO0O
0010000O00O0
00010000
00001000
000O0O0O1O00O0
000O0O0OOT1IO

000O0O0OO0OO0T1

1

0 00 00O 1 0O

-10 0 O

0 00O 0OOO 01

0 0 0 O

0

-1

01 0 0 0 0 0 O
-10 0 0 0 00O O
0 001 00 0O
-10 0 0 0 O
0 01 O

0 00 -1
-100 O

0 100

0 00 O

0 00-10 00O

0 0 0 00O

0 O

0 00 O
0 00 O
0 00 O
0 00 O

0 01 O

0 00 O

-100 O

0 00 O

0 100

{6 =
{7

0
0
0
0

0
-1 0 O

0

0

0 00 O 1 O

0
0
0

0 10 0 0O
-100 0 0 O
0 00

-1 0 O

0

1

0
0
0
0
0

-1

0 01 0 0 O
0 00 O O
0 00 O O O
0 00 O O O
0 1000 O
0 0100 O
0O 00O0OO O
-10000 O

-1
0
0

0

0000 -1

0
0
0
0

-1
0
0

00O0O0 O

0001 O

00O0O0 1

Z
{3=

0
1

0

0
-100

0 00 O
0 00 -1000

0
0
0
0
0
0
0

0 00 O

0 00 O

0
0
0
0

0
0
0
0

0 01 0

0 100
-100 O
-1 0 00 O

{g=

000 10 0 0O
0 0-1200000

01000 0 O0O
-10 0 00 0 O O

0 00 0O OTO0O-1

000 O0O0OT1ITO0

000 O0O0-1200
00001 0 O0O

&

(9.12)

In this casegxmin (9.11) is the unit & 8 matrix:

(9.13)

1 00 0O0O0OTDO
01 0O0O0OO0CO
0 01 00O0O0CO
0 0010O0O0CO

0 0001O0O0CO

0 00O0OT1O0O0

0 000OOTI1IO0

0 00 O0OOO0OT1

a_km

Feasible eight Fourier transforms would be
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B1(Pets P, Py, P,) = 1¢1(ct, X Y:2) exp{a;p(cw x+y+2)}d, (9.14)
B>(Pet. P Py Py) = 1¢2 €t X %2 exp{zzgp(—ct—x— y+2)da, (9.15)
B5(Pec: P Py Py) :_T ds(ct, % . 2) exp{@;"(ct—x-w 2)da, (9.16)
B4(Pet: P Py Py) :_T dalct, X y,z)exp{z4;p(—ct—x+ y-2)}da, (9.17)
B5(Pets Py Py, Py) = Io¢5(ct. X y,z)exp{zg,;p(cwx—y—z)}dn , (9.18)

#.(Pu P, P, D) = j¢ e Xy Depid, D (et -y -2} (9.19)
67(Pe. Do Py ) :_T 4 (ct, x y,z)exp{57;p<ct—x+ y-2)}da, (9.20)
8.(Pu B Py P = j¢ et xyDexpt-¢, ety ). (9.21)

where the object§,(9.12) perform the function of imaginary Clifforahits.
We then find eight complex conjugate Fourier transis:

¢1* (Pt Pur Py, P) =_]i¢1(ct, X yz)exp%ilg(ct+ X+y+2)}dQ, (9.22)
8% (Pew P Py P,) =Io¢2 ct y,z)exp%zzgp(ﬂ—x—wz)}dn , (9.23)
85" (et Py Py P,) = i¢3(ct, X y,z)exp%zggp(ct—x—wz)}dsz , (9.24)
84* (Pt Pis Py P) :_T Bact, X yz)exp%;'%—ct—x+ y-2)}dQ, (9.25)
Bs* (Pt P Py Py) :j ds (ct, % y,z)exp{—a-,;p(cwx-y—z)}de , (9.26)
#5* (et P Py P) =1¢6(ct, X y,z)expm;p(—cwx—y—z)}dn, 9.27)
B2 (Pt P Py P,) = 1¢7 (ct,x y,z)exp{—z7;p<ct—x+ y-2)}dQ, (9.28)

do* (Pev Pus Py P = | ¢8(ct.xyz)exp%zsg(—ct+x+y+z)}dn. (9.29)
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In analogy with Equation (9.6), spectral represimeof the stignature of the functigict,x,y,2
is obtained by analysis of the eight amplituded4Pto (9.21) and their eight complex conjugate am-
plitudes (9.22) to (10.29).

8
O(Pet: Px» Py, P,) = H¢k(pct- Pxr Py P2)Pk * (Pets Py Py Py) . (9.30)
In this case there are 16 types of “color” wavedi¢les) with the corresponding stignatures
exp{127n/A ( ct +Xx+y +2)} {+ ++ +}
exp{(z 271IA (—ct x—y + 2)} - - -+
exp{27/A ( ct—x-y +2)} {+ - - +}
exp{&27TIA (—ct —x +y —2)} - -+ -}
exp{ & 27IA ( ct + x—y—-2)} + + — -}
exp{ {6277/ (—ct + X -y —2)} -+ - -}
exp{ 7 27IA ( ct—x+y—-2)} + - + -}
exp{ (s 271/A (—ct+ X +y +2)} - + + +}
exp{ {1 271/A (—ct X -y —2)} - - - 3
exp{ 27T/ ( ct +x+Yy—-2)} + + +
exp{(3277/A (—ct + X +y-2)} ~ + + 3
exp{{a277/A ( ct +xX -y +2)} + + -+
exp ({5 271/A(= ct—x+y + 2)} ~ — + +}
exp{le 277/A ( ct —x +y +2)} + - + +
exp{ 7 27/IA (—ct + x—y + 2)} - + - +
exp{{s 271/A ( ct—x-y—2)} + — — -]
{0 0 O O}k
(9.31)
with analogous rankings
{+ + ++} + - --} =0
- - - +} + {+ + + -} =
{+ - — +} + -+ + -} =
-+ + {++ -4} = (9.32)
{+ + - -} + -+ +} =
-+ --} + {+ — + +} =
{+ -+ -} + -+ - +} =
{—+ + +} + {+ - - -} =
{0 0 00) {0 0 00) =0.

Thus, the spectratignature analysis is balanced with respect to.zer
In an attempt to construct the theory using invariacal phase rotations (i.e. local gauge trans-

formations), it was shown in [2, 5] that
eioc(—ct+ X +Yy +2) — ea_,“127TM (ct+x+y+z)Xe &2mlIA (—ctx-y+2) X e G2mlA (ct—x-y +2) Xe G2mIA (—ct—x+y—2) x

Xe G 2mIA (et +xX-y— G2mlIA (—ct+x -y — &G 2miA (ct—x+y—z),

Ix e ) x e
eim( ct—x-y-2) — e—CIZITM (ct +x+y+z)xe—g“2 27IA (—ct XxX—y +2) x e—g} 27IA (ct —=x -y +2) Xe_c“ 27IA (~ct—=x+y—-2) x

Xe—g’s 27TIA (¢t +x-y—-2) X ¢ 6 2TTIA (—ct+Xx-y—2) X e —;2mIA (ct —x+y—2) (933)
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a further development along these lines would beghwmdile as it might lead to a geometrized vacuum
of QCD.
10. Algebra of Signatures

We proceed from affine geometry to metrics. For ¢
ample, consider the affine (vector) space with #hbasis §o e
e (@, e!”, &, &) (Fig. 6.3) with stignature{ + + —}.

We define this 4-vector space
g = a(7)d)q(7) —e 0(7)d>q)(7) + el(7)dxl(7) + ez(7)dX2(7) + 63(7)d>@,(7),

(10.1)

@ . ) . o a) {++++} b) f ++ -}
wheredx'" is thei-th projection of the 4-vectads'”’ onto the Fig. 10.1.Two 4-bases with
axisx(”), the direction of which is determined by the basis- different stignatures

tor g(".
Consider another 4-vector
4P = a(S)d)q(5) — 60(5)d)<0(5) + el(S)dxl(S) + e,2(5)(1)(2(5) + e3(5)dxg(5)' (10.2)
defined in an affine coordinate systeg®, x,, x,®), xs® with the 4-basi®® (&®, &1®, &, &®)
(Figure 6.3), with stignature{+ + + }. We find the inner product of 4-vectors (10.10g10.2)
d872 = dd¥as™ = ¢ o =
— 60(5)60(7)d)<0d)(0 + 91(5)60(7)dX1dX0 + 82(5)60(7)dx2d)(0 + Qa,(s)eo(7)d)(3d><() +
+ eO(5)61(7)d)(0dXl + 61(5)61(7)dX1dX1 + 62(5)61(7)dX2dX1 + 63(5)61(7)(1)@(1)(l +
+ e dxotxe + eV dxyd + e, et + &P Mdxedxe + (10.3)
+ 60(5)63(7)dxod>@ + e1(5)63(7)dx1d>(3 + e2(5)93(7)dx2dx3 + 63(5)63(7)d>@d)@,.
For this case, the inner products of the basisoveef”g” are:
when i =j, 60(5)60(7)2 1, el(5) e1(7): 1, e2(5) e2(7): 1, e3(5)e3(7): -1; if i #] then G(S)Qm: 0.
The expression (10.3) then appears as a quadoatic f
dS 2= dxydxe + dxudx + dxedXe — dxedxs = dxg® + dxq? + dxo®— dxa? (10.4)
with signature (+ + +).
Definition 10.1 A “signature” is an ordered set of signs of the msponding coefficients of an
associated quadratic form.
To determine the signature of a metric space vaghmetric (10.4), instead of performing a in-
ner product of vectors (10.3) of a stignature dfages, it is possible to multiply the vectors frbig-
ure 10.1, as follows:

{++++}

{(+++ -} (10.5)

(+++ =)«
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where the multiplication sign is produced by thiofeing rules. The “numerators” (i.e., above theelj
of (10.5) are multiplied by the signs located isiagle column, and the result of this multiplicatiis
written in the “denominator” (below the line) ofetlsame column. The multiplication of signs obeys

the following arithmetic rules:

{+x {+}={+} =} x{+}={% (10)%
l {{-}={% - x{=={+4
for “vacuum”
{+x {+} = {+} =} x{+}={} (10.7)
H H* -} ={+} =} x{-=t={+}

for roammutative “vacuum”

{tr{tt={%E {3 x{x={% (10.8)
\ =00 3 x{EH={+

for non-commutativanti-vacuum”
{+K{+}={-} =} x{+}={+} (10.9)
H {+x{-}={+} =} x{-t={+

for “anti-vacuum”

In this work, generally only multiplication signslihe used (10.6) for a “vacuum”. However, it
should be remembered that a more coherent theomjdveontain all four possible types of “vacuum”
with the multiplication rules (10.6) to (10.9) afulir possible factorials of zero: 0! = 1, O, 0! =i,

0! = -1, such that
1/4(0!' + 0! + 0! + O!) = (1-1)if1-1) =0 +i0 =O — the complex conjugate true zero
0! 0! 0! 0I0#* = 1. (-1)i- (H) =— 1. (10.10)

Since the arithmetic in (10.5) are carried outofumns (and/or ranks), similar expressions will
be calledranked(“rank” in the sense of order in a system).

Ranking of division of stignatures in a “vacuum”egbthe multiplication rules (10.6) deter-

mined by the following arithmetic rules:
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{t}:{+} &} {{H={F
{+}: =348 R ={ (10.11)

In this case, with the designated stignature rathiestesults would follow similarly to the above
{(—+-4
{(+++-}
(-+- 9 (10.12)
whereby here “ranked” means division by the rullés11).

Definition 10.2 “Ranking” denotesan expression that defines the arithmetic operatiotin
stignatures of affine (linear) forms or with signegs of quadratic forms. The signs in the denomsinat
after the brackets are ordered (,..): indicating what operation is performed with theaddcters in
ordered columns and /or rows: (..ipdicates addition, (...) indicates subtraction (...ndicates divi-
sion and (... indicates multiplication.

The set (8.2) of stignatures whose elements are

%++++§ }+++—{ %—++—% }++—+{
e e R S R Ho
G N AU

forms two separate Abelian groups, one over ramkeltiplication operation, and one over the ranked
division operation. This indicates the presenceraferlying symmetries in the foundations of thétig
geometry developed here.

Proceeding in a manner analogous to the treatafehe vectorsis®™ andds” (10.3), using sca-
lar product pairwise among vectors from all 16redfd-spaces with the bases as shown in Figure 6.3,

we get 16x 16 = 256 metric 4-subspaces
42 = g Oty ®), (10.14)
wherea=1,2,3,...,16b=1,2,3, ..., 16.

Signatures of 1& 16 = 256 metric 4-subspaces can be determinediasiynio (10.8), by re-

spective multiplications of ranked stignature bases
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(10.15) {+-++} {+++ +} {—+++} {(++++}
{+++-} {+—+-} {+++-} {=++-}
(+ =+ (+=+-) (—++-) (—++-)
{+—-—+} {+ +—+} {—+++} {+-+3
{+++-} {=++-} {=++-} {+-—+-}
(+———X (—+——X (+++-k (++ + +)
+--3 {+ +—+} {—+-+} {+ -+ +}
{+++-} =+--} {——+-} {+-—+-}
(+ =~ +) (++-) (+==-) (+++-)
{r++) +-3 -+ {r——+)
{——+-} {+—+-} {+—+-} {=++-}
(-—++) ---+ -+ ---3

Point O (Figure 6.1) belongs simultaneously to all of th&%6 metric 4-subspace signatures
(10.15), so it is a place where they interseanilltbe shown that the metric 4-subspaces haveouari
topologies.

A set of 256 metric 4-subspaces (4-cards) formmgles “atlas” with intersection at poir®,
and the total number of mathematical dimensior25&x 4 = 1024.

The mathematical apparatus of the Algebra of Sigeatdeveloped here can be classified as a
multi-dimensional theory. But light-geometry candmnstructed in such a way that all the extra (auxi
iary) mathematical measurements are reduced te ghirgsical measurements of the “vacuum” and one
temporal dimension, whereby the temporal dimens@ssociated with an observer.

The Algebra of Signatures (AS) is suitable for thégely coinciding with the local (tetrad)
formalism made reference to earlier, developed byChrtan, R. Vaytsenbek, T. Levy-Chivita,
G. Shipov [15] and is often used in the framework ofskein’s differential geometry theory of “abso-
lute parallelism” [16, 18].

