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bamanoe Muxaun Cemenosuu

LIGHT-GEOMETRY OF THE «VACUUM». FUNDAMENTALS
OF THE ALGEBRA OF SIGNATURES

Knwueswie cnosa: saxyym, mempuueckoe npocmpancmeo, c6emo2eomempust, ny-
cmoma, CHUHMEH30p, CUSHAMYPA, CIMUSHAMYPA MempUKa, 2e0Mempu3upo8anHas Qu-

3uKa, agp@urHoe npoCmpancmao.

B pamkax npocpammol 2eomempuzayuu pu3uKu, K KOMopou OmMHOCAMCA padbombi
asmopa [1-3], paccmompensl usuyeckue u mamemamuyeckue OCHO8bl C8EMO2eo-
Mempuu 8axKyyma u Aneebpul cuenamyp. Bakyym uccinedyemcs nocpedcmeom 30HOU-
POBaHUSL €20 83AUMHO NEPNEeHOUKVIAPHBIMU MOHOXPOMAMUYECKUMU TY4amMu ceema ¢
PA3IUYHBIMU OIUHAMU 80JIH. B pe3ynibmame nonyuaemcs uepapxusi 104CeHHbIX Opye 8
opyea ceemosvix 3D-n1anowagpmos (« Ann-6axyymos). Paccmompenul neuckpugnennoe
U UCKPUBEHHOE COCMOSIHUA JIOKANbHO2O0 YUACMKA Amn-6aKYYMA HA OCHOBAHUU Mame-
mamuyeckozo annapama Aneebpuol cuenamyp. Chopmyruposano «8axKyymuoe ycio-
8Ue» HA OCHOBAHUU ONpeoeNeHUsl «8aKyyMHo20 banrancay. Paccmompensl unepmmbie
ceoticmea Amn-6axyyma. Ilpusedeno kunemamuyeckoe 0OOCHOBAHUE BO3MONCHOCTU
paspwieéa J0KAIbHO20 Y4acmKa « Amn-6axkyyma. Ha ocnosanuu usnoscenHvix 30echb oc-
H08 Aneebpul cucnamyp 6 cmamusix [2; 3] nonyuenvl Mempuko-ouHamuiecKue mooeu
8cex 21eMeHmapHuIX Yacmuy, xoosauux 6 cocmae Cmanoapmuou mooenu. B oannoii
pabome 66005MCsl HOBbLE NOHAMUS, NOIMOM) 8 KOHYe Cmambvlu npuseoet « Yxazameinb

onpeoeneHull HoO8blX MePMUHOBY.

Keywords: vacuum, light-geometry, emptiness, spin-tensor, signature, stignature,

metric, affine space, metric space, geometrized physics.

This work fits into a framework of a program, elucidated in [1-3], of the geome-
trization of physics, as set in motion by the mathematical works of William Kingdon
Clifford and continued into Einstein’s theory of General Relativity as well as the theo-
ries of John Archibald Wheeler. It discusses the physical and mathematical foundations
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of vacuum light-geometry and the Algebra of Signatures. The vacuum is investigated
by probing it with mutually perpendicular monochromatic rays of light with different
wavelengths. The result is a hierarchy of nested 3-D light landscapes (« Amn-vacuay).
We consider a locally uncurved and curved state of a vacuum region on the basis of
the mathematical theory known as the Algebra of Signatures. A «vacuum conditiony is
formulated, based on the definition of the «vacuum balancey. Inert properties of the
Amn-vacuum are considered. A kinematic basis for the possibility of discontinuities in
a local neighborhood of a An,-vacuum is introduced. On the basis of the foundations
of the Algebra of Signatures described in [2; 3], metric-dynamic models of all elemen-
tary particles included in the Standard Model are obtained. In this paper new concepts
are introduced, some of them with correspondingly new terminology. Therefore, at the

end of the article a glossary of new terms is provided.

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 Latin vacuus, meaning empty) is an ex-
tremely complex object, represented as a superposition of multiple layers of quantum
zero-point oscillations (scalar, vector, spin, tensor, etc.) fields, or as a tapestry of ex-
tremely tightly wound superstrings.

In this paper, we first return to the idea of an technically absolutely pure vacuum,
as an empty space in which there are no material particles.

To distinguish the objective empty space (that is, an absolutely pure Newtonian
vacuum) from the various vacua of modern theories, for brevity we will call it a «vac-
uum» (with quotation marks).

Definition 1.1. A «vacuumy is a real 3-dimensional empty space without particles,

which is outside the consciousness of the observer.
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As a result of the development of light-geometry and the Algebra of Signatures
(AS) (see Appendix), the «vacuum» model will become more and more complicated
until many analogies are found with Einstein's vacuum, Dirac’s vacuum, Wheeler’s
vacuum, De Sitter vacuum, Turner-Vilcek vacuum, vacuum of quantum field theory
and the secondary vacuum of superstring theory.

2. Longitudinal flat bundles in An,-vacuum

First, consider a 3-dimensional volume of the «vacuumy», in which there is no
curvature.

We use the experimental fact that in a «vacuumy, light beams (electromagnetic
waves, i.e., photons) propagate at a constant speed c.

If the «vacuum» does not change, then the line through which a photon passes

(resulting in a ray of light) remains unchanged (Figure 2.1).

Fig. 2.1. Stationary laser beams rendered visible using a spray

(see https://heatmusic.ru/product/Is-systems-beam-green/)

Definition 2.1. A beam or ray of light at time t is a fixed line in the «vacuumy,
along which a photon has passed in the time interval from the moment t, of its emission
to t.