The difference between AS and the tetrad methagbiveral relativity (GR) is that at each point
of the 3-dimensional manifold (the “vacuum”), nasjtwo systems of four reference points (tetrads)
and one metrids“?? = g“g® dX“dx® with the signature+(— — —) or with the signature<(+ + +) is
given, but rather sixteen 4-bases (or 4-framesgtoadg (Figure 6.3), whose scalar products form 256
metrics (10.14) with the signatures (10.15).
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11. The first step of compactification
of additional measurements

One of the main problems of any mult
dimensional theory is compactification (aka Fol
ing) of additional mathematical measurements
the observed three spatial and one temporal
mensions. The Algebra of Signatures faces a si
lar problem.

Note that the 16 types of scalar products
4-bases, as shown, for example, in Figure 1:
result in sixteen quadratic forms (metrics) (ss® a
10.14) with the same signature< — +).

After averaging metrics with identical sig
natures out of 256 subspaces, we end up with ¢
256/16 = 16 types of 4-space with the metrics:

d§+ +H )2 d)@2+ dX12+ dX22+ d)%2: 0
ds™ ™~ %= —dx®— dx®— dxo® + dx® = 0
ds" = 2= dy?— dx— dxe? + dx2= 0
ds* 2= dx?—dx®—dx’—dx’= 0
ds™ 2= _dx®— dx®+ dxe?— dx®= 0
ds™* 2= —dx® + dx®— dx? — dxs? = 0
ds* = 2= dx?—dx®+ dx’—dxs® = 0
ds** 2= dx?+ dx®— dx®—dxg? = 0

with the corresponding signatures

(++++) (+++-) (-

» K

10)

+-4

2)

+—+)

3) (=+—=+) 11)

4) (—+—+) 12)

3)

P

7

S SRR S S

Fig. 11.1.Sixteen scalar products of 4-bases leading
to metrics with the same signature — +)

+=+)

C+—t)

13)

14)

ds™ 7%= _dx®—dx®—dx®—dx’= 0
d§+++ -2 - d)@2+ dX12+ d)(zz—d)@,z =0
dsC " 2= _dx?+ dxg? + dx®— dxg?= 0
d§_+++)2= —d)<02+d X12+ dx22+ dxo,2= 0
d§+ +—4)2 _ d)@2+ Xmz—dX22+ d)%2 =0
d§+_++)2 — d)@z—dX12+ dX22+ d)@zz 0
ds™* TM2= _dx? + dx®— dx?+ dx?= 0
dd=—+"2 = — dxo?— dx 2+ dx2+ dxe2= 0
(L.

++-) (++-+4)

(=) () (=) ()

(b==4) (F+=7) (+==7) (+-+4)

(-=+7) (+=+) (-

+=) (=)

As a result of this averaging, we need onby 86 = 64 mathematical measurements. By classi-

fying metric spaces with the metric (11.1) fromikéllein [8], these can be divided into three tappl

ical classes:
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Level 1: 4-space, whose signatures are composed of fouticdeoharacters [8]:
02X X2 X2 X2 = 0 (++++) (11.2)
X =X =X =X =0 f——-)
forming a so-called zero-metric 4-space. In thgsess, there is only one valid point, located at th
beginning of the light cone. All other terms delitrg these spaces are imaginary. In fact, the difst
expressions (11.2) does not describe a lengthrdtiier a single point (a “dot”), and the second de-

scribes an antidot.

Level 2: 4-space, whose signatures are composed of twavgoaitd two negative signs [8]:

X —X2 =X+ %’ =0 (=)
X+ X=X =X = 0 (++-)
X=X+ X =x" =0  (+=+-)
—XC XX —X=0 L+ o)

—xoz—x12+ x22+)@2=0 £—++)
—X XXX =0 =) (11.3)
which represents a variety of options for 3-dimenal tori.
Level 3: 4-space, the signature of which consist of threatidal signs and the opposite one:
XF X=X+ X =0 f——+)
XP—X % =X =0 f—+-)
XE X =X =X =0 f+—-)

X' =X’ =X’ — X’ =0 (=)
XX =X =0 ()
XXX X =0 ()
X=X+ X AKX =0 (= H)
Xo2+ X2+ X2 + %32 = 0 £++4) (11.4)

rendering 3-dimensional oval surfaces: ellipso#igptic paraboloid, hyperboloids of two sheets.

X3
: Xz
X1

X3

7 A simplified illustration of signatures of
/ 2-dimensional space with the corresponding to-

Xz

9 pologies is shown in Figure 11.2. From this fig-
a) sign (+ +); b) sign ¢ +); c) sign (+0) ure it can be seen that the signature of the quad-
X3= X"+ X X3=Xo — X1 X3= X1
parabolic saddle U-shaped ratic form is uniquely related to the topology de-
surface surface surface

scribed by its 2-dimensional representation.

Fig. 11.2.lllustration of the connection between the . .
signature of a 2-dimensional space and its topol8py Sixteen types of signatures (11.2) to (11.4)
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corresponding to the 16 types of metric space tapes form an matrix

(+++H)% (++4+)° (—++)° (++-4)%
(-—--4H)%" (—++H)" (—-+H* (—+-+)*
(+__+)02 (++__)12 (+___)22 (+_++)32
(__+_)03 (+_+_)13 (_+__)23 (____)33

signlds™) = (11.5)

properties of which coincide with the propertiedlsd matrix stignature (8.2).

Definition 11.1 The“ Chess analogy” refers to the similarity between Ahgebra of Signatures
(AS) with the world of chess.

On a checkerboard there arex8 cells = 64: 32 white and 32 black. Also in thetrxasigna-
tures (11.5) there are 64 characters, 32 of thens p+” and 32 minus “~".

At the beginning of the game on a chess board thexe82 chess pieces present: 16 white and
16 black. Also within the Algebra of Signatureseath pointin-vacuum there are sixteen 4-bases,
which consist of rotating electric field vectofsdure 6.6), i.e. “light figures”, and sixteen 4-bas
associated with the corners of the cubic cell 82 landscape (Figure 6.2), i.e. “darkness figures”

In addition, the signature (topology) of 16 typdsreetric spaces (11.2) to (11.4) is similar to
that of chess pieces (Figure 11.3.):

— zero to two topologies (11.2) correspond to tkim§” and “queen”;

— six toroidal topologies (11.3) correspond to theee pairs of chess

figures: 2 “bishops”, 2 “knights” and 2 “rooks;

— eight oval topologies (11.4) correspond to tighei'pawns”.

=+ Dl ¢+ [l - ] -
pawn pawn pawn pawn pawn pawn pawn pawn

CEEEI (+—+-) EGREIE (+++1) ECGaamml (+—— 1) ECha=ksl (+ +—-)
rook bishop knight queen king knight bishop rook

Fig. 11.3.Comparison of signatures (topologies) of metriacgs with chess pieces

We should note that by addition (and subtractidrsigns, according to the rules:

{t}+{+}={+} {-}+{#={0} {+}-{+}={0} {-}- {#*}={0}
{t}+{=={0} {G+{=={4 {+}-=={+s - 1={0}

signatures (11.5) are a part of a wider group, isting of 16+64+1=81 signatures:

(b++4) (Q++4) (+4+0) (== (0-=9) (-==0) .. (-+-0)
(+++0 ©OO0++) (+0+0) (-——0 @©OO0-- (-0-0) .. (-0+0) (1.6
(++00 (©OO+) (O+0+) (--00 (©OO0O-H @©O-0-) .. (O+0-
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(+000 (+0++) (+00+) (000 (-0-5 (=00-) ... (=00+)
(o00) (++0+) (O++0) (0000 (--0oH (©--0 .. (©O-+0
among them 16 signatures without zero, 64 signatwid zero and one zero signature (0000).
The signature implicitly takes part in the opemasiavhich are carried out with the help of the

antisymmetric unit tensor (using the Levi-Civitardyol) €;,5 ,, in n-dimensional space, defined as

—1 if odd permutation of 1,2,3,...,n; (11 7)

+1 if even permutation of 1,2,3,...,n;
< _
123..n 0 if any index is repeated .

For a tensok,,3 , the following identity is valid, with indirect pactpation of a signature:

511 512 e ST

. 521 522 e 87
1238 0 = (1) |62 52 ... &P, (11.8)

55 0% o

whereSis the number of negative signs in the signatfitkemetric of the space in question.

Definition 11.2 The Algebra of Signatures (AS) is an axiomatic systéarithmetic and alge-
braic operations as part of a complete set of stigres of affine spaces and signatures of metcsp
es. The Algebra of Stignatures is equipped withbdmc operation(s) of multiplication (divisionh@
the Algebra of Signatures is equipped with the dagieration(s) of addition (subtraction) of signa-
tures.

12. The second step of the compactification of extrdimensions.
“Vacuum balance” and “vacuum condition”

In the second stage for compactification of adda@ilomeasurements, we define 16 additive su-

perposition metrics (11.1)

dszz - ds(+__—)2+ d§++++)2 + ds(—__+)2+ ds(+__+)2+
A7 2 4 gt T 4 g T2 gt %
-d§_+++)2 + dé____)2+ d§+++_)2+ ds(_++_)2 +
-id§++_+)2 + dé__++)2 + d§+_++)2+ d§_+ —-+)2_ 0. (12.1)

Indeed, adding the metric (11.1), we obtain
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ds? = (dxodx— dxdx — dxedx — dxedxs) + (dX0Xo + dxadx + dxedXe + dxedXs) +
+ (-elxodXo— dxadX + dxedxe — dXedxs) + (dxodX — dxudx: — dXedX, +dXsdpXs) +
+ (ehxdXo— dxudx + dxedxe — dxedXs) + (dxodXo + dXadX — dxedXe — dxsdXg) +
+ (elxodxo + dxadx; — dxedxe — dXsdXs) + (dXodXo— dXdXg + dxedXe — dxsdXs ) +
+ (-elxodxo + dxadxq + dxedX +dX3dXs) + (— dXodXo —dX dxg— dXedX —dXsdXs) +
+@xodxo + dxgdxy + dxedxe — dxsdxs) + (—dxodxo +dxydx +dxdXe — dxedxs) +
+@xodxo + dxadxy — dxede + dxadxs) + (—dxodxo— dxdxi+ dxedXe +dxsdxs) +
+ @X%dXxo— dxadxq + dxedX + dxadxs) + (—dXodX + dxpdxy — dxedXe + dxsdxs) = 0. (12.2)

Instead of summing homogeneous terms in the expregk2.2), we can only sum up the signs
facing these terms. Therefore, for brevity the egpion (12.2) can be represented in an equivalent

ranked form:

0= (0 000 + (00 00 =0
0= (+ + + +) + - --) =0
o= (- - - +) + ++ +-) =0
o= (+ - - +) + -+ +-) =0
o= (- -+ -) + ++ - +) =0
o= (+ + - —-) + - ++) =0
o= -+ - -) + +- ++) =0
o= (+ - + —-) + -+ -+ =0
0= (—+ + +) + + ——--) =0
0= (O 0 0 0) + (O 0 00 =0.

(12.3)
Adding signs as ranked by columns (12.3) and asdheranked between rows, result in zero.
The ranked identity (12.3) is called transversalplit-zero”, the position in the base geometro-
physicsAmrvacuum.
Each point in the “vacuum” has an infinite numbgtransverse “split-zeros”, each correspond-

ing to admrvacuum (Figure 12.1).

bt i) RN R

Fig. 12.1.At each poinD of the "vacuum" there are an infinite number ahgversely
"split zeros" of each,-vacuum (longitudinal 3-dimensional layer)
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Definition 12.1 A transverse “split-zero” is defined at
/ /;\ \ every point of thd,-vacuum ranked expression (12.3).
f 1)& - Definition 12.2 A longitudinal “split-zero” is defined at
e . =" every point of a “vacuum” as a complete set of tagrse “split-
\\KE r : 7 zeros” of all Anrvacuums (Figure 12.1).

~ B Addition (averaging) metric spaces with sixteerfedént
Fig. 12.2.0ne of the realizations of & signatures (topologies) (12.1) leads to Ricci #pace, and is
2- dimensional projection of a three - very similar to the 10 - dimensional Calabi-Yau apdFigure

dimensional visualization of a local o ) )
section of a 10 - dimensional Calabi - 12.2) which is used in string theory.

Yau manifold [6] The second additional step for compactificatiorfrofth-
ematical) measurements leads to their completectiedu On the other hand, the ranked expression
(12.3) is a mathematical formulation of the “vaculbatance”.

Definition 12.3 A “ Anrvacuum balance” (or “vacuum balance”) refers toetlstatement that
each point in alm-vacuum (“vacuum”) is balanced with respect to thplit-zero” form (12.3). That
is, at each point in a,rvacuum (“vacuum”), there is a longitudinally andhhsversely designated
“split- zero”, any deviation from which is assoogat with the occurrence of mutually opposite manifes
tations.

One of the basic axioms of the Algebras of Sigrestus the assertion that no action A&
vacuum can lead to the disruption of the globhlvacuum balance” (12.3). Thereforén-vacuum
balance” is the basis ofAnrvacuum conditions.”

Definition 12.4 A* Anrvacuum condition” (or “vacuum condition”) is anyanifestation in a
Amrvacuum (“vacuum”) with mutually opposite charagekvave - anti-wave, convexity - concavity,
movement - anti-movement, compression - tensionl.etal An-vacuum (“vacuum”) entity and anti-
entity quantities can be shifted and rotated rekatio each other, but on the average acrossithe
vacuum region they completely compensate for edlobr's existence, restoringAn-vacuum bal-
ance“(“vacuum balance®).

A “vacuum” can be defined on the basis'@acuum conditioris.

Definition 12.5 A “vacuum” is a complete invariant for all types gfpatial and spatio-temporal
transformations. That is, what would be mutuallydtioting changes do not occur in a “vacuum”; the
average always remains the same.

The ranked expression (12.3) allows one to applgmime operations to a balanced void in a
neighborhood around poif@® without breaking thé vacuum balanc¢e Such operations include, for

example, the symmetric transfer of first column#wimverted signs:
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0= (0 0 0 + (0 0 0 -0
—= (+ o+ H) o+ (- o) ]
+= (- - +) + + +-) _
—-= (- - +) + + + - ;:
+= (- + =) + + -+ _
-= (+ - =) + - + 4 ;:
+= (+ - =) + -+ + _
-= (- + =) + + — 4 ;:
+= (+ + +) + (= -=-) _
0= (O 0 0) + O 0 O ;6

(12.4)
or the transfer of any of the rows of the numegtoanked (12.3) in their denominator by inverted

signs, for example:

0= (00 00) + (0000 =0
0= + + + +) + - --) =0
0= - - +) + ++ +-) =0
0= + - - +) + -+ +-) =0
0= + + - =) + - ++4) =0
0= -+ - =) + +- ++) =0
0= + -+ =) + -+ -4 =0
0= =+ + 4 + + - --) =0
0= + + — 4 + -+ =0

(12.5)

13. Dual Amnp-vacuum regions
The vacuum balances not disturbed when one uses the ranks in (1i®.3)anslate one line
from the numerator to the denominator, with thengfeaof signs on the opposite of the rules of arith-
metic. For example, the transfer of the rankedadigmes £ + + +) and(+ — — —) of the numerators from

the ranks in (12.3) to the denominator.