We divide the entire wavelength A range of electromagnetic (light) waves into
sub-intervals from 10™ cm to 10™* ¢cm, where m ranges over the natural numbers. Such
an interval will be denoted by «AA=10™ — 10™! cmy, or simply «AA=10" — 10"
where it is assumed (or stated for emphasis) that n = m + 1 and that the units are cen-
timeters.

If one sends monochromatic rays of light of wavelength A, (the range 10™cm <
Amn <10" cm where n = m + 1) through a volume of a «vacuumy» from three mutually
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perpendicular directions, then the screen can «visualize» a 3-dimensional stationary
light grid (Figures 2.1, 2.2) with the edge length, denoted &nn, Of the cubic cell equaling
approximately Ann. This 3-dimensional net will by convention be called a 3-D light

landscape or Amn-vacuum.
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/

Fig. 2.2. The 3-dimensional lattice in a "vacuum®, which consists of mutually

orthogonal fixed beams of monochromatic light of wavelength A, , where the length

of an edge of the cubic cell &y, is approximately 10% - Amn

Definition 2.2. A Ams-vacuum is a 3-D landscape in a «vacuum» which consists of
a stationary intersection of monochromatic rays of light of wavelength range 10™cm
< Amn < 10" cm, where n = m +1 (Figures 2.1 and 2.2). The thickness of the light rays,
in comparison with the volume of the «vacuumy under investigation, tends to zero, so
that the condition of applicability of geometrical optics is fulfilled.

Sequentially analyzing the probed volume of «vacuum» monochromatic rays of
light of wavelengths of all sub-bands 10™ cm < Ay, < 10" cm, we obtain an infinite

number of nested An,-vacua (Figure 2.3).
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Fig. 2.3. Discrete set of 3-D light landscapes (Amn-vacua) of the same 3-dimensional

portion of a «vacuumy», Where Amn > Am+1yin+ 1) > Am+2)(n+ 2) > Am+3)n+ 3) > Amayn+ 4)...
If Amn > Am+1)n+1), then the sizes of the cubic cells of the 3-D light landscapes (Amn-

vacua) obey emn > gm+1)(n+1)-

Definition 2.3. 4 longitudinal bundle in a «vacuumy iS a representation of an
empty 3 — dimensional space consisting of an endless sequence of discrete nested Amn-

vacua (3-D light landscapes).
3. Lidar method of investigation of the «vacuumy
The rays of light in a «vacuum» are not visible, so the human eye also does not

record monochromatic rays of light formed in a An,-vacuum. Nevertheless, it can be
visualized if, for example, aerosol particles are sprayed on laser light paths (Fig-

ure 2.1).

uumy is electromagnetic carrier signals with wavelength Amp.

A more correct method of investigating the metric-dynamic properties of a «vac-
Let the pulse of the electromagnetic signal, beamed by the lidar, propagate in the

investigated section of the «vacuum» to the reflector, then be reflected from it in the
opposite direction (Figure 3.1), and finally the reflected signal enters the aperture of

the lidar.
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antenna eikonal reflector

watch

Fig. 3.1. Laser scanning unit (Lidar) for probing a section of a «vacuumy»
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Fig. 3.2. The propagation of a light beam along a curved portion of a «vacuumy»

Fig. 3.3. Scanning of the volume of the «vacuum» under investigation

from three mutually perpendicular directions

The time interval dt = t, — t; elapsed from the time t; of the emission of a pulse

until the moment t, of the reception of the reflected signal is recorded by a precision

clock.

Knowing the period of time dt, and assuming that the speed of light in a «vacuumy»

Is a fundamental constant, it is easy to calculate the length of the path along which the

light beam propagates from the antenna of the transceiver to the reflector by the for-

mula
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di :%cdt. (3.1)

Suppose, too, that the distance measured with a ruler (Figure 3.1, 3.2) equals L.

If dl = L, then this can be interpreted as a rectilinear propagation of the laser beam
from the transmitter to the reflector and back.

If dl # L, then with fully adjusted lidar, this may correspond to one of the follow-
Ing cases:

a) the monitoring portion of the «vacuumy is bent, so that the light beam propa-
gates along a geodesic line in the curved 3-D landscape (Figure 3.2);

b) in the volume under investigation there is a current (motion) of the «vacuumy,
which carries the ray of light away from the direct path;

c) there is both a curvature and a «vacuum» flow in this area. vature of the «vac-
uumy». For a more complete definition of its metric-dynamic properties, it is necessary
to probe this section at least from three mutually perpendicular directions (Figure 3.3).

4. Features of the lidar method

The lidar method of sounding the «vacuum» contains two fundamental aspects
that will later influence the development of light-geometry.

First, note the important fact that the time interval dt, measured by the clock of
lidar (Figure 3.1), is not related to the region of the «vacuum» which is probed, since
this region of the «vacuumy is located between the antenna aperture and the reflector,
and the clocks are outside of this site. In other words, in the lidar method, time is an
attribute of an outside observer, rather than an explored section of the «vacuumy. This
means that the metric-dynamic state of the local section of the «vacuumy is determined
by its curvature and/or motion, and not by a change in the flow of time, as it is treated
in Einstein’s General Theory of Relativity (GR).

Secondly, it follows from the lidar method that the properties of the surrounding
region have at least two conjugate 4-dimensional sides: «external» and «internal».

Let us explain this statement by way of an example. The basic lidar equation (3.1)
can be represented in the form
_(dI, +dl,)

C

dt (4.1)

-
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where dI, is the distance traveled by the light beam in the forward direction (from the
antenna to the reflector of the lidar, Figure 3.1.); dl; is the distance traveled by the light
beam in the opposite direction.

That is, in the lidar method, there are inevitably two beams: direct and reverse.
They correspond to two conjugate sides: external and internal.

During the time interval dt, the light beam travels a distance

cdt = dl, (4.2)

where dl = (dx? + dy? + dz?)”is the length element in 3-dimensional «vacuump.

rom (4.2) follows the expression

c2dt? = dx? + dy?* dz2. (4.3)

In turn, (4.3) is possible to write down in two ways:
ds®? = ¢2dt? — dx?—dy?—dz? = 0, (4.4)
ds™? = — c2dt? + dx? + dy? + dz?= 0, (4.5)

respectively, to direct the beam (or the outer side) and the returning light (or the inter-
nal side).

The sum of the squares of the intervals (4.4) and (4.5) is equal to true zero:
Ya(ds©? + dst?) = dst2 + ds™? = (c?dt? — dx?— dy?>—dz?) + (— c?dt? + dx?* dy?+ dz?) - ©. (4.6)

This circumstance makes it possible to remove one of the main problems of quan-
tum field theory: the infinity of the energy of a physical vacuum, since in this case, the
zero-point energy of each anti-oscillator corresponds to the zero-point energy of a cor-
responding harmonic oscillator.

Definition 4.1. «True zeroy is defined as:

©6=0-0. (4.7)

In a local region, oscillators and anti-oscillators can be shifted in phase or differ
in amplitude and polarization, and therefore continuous fluctuations of the photon-anti-
photonic vacuum condensate are possible at every point of space; however, on the av-
erage, in a given region of the «vacuumy, they completely annihilate one another.

5. Geodetic line in a Amp-vacuum
Monochromatic light rays with different wavelengths Ay, propagate «in a vac-

uum» with the same speed of light obeying the same laws of electrodynamics.
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Therefore, if the investigated section of the «vacuumy is not curved, then all 3-D
light landscapes (Amn-vacua) will differ from one other only by the length en, of the
edge of the cubic cell = 1024y, (Figure 2.2).

However, if the «vacuumy is twisted, all Ann-vacua will differ from one other due
to the fact that the light rays with different wavelengths have different thicknesses.
Each 3-D light landscape (Amp-vacuum) is unique (Figure 5.1), as all the irregularities

of the «vacuumy are averaged within the thickness of the light beam.

Fig. 5.1. A Amn - vacuum embedded in a A -vacuum, where Apn > Amn

This conclusion is theoretically justified by the laws of geometrical optics, which
take into account the resolving power of optical instruments [14; 17], and are confirmed
by experimental data (Figure 5.2).

A Am-vacuum is only a 3-D slice of a given curved «vacuum» region (Figure 5.1).
For a more complete description of the curved section of the «vacuumy, it is necessary
to obtain a set of Any-vacuum nested in one another.

In order not to lose information on a curved section of the «vacuumy, a sampling
of the Amn-vacuum must satisfy the Nyquist theorem (also known as the Nyquist Sam-
pling Theorem, the Nyquist-Shannon Sampling Theorem or the Shannon Sampling
Theorem, and in Russia as the Kotelnikov Theorem). In fact, this theorem is a condition

of the «vacuum» quantization of nested 3-D light landscapes.
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221nm
132nm
82nm 58nm
A =650 nm A =390 nm A=240nm A=170nmm

Fig. 5.2. Experimental data on the laser beam thickness as a function
of the wavelength A of monochromatic beams
(https://tech.onliner.by/2006/03/29/blu_ray_about)

Given the properties of propagation of rays of light (electromagnetic eikonal
waves), we conclude that a curved 3-D light landscape (Am,-vacuum) is detected in the
«vacuumy» only when the wavelength of the monochromatic probe light rays Amn IS
much smaller than the size of the curvature. In this case, the geometrical optics approx-
Imation Ann — 0 is applicable, so that the rays of light can be regarded as infinitely thin
lines of light traversing the 3-D landscape (Amn-vacuum) (Figure 5.1).

Therefore, for example, to illuminate a 3-D landscape at the level of fluctuations
of the quark-gluon vacuum condensate with characteristic curvatures in scales of 10—
13_10-"cm, it is necessary to use beams of light with wavelengths A, > 107 cm.

6. Sixteen rotating 4-bases

We return to the ideal (uncurved) portion of one of the An,-vacua (Figure 6.1).

In an uncurved region of a «vacuumy, the 3-D light landscape differ from each
other only in the cubic cell edge length gn, = 10% Ann, SO this item refers to the descrip-
tion of any of the An,-vacua.

We calculate how orthogonal 3-bases originate at the central point O of the given

volume, the An,-vacuum (Figure 6.1).
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Fig. 6.1. Uncurved local luminous portion of a 3-D light landscape (Ann-vacuum),
consisting of monochromatic rays of light of wavelength An, The cells of such
a 3-dimensional light grid are perfect cubes with an edge length &,

of approximately 10% Ay

In an uncurved region of «vacuumy, the 3-D light landscape differ from each other
only in the cubic cell edge length &n, = 10%- Amn, SO this item refers to the description of
any of the Am,-vacua.

We calculate how orthogonal 3-bases originate at the central point O of the given
volume, that is, the An,-vacuum (Figure 6.1).

Definition 6.1. An orthogonal 3-basis consists of three mutually perpendicular
unit vectors emanating from a common point.

If we classify 3-bases with respect to the same origin (point O in Figure 6.1) by
taking into account their different directions, it turns out that they number 16 (Fig-
ure 6.2 a, b).

11
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a) eight internal 3-bases b) eight external 3-bases  c) adjacent cubic cells
Fig. 6.2. Sixteen 3-bases about a central point O in the section of «vacuumy»

under investigation

Of these, eight 3-bases belong to the cubic cell itself (Figure 6.2 a), and the eight
opposite 3-antibases belong to adjacent cubic cells (Figure 6.2 b, c).