+ + + +) + - - =) =
- - 4+) + ++ +-) =
+ - - +) + -+ +-) =
- -+ =) + ++ — +) =
+ + - =) + - ++) =
-+ - =) + +- ++) =
+ -+ —-) + =+ —+4) =
+ - - =) + - + ++) =
(1B.1
In this case, the signature (+ — — —) of the Minkkmspace with the metric (7.3) was obtained

in the denominator of the left rank of (13.1)
d§™ 2= Pdf? - d - dy? - dZ = dxo* — dx> — dx®— dx°= 0 (13.2)
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and the denominator of the right ranks with theened signature{+ + +) for the Minkowski anti-
space from the metric (7.4)
ds* " 2= —c?df + d¥ + dy? + dZ = —dxe® + dxe® + dx® + dxg = 0. (13.3)

Thus, by addition (or arithmetic average), seveiriogewith signatures in the numerator from
the left ranks (13.1) can be as defined (7.2) émiifly the “outer” side of a*2An-vacuum region with
signature (+ — -), or “subcont”; by adding (or arithmetic averagioiy seven metrics with signatures
in the numerator of the right ranks (13.1), one icmtify the “inner” side of a 2Anrvacuum region
with the signature«(+ + +), or “antisubcont”.

Thus it is possible to reduce the number of measentés considered to 4 + 4 = 8, and retain the
vacuum balance

d* "% d T TP=0 or (+——-)+(—+++)=(0000). (13.4)

As shown in Section 7, the result can be interpretethe presence in & 2,+vacuum for two
mutually opposite 4-D sides:

— the “outer side” with metrits™ =~ 72, designated by the term “subcont” (Defn 7.4.);

— the “inner side” with the conjugate rieetls™ * * 2 designated “antisubcont” (Def. 7.5).

In any light-geometric problem it should be bornerind that al,-vacuum region is the result
of additive superposition (averaging) at leastesxt 4-dimensional regions with metrics (11.1) and
signatures (topologies) (11.5). That is, the nundfenathematical measurements should be at least 4
16 = 64. However, a number of problems of the “wastimodel can be reduced to a two-way consid-
eration with 4 + 4 = &limensionaldi,-vacuum region.

The transition from 64 (or 8) to the mathematicalasurements 3 physical measurements of the
“vacuum” and one temporal dimension of the “obseérwell be considered below.

A side consideration is that a 4-13-vacuum region in the Algebra of Signatures (Ars-
hibited by the “vacuum condition.” This significntdistinguishes AS from Einstein’'s General Rela-
tivity.

Thus, it ends up that the Minkowski space with atgre(+ — — -) can be represented as a sum
(i.e., the additive superposition or averaging)haf 7-metrics of regions for which the signaturethe
numerator are ranked left (13.1)

dg———)2: d§++++)2 +d§___+)2 +d§+__+)2+ dS(__+_)2+
dé* =2+ dsC T2+ gt 2 (13.5)
and a Minkowski antispace with signature + +) can be represented as a sum (or averagfinggt-

ric 7-spaces for which the signatures are rankad the numerator of the right (13.1)
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d§_+++)2 :dé————)z_'_ d§+++ —)2+ d§_+ +_)2+d§+ +—+)2+
O s C IR (13.6)

In expanded form the total metric (13.5) and (1 8&es the form of corresponding ranks (13.1)

ds" TP 2= dx? + dxg® + dx’ + dxe® ds™T 2= —dx’— dx®— dx’ — dx”

ds™ ™ %= —dxe®— dx® — dx” + dxg ds* ¥ = dx + dx®+ dxe” — dxe
ds™ ™ "= dx’ - dx®— dx” + dx” ds® " 2= —dx? + dx® + dx®— dx®
ds™ 7 2= —dx?—dx+ de’—dx®  dSTTT = dxg’ + dx®— dx® + dx?
ds™ T P=—dx’+ dxP—de’—dx”  dSTTT? = dxe®—dx+ dx’ + dx?
dd" "= diPdxlHdx-d? dSTT = —dig?+ di?— oo+ o
ds" " 2= deltdw’mdw’odx®  dsTTT 2= —dx’—dx’+ dx’+ dx
ds"™ " %= dx’—dai-de’-dx’  dsTTT 2= —dxHd %P+ d® + dx?

(1B.7

14. Metrics with respect to spin-tensors
We return to our consideration of the metric (7E)r brevity, we omit in this metric differen-
tial signs
S =X =X =% — X", 4(2)

As is known, the quadratic form (14.1) is the daii@ant of the Hermitian 2 matrix

[Xo"'xs Xl"'inJ _
1T %07 g (14.2)

In the theory of spinors, matrices of the form R)&re called mixed second-order Hermitian

Xo+Xs X +iXp
X Xy  Xg—Xg

— 2 2 _

X2 =x5-x5=0, sign(+——-).

spin tensors [7, 12].

We represent a 2 2 matrix (spin tensor) (14.2) in the unfolded statbere

A_xo+x3 X +iXy) 1O_XO —1_X0—i_x -1 0
Tl mix, Xo-%) 2o 1) M-1 o) o) %o 1) (14.3)

U(()+———)=(; (3 Ul(+———)=(_01 —Olj; 042+-——):((i) _olj 0:(;———):(—01 (3

is constructed out of a set of Pauli matrices.

where

In the theory of spinors afy-matrix (14.3) is placed in one-to-one correspowedenith quater-
nion

Q=X t€ X% +&X, +&X; (14.4)
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under the isomorphism

(0 -1y, _ (0o -}y, . (-10 (14.5)

Similarly, each quadratic form: (14.6)
S(++++)2: X02+X12+X22+X32 S(————)Z: _XOZ_Xlz_XZZ—ng
ST X X X ST R x A x T —X
= X —x %+ X ST e X % —Xd
P2 —x® % —x ST = x4+ x® X XS

2 2

S(++—+)2 - X02+X12—X22+X3
2 S(+—++)2=

S(——+—)2: _XOZ_XlZ +X22—X3

SRz _xP 3 =% — X3 X0 —XooF X + X’

2 + 42

s RV SV ST S e C X+ Xg2 — X2 + X

S(++——)2: X02+X12—X22—X32 S(——++)2: —X02—X12+X22+X32

can be represented as spin tensors or Ag-amatrix:
Table 14.1

iX; = Xo  Xg—iX3

Xg+iXz iXp+X% ) (1 0O 0 i 0 1 i 0)
1 (ixl—xz xo—ixgj_xo(o 1J+)(1(i o}'x{—l o}’x{o —i}

20e

0_(()++++): 1 O; 0_{++++): O [ : U'£++++): 0 1; U'é++++): [ O-.
01 i 0 -10 0 -i

XotXg Xt X
X =X X~ X3

2 i - -
[.x0+x3 IX1+X2J:XO(1 o}rx{g |j+x{o 1}_)(3( 1 o}
iX; = X5 Xg—Xg 01 i 0 -1 0 0 1

20e

0_(()+++—): 1 O; U£+++_): O [ ; 0_£+++—): 0 1; U§+++_): -1 O'
01 i 0 -1 0 0 1

+iXy  iX + X .
(XO 3 Zj XX+ XE+XE =0;  sign(++ ++)
det

jxoxlo Sigr(+++-)
det
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()<0+ix3 iX1+X2j 2 12 152 -2 =0 sign(=++-)

: : SRR T
X =X~ X +iXg ),

X tiXg X X% _—10+ Oi+X01_ -i 0)
i -% %+ 2o 1) i o) @-10 0 -if

20e

o) = 0 — [ L gt = 0 1) o+ = - O
0 1) i o) 2 -1 0/ 3 0 -i

+i +
[Xo Xs % XZ] =X X=X +x2=0;  sign(++-+)
det

X X —iX,

+i + - i
Xo +iXg ><1 x2 0 1 _x, 0 ix, i 0' ;
X +X -1 0 -1 0 0 -i
20e

(++-+) — 1 0 (++-+4) — 0 1 . (++-+4) — O - . (++-+4) — I O .
% " Tlo) ™ Tlerof? Tler o) Tlo -i)

Xo X3 Xyt X,
—iXg + X, —Xg+Xg

Xo + X3 iXg X, -10 0 -i 0 -1 10
. ==X X . - X X3 \
—iX; Xy — Xyt X3 0 1 i 0 -1 0 01

20e

a_é———+)=(g') 2} a.l(———+):[ol é} Ug———+)=[01 -01]’ Ué___+):[é) Oi}

j ==xZ-xZ -x2+x3=0;  sign(-—-+)
det

(xo+x3 XX =+ X+ X3+ x5 =0; sign(—+++)

X=X =Xt X3 )4t

Xt X Xt X 0i+X 0 l+x10'
X, — Xy ><0+x3 | ¢ 4 0)7% -1 0) Mo 1)

20e
-4+ +) 0 -4+ +) 0 i -+ ++ 0 1 -+ ++ 10
=[5 3} o -(i of {5 o e[ )
Xo + X x1+x2] _ -
==X =X XS+ =0;  sign(——++)
(X1_X2 Xt X det
o e 9 Il
X, — X, + X, -1 0 -1 0 01
20e

(—=++) -1 0 (--++) 0 -1 (--++) 0 1 (-—++) 10
Do Flo 1) Tlar 0/ % Tlaaof B Tlo o)
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[XOH% _X1+X2J =+ - +xe=0;  sign—+-+)
det

XX —XtXs
XX =X +%)_ (-1 0 0-1) (0 -1 1 0)
[x1+x2 _Xo"'st_ XO(O 1]”1[1 0] XZ(—l 0]”{0 1]'
20e
a(—+ +) — 0 +-4) _ 0 -1 0_(—+—+)_ 0 -1 a(—+—+)_ 10
1/ {1 o) 2 -1 0/) 3 “lo 1/
Xo —iXg iX, )
= =0; —_
(xlﬂxz XO-HXSLet XO x1 x2+x3 sign(+ +)

Xo ~ X3 X5 0 -1) (0 i =i 0)
(xl+ix2 x0+|x3) XO( J ( 1 Oj XZ(—i OJ+X{O ij’
20e
(+——+) -1 0_£+ -—4) = 0 | : O'é+__+) — =1 0 .
-1 0 -i 0 0 i

X Xy Xgt X3

Xo = X3 X +X, 10 0 1 0o -1 10
=X X —X; X3 ;
X+t Xy Xg+ X3 01 -1 0 -1 0 0 -1

20e

(++--) 10 (++--) 0 1 (++--) 0 - (++--) 10
%o “lo 1) & “l-1 0) 2 -1 0) “lo -1/

(+——+) (

Xo = Xg X +X .

[0 s ZJ =x§ +x2 -x5 -x2=0;  sign(++--)
det

Xpt X3 X tIX,

=x2—x2-x2-x2=0: sign+-——
b x| TR TR K6 =0 sigrte=—)

[Xo"'xa x1"'iX2J _
XTIy X TXg ) e

Xo+X, X +iX,)_ (1 0) (0 -1) (0 -i 10
e e S B A T

20e
01 -1 0 i 0 0 1
+iX, X +X
(XO 3 A _ZJ =x2-x2+x5+x2=0;  sigr+ —+ +)

(xo+ix3 X1+-X2J:X0£1 oJ_Xl(o _1}”‘2(0 1J+X3(i 0}
X~ Xy X —iXg 01 -1 0 -1 0 0 -i

20e

(+-++) _ 10 (+-++) _ 0 -1 (+-+4) _ 0 1 (+—++)_i 0
% o) & -1 0) % 10/ % o -if
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X tiXg Xt X 2222 ;
=X X HX X =0;  sign(——+—
( %= % X0+ix3jdet XX XX gn( )
= Xg +i + 10 0 -1 0 1 -i 0
e N R O
13 X~ X Xy tiXg 0 -1 -1 0 -10 0 -i
20e
10 0 - 0 1 -i 0
(-=+) = (-=+) = (-=+) = (--+) =
R T S e M i O
X~ X3 )(1+ij 2_ 2, 2_\2 :
=X5—% +X —x3 =0; sign(+ -+ -)
[Xl‘xz X0+ %3 ) et v
- + 10 0 -1 0 1 1 0
14 07T TR = X4 X% —X3 ;
XX Xt X3 01 -1 0 -1 0 0 -1
20e
(T(+_+_): 10 (+-+-) 0 -1 (T(+_+_): 01 0_(+—+—): 1 0
° 01/ ! -1 0) ? -1 0/ °° 0 -1/
“XtiXg X tX 2002 22 ;
==X+ X —X—-x=0 sign(—+ - -
(_)(1+X2 Xo‘”xs)det NI =% =X ign( )
15 X tiXg X tXp ) _ 10 x| 0 1 X 0 -1} 3—| 0
X tX X tiXg 0 -1 -1 0 -1 0 0 -i
20e
o= =1 0} e [0 vy [0 T ey (71O
° 0 -1/ ! -1 0/ ? -1 0/) 0 -i
(_ X fixs X +i,X2J =-x2 -x2 -x5 - x2 =0; sign(-- - -)
Xl - |X2 XO + |X3 det
16 —xofix3 x1+i.x2 :‘Xol 0 Cx, 0 -1 ‘th-) =i g =i 0.;
Xy —IXy  Xg tiXz 0 -1 -1 0 i 0 0 -i
20e
1 0 0 -1 0 -i -i 0
(-==) = (-==°) = (-=-°) = (== =
S TR el G T U e O3

EachA,-matrix of Table. 14.1 is assigned a “color” quatennof type (8.17), where the imagi-

nary units are used as objects




which are the Pauli-Cayley spin matrices, whichgaeerators of the Clifford algebra

0O O L

wheni # j;

() g () () g () 0 0
0o + gt Igt) =

1 0 .
2 wheni = j,
0 1

Table. 14.1 are only special cases of spin teregmesentations of quadratic forms. For example,

(14.8)

determinants of thirty five 2 matrix (Hermitian spin tensors):
XotXs X tiXp) (X=X X ~iXp XotXs X ~iXp X=X X tiXp) (X=X —XtXg
X=Xy Xo=Xg) (G FiXp XotXs) DgFiXp XX X =iy XotXg) \XotXg X tXp

Xo+X X+iXp) (X=X X3—iX X % 'Xz Xo X X +iXy iXp =% —X+Xg
X3 =Xy X9 =% X3 HiXy  Xg+X Xg +iX, —iXy X tX XotXg iXo+X

X=X X tiXg) (X=X —X+X%
X —iXg XgtX ) (XX X tXg
X=X XotiX) (IX3=X% =—Xg+X
Xo ~iX XgtXg XotX X3 X

X=X X tiXs X =X3 —Xg+X
X —iXg Xg+X

XptX X+ ist [Xo X —ix;.;) (Xo X 'Xs)

X —iXg X=X ) \ X tiXg Xg+X X HiXg X=X

XtX3 X +iX1] (Xo X3 'le Xt X3 'le
Xo T X3

|
|
|
|
|

Xo +iXq

X ¥iXg Xg+X ) (X +iX3 XtX Xy+Xs

XotX% X2+'X3j [Xo‘x1 X = 'Xs) (XO+X1 X = 'XsJ
X tX X3+iX1J (Xo X5 X3"X1j (

Xg+Xy X3—ix
X3 —iX; X=X X3 +iXy Xg X%

Xo =X X3+iX1J (ix3_xl _Xo+ij

Xg~iXg XotX XptX Xgt+X

Xo =X —XotXg) (X=X XgtXg) (X=X XX | (X=X XX iXg =X X9 +X
XtX Xot+X ) (=X +Xs XX ) \ =X+ X X +Xg

“XotX X tXg) (=X X XX

(14.9)
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are all equal to the same quadratic fasfn > = x* - x> -xZ - x?. Likewise branch (degenerate) spin

tensors represent all 16-quadratic forms, as listddble 14.1.

Future articles in this series of articles, togetabeled “Alsigna”, will show that any discrete

degeneracy (i.e., latent ambiguity or deviationjhaf original ideal state of &,+vacuum from its ini-

tial state leads to cleavage (quantization) bysardie set of disparate states across its tramsaecs

longitudinal layers.

The sixteen types d&-matrices are equivalent to 16 “color” quaternio®4.7). For clarity, all

types of “color” designated b§y-matrices are summarized in Table 14.2.

Table 14.2

Metric Ag-matrix Stignature

X2 X X2 X2 Xo(é cl)J + x{? :)J+ Xz(_ol ;} x{; OIJ {+ +++}
EPCIC) B W L R R
Xo2HX14Xo2 —Xa? xo[; 2]+x1[? é)] xz(_ol é]‘xs[_ol 2] {+++-}
i | BTG IE Y | e
XX P X —Xa? —%(_01 (3“&(? 3 x{_ol éj_)%[_oi _OIJ —++-}
XoP X1 %X X Xo[é 2]%[_01 ;]—xz[? _OIJ—X{; _01] {+---
Xo2HX12—Xo> + Xa° xo(; (1)]+x1[_01 é]—xz[_ol _oljﬂ(s(l) _OJ {++—+}
ST B g ) B
wininind | A AT | e
VIV TV I _)‘o(; Olj_xl( _01 -Ol}xz(_ol (1)]_)(3('0' _OJ (——+2
XX XX - Xo(_ol cl)J+ x{? EJ + X{—Ol 3 + x{é cl)J {—+++}
Xo™X1*+Xo" X5 %[; 3-&(_01 _O}Xz[_o 1 éj-Xa[cl, _OJ {+-+-}
it | AL AL PP | e




10 01 0 -1 -i 0

X02_x12+ x22+x32 _X‘{o _1j+x1[_1 OJ—XZ[_:L Oj_x{o —ij = +—+}
-10 0 -1 0 -1 10

_X02+X12—X22+)@2 _XO(O 1]+xl[l Oj_x{—l 0]+X3(0 1] ~+—+}
2 02 2 L2 {1 0) (0 -1) (0 -} (-i 0

—Xo —X1 X2 X3 X‘{o _1] Xl(_l OJ Xz(i OJ X‘{o —iJ {—---}

The Algebra of Signatures associates the supeiposif affine regions balanced about zero
with 16 types of stignatures:

ds = (-dxo—dx—de—dx) + ( dp+dx+dx +dx) +
+( dxo+dxgt dxo—dx) + (—dxo—dx —dx +dxs) +
H(— ot dxt dxp —dx) + ( dp—dx —dx+dxs) +
+( dxp+ dxg—dx + dxg) + (— dx— dx+ dx, —dx) +
+(—dxo—dxt+ dx2 + dx) + ( dx+ dxg —dx —dx) +
+( dxo—dx +dxp + dxg) + (—dxo +dxg — dx —dx) +
+(— ot dxg — det+ dxg) + ( dx—dx + dx—dx) +
+( dp—dx —dx—dx) + (—dx + dxg+ dx; + dxs) = 0, (14.10)

with one realization of the superposition ofAgmatrices:

1 0), (0 i), (0 -1, (i 0)4
“lo )7 071 o) 8o i
+
0 IJ%[O 1J+X3[l 0J+
-i 0 -10 0 -1
0 +X3(_1OJ+
0 1

o 3l o)l ofela o)
o A ofxli )l )
o 3fs o)l oo )
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Expression (14.11) is equal to &2 zero matrix, i.e. conforming to the principletbé “vacu-
um balance”.

We have here a spin tensor mathematical apparaiiable for solving a number of problems
associated with a multi-vacuum inside the rotatigmacess.

Consider two examples using spin tensors.

Example 14.1Suppose that a column matrix and its Hermitian agaje matrix s form a string

@ s) | (14.12)

that describe the state of the spinor.

A back projection of the coordinate axes for theecavhere a metric space has a signature
(+ — —-) can be determined using spin tensors (14.3)

(D oY Xo t X3 X tiXy ) s
S1:S2 . =
Xl _|X2 XO - X3 32

ST S S (A ) B S O ) R S e B

:(3151 + stz)xo - (‘ S5 - Sgsl)xl - (isgsl - islmsz)xz - (_ SIS + SESZ)XS'

(13)1
Example 14.2L et a forward wave be described by
_ 2
EM=ge / e ), (14.14)
and its reverse wave
E(_) _ é_ei%(m—r)

, (14.15)
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where a and a. are the forward and reverse wave amplitudes, réispgeneral, the complex num-
bers:

a,—ae”, a=-ae, a =-ae, a =ae’, (14.16)
contain information about the phases of the wayesand ¢_.

Mutually opposing waves (14.14) and (14.15) candpeesented as a two-component spinor:

5 _ —iz/]—”(ct—r)
e
% ae
The corresponding Hermitian and its conjugate spino
+ * iz—”(ct—r) * —iz—”(ct—r)
(5 )=1w) =<w|=[ae 7 e (14.18)
Conditions of normalization in this case are exgegkby the equation
s i 27 (ctr) - 27 ctr) ae_i%”(d_r) 2 2
(SPSE{ SJ =(t//|t//>={1e R R } oy | TR a.19)
ae

To find the spin projections (circular polarizatipaf the light beam on the coordinate axes, we

= X3 X +iXy _XO l+x 0 i+x 1 0 14.20
S lx-ix, -x3 ) M1 o) E-i o) Plo -1 (14.20)

which is associated with three-dimensional elenrgth

det

use spin tensors

X X, —iX
ST =0 + x5 ). (14.21)

Putting % = xo= X3= linto the expression (14.20), we consider the pt@macf the spin on the

sl ol bl of ) elo 32

=(5, + s )+ (-ishs, +isTs, )+ (65, - 55, ).

Substituting this expression of the spinors (1447 (14.18), we obtain the following three

coordinate axes

(14.22)

spin projection on the corresponding coordinatesax= X, X2=Y, X3=Z
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£
&
5
N
S
Il
=
N
—
= O
25
W
Il

S,
.21,
i Zer) i) O 1 ae"7(°"r) A L i) (14.23)
=laet ', ae 4 o =3dae 4 +a@aae’t
10 ae|7(ct—r)

om o i —iz—”(ct—r)
| i5letr) o AEetr) (0 i) Be A _
—[&e” - Ae J(. oJ 2 | (1429
a A

S,
i i e 14.25
ﬁtei%(a_r) ie—i%(ct-r) 1 0)3ge /‘(t ) =|§+|2—|<’:—L|2 ( )
’ 0 -1} _ %) '

ae

In the case of &= a- andgp. = ¢_= 0 we obtain the following average spin projectiontgtong
electric field vector) in the coordinate axes XYZ

(s)=0,
(s,) = 2a2 cod2(wt —kr]),
(s,)=2a sin2(et —kr)). (14.26)

Thus, representation of the propagation of a sginjegate pair of waves leads to the descrip-
tion of the circular polarization without additiohhypotheses.

15. Dirac “bundle” of the quadratic form

Consider a Dirac “bundle” of a quadratic form oe thetrics

ds® = ?dt? + dx¢ +dy” + dZ = dx?+ dx,® + dx?+ dxs with signature (+ + + +).  (15.1)
We represent this metric as a product of two affimear) forms

ds = s’ = (yyd,'+ Jrdx +ya0 +pad) Cyaddg " + pdx " +ypd% +y40x"). (15.2)

Expanding the brackets in this expression, we abtai

R 13
B = > y,¥,dx dx’ :EZZ(V,JV” +y,y,)dx“dx’. (15.3)

#7010 4=01=0
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There are at least two options for defining thaigalofy,, while satisfying the equality expres-
sions (15.1) and (15.3):

1) the method of Clifford aggregates (e.g., quaber,

2) the Dirac method.

In the first case, the linear shape, in the exjpasd5.2), is represented as a pair of affine ag-
gregates with terms coined for this application:

& =y,cd’ + )y, oK +p,dy +y,df —“mask” of the metric space

with stignaturg+ + + +}(see Definition 24.1); (15.4)
a&s" = y,cdt” + y,dx" + y,dy" + y,dz" —“interior” of the metric space

with stignaturg+ + + +} (see Definition 24.2), (15.5)
wherey,-objects satisfying the relative anticommutativitjfford algebra
Vb + Vo= 20uy, (15.6)
where
_JLmu HE ronecker symbols 15.7)
10 npu pu#n.
In the second case, the method involves, insteddirat’s Kronecker symbol (15.7), the unit
matrix
1 0 0O
a_:OlOO. (15.8)
H 0 010
0 0 01
then the condition (15.6) is satisfied, e.g., tegtrset of 4x 4 Dirac-matrices:
10 0 O 0001 0 0 0 —i 0 01 0
o1 0 o0 o010 |00 i o0 _|0 0 0 -1/ (1509
“lo o -1 0 "Tlorool ¥lo-ioo 2711 0 0 o
00 0 -1 1000 i 0 0 O 0 -1200
These matrices can be considered as constituttograsponding Clifford algebra.
In this case, the expression (15.3) acquires aixrfatm
3 3 1 3 3
(dsiz): D vy dxtdx? ZEZZ(VWU + ¥, V) dx“dx’ (15.10)

#=01n=0 #=01n=0

where
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d$, 0 0 O
|0 d& 0 o0
(dS‘z) 1o o0 d& o

0 0 0 ds,

Equation (15.10) with (15.8) can be represented as

1 000 1 00O
3.3 0100 0100
ds’ )= dxdx’ = c*dt? +dx +
(S"Z);;Oy“y” 0010 0010
0 001 0 001
1 00O 1 00
0100 010
+dy? +dZ
0010 0 01
0 0 01 0 0O

Returning to the quadratic form (15.1) and its Dibaindle (15.10)

(65)= 2> p,p,

3

Zibﬂndx"d%,

©=0n=0 ©=0n=0

1 000

0100

where V.V, =b, = 0010
0001

= O O O

(15.11)

(15.12)

(15.13)

(15.14)

We consider all possible options for the expres$idnl3). We use the following basis of the

sixteen types of, - Dirac matrices



1000 0100 i 00O 0i 0O
0100 1000 0i 00 i 00O
©0) _ ©0) _ 0) _ ©0) _

Yo 0010~ 0001 Y2 o0 i o 0 0 0 i
0001 0010 0 00 i 00i O
0 001 0010 0 00 i 00i O
0010 0001 00i O 0 00 i

o _ o — o _ o _

Yo 0100 N~ 100 0| » 0i 00| " i 00O
1000 0100 i 00 0i 0O
1000 0001 i 00O 0 00 i
0100 0010 0i 00 00i O

2 _— (2) — (2) — (2) —

Yo 0001 A 100 0| » ooo0 il " i 00O
0010 0100 00i O i 00
0100 0010 0i 0O 00i O
1000 0001 i 00O 0 00 i

3 — 3) — 3) — 3 —

Yo 0010 " 0100 V2 0o0i o 0Oi 0 0
0001 1000 0 00 i i 000

(15)1

Dirac’s method, unlike the method of affine aggtegaallows four metric spaces with four
metrics to be “stratified”, appearing as componehthe matrix (15.11).
The Algebra of Signatures has considered the gtiadmam (13.7) with all possible sixteen

signatures. Each of them can also be “stratifiextbading to the method of Dirac:

3 3
[0577)= 2.3 0 Paxax (15.16)
4=0 =0
where
V/J(a)yn(b) = by, (ab) (15.17)

but in this case ead),® is a matrix having the respective signatures:
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1000 100 0 -1 00 O 10 0 0
02|01 00 o0 100 oo 0 100 0|01 00
“~lo0 010 “m~loo1 0 “mM~lo 01 0 M=o 0 -1 0

0001 000 -1 0 00 -1 00 0 1

-1 0 0 O -1 000 -1 0 00 -10 0 0
|0 7100 L, f0 100 |0 100 |01 00
M=o 0 -10 “m~1'0 010 m~lo 0 10 M=o 0 -1 0

0 0 0 1 0 001 0 0 01 000 1

10 00 10 0 O 10 0 O 10 00
2|0 "1 00 |01 0 0 L, j0-10 0 ., [0-100
m~lo 0 -1 0 M=o 0 -1 0 M=o 0 -1 0 M=o 0 10

00 0 1 00 0 -1 00 0 -1 0 0 01

(15.18)

-1 0 0 O 1 0 0 0 -10 0 O -1 0 0 0
oo 0 100 |0 7100, 010 0 |0 -10 0
m~log 0 1 0 m~lo 0 1 0 =10 0 -1 0 m~lg 0 -1 0

0 0 0 -1 00 -1 00 0 -1 0 0 0 -1

Signs are converted to units in the diagdn)aiab)-matrices, giving the respective character set
in signature components of the matrix (11.5).