Any movement in the «vacuum» must be accompanied by a similar anti-move-
ment, this is called the «vacuum condition» in the framework of the Algebra of Signa-
tures (Definition 12.2). So if one 3-basis (together with the cubic cell) rotates clockwise
(Figure 6.2c), then this is possible only if the adjacent cubic cell (along with the
3-antibasis) likewise rotates counterclockwise, since there is no point of support in the
«vacuumin».

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

Thus, at the point O, a An,-vacuum (Figure 6.1) has 8 + 8 = 16 orthogonal 4-bases,

as shown in Figure 6.3.
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Fig.6.3. Sixteen 4-bases about the point O obtained by adding a temporal axis

to each of the eight 3-bases and eight 3-antibases

Sixteen 4-bases (Figure 6.3) can be obtained within a local «vacuumy area using
the lidar sensing method. In Section 3, it was shown that for a determination of the
metric-dynamic properties of the «vacuumy» in the neighborhood of point O, lidar sig-
nals (monochromatic light rays) should come from at least three mutually perpendicu-
lar directions (Figure 3.3).

Let point O be the origin for six monochromatic rays of light with circular polar-
ization (two oncoming beams of light with three mutually perpendicular directions, as
in Figure 6.4).

For example, consider a pair of opposing light beams propagating towards each
other along the x-axis (Figure 6.4). Let the polarization of the light beam under consid-
eration be given by the electric field vector E,*), and the polarization anti-light by the

electric field vector E,O. These vectors are described by the complex expressions [9]:
E() = EMeiot gil@t-ki +i|§§rn>ei‘”§9)ei(m‘kxx) , (6.1)
EQ) = EQeriol grilt-ho) _ igﬁ)e—iw&;)e—i(m—kxx) ’ (6.2)
whereby En™ is the projection vector of E«*) onto the z-axis; E,n(") is the projection

vector Ex™) onto the y-axis; E,m is the projection vector Ex" onto the z-axis; Eyn) is

the projection vector E,© onto the y-axis, where: @ is the angular frequency of the

13
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light; ky is the wave vector projection onto the x-axis; ¢, ¢, are the phase orthog-
onal components of a wave propagating in the forward x-axis direction; ¢, ¢ are
the phase orthogonal components of a wave propagating in the opposite x-axis direc-
tion.

Of the six rotating electric field vectors shown in Figures 6.4 and 6.5, we can form
16 rotating 3-bases. Of these, eight 3-bases are rotated in a clockwise direction; eight
other 3-bases are rotated counterclockwise as shown in Figure 6.3.

Let us briefly explain how the fourth axial time axis was introduced into each
3-basis. If the frequencies of all three probe monochromatic rays arriving at the point
O under investigation (Figure 6.4) with the three orthogonal directions being the same

ax = ay= a, then their electric vector Ei® at this point is rotated with the same angular

velocity
0Q/0T =2 = a. (6.3)
) Z
E, E.‘(ﬂ
S
g B,
AR o M
v U,
TP

Fig. 6.4. Polarization of light and anti-light rays coming to a point

from three mutually perpendicular directions
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Fig.6.5. Two 3-bases, consisting of vectors of electric fields EX*, E,(*), E,* and

EO, E,©, E,O rotating in opposite directions around the point O

Together these three electric field vectors Ei® form an orthogonal 3-basis of an
electric field, constantly rotating at an angular velocity of (6.3), which implies the need
to maintain the axis of time ¢ /Q=1.

Thus, the lidar sensing method of a «vacuum» in the neighborhood of a given
point O leads to the same sixteen 4-bases as shown in Figure 6.3. But in this case the
reference vectors with 4-bases make up the electric field vector E{®.

7. Subcont and antisubcont

An important aspect of the theory developed here is the assertion that the object
of research is the three-dimensional volume of the «vacuum» (Figure 2.2). From this
postulate follows the basic formula of affine light geometry (4.2)

cdt = dl = (dx? + dy? + dz?)” = |idx * jdy *kdz|, (7.2)
where i, |, k are the standard mutually perpendicular unit vectors, and the basic formula
of metric light geometry (4.3) is

c2dt? = dx? + dy? + dz? (7.2)
the transformation of which leads to a system of two conjugate metrics (4.4) and (4.5):
{ ds2 = 2dP —dx2—dy*—d=* = dxo®— dx1>— dxz® — dx3? = 0 with signature (+ ———);  (7.3)

ds™? = — 2df + dx* + dy? + d=? = — dxo® + dx1? + dx® + dx3? = 0 with signature (— + + +). (7.4)

15
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From this system of equations follows two «technical» conclusions:

1. The quadratic forms (7.3) and (7.4) can be interpreted as a single metric of two
four-dimensional sides of the same 4 + 4 = 8 = 23— dimensional metric space, which
will be called a «23- Amy-vacuum region».

Definition 7.1. A 25 Apn-vacuum region is an auxiliary logical «structurey, mean-
ing a space with 2X mathematical measurements (where k = 3, 4, 5,..., ), which are
«realizedy out of a «vacuumy by probing it with direct and inverse monochromatic
rays of light with a wavelength Am.. The simplest 23-Am,-vacuum region has two
«sidesy:

—a 4-dimensional space with the Minkowski metric (7.3) and the signature
(+=—=

— a 4-dimensional Minkowski metric anti-space with (7.4) and the signature (—+
+ +)

Algorithms of the transition from formal parameters to 2 mathematical measure-
ments of the physical quantities characterizing the 3-dimensional volume of a «vac-
uumy» are discussed below.

Although a 23-Am,-vacuum region is a purely logical 4 + 4 = 8 — dimensional
structure, the physical consequences can be deduced from this. We explain this using
the following 2 + 2 = 4 — dimensional example.

On a sheet of paper (whose thickness can be ignored) there are two 2-dimensional
pages (Figure 7.1). Therefore a sheet of paper can be regarded as an analogue of a 2 +

2 = 4 -dimensional region.
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Fig. 7.1. Curved double-sided surface of a sheet of paper

If the paper is not deformed, then both sides in terms of geometry are virtually
identical.

However, if the sheet is bent, then on one of its 2-dimensional sides all its ele-
mentary areas will widen slightly, and on the other, conjugate, 2-dimensional side, all
elementary areas will slightly shrink.

Similarly in the curved portion of the «vacuumy, according to the «vacuum con-
ditiony, they occur simultaneously as local compression and rarefaction regions, which
automatically takes into account the «bilateral» view of its 4 + 4 = 8 — dimensional
metric space.

Taking into account the thickness of the sheet of paper, then as part of this char-
acterization there arises an elementary cube, situated between the two sides of the sheet.

In this case, as will be shown below, it will be necessary to consider the continu-
ous region with 4x16 = 8x8 = 64 mathematical dimensions. To continue with an even
finer consideration for a 16 x 16 = 256-dimensional region, or even further to higher
dimensions, it is necessary to regard a 2% -dimensional mathematical space (where
kK — ).

Thus, in light-geometry, a «vacuum» has only three physical spatial dimensions
and, associated with an observer, one temporal dimension, as well as 2% mathematical
(i.e., formal or technical) measurements, where k = 2, 3,..., oo; all this depends on the

consideration of the subtleties of the given volume of the «vacuump.
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When the problem can be reduced to a two-sided consideration of a 23-A,,-vac-
uum region, then for clarity it serves to introduce the following notation:
7.2. Definition The «outery side of a 23-Amp-vacuum region (or subcont) is a 4-

dimensional region, local metric-dynamic properties of which are given by the metric

dst~=2= g;;Odxidx! with the signature (+ ——-), (7.5)
where
8
O _| % 91 9 93
9= O O O 40 (7.6)
02 9120 92 U3
0% o of o

which is the metric tensor of the «outery side of the 23-Amp-vacuum region (or subcont).
When

10 0 O
o =np=| 0 0 (7.7
0 0 0 -1

then a «subconty is synonymous with the 4-dimensional space with the Minkowski met-
ric (7.3) and the signature (+ — — -).
7.3. Definition The «internaly side of a 23-Amn-vacuum region (or antisubcont) is
a 4-dimensional region, the local metric-dynamic properties of which are given by the
metric.
dsC**+ 42 = g;;Mdxidx, with signature (— + + +), (7.8)
where
0% 0% O 94
gt = o) o 9% of (7.9)
B T Y PO
0 05 O 0%

which is the metric tensor of the «externaly side 23-Amy-vacuum region (or antisub-

cont).
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When
-1 000
100
gi =n{’ = (7.10)
0 010
0 00 1

the «antisubconty is synonymous with the 4-dimensional Minkowski metric antispace
described by (7.4) and the signature (— + + +).

To shorten the exposition, we assigned terms to the two auxiliary concepts which
were introduced in Definitions 7.2 and 7.3.

Definition 7.4 A subcont (abbreviation of «substantial continuumy) is a hypothet-
ical continuous elastic-plastic 4-dimensional pseudospace, whereby its local metric-
dynamic properties are given by the metric (7.5).

Definition 7.5 An antisubcont (abbreviation of «anti-substantial continuumy) is a
hypothetical continuous elastic-plastic 4-dimensional pseudospace, whereby its local
metric-dynamic properties are given by the metric (7.8).

The concepts subcont and antisubcont are auxiliary concepts of pseudo-4-dimen-
sionality that are synonymous with, respectively, outer and inner sides of a 23-Anmn-
vacuum region. These concepts are introduced only for convenience in order to regard
various elastic-plastic processes occurring in the «vacuumy.

8. Algebra of stignatures

The physical basis of a light-geometry «vacuum» were considered above. Next
we will primarily be concerned with the formal mathematical and geometrical aspects
of this theory.

So as to not further complicate the formal mathematical apparatus of the Algebra
of Signatures, it should be remembered that the geodetic lines of the given 3-D light
landscape (or Amn- vacuum) are infinitely thin monochromatic light beams having
wavelengths Amn.

Thus the main subject of an infinitely small 3-D cubic cell An,-vacuum in the
vicinity of the point O (Fig 6.1, 6.2), each corner of which is connected by two rotatable
4-bases, is shown in Figure 6.3.
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Each of the sixteen 4-bases imparts the direction of the axes in 4-dimensional
affine space with special characteristics, which together will be referred to as the asso-
ciated stignature.

To introduce a description of stignature affine space, we first define the concept
of base. We choose from the sixteen 4-bases shown in Figure 6.3 a preferred 4-basis
ei® (e0®, 610, €, £5®) (Figure 8.1) and conditionally accept that the directions of all
Its unit basis vectors are positive

ei(5)(e0(5)’e1(5)’e2(5)’e3(5)) = (+1’ +1,+ 1, +1) - {+ + + +}. (81)

Z

A 4

X ct
Fig. 8.1. Base with stignature

{++++}

Here we introduce a shorthand notation {+ + + +}, which will be called a «stig-
nature» affinity (vector) space defined by the above 4-basis, hereafter designated e®.

Definition 8.1. A «base» is one of the sixteen 4-bases, as shown in Figure 6.3, in
which the direction of all 4-unit vectors are denoted as positive, so the base always has
stignature {+ + + +}.