At this point, for the sake of brevity, the supeists will temporarily be omitted and instead of
“b,@?-matrix” we will write “b,,-matrix”.

Let us return to Dirac’s method of “destratificatiof a quadratic form (15.10)

3 3 3 3
(dﬁ): DD yukpddx =% b, dx“dx, (15.19)

#=04=0 #=0u=0
where
1000
0100
YioYor =bup = 0010 (15.20)
0001

and considered all possible options for its closure

Each of the sixteem}p)-matrices (15.15) can pick up a secqv;fé?-matrix of the same set such

that their product is equal tabg, -matrix (15.20). For example:

0i 0O0fYO -i 0 O 1000
i 00O0|-i O O O _ 010 0. (15.21)
00i OfJ0 O -i O 0010
00O0iNAO O O -i 0001
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Eachy,”-matrix (15.15) can have one of 16 possible stigrest For example:

0010 001 O 0 01 0 00 -10
w |0 001 , |0oo0 -1 , |0 00 -1 y30_0001
Tl 000 71100 0 “7-100 0 710 0 0
0100 010 0 0 10 0 01 00
0 0 -10 0 010 0 010 0 0-10
0 0 0 1 0 001 0 01 000 1
01 _ 1 21 1
T 10 0 o0 i -1000 BTl 1 0 00 i -10 0 O
0 -1 0 O 0 100 0 -100 0100
0 0 -10 00-10 00 -1 0 0 0 10
o 0 0 1 2_0001}/22_000—1 y32_0001
T 9 0 o0 “7l10 0 o] ™71 0 0 O 71 0 00
0 -1 00 01 0 O 0-10 O 0 -100
0 01 0 0010 0 0-10 0 0 -1 0 (15.22)
s |0 0 0 -1 yl3_ooo—1 b 00 -1/ , |0 0 0 -1
T4 0 0 0 “Tl 00 0l "™Tc10 0 ol T2 0 0 of
0 -10 0 0-10 0 010 0 0 -1 0 0

For each of thesg,,! matrices can also choose a secpp8-matrix, the product which leads to
a by,-matrix (15.20). Thus, given the 16 stignatures mujyﬂ(p)-matrices (15.15), there appear 16
x 16 = 256y, -matrices.

Eachym”-matrix can be converted into one of 16 mixed matrices2@)5 Let us explain this

statement with the,,**matrix as an example:

0010 00 i O 0010 00 i O
000 -1 0 0 0 -i 0 0 0 -i 0 0 0 -i
3_ 3_ 3_ 3_
°°y111_1000 10Vllliooo 20Vllliooo i 1000
0-100 0-100 0-100 0-i 00
00 i O 00i O 00i O 00 i O
0 0 0 -i 000 -1 0 0 0 -i 000 -1
3_ 3_ 3_ 3_
0]yllliooo“yllllooo”yhlooo“liooo
-10 0 0-100 0-100 0-100
0010 0010 0010 0010
0 0 0 -i 0 0 0 -1 0 0 0 -i 0 0 0 -i
3_ 3_ 3_ 3_
02”111_iooo 12yllluooo 22yllliooo i 1000
0-100 0-i00 0-i 00 0-100
00 i O 0010 00i O 00i O
0 0 0 —i 0 0 0 -i 000 -1 0 0 0 -i
3_ 3_ 3_ 3_
ol 1000 i 1000 24 i 000 i i 000 (15.23)
0-i 00 0-i 00 0-i0o0 0-i00

When all two hundred fifty si);zu,,”- matrices (15.23) are combined, one obtains=1866x 16
= 4096n1 " matrices from the basis. Consequently, in this ,cdmsdb,,-matrix (15.20) can be derived

from 4096 products of pairs g, -matrices.



52

In turn, all sixteerb,,-matrices (15.18) may be specified:* 665,536 different variants of
pairs of products 0fym -matrices.

Similarly, one can continue to build the basis ehgralized Dirag-matrices almost indefinitely.

We call the totality of“’,m’-matrices “generalized Dirac matrices”, and the aissed

Amr-vacuum matrices will be called “Dirat,+-vacuum”.

16. The explosion of mathematical (auxiliary) measements

From the ranked expression (12.5), it follows #@uay pair of metrics of 4-spaces with mutually
opposing signatures may be presented in the fortwa@fmetric sums of seven regions with the other
signatures (topologies), similar to (13.7).

For example, the conjugate pair of metidss ~* 7?andds” "~ ??with mutually opposite signa-
tures(- — + -) and (+ +- +) can be expressed by the superposition of sévarbspaces with signa-
tures (topology) represented in the ranked numesdi@.5):

d§+_+)2:df(++++)2+ dC(_+++)2 +dC(+_ -2, dC(___+)2+
d{(++")2+ df(_+__)2+ d((+_+_)2, (16.1)
and
d§_+_)2: dC(____)2+ dC(+__ -2, dC(_++_)2+ dC(+++_)2+
elf(__Jr+)2_|_ dC(+_++)2+ dC(_+_+)2. (16.2)

Similarly, the 256 metrics with signatures (10.t&h be isolated from 128 conjugate pairs of
metrics, each of which can be expressed by supégosf 7 + 7 = 14 4-dimensional sub-metrics. As
a result, the number of mathematical (auxiliarypsgement is already 12814 x 4 = 3584.

In turn, the conjugate pair of sub-metrics can leeothposed further in the same way to
7 + 7 = 14 sub-sub-metrics, and so on; this catirmo@ indefinitely.

In this way, we obtain a theory of relatively balad “split zeroes” (12.3), in which the “vacu-
um” is first stratified into an infinite number okstedi,-vacuum (i.e., longitudinal layers of a “vacu-
um”, see Sections 3 and 4). Then, each ofifherzacuum split into an infinite number of 4-imensa
metrics of sub-regions, sub-sub-regions etc. tniiyf giving us transverse layers of the “vacuum”.

Definition 16.1 A transverse bundle “vacuum” is a representation ezch local region
Amrvacuum as a superposition of 4-dimensional mednig-regions, sub-sub-regions, etc. with the 64
possible signatures (topologies) (11.6).

In this article, all the above concerned only onegibility of algebras with signatures develop-
ing relative to the 4-basa® (&®, &®, &), &%), selected as a basis, and the stignature mukijon
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rule (10.6). Similarly, using all the other 4-bagEgure 6.3), we get the 16 endless series of dmbe
ding outlined in AS. But by virtue of the asymmetoply 10 of them are necessary.
As long as the local site of the “vacuum” is notrped, all 10 dimensions in this neighborhood

are completely identical. However, in the casew¥ing “vacuum”, the 10 dimensions are differently

oriented with respect to curvature, and can beldped in different ways.
Definition 16.2 The "Qabbalistic analogy” is a comparison, concdiby the author, to show
that the Algebra of Signatures (AS) is identicatite system of the Tree of Ten Sephirot of theahuri

Qabbalah.

According to the Lurian Qabbalah, the Name of GOD»- (further, instead of letters of He-

brew letters the transliteration MHI is used) is revealed in the form of the "To#€len Sephirot"

which can be obtained by squaring the square mé&brimed by the Letters of this Name:

| I H Y I H I IH HH
IHDZ_IHDIH_ H vV H vV IH' IV HH' HV
H V) H Vv H'V_H,(I va(l HY| | H1 HH VI VH
H' V H V)] (HH" HV W' VvV (16.3)
The components of this matrix correspond to th&dhirot:
Table 16.1
Name letter Matrix Compone(it6.3) Sephirah
edge of thle Letter Yud I Kether
I HH Hochmah
H VV Binah
\ IV, IH, IH', VH, VH', HH' Tiphereth *
VI, HI, H'l, HV, H'V, H'H
H' H'H' Malkuth

where Sephirah Tiphereth * consists of six duah8ep

Chesed (IV=VI) vi@a (IH = Hl)
Netzach (VH=HV)

Tiphereth (IH=H1)
HoH'=VH) Yesod (HH=HH)

A slightly transformed matrix (16.3) can be pubiebrrespondence with a matrix of signatures

(11.5)
N H VI

IH HH VH H'H|_|(===%) (=+++) (=—++) (=+-+)

H'l (++++) (+++-) (—++-) (++-+4)

(16.4)

IV HV W HV | | (+=—4) (++--) (+——-) (+—++)

IH'" HH'" VH'

where

H'H'

((=+) (+=+7) (+=9) (===

(16.6)
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Kether 0 0 0 1 0 0 © (++++) 0 0 0
0 Hochmah 0 0 _|0 HH O 0 |_ 0 (=+++) 0 0
0 0 Binah 0 | |0 O W 0 || O 0 (#--9) 0
0 0 0 Malkuth (0 0 0 HH 0 0 0 (---9)
0O HI VI H' 0 (+++-) (—++-) (++-4)
Tiphereth* = IH 0 VH HH|_|(---4) 0 (——+4) (-+-+4) (16.7)

IV HV 0 HV| |(+=-=-4) (++--) 0 (+—++)
IH' HH' VH' 0 (—=+-) (+=+-) (=+--) 0
At the same time, just as each gabbalistic Sephdaaisists of an infinite set of sub-Sephirot, so

too each signature is the result of superpositibnénite number of sub-signatures [e.g. (16.1pan
(16.2)].

17. Light-geometry on a curved portion o& “vacuum”

Consider a 3-dimensional curved portion of a “vanlu If
the wavelengtil,, of given monochromatic light beams is much
smaller than the dimensions of the “vacuum” irregiiles, then
this portion of the cubic cell 3-D light landscafp®,+vacuum) is
curved (Figure 17.1).

Consider one of eight vertices of a cube in a alrve Fig. 17.1. Deformed cubic
Amrvacuum (Figure 17.1 and 17.2). Replace distorgges, de- cell of adnrvacuum
parting from a given vertex, by the axes of a dingar coordinate  **
systemx' %@ x1@ x2@ 3@ (Figure 17.2). x5

The same raw edges of the ideal cube denote a gseud
Cartesian coordinate systedtf, x*@, x2@) x3@

The distortion of the edges of the cube under camation x,

in aAmrvacuum can be decomposed into two components:
. . . x’z(a)
1) changing the lengths (compression or expansbrhe Fig. 17.2.0ne of the comers

axesx?®, x1@ 2@ 3@ while maintaining the angles between of a test cube of Anr-vacuum
the axes;

2) distorting the angles between the axe®®, x1®@ x2@ x3@ directly, while maintaining
their lengths.

We consider affine distortion separately.
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1). Suppose that only the lengths of the ax&8, x*@ x2@ »3®@ are changed by the distor-
tion. Then these axes can be expressed by thearigieal cube axiz®®, x'@, x*@) x*@ ysing the ap-
propriate coordinate transformations:

19fa) — aoo(a)xo(a) +ap l(a)xl(a) + aoz(a)x2(a) + ao3(a)X3(a);
1Y) — 10(a)XO(a) + o l(a)xl(a) +a 12(11))(2(a) +a 13(a)x3(a);
13a) = azo(a)xo(a) + l(a)xl(a) + azz(a)XZ(a) + a23(a)x3(a);
Sgfa) — a3o(a)X0(a) + a3 l(a)xl(a) + agz(a)XZ(a) + a33(a)x3(a) , (17.1)
where
a;;® = dx'@/dx® (17.2)
using Jacobian transformations or components abreglongations.

2) Suppose now that the change only affects theeargptween the axes of the coordinate sys-
tem x' %@ x1@ y2@® 3@ and the lengths along the axes remain unchargetlis case, it is suffi-
cient to consider a change of angles among the bastore @, €,@, €,@, &;@in adistorted frame.

From vector analysis, it is known that the basistaes of a distorted 4-basig®, €@, ,@,
€5 can be expressed in terms of the original baseoreey®, e,?, &, &5 in an orthogonal
4-basis via the following system of linear equasion

g 0(a) — ﬁOO(a) eO(a) + ﬁOl(a) el(a) + IBOZ(a) e2(a) + ﬁ03(a) 63(61);
g l(a) - ﬁlO(a) eo(a) + ﬁll(a) el(a) + ﬂlZ(a) e2(a) + ﬂl3(a) e3(61);
g 2(a) - ﬁZO(a) eo(a) + ﬁZl(a) el(a) + ﬂ22(a) e2(a) + ﬂ23(a) e3(61);
g 3(a) - ﬂSO(a) eo(a) + ﬂ3l(a) el(a) + ﬁ32(a) ez(a) + ﬁ03(a) es(a), (17.3)
where
ﬁpn(a) - (erp(a) @ﬂ(a)) - cos(e'p(a) "em(a)) (17.4)
using the direction cosines.

The systems of equations (17.1) and (17.3) caefesented in a compact form:

X! @ = 6, @ 1@ (17.5)
and
g, @ =g @ (17.6)

The remaining 7 distorted cube corners ibgvacuum (Figure 17.1) (or rather the remaining
fifteen 4-bases of Figures 6.2 and 6.3) are desdrdmmilarly.

Consider, for example, the distorted 4-basis vedorl)

&'V = efDdx' O, (17.7)

With regard to (17.5) and (17.6), vector (17.7) barrepresented as
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ds’ M = B pm(7) em(napj(?)d)é(?), (17.8)
Similarly, all the vertices of a distorted culigr-vacuum can be represented by vectors
s’ = ﬁpn(a) em(a) apj(a)d)é'(a)’ (17.9)
wherebya=1, 2, ..., 16.

18. Curved metric 4-space

For example, consider two vectors (10.1) and (1®@) given in the 5th and 7th curved affine

spaces
s’f)= p"®)e, Oy Cldix, (18.1)
5= g e, o dX . (18.2)
We find the inner product of these vectors
ds72= ds' Ngis’® = prrlg, Mg D" By Olidy = ¢ Tdxdlx (18.3)
where
i 9= g, (Mg (MG B, ®) (18.4)

arecomponents of the metric tensor (7, 5)'th metrigpéce.
Thus, the metric (7, 5)’'th metric 4-space whichutessis
s"d°2= ¢;("ldXd¥ (18.5)

from signature (10.5{+ + —) and the metric tensor

G o oy o

ool 2 ) w
Co2™ C77 G Gy
G ol o o

Similarly, the paired inner product of any two vast(17.9)

ds’@= pP@g g @dx | (18.7)
s’ = g, )y, Oy (18.8)

leads to the formation of an atlas, which congéts6 x 16 = 256 of all possible 4-dimensional &av
sheets (i.e. metric 4-subspaces) with metrics

5@ P2= ¢;@dxdx, (18.9)
wherebya=1,2, ... ,16;b = 1,2, ... ,16, with respective signatures (10.1%) metric tensors
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b b b b
co” cg? 5?5
b b ,b b
o | A A o e 1810
] b b b b ’ .
GE0 o3h oy oo
b b b b
0 o5 o o
where
i (a b)_ ﬂpMa)%(a) api(a) ﬂ'”(b)en(b)a” (b) (18.11)

arecomponents of the metric tensarki)’th curved metric 4-subspace.