An arbitrarily chosen «base» (4-basis e®) of all the 4-bases shown in Figure 6.3

have the following signs:
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Table 8.1
4-basis Stignature 4-basis Stignature
el (ep®, ex(D), exl), estD) = e (e0®, &1®), &9, &) =
=(,1,-1,1) — (++-4) =(-1 .-, 1} — {=+—-+;
e (e, £1®), ex?), e3)) = 10 (eg1%), e)(10), e3(10), e3(10)) =
=(1, -1, -1, -1) — +——-} =11 -1 -1) — ——-}
e (ep), 81, ex®), e3d) = ef1D (egllD), e,11), ey(1D), 301D =
=(1, 1, -1, -1) — f++--} =(-1, 1, -1, -1) — =t
ed® (eo®, 81, ex®), es®) = ef12) (e(12), e,(12), e5(12), 3012 =
=(1,-1,-1, 1) — (+-—+} =(-1,-1,-1, 1) — ———+}
el (2o, 81, exl®), e3P = ef13) (eg(13), e,13), ex(19), e301) =
=(LLL1 — {t+++} =, L, L1 - —+++4)
e£5) (e0l6), e,(9), e(6), e3(6)) = e (eg(19), e;(14), 30149, 3019 =
=(1,-1, 1,-1) — {+-+-3 =(-1,-1, 1,-1) — {(——+-})
el7) (e, &1, ex(7), e3() = e/19) (egl1), e113), &;(1%), e5117) =
=(, 1, ,-1) — +++-3 =(-1,1,1-1) — —++3
&3 (epl®), 1, ex®), e5l®) = e{16) (eq(16), g (16), ;(16), e3(16)) =
=(1.-1, L 1) — {t—-++} =(-1,-1, 1, 1) — (——++}

Definition 8.2. A «stignature 4-base» is a set of characters corresponding to the

directions of its reference vectors with respect to the directions of the reference «base

vectorsy.

All stignatures in Table. 8.1 can be combined into a 16-component matrix:

stign(ei(a) )

{+++ ilj §—++—izj §++ +§ i
+__}12 PR (8.2)
I S O,

This matrix represents a single mathematical object with unique properties. Here

are some of them:

1. The sum of all 16-stignature and (8.2) equals the zero stignature
{++-+}+{+——}+{++-—-F+{+——+}+

+{++++}+{+-+-}+{+++-}+{+-++}+(8.3)
+{-+-+}+{———-}+{-+-—}+{——+}+

+{-+++}+{-—-+-}+{++-}+{-—++}={0000}.
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2. The sum of all 64 characters included in the matrix (8.2) is equal to zero (32
«t» 32+ «—»=0).

3. There are four possible combinations of binary characters:

H’<—>(+J \ <—>(_J H <—>(+j I e(_j ) (8.4)
_ N N _
or in the form of a transposed binary characters:

H*o#-) Viel(+) Holk#+) 1Tol--). (8.5)

Various combinations of binary characters form realizations with stignature 16:

II:[_ _jz{————}; HI:{Jr _jz{++——}; VI:(_ _jz{—+——}; H'I:[Jr _]E{+———};
IHz[: jz{——++}; HHz(lr jz{++++}; VH =t jz{——++}; H'Hzt jz{——++}; (8.6)
+ —
[ JE{———+};
-+

-+ + o+ -+ + o+
IH':[_ _Jz{——+—}; HH’=(Jr _]z{+++—}; VH’=(Jr —JE{_++_}; HH':(_ _Jz{—++—}.

4. Using the Kronecker product, the square of the matrix with two rows of binary

IV:(_ _JE{_-—+}; HV=(+ _JE{++—+}; W:(_ _)E{—+—+}; HYV
+ + +

+

signatures forms a matrix composed of sixteen stignatures (8.2):

({—+} {——}) ) F++4) 4+ ++} - +_} (8.7)
I R S T s S—

where ® is the symbol for the Kronecker product.

5. If the matrix (8.6) is assigned units, then we get a double-row matrix
S e O P B ©9)
a2y L) G G

Y I Y I P B P 9)

-1 1 11 -1 1 1 1
-1 -1 1 -1 1 -1 -1 -1)
22 https://interactive-plus.ru
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)Gy 6D 6
e I e I e R ey

are Hadamard matrices, as they satisfy

Eight of them:

rn o1 0
H(QH (2)_2[0 1]. (8.11)

When employing Kronecker graphs, any of the matrices (8.10) again produces a

Hadamard matrix H(n), satisfying the following condition:

H()H"(n)=nl, (8.12)
where the | — diagonal unit matrix of dimension n is:
10 ..0
|01 . 0 (8.13)
......... 0
0 0 01
For example,
{1 1 11 11 1 1
1 1Y 1 1) (11 1 -1 1 -1 1 -1 1 -1 (8.14)
H(2)® = = = = '
@) [1-1) (1-1}8(1_1} 1 1) 11 11 -1 -1
1 -1 1 -1)) 1 -1 -1 1
11 1 1 1 1 1 1
1 -1 1 -1 1 -1 1 -1
11 1 1)]1 1 -1 -1 1 1 -1 -1
e (L1 1 o1y 111 -1 111101 -1 -1 1| (819)
1 -1 1 -1) 11 -1 -1/f1 1 1 1 -1 -1 -1 -1
1 -1-11)]1-11 -1-11 -1
11 -1-1-1-11 1
1 -1-11 -11 1 -1

and so on according to the algorithm

H(2)® = H(2") = H(2) ® H(2)®*! = H(2) ® H(2"1). (8.16)

5. The «base», shown in Figure 8.1, is selected arbitrarily. If you select a different
«base» out of the 4 bases, as shown in Figure 6.3, the signs in the stignature matrix
(8.2) will be swapped, but its properties do not change. This kind of related individual
invariance properties of the Amp-vacuum will be discussed later.
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6. Sixteen 4-bases (given in Figure 6.3 and Table 8.1) correspond to the 16 types

of «color» quaternions: (8.17)

Z1=Xo + iXy+ jXo + kxzs {+ + + +}
2o = —Xo —iX1 — X2 + kxa {— —— +}
Z3=Xo — iIX1 — jx2 + kxz {+ — — +}
Z4 = —Xo — IXe+ jXo—kxz {— —+ -}
Z5 = Xo +iX1 — jx2 —kxz {+ + — -}
Z6=—Xo t+ix1—jxo—kxs{—+-—-}
Z7 = Xo — iXt+ jxo —kxs {+ -+ -}
Zg = —XotiXy+ jXo + kdxz {— + + +}

{———-} 29 = —Xo—ixe— jx2 —kxs
{+++ -} 210 = Xo + iX1 + JXo—kx3
{—++-}z11=—Xo + iXs+ jXo— kxs
{++—+} z10=Xo + iX1 — jx2 + kx3
{——++} 213= —Xo — iX1 + jX2 + kX3
{+—+ +} 224= Xo — iX1 + jx2 + kx3
{—+—+}z5=X0+ ixs— jx2+ kxs
{+——-} 216 = X0 — iX1 — JXo —kx3

In [2; 5] it is shown that «color» quaternion correspond to the «color» of QCD.
By direct calculation it is easy to see that the sum of all 16 types of «color» quaternions

(8.17) is equal to zero
>z, =0, (8.18)

that is, a superposition of all types of «color» quaternions is balanced with respect to
Zero.
7. The stignature matrix (8.2) can be presented in the form of the sum of diagonal

and antisymmetric matrices

{44} { 0 } 0 0 { 0 } e §—++—§ §++—+i
0 —+++ 0 0 -——+ 0 ——++) —+—+
0 0 fk-——} 0 ! =4} +--} 0 {r—++} (8.19)

o 00 Y (ot e e 0

8. Let such a matrix, composed of four elements labeled a, b, c, d be written as

a -b -c -d

c_|b a —d —c| (8.20)
c d a -b
d c b a

Multiplication of a matrix of the form (8.20) with one of the Hadamard matrices

(8.14) gives a matrix composed of linear forms with various stignatures

1 1 1 1)a -b -c -d a+b+c+d a-b+c+d a+b-c-d a-b-c-d

HE@?C = 1 -1 1 -1|b a -d -c _ a-b+c-d -a-b-c+d a-b-c+d -a-b+c-d (8_21)
1 1 -1 -1fjc d a -b a+b-c-d a-b-c-d -a-b-c-d -a+b-c-d
1 -1-1 1)fd ¢ 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 between the
Algebra of Stignature and the «Yi-Chingy (the Chinese «Book of Changes»).
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— In the Book of Changes there are two fundamentals: «— —» (Yang) and «— —»
(Yin); Algebra of Stignature contains two signs: «+» (plus) and «—» (minus).

— In the Book of Changes there are 8 trigrams (Fig. 8.2a); in Algebra of Stigna-
ture we have eight 3-bases (Fig. 6.2a) and/or eight 3-antibases (Fig. 6.2b).

e e e e R e
— N x| =EwEr = E|IE w|Eln
/// 3 \\\\ ] =|E A a2 ;E‘*Elm
& AN e -_:;;"—'-ﬁ:sﬁ
1 NCE I k\=§g:: m| = H|Em
« [[3]7 z| == Al |2 |2
1 i "l R s R A RS TR
\ < 8 B SIEFE IS S 6|2 5|5
N /// 4| 228 mEE sl S B o Hl
N -

£ {252

a) b)

Fig. 8.2. The eight trigrams and sixty four hexagrams of the Chinese Book
of Changes http://hong-gia-ushu.ru/vu-chi/traktat-vo-kyk-vu-chi-avtor-li-khong-tai

— In the Book of Changes the combinations of two trigrams give 64 hexagrams
(Fig. 8.2 b, c); in Algebra of Stignature we have 64 combinations (addition or multi-
plication) of each of the 3-bases with each of the 3-antibases.

— The dialectics of the Book of Changes is based on combinations of the two op-
posite principles «——» (Yang) and «——» (Yin):

old Yang old Yin young Yang young Yin

old Yang old Yin young Yang  young Yin

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

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

9. Stignature spectral analysis
We point out the possible use of the Algebra of Stignatures to empower spectral

analysis.
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Recall that in quantum physics, there is a procedure proceeding from the coordi-
nate to the momentum representation. Let there be a function of space and time p
(ct,x,y,2). This function is represented as a product of two «amplitudes»

plct,xy,2) = p(ct,x,y,2) p(ct,x,y,z). (9.1)
Further, two Fourier transformations are performed

w(pct’ Px: pyi pz) = J‘ (P(Ct, X, Y, Z)eXp{Ig(Ct —X-y- Z)}dQ ' (9-2)
9 (Pas P Py P) = [ et x Y, Dexplio (et x+y+ )0 (9.3)
where
p = 2m/A — generalized frequency; (9.4)

A —wavelength;
n — coefficient of proportionality (in quantum mechanics # = # = the reduced Plank
constant);
dQ = cdtdxdydz — elemental 4-dimensional volume of space;
w — angular frequency;
k — wave vector;
exp{i( ot —k-nN}=exp{i(27/A) (ct —x—-y—12)} : direct wave; (9.5)
exp{i(-ot+k-r}=exp{i 2z/A) (- ct+x+y+z)} : reflected wave. (9.6)
A pulse (spectral) representation of the function p(ct,x,y,z) is obtained by the prod-
uct of the two amplitudes (9.2) and (9.3)
G(Pet: Px: Py: P2) = @(Pets Ps By P2)-0* (Pt P By P) . (9.7)
The spectral representation giving a balance of zero is thus achieved
(ct—x—-y—-2)+(-ct+x+y+2)=0,(9.8
which can be written as
{r——3

{—+++}
{0000} (9.9)

We now formulate the foundations of the spectral analysis of stignatures.
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In analogy to the procedure (9.1) to (9.7), we represent the function p(ct,x,y,z) as

the product of the «amplitudes»

8
plctx,y,2)=pi(ct,X,y,z) p2(ct,X,y,z) pa(ct,x,y,z)x... xps(ctx,y,z) =] [o (ct.x,y.2).

kL
(9.10)
Instead of the imaginary unit i, present in the integrals (9.2) and (9.3), we consider
the eight objects {; (wherer =1, 2, 3,..., 8), which satisfy the relations in a anticommu-
tative Clifford algebra:
G+ Gkl = 20km, (9.11)
where dxm is the Kronecker delta (dxm= 0 when m # k and dym = 1 when m = k).