19. 4-tensor of deformations

The classical theory of elasticity, the actualestait the local volume of an elastic-plastic medi-
um generally describes only one space “frozenhanreference system with its corresponding 4-basis.
This leads to the analysis of only one type of gatc form

ds'?= g; d¥d¥, (19.1)

whereg; describes thenetric tensor components of the local portion @& tlurved metric length (16
components, but of these only 10 are effective,tdube symmetrg; = gj; ).

The quadratic form (19.1) is compared with the gatd form of the original, the ideal state of

the same local area of the elasto-plastic mediugh [1

ds? = g;%dXdX. (19.2)
By subtracting the initial state metric (19.2) froine current state metric (19.1), we get [13]
&? —dg” =(g; —gY)dxXdxX =2¢,dXdx, (19.3)
where
Eij:%(gij -9, (19.4)

which is a 4-tensor deformation.

The representations developed here differ fronctassical mechanics of continuous media on-
ly in that the investigated section (cube) of asgt-plastic medium (in this case thg-vacuum) de-
scribes a 4-basis, associated with one of the emtmers of the given cube (Figure 17.1), and foese
describes all the sixteen 4-bases (Figure 6.3) {Mvasis at each vertex of the given cube).

This leads to the fact that instead of one megype t(19.1) in the Algebra of Signatures there
appears 256 metrics (18.9)

d§P2= ;@D X dx (1p.5
with the corresponding signatures (10.15) whiclcdese the same region (in particular the “vacuum”)
from different sides. In this case the metric-dyastate of the given volume is described not l®séh
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16 terms (components of the metric tengQr but rather by 25& 16 = 4096 components of the 256
tensors from Jda'b) (18.11). This achieves not only a significantly mm@recise description of the scope
of the curved elastic-plastic medium (in particulds-vacuum) in the vicinity of the poir® (Figure
6.1) but also provides the rationale for the ider#tion of a number of more subtle effects of awam
(which will be considered in future articles).

The mathematical apparatus of light-geometry ofAlgebra of Signatures (AS) developed for
research is not only a “vacuum”, but also any ofhw@imensional continuum in which the wave dis-

turbances (light, sound, phonons) are distributed@nstant speed.

20. The first step of compactification of curved masurements
As in Section 11, in the first stage of compacafion of additional (auxiliary) curved mathe-
matical measurements, AS proceeds by averagingtderspaces with the same signature.

For example, for the 4-metric with signatureH — +) (Figure 11.1) we can average the metric

tensors
L42) 142) 142 L42)
2 ¢ ch® o
42 142 142 42
? o cf® of? |,
142 142 142 L42)
G’ G G Gy
142 142 142 L42)
Gz~ C3 Gy Gy
(p) (») (p) (p) 3 3y 3 3
Coo €0 €0 Cao Co  CGo G G
(p) (») (») (p) 3 3y 3 3
o = €1 CG1 € G :i + G~ G G Gy +
i (» (») (62] (» 3) @3 13y 3 e
Cop Oy Cap Cap | 16 |Cy7 G, Gy Gy
(p) (») (p) (p) 3 3y 3 13
Cos C15 Cz3  Cas Gz G5 G5 G
3 13 @13 @3
Co  Go Gy Gy
13 3 @3 @3
Gi GI7 G Gy
3 13 @13 @3
Gz Gz Gy G
3 13 @13 @3
Gz~ Gz Cp’ G (20.1)

wherep corresponds to the Y4signature £ + — +) according to the following reference number-

ing:

P
e M R 202
#-eF (

and the averaged metric
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<ds™ " 793 = ¢;MdxXdX . (20.3)
Similarly, because of the 16-fold degeneracy ofrtiedrics 256 (18.9) of curved 4-subspaces we
obtain 256 : 16 = 16 averaged metrics with 16 fdssignatures
<d§ 7% <ds" TS <dstTTY5 <dst T T
<ds™*%  <ds" TS <dstrTIS <dst IS
<ds™* 5 <dstTT% <«dstt Tt 9B <dsEtrIS
<ds"* Y5 <dstTTYE <dst TS <dstt MBS (20.4)
where < > denotes averaging.
The additive superposition (i.e., average) oftadl 16 averaged metrics (20.4) should, according

to the “Anrvacuum condition” (Def. 12.4), be equal to zero
16 ) ) ) ) ) ) ) .
dg =) cPdxdx = ¢PdXdx + cPdXdx + cPdxXdx + cPdxdx | +
=1

+cPdXdX + cPdXdX + ¢ dXdX + ¢PdXdxX +

(20.5)
+cPdXdx + ¢fVdXdx + ¢ dXdX + ¢ P dXdx! +

+ePdXdX + M dXdx + ¢fdXdX + P dXdx) = 0.

All 16 x 16 = 256 components of the 16 averagedimetnsors Witmj(p) can be random func-
tions of the observer’s time. But these functiogtsin a vacuum condition, so must be combined with
one other to give the total metric (20.5) which,awerage, always remains equal to zero.

Based on the total metric (20.5), one may develgpvacuum thermodynamics, considering
the complex, near-zero “transfusion” of lockl-vacuum curvatures. They may be considered as rep-
resentations ofi,-vacuum entropy and temperature (thatherandomness and intensity of lockl+
vacuum fluctuations). One can consider the coadihg A-vacuum up to “freezing”, or to the contra-
ry its heating up to “evaporation” and many othiéeas that are similar to the processes occurinng
conventional (atomistic) continuous media. Propsrof An-vacuum thermodynamics mainly are re-
lated to the processes when the gradientsneizacuum fluctuations approach the speed of ligit;
P/dx, ~ ¢ or dg;P/dx~0.

21. The second step in compactification curved meagments
Just as was done in Section 13, the expressioh)(2@n be reduced to two terms
d€™% + «dsM% = @ rdXdX + «g;HdXdX = 0, (21.1)

where
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: o e 1 o
(o et = gk = 13l e12)
P=

is a quadratic form which is the result of averggseven metrics of (20.4) with the signatures idetl

in the numerator of the left ranks (13.1);

14
(gi§+)>d>8dxj=(gi§‘+++)>d>8dxj:%zgciﬁp)d%dxj (21.3)
p=

is a quadratic form which is the result of averggieven metrics of (20.4) with the signatures idetl
in the numerator of the right order (13.1).
Thus, from the totality oim-vacuum fluctuations can be identified:
— the averaged “external” side of &&,-vacuum region (or averaged subcont) with the awstag
metric
s~ %= ds?= g;OdXd¥ with signature (+ — — -), (21.4)
where
o) o) o o
B 4 gD o™
*) — 901 911 921 931 (21 5)
Y @ o g o™ '
Q2 Y92 %2 G
o o) o o

— averaged over the “inner” side of-2,,-vacuum region (or averaged antisubcont) with ther-av

aged metric
bs * M2=dd?2= g;dXdX with signature (- + + +), (21.6)
where
o o o5 oo
g o i@ -
92 %2 92 Ga
o o3 o off

The brackets <> (averaging)n metrics (21.4) to (21.7) are omitted for theesak clarity and
simplicity.

Figure 21.1 shows schematically the averaged desibed portion of a 24,+vacuum region,
the outerside of which (subcont) describes the metii¢’? (21.4) while theinner side (antisubcont)

describes the metrits™? (21.6).
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4-dimensional inner side
of 2°-Amrvacuum region

4-dimensional outer side
of 2°-Amrvacuum region

ds?= i OdxXdx

signature(+ — —-)

X ddh?= i ®dxdy ,

7 signature(— + + +)
&

1
1
1
I
I
I
I
I
1
I
I
I
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1
1
1
1
1
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1
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1

Fig. 21.1 A simplified illustration of a section of a doebsided 3-A,,-vacuum region, the
outerside of which describes a 4-metdg™?, while itsinner side
describes a 4-metrits™?, whereby—0

22. The tensor 4-tension of a*2Am-vacuum region
Let the original uncurved metric-dynamic state loé tgiven portion of theuter side of a

23-Amrvacuum region (i.e. averaged subcont) be charaetkby the averaged metric

&%= g;o"dXdX  with signature (+ — —-), (22.1)
and the curved state of the same portion of theageel metric is given by
6%=g;7dXd¥  with the same signature (+ — — -). (22.2)

Unlike the curved state of the section of subcatst,uncurved state is determined by the differ-
ence of the form (19.3)
6% — ds™?= (g;” —gijo™) dXdX = 257dXdxX , (22)3
where
&7 =% 67 - go"”) (22.4)
are the 4-tensor deformations of the local arga@tubcont.

The relative elongation of the curved portion ad #ubcont is equal to [13]

ds(? —ds?”  ds?

1) = o0~ goo b (22.5)
whence
= (1 +19)2dg2 (22.6)
Substituting (22.6) in (22.3) with (22.4), we hd¥8]
& =% [(1 HO) - 11gyo”, (zp

or, unfolded
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&7 =% [ +HO)(L +1,0) cos5, - cogBio™] gjo”, (22.8)
where
ﬁjo(‘) is the angle between the axesndx; in the coordinate system “frozen” to its original-u
curved state of the given subcont portion;
5; Ois the angle between the axgsandy;’ in the distorted frame, “frozen” in the curved etaf
the same portion of the subcont.
Wheng;o\” = 772, the expression (22.8) takes the form
&7 =% [(1 +7)(L +1;7) cos” - 1] gjo". (22.9)

For the diagonal components of the 4-tensor defomss;” in theexpression (22.9) simpli-

fies to
& O =% [(1 +9)% - 1] gic®, (2210
It follows from [17] that:
- 2¢” _ g’ -gi” _._ g
10 = \/1+ S ~1= \/1+ o — 1= \/ 40 -1 (22.11)

If the deformation ofg; s small, by expanding the expression (22.11) alngw, using only

the first member of the series, we obtain the ingdatlongation subcont

9o &

10 :W (22.12)

Likewise, the local deformation of the inner sidetlee portion of the 2,+vacuum region

(average antisubcont) is defined by the expression

8% —ds™? = (g;— gjo)dXdX = 25,dXd, (22.13)

where
&= %" - gjo™) (22.14)

are the 4-tensor deformations of the local antisnbeegion;

6f8% = gjo™dxXdx¥ with signature (— + + +) (22.15)
is the metric of the uncurved state of the antisabic
d8? = g;dXdX with the same signature (— + + +) (22.16)

which is a metric of the curved state of the armttsunt region.
The relative elongation of the antisubcont reg®given by

ds® —ds*”  ds™
4% gsd™

|4 = -1. (22.17)

Define the 4-tensor deformations of a double-sigfed,,-vacuum as the average lengths of
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§9=% "+ =1 T I+ 077, (22.18)
or, using (22.4) and (22.14)
&9 =% 0" +9;) - @10 +gio") =2 @i + g;), (22.19)

since, according to the “vacuum condition” (4.6):
g + g = gjom T P+ g 7= 0.

The relative elongation of the local portion of theo-sided 2-An+vacuum regior;® in this

case should be calculated using formula
1) = }/2(|i(+) +|i(—)), (22.20)
ds @
where
(%) (+) (=) yﬁ ds v
|i(+) =\/1+ Zii(iﬂ —1=\/1+ Gi :;+)gii -1,
(£) (+) (=) L . (-
10 = \/1+ I \/1+—9ﬁ O (22.21) Vi ds ©

i Fig. 22.1.Relationship sections

+) -)
Since in any case one of the componenig;&? or g0 is of ds” and ofds

negative, the relative elongation (22.20) may leeraplex number.
In this regard, we note the following importanttfa€ both
sides of the expression (22.19) multipliedd¥dy, is obtained by
averaging the quadratic form
ds®?= 3 (ds% dst?), (22.22)

resembles the Pythagorean theorgns a®+ b This means that

the line segments %)*’ds™ and (;)*’ds") are always mutually Fig. 22.2.If you project such a
) _ ) ~ oo double helix onto an appropriate
perpendicular in relation to each othde”  ds*) (Figure 22.1), plane, then at the intersection of

. . . . ) any two of the resulting curves,
and two lines directed in the same direction camlb&ys perpen- the corresponding tangents will be

dicular to each other only when they form a douiséx (Figure perpendicular to one another
22.2).

Thus, the average metric (22.22) corresponds tdettigth “braid”, consisting of two mutually
perpendicular coils” andst™. In this case, as the average relative elongd8ar20), a portion of the

“double helix” can be described by a complex number
sf@= Y5 (dsT+ids @), (22.23)
which is equal to the square of the module (22.22).

Definition 22.1 A k-braid is the result of averaging the metricshwdifferent signatures

(where k = the number of averaged metrics, i.e niln@ber of “threads” in the “braid”).
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In particular, the averaged metric (22.22) is chide2-braid, since it is “twisted” from the 2
lines (“threads”)ds”? =ds* "~ andds? =ds .

In the following, going to a deeper level from taels, the metrico-dynamic properties of the
local portion of 3-Anrvacuum is characterized by a superposition lenigeh, (he additive superposi-

tion or averaging) of sixteen 4-metrics with all d@ssible signatures (11.5), i.e. a 16-braid:

ds? = 1/16 (s %+ dd* T 24 gt A gt 24
+dsT 2 ddt T2 gt 24 gt T % (22.24)
d'é_+++)2+ dé————)2+ d§+++_)2+ d§_++_)2+

A TP dsT T P ds T P dsT ) = 0.

In this case, we have sixteen 4-tensors deformmatball kinds of 4-spaces
O L@ B @
& & & &

(©) (6) 9 ®
I I (22.25)
] £| j(9) 5. j(lO) gij(ll) gij(12)

3) @4) 15) 16)
& & & &

where
&P =% € —cyo®) (22.26)
is the 4-tensor deformations in tpeh 4-subspace;
ci,-o(p)— the metric tensor of the uncurved portion offikta 4-subspace;
c; P — the metric tensor of a curved portion of the sartte4-subspace.

We consider the 16-sided 4-tensor deformatigps) on a local portion of a®Anyrvacuum

whose length equals
Sine)= 1/16 € O+ 5 P+g0+6D+6+50+5 0+ g8+50+
é.il_‘_lo)_,_gij (ll)+€ij (12)+€ij (13)+€ij (14)+€ij (15)_'_(5.ij (16)), (22'27)
and the relative elongation of the local portiontloé “vacuum” in this case can be calculated by the

formula

i P+ n2li P+ 13l Paey+...+ nali o), (22.28)

2¢;
| i 06)
I{5e =1+ C_Q(:)G -1 (22.29)

ide)y=m

where
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wherenm(Wherem =1, 2, 3, ..., 16) are the orthonormal basis abjsatisfying the relation of a anti-

commutative Clifford algebra
Nedin * Midfm = 20mn, (22.30)

wherebydnmis the unit 16< 16 matrix.
This portion then consists of sixteen braid “thi€ad

ds)= n1d§+"_) + 772d§++++) + 713d§_"+)+ 774d§+_ —*
#5ds™ ) +yeds T T + prdsTT T 4pedstT ) +
o ds™ " Vb0 dST T 4 1 dSt T 4 gpppdst T )+
iz dSt T T 4y, AT 4 s dST T V4 e dsT T T = 0. (22.31)

If all the linear formgds™ =7, d€* ** %, ... ,d€"* " can be represented in a diagonal form, then

in accordance with (14.11) expression (22.31)m&represented in spin tensor form

- 1 0 0 -i 0 -1 i 0
)= \/géﬁdx{o _J#Idxl(l OJ \/gzzdxz(l Oj \/géla)dxs(o _J+

10 0 1 0 -i 0
goodx{o J +g7d &(1 o | e Oj 07 d &(0 J ¥

+

10 0 i 0 1 10
x| j\/gf? o Oj e N T b
0 -1 10

(4)

R s

10 0 -i 0 1 |
j Vo xl( o} \/gé‘?dxz[_l oj \/gé?dxg[o J

-1 0 0 i -1 0
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+\/gét6)d>s[ ] \/gﬁe’d&[_l O]+\/gz%6>d><z[l 0) \/gééﬁ)d&[o .) (22.32)

0 1

There are even deepef;gded levels which arise from consideration @& thetric - dynamic
properties of “vacuum” (paragraphs 1.2.9, 1.2.1[b]h Continuing in this manner, the number of met

ric tensor components goes to infinity.

23. The physical interpretation of non-zero compornas of the metric tensor
Let the metric-dynamic state of the two 4-dimenaldncal portion of the 2A,+vacuum have

the given metrics (21.4) and (21.6). Then, the p@rmm components of the metric tensor (21.5) and

(21.7)

1 I I O -
Oo = B oD 4@ 93/3‘ O A0 O (23.1)
O G Gy O G G
oy oy o SO o S %

define the local spatial curvature of the 3-dimenal “vacuum” cell. Here the subscriptsf corre-

spond to 3-dimensional considerationsA = 1,2,3).
The scalar curvature of a 3-dimensional cell ovactium” in bilateral form is determined by

averaging the expression [2]

R® = » (RO+RM) | (23.2)
where the scalar curvature of each of the two dglalso determined as in GR
R gR,O and R =g"*R,, (23.3)
where
or.. ar'
=— - [l =Tl 23.4
K, VU W mé ( )

which is the Ricci tensor of the exterifa) or internal (+) “side”, respectively, of the “vagu” cells;
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b 1 (99 agay_agaﬂ
Faﬁ_ég ﬂ( Pz + o | (23.5)

which are the Christoffel symbols of the extergl or internal (+) side respectively, whey® is re-
spectivelyg™% or g%,
The tension of the 3-tensor describing a 3-dimeraiévacuum” cell is given in this case by

the averaged expression

Eap = Ya (65 + £4450), 3(8)
where
Eup O =1 @aﬁ(_) -9 aﬁO(_))a (23.7)

which are the 3-tensor deformations of the ou@d® $¥vacuum” cells;
&5 =% @t — g up') (23.8)

which are the 3-tensor deformations of the inmde sf the “vacuum?” cell.
The theory of local deformation of 3-dimensiongioms of the “vacuum” can be developed by
analogy with the conventional theory of elastidgyomistic) of solid elasto-plastic media [13] tadsi

into account the two-way (of-3ided) properties.

24. The physical interpretation of zero componentef the metric tensor

To explain the physical meaning of the metric terz®wo components (21.5) and (21.7)

W oo 6 ) o o
) ()

gé?= g?_l) SR (g): g?:) (24.1)
&) e e e oy
& o

we use kinematics of the dual of theR,vacuum region.
Let the original (undisturbed and uncurved) stdta &-A+vacuum be over a given set of met-
rics (7.3) and (7.4)

de 7%= PdP—dv® —dy? —dz® = ds'ds?" = cdt cdt’— dXdx'— dydy'— dz'dZ’, (24.2)
{dso(+)2= — PdE +dé+ dy®+ dZ= dds = — cdtedt’+ dx'dx'+ dy'dy’+dz'dZ’, (24.3)
where
dd = cdt +idx+jdy+kdz —mask of the subcant (24.4)
d3" = cdt'+idx'+jdy’+ kdz' —interior of the subcont (24.5)

d8 = —cdt+idx+jdy+ kdzZ —mask of the antisubcagnt (24.6)
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d¥" = cdt'—idx'—jdy'—kdZz' —interior of theantisubcont, (24.7)
which are affine aggregates, with the quaternioftiplication table for imaginary units of this type
given in Table 24.1.

TaR4.1

Definition 24.1 A mask of a subcoms a 4-dimensional affine length interval of type
@s=cdt +idx +jdy +kdz.

Definition 24.2 An interior of a subcornis a 4-dimensional affine length interval of type
@g = cdt’+idx’ +jdy’ + kdz".

Definition 24.3 A mask of an antisubcorst a 4-dimensional affine length interval of type

s=—cdt +idx +jdy + kdz.

Definition 24.4 An interior of an antisubcons a 4-dimensional affine length interval of type

(g = cdt’ —idx" - jdy’'- kdz'.

We consider four cases:

1). In the first case we have thraskand thenterior of the external and internal sides of tfe 2
AmrrVacuum region (i.e. subcont and antisubcont) moveigtive to the initial stationary state along
the axisx with the same speed, but in different directions. This is formally deed by the coordi-
nate transformation:

"BEt, X =x+wt, y=y, Z=z -foramask (24.8)
t'=t, X'=x-wt, y'=y, Z'=z -—foraninterior. (24.9)

Equality of the modules of the velocitigsfor amaskand annterior leads to the “vacuum con-
dition”, which requires that every movement in thiecuum” there is a corresponding antimovement.

Differentiating (24.8) and (24.9), and substitutithg results into the differential metrics (24.2)
and (24.3), we obtain a set of metrics

{ ds9%=  (1+w2/cA)cPde—d¥ —dy? —dZ; (24.10)
ds?= — (1+v, %) Pdt+ dxé+ dy?+dZ | (24.11)
describing the kinematics of the joint motion oé texterior and interior sides of &.2,vacuum re-

gion (subcont and antisubcont) by applying thegpie of “vacuum balance”.
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ds??+ds™?= 0.
2). In the second case, supposasksandinteriors of asubcont and an antisubcont move rela-
tive to their original stationary state in the sadn@ction, along th&-axis with the same velocity .
This is formally described in coordinate transfotimas:
t=t, X =x-wt, y=y, ZzZ=z —fora“mask’ (24.12)
t'=t, X'=x-wt, y'=y, Z'=z —foran “interior’ (24.13)
Differentiating (24.12) and (24.12) and substitgtime results of differentiation in the metric
(24.2) and (24.3), we obtain a set of metrics:
3= (1-vAA At + vdxdt+ vdtdx— dx — dy’— dZ, (24.14)
{ 492 = — (1-v2/c?)cPdf — v dxdt—vdxdt + dxé+ dy?+ dZ. (24.15)
In this case, the vacuum balance is also obsensatf )2+ ds*) 2= 0, but there are additional
termsv,dxdtwhich coincide.

The null metric tensor components (24.1) in theedaase are in most cases equal to

1-V/¢c v, 00 —1+V/ -, 00

2 VX ......... (+)_ _VX crr mms owws
%/ = 0 o o 0 o ' (24.16)

0O ... .. .. o ... ...

3) Let themaskand theinterior of a subcont and an antisubcont (exterior andiortef sides
23-Amrvacuum region) rotate about thexis in the same direction with an angular sp&edThis is
described by the change of variables:

‘Et, X’=xcosQt—-ysin2t, 2=z, y=xsinQt+ycost, (24.17)
=1, Xx”"=xcosRt-ysinQt, z’'=z y”’=xsinQt+ycos?t. (24.18)

Differentiating (24.17) and (24.18) and substitgtime results in differentiation of the metric

(24.2) and (24.3), we obtain the metrics [10]
ds?=  [1- (2213 (x? +)?)]2dt+202 ydxdt — 22 xdydt — df— dyf — dZ, (24.19)
ds?= — [1- (2213 (x? +))] 2dP=2Q ydxdt +2Q xdydt + d¥ + dy? + dZ, (24.20)

In cylindrical coordinates,

p’=x*+)% z=z t=t, ¢=arctgf/x) —Qt. (24.21)

the metrics (24.19) and (24.20) take the form
ds?=  (1-p20Q%P) Ad—p?Qlc dgdt —p2Q e dtdg — do’—p2dg*—dZ, (24.22)
{ d€2=— (1- p20%cA) Ade+p2Q lcdgdt +p2%Q lcdtdg + dp?+p2dg 2+ dZ.  (24.23)

The components of the metric tensor (24.1) equal
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1-0F I -pQlc 0 0 -1+ "1 pPQle 0 0
-Qle ... ...
(}): ,020 c , o = pzi)llc e ' (24.24)
0 e e s 0 e e s

4) The case where theaskand theinterior of asubcont and an antisubcont rotate in mutually
opposite directions with angular spe&tan also be considered. This is described by theags of
variables:

t=t, X'=xcos?t-ysin2t, Z=1z Yy’'=xsin2t+ycost, (24.25)
t=t, x”"=-xcosRt+ysinQt, z'=z, y”=-xsinQt-ycos?t. (24.26)
and leads to similar results.

From the above examples it is clear that the nefrim tensor components are associated with
the translational and/or rotational movement ofouss of sides of a*2Am+vacuum region.

The state of motion of the local 3-dimensional oagof the “vacuum” is characterized by the

average of the null-metric tensor components
gi(g ) :}/Z(Qi(g '+ gi((;))' (24)
In all four cases considered, the averaged compsménhe null metric tensor (24.27) equals to
zero g% = yz(gig) + gi(g)):o . This means that mutually opposite processes caaranside a portion

of the “vacuum”, but in general, this portion remsfixed within the local 3-dimensional region bét
“vacuum”.

However, there are cases where the intra-vacuumepses cannot compensate for each other
locally, only globally, due to phase shifts. Inghiase the local 3-dimensional “vacuum” portion may
participate (as a whole) in a closed intricate pmatiConsider an event at a specific example. Sppos

at some site in the “vacuum?” there is a kinematicaum process such that

t=t, X=x+vit, Y=y, Z=z -—forthe mask ofa subcont; (24.28)
t'=t, X'=x-vxt Vy'=y, Z'=z —forthe interior of a subcont. (24.29)
t=t, X=x+vit, Y=y, Z=z -forthe mask of an antisubcont; 4.8D)
t'=t, X'=x-vit, VY'=y, Z'=z -forthe interior of an antisubcont, &9

wherev; x # Vo x # V3x # Vax, but the balance of overall observed motion equals
In this case, the outer and inner sides of-d,2-vacuum region (subcont and antisubcont) are

described by a set of metrics
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d9%=  (1+vivpd DAL —vydtdx+ vpdxdi dX —dy? —dZ; (24.33)
{ d8%= — (1+vayVad P)CPdE + g dtdx— vadxdt+ dx + dy? + dZ, (24.34)
wherein the non-zero average nul-metric tensor corapts (24.27) are of the form
B0 = (VicVox — Vax V)26, Qo1 = (Va—vidl2, G0 = (Vax— Va2, (24.35)
whereby (Vax + Vai) = (Vax + Vax) = 0. (24.36)

This means that some local region of the localrBedlisional “vacuum” is involved in an intri-
cate movement along thxeaxis, so the principle of the “vacuum balancefasnally complied with in
relation to the total amount of motion (24.32).

25. Maximum velocity of Anp-vacuumlayers
We ask the question: “Can the sides of-al,2-vacuum region have any given speed?”
Consider this question as an example of the mgdicl4)

d3?= (1-vZc?)cPdf + 2ndxdt—dxé —dy’— dZ. (25.1)
We develop (25.1) by completing the square

2

2 2
ds? = dt?] o 1Yo - Ve OX 10X e e (25.2)
c® cdt \/1 Vf Vf

c? c

and introduce the notation

vV, X

CI:C 1_ — y '= = X i 5 253
odt 1_75 t'=t, X v y=y, Z=z. (25.3)
c o

In this notation, the metric (25.1) takes the form

N

ds?? =¢2dt'2 -2 - dy'’? - 2. (25.4)

The physical meaning of the expressions (25.22504( is fundamentally different from the ax-
ioms of SR and GR of Einstein, so further clarifica is required. Einstein's postulate of the cansy
of the speed of light in “vacuum” remains unchandgdwever, if one of the sides of & 2y,-vacuum
region moves as a unit with the spegfsee (24.12) to (24.15)], then for a third-partyseitver located
on the fixed lidar (Figure 3.1.) the direct lighgam will propagate with a velocity

c'—c1/1—V—i Y X (25.5)
¢ cdt ' '

1_

cjl\.) ‘ X<I\J
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This is similar to the way a stationary observeasuges the speed of waves propagating on the
river. This observer finds that the velocity of pagation of the surface perturbation depends on the
rate of flow of the river, whereas the water refatvelocity of propagation of disturbances remains
constant and depends only on the properties ofr@gasity, temperature, impurities, etc.).

From the expressions (25.3) we see that, in theso@sl.12) to (24.15), the propagation velocity
of the outer side®1,rvacuum region (subcont) cannot exceed the spekghafAt low speedsy <<

c) to the casual observer velocdyis somewhat smaller than the speed of light

. V, X

Ccdt’
Thus, in the case of (24.12) to (24.15), despiefélat that the interpretation of the mathemati-

cal apparatus of the cited theories are differtiet,main physical findings remain unchanged.
However, in the case of (24.8) to (24.11), theagitin is different. Consider this realization of
intra-vacuum processes in an example in which tlbbe@nt motion is described by the metric (24.10)

@8= (1+ v Pdt— d¥ —dy? —dZ. (25.6)

In this case, the introduction of the notation
c'=c |1+ t'=t, xX'=x, y=y, 7=z (25.7)

leads metric (25.6) to the invariant form (25.4)t ho restrictions on the counter spegdf the mask
andinterior subconts arise. This fact requires a separatdetetonsideration because it allows for the

possibility of organizing intra-vacuum superluminammunication channels.

26. Inert layer properties of aAn,-vacuum
Returning to the consideration of metrics (24.2) 64.3)
d5~2=dd?=  dt —dx¥—dy’—dZ, (26.1)
g 2= dd%= —2df? + dxC + dy? + dZ . (26.2)
We bring the quantity®dt® to the right sides of the equations of these metand outside the

parentheses:

ds?? = @di? (1—?) (26.3)

ds? = —cdt? (1—‘2—2) , (26.4)
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wherev = (X + dy? +dZ)¥?/dt = dI/dt is a3-dimensional velocity.
Extract the root of the two sides of the resultaxgpressions (26.3) and (26.4). As a result, ac-

cording to the notations introduced in (24.4) t4.72, we obtain

dé‘)':cdt‘ll—g — for the mask of the subcont (26.5)

dg= —cdt‘fl—ﬁ2 — for the interior of the subcont; (26.6)
c

2
o / Vv .
ds"'=icd 1—? — for the mask of the antisubcont; (26.7)

2
ds™'= —icdtwll—v—2 — for the interior of the antisubcont. (26.8)
c

For example, consider the 4-dimensional velocitgteeof the mask of theubcon{10]
{Ue dxX /s, (26.9)
Substituting (5.26) in (9.26) gives 4-velocity qooments [10]

V.
! v y V: | (26.10)

Vv Vv Vv V2

Let a givenmask of the subcomhove only in the direction of theaxis. Then the components

ui( -) -

of its 4-velocity are given by

! Y« 00| (26.11)

V2 ’ V2
Jl‘ & CJl‘cz

We now define the 4-acceleration mask of the subcont

dy” 1
L:i—’iL’QO (26.12)
cdt cdt v2 | cdt Va

o) (&e

and consider only thecomponent

x|, (26.13)
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where the value of

o == (26.14)

has the dimensions of tixecomponent of the 3-dimensional acceleration.
We differentiate the left side of (26.14)

o 1 v dv,
al) = + - (26.15)
V2 2\5 dt
1_ X 2 1_ Vx 2
¢ C 2
and introduce the notation
dy/dt = ¢, . (26.16)

The expression (26.15) takes the form

N

ai’=J ", (26.17)
1_

o, \><<
c1!\)
VR
T
Or\) ‘ ><<|\;
—
N |

wherea " is the actual acceleration portion of the mask ofsthiecont, taking into account its inert

propertiesand g is theideal acceleration of the same portion of the maskefstibcont excluding

the inert properties.

We represent the expression (26.16) in the form
8’ =ya’, (26.18)

where

+ x . (26.19)
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is a dimensionless inertia coefficient that reldtesactual and ideal acceleration of the locéaiceof
the mask of the subcont under consideration, aodsiow the inertia (i.e. resistance to changéef t
state of motion) of this section changes with thange of its velocity.

From the expression (26.19) it follows that whers 0, the inertial coefficients!™ = 1and

al? =al?". This means that the portion of the mask of the sboffers no resistance to the start of its

motion. Whenv, approaches the speed of light as the coefficieientia 4~ tends to infinity, further
acceleration of thenask of the subcont becomes impossible.
Equation (26.18) is an analog of a massless vedfidlewton's second law

Fx = ma/, (26.20)

whereFyis theforce vector component is the mass of the bodg’is its ideal acceleration compo-
nent.

Comparing (26.18) and (26.20), we find thatlijp-vacuum dynamics, the massless inertia fac-
tor (coefficient)u(” of thelocal area corresponding to the mask of the subisoah analogue of the
inertial mass density of a continuous medium irt{dewvtonian physics.

Sequential substitution (26.6) to (26.8) in therespion (26.9) can be formulated analogously

() s

to the inertia factorgs” ", 17, 15" for thethree remaining affine layers of thé& 2,+vacuum re-
gion. The total coefficient of inertia of the logabdrtion 2-A,rvacuum is a function of the lengths of

all four inertial coefficients

pO =1 (@0, 1O & w7, (26.20)

The form of this function will be defined in the position of An+-vacuum dynamics in subse-
guent articles.

27. Kinematics gap of a local region of the “vacuufn

For in much wisdom is much grief; and he that
increaseth knowledge increaseth sorrow.
Ecclesiasie$8

The theory of light-geometry of “vacuum” opensaportunities for the development of “zero”
(vacuum) technology. The mathematical apparatuth@fAlgebra of SignaturesAg) allows one to
predict a number of vacuum effects [4, 5] whichraanin principle be predicted by modern physics.
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In this article, we consider only the kinematicedp of the possibility of “rupturing” the “vac-
uum” of the local area.
We integrate expression (26.14) [11]:

\Y

_— =a,t+const. (27.1)

Vi

s

Integrating (27.1) again and assuming that O att = 0, we have the following change in the
distance along the axisunder accelerated motion of the mask of the subcon

2 2
X=X, ZAXZZ—( 1+aéiz—1}

X

Let the original (i.e., stationary) state of a lloagea of a subcont in the given metric (24.2) be
a9 =22 - o2 — dy2 — 72 (27.2)

Uniformly accelerated motion of the portion alorng k-axis is then theoordinate transfor-

mation formally specified as in [11]:

2 2
t' =t, x’=x+Ax=x+C—[ 1+a:;t —1} y=y, Z=z (27.3)

a
Differentiating the coordinates (27.3), and substig the results of the differentiation into

(27.2), we receive the metric [11]:

2 442
-)2 - codt _ 2axtdtdx _ _ _
ds T — - dx -dy* -dZ, (27.4)
1+ X 1+ a.x t
C 02

describing the movement at constant accelerati@nlotal section of the subcont (i.e., the innde ©f
the side of the 24,rvacuum extent the the direction of the x-axis.
If, in the same subcont region, an additional fleith a small but uniform decrease of velocity

is created, i.e., negative acceleration

— —— |=-a, 27(5
at v (5)

then, performing calculations similar to (27.1Y23.4), we obtain a metric

c’dt? _ 2a tdtdx
at? 2
1- & \/1_ a’t

C CZ

ds? = dx’ —dy* -dZ. (27.6)
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The mean metric-dynamic state of the local arehlveilcharacterized by the average subcont

metric
< dg) >2 :%(dgf')z +dsé')2):
(27.7)
2 2
tl,/1— at +,/1+ at dtdx
c’dt? ¢’ ¢’
i e - ¢ - dy’ - dZ
1 2 1- Y
Cc (;4
with signaturg+ — — ). Where we see that in
4.4
whereby axﬁ =1, Or |aJft=c or |a|=c/At, (27.8)
C

the first and second terms in the average metic/jZdecome infinite. This singularity may be inter
preted as a “rupture” of the given region of thecant (i.e., theouter side of the 2A,+vacuum re-
gion).

The “rupture” of a subcont is a consequence ofnmgete action. To complete the “gap” of the
local portion of the 2, +vacuum region, it is necessary to “rupture” iitser side, the metric de-
scribed by (26.2) with the signature< + +). For this purpose, in the same region asatttisubcont in
aAnrvacuum, a similar flow with a small but uniforracgleration is determined by the average of the

corresponding metric.

<ds® > = %(ds{ff)2 +dg?)=

(27.9)
2 2
at \/1— at +\/1+ 4L | jtaix
c’dt? c c
= - — +dx® + dy® + dz?,
axt \/ aAT4
1--= 1-
C C4
with signature £ + + +), which “ruptures” in the same conditions
alt _ _ _
=1, Or |aft=c, or |a|=c/At (27.10)
C

Averaging the metric (27.7) and (27.9) leads toitmglementation of the vacuum conditions
<<ds>¥=¥,(<dg” >* + <ds? %) =0, (27.11)
which, in this situation, is equivalent to Newtoth&d law, i.e., “reaction equals the negativettuds
action in equilibrium”
F—FE = mal’-ma = a’-al. (27.12)
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That is, the process of the “gap” in a local “vagtiuegion is similar to the conventional (atom-
istic) gap of a solid body in which, essentiallye targer the applied forces, the more precisedblt-
ing acceleration.

It is possible that the “gap” of the “vacuum” cotains described above is formed in collisions
of elementary patrticles in particle acceleratorsst®ng collision of particles leads to “cracks’the
web of the vacuum, while closing these cracks eseatvariety of new “particles” and “anti-particles

(like broken glass shards).

Conclusions
The light-geometric Algebra of Signatures shouldcbaracterized with the term “empty-metric”
of “vacuum” (“empty”) under investigation, and nGtia (ancient Greekl7, I'a, I'aia - Earth). How-
ever, all the theory developed here is entirelyatle for the study of continuous atomistic medgiach
as water or solids), with the medium probed nolidiyt rays, but by the sound waves that propagate i
these media at constant velocity.
We list the main differences between the Algebr&ighatures (AS) and the theory of General
Relativity (GR) proposed by Einstein.
1. GR considers only one metric, such as the signatifre— - -) (7.5)
(s 2= g Ok
and therefore unilateral 4-dimensional space, whicdome cases leads to paradox, while the AS takes
into account the totality of the 16 metrics (11dr)(20.4)]
((TS")Z d§++++)2 dé———+)2 d§+_ —+)2
dé__+_)2 d§++__)2 d§_+__)2 d§+_+_)2
(d§++)2 dé————)z d§+++_)2 dS(—++—)2
d§+ +—+4)2 dé“H)z d§+_+ +)2 dé‘* _+)2,

and thus the full set of 16-type 4-dimensional sgaeith all the signatures (or topologies) (13.1)

+ + + +) + - - -) =0
- - +) + (++ +-) =0
+ - - +) + -+ +-) =0
-+ =) + ++ — 4+ =0
+ + - =) + - ++4) =0
-+ - =) + (+- ++) =0
+ -+ -) + - + —+) =0
+ - - =) + - + + +=0

This approach allows us to identify ways to solveuaber of tasks that previously did not re-
spond to analysis. For example, with the proposetticadynamic model of the elementary particles of

the standard model [2, 3], it becomes possibl@koesthe problem of the baryon asymmetry of matter;
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with the proposed technology, the “gap” in a lo@ion of the “vacuum” can be detected [5], it open
up possibilities for a theoretical justification thfe use of intra-vacuum currents for moving incgpa
and obtaining energy from the "vacuum", and muchemo

2. Within the Algebra of Signatures, tirhés not an attribute of the local region of a “vaou,
but rather it characterizes the observer's altiityegulate the duration of sensation. Therefonéike
in GR, in AS the intervallt remains unchanged by the bending of the “vacuunstead of changing
the flow of time, a curved portion of the “vacuums”proposed to take into account the intra-vacuum
flow (i.e. shifting layers of the “vacuum”). In S&n 24, it was shown that the zero component$ief t
metric tensor (24.1) can be connected with thedamand turbulent movements of the vacuum-layers.
This approach allows us to consider a 3-dimensitweduum” as a multilayered solid elasto-plastic
medium.

3. Within Algebra of Signatures there is not jusepbut four multiplication rules (10.6) to
(10.9) for the “vacuum”. Later it will be shown tithe commutative and anticommutative properties of
the “vacuum” and “antivacuum” allow us to ensure #tability of true emptiness.

4. The auxiliary mathematical space described lpeBta of Signatures supersymmetric, since
every point is characterized by commutative anccantmutative numbers.

The auxiliary mathematical spaces of AS are supamsstric, because at each of their points
both commutative and anticommutative operationseia of numbers are given.

Thus, axiomatic light-geometry “vacuum” practicaltpincides with the axioms and conse-
guences of Einstein’s GR (locality, causality, Ldeinvariance, the general covariance equations of
extremity action, etc.), except for:

- a different relationship to time;

- different interpretations of the zero componaitthe metric tensongyandgg;;

- taking into account all 16 (actually 64) possibignatures;

- supersymmetric events of spaces.

The full formal mathematical apparatus of AlgebifaSignatures (AS) (differential multi-
signature, multilayer supersymmetric light-geomethhlecomes more and more complicated as it ap-
proaches the study of the properties of empty iyfilBut initially, there are algorithms for collajng a
set of additional (technical) dimensions beforecdbsg the metric-dynamic properties of the 3- di-
mensional volume of the “vacuum”, which can varyidg the time as measured by an outside observ-

er.
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Index number of definitions of new terms

Definitions of new terms may be found in the temtler the numbered Definitions noted below:

Algebra of Signatures (Alsignay- Definition 11.2;

Alsigna: = Definition 11.2;

Antisubcont < Definition 7.5;

Base: = Definition 8.1;

Chess analogy-= Definition 11.1;

Cross bundle of a “vacuum’= Definition 16.1;

Inner side of a 2,+vacuum region (antisubcont)- Definition 7.3;

Interior of an antisubcont < Definition 24.4;

Interior of a subcont< Definition 24.2;

Yi-Ching analogy= Definition 8.3,;

k-braid : = Definition 22.1,

Longitudinal separation of a “vacuum’s the Definition 2.3;

Longitudinal “split zero”: = Definition 12.2;

Mask of an antisubcont- Definition 24.3;

Mask of a subcont- Definition 24.1;

Newtonian vacuum (“vacuum”)= Definition 1.1;

Orthogonal three-basis= Definition 6.1;

Outer side 2 Anrvacuum region (subcont}- Definition 7.2;

Qabbalistic analogy« Definition 16.2;

Rankings = Definition 10.2;

Ray of light = Definition 2.1;

Signature: = Definition 10.1;

Stignature = Definition 8.2;

Subcont = Definition 7.4;
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Transversely “split zero™ < Definition 12.1;
True zera = Definition 4.1

“Vacuuni: < Definitions 1.1, 12.5;
Vacuum balance= Definition 12.3;
Vacuum conditions= Definition 12.4;
Ammrvacuum < Definition 2.2;

Ammrvacuum balance= Definition Ne 12.3;
Amrrvacuum condition< Definition 12.4;

2“- Amvacuum region = Definition 7.1.
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