Satisfying these requirements, for example, is the following set of 8 x 8 matrices

of type:
10000000 0 0 0 0 1000
01000000 0 0 0 00100
00100000 00 0 00010
00010000 |o o 0o 00001
““loo0o0o01000 10 0 00000
00000100 0 -1 0 00000
00000010 0 0 -1 00000
00000001 0 0 0 -10000
o 10000 00 00000O0TL1T00
100000 0 0 0000-1000
0 00 100 0 0 00000TGO0GO 01
N o000 o0 0-10
2=l0 00 0 0 -1 0 0 =01 000 0 0 0
000010 0 0 10000000
000000 0 1 00010000
00000 0 -10 0 0-100000 (9.12)
0 010000 0 0000 001 0
0 001000 0 0000 000 -1
1 0 0000 0 O 0 000 -100 0
0 10000 0 0 0000 0 10 0
3=o 0 0000 -1 0 “lo 010 000 0
0 00000 0 -1 0 00-1000 0
0 000010 O 1000 000 O
0 00000 1 0 0100 000 O
0 0 010 0 0O 0O 0 00 O O 01
0 0-100 O O O 0O 0 00 O O 10
01 0 00 O O O 0O 0 00 O -1200
100000 00 0 000 -10 00
%o 0000 0 0 -1 “=lo 0010 000
000000 T10 0 0100 000
000 00-100 0 1000 0 00
0000100 0 210000 000
In this case, dxmin (9.11) is the unit 8 x 8 matrix:
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(9.13)

O O O O O O O P
O O OO0 o o r o
O O O o o r oo
o O O o Fr O o o
o O O pFr OO o o
O OFr OO O o o
O r O O O O O o
P O O O O O O O

Feasible eight Fourier transforms would be

AP PPy P2) = [ ety opfir (@ xey -2, (9.14)

—0o0

22(Pas PPy ) = [ a(etx Y D0, Dt —x-y 422, (9.15)

—00

#o(PasPus Py P2) = [ @y, Dep(Ss D -x-y+ 20, (9.16)

—00

2u(Pa PPy Po) = [ ou(Etn Y. D0, Dt —xry-2de, - (9.17)

—00

?5(Pet> Pxs Py P2) = j s(ct, X, y,z)exp{ésg(ctH— y-2)3Q,  (9.18)

—00

%(pa,px,py,pzhj%(ct,x,y,z)exp{g7"7’(—ct+x—y—z)}d9, (9.19)
97(Pet Py Py P;) = j<p7(ct,x,y,z)exp{é.“yg(ct—xw—z)}dﬂ, (9.20)

%(pa,px,py,pzhT%(ct,x,y,z)exp{—ag5(—ct+x+y+z)}d9- (9.21)

where the objects (i, (9.12) perform the function of imaginary Clifford units.

We then find eight complex conjugate Fourier transforms:

@* (Pets Py Py P;) =Z¢1(ct,x, Y, z)exp{—e“lg(ct +X+y+2)}Q, (9.22)
02 (Pets P Py P7) :z(pz(ct,x, Y, z)exp{—gzg(—ct—X— y+2)HQ, (9.23)
03 (Pets Per Py D) =z¢3(ct,x, Y, z)exp{—isg(ct—X—w Z)}dQ, (9.24)
04 (e Pas Py pz){m(a,x, y, z)exp{—gg(—ct—xw—z)}dsz, (9.25)
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%*(pct’ Px; pyi pz) = I ¢)5(Ct,X, y,z)exp{—g“Sg(Ct+X—y—z)}dQ '
06 (P Pus Py ) = [ (X, D)Xp=Cy (ot x-y =202,
%*(pctv Pxs pyv pz) = J‘ (/)7(Ct,x, y,z)exp{—§7§(ct—x+ y—Z)}dQ,

20 (P PPy ) = [ (@ Y. 2)OXP{-Go (a4 + 210,

(9.26)

(9.27)

(9.28)

(9.29)

In analogy with Equation (9.6), spectral representation of the stignature of the

function p(ct,x,y,z) is obtained by analysis of the eight amplitudes (9.14) to (9.21) and

their eight complex conjugate amplitudes (9.22) to (10.29).

8
R(Pets P Py P2) = [ [ 2k (Pets Ps Bys P2 * (Pets Brs By )

k=1

(9.30)

In this case there are 16 types of «color» waves (helices) with the corresponding

stignatures
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exp{Gi2z/A(ct+x+y+2)}
exp{l 27lA(—ct—Xx—-Yy+2)}
exp{G27IA(ct—X—-y+2)}
exp{la27lA(—ct_x+y—-2)}
exp{ls 27w/ (ct+X—Yy—12)}
exp{le27n/A(—ct+x—-y—-2)}
exp{G7 27nlA(ct—x+y—-12)}
expi{ls 27IA (—ct+ x+y+2)}
exp{(i27x/A(—ct—Xx—-Yy—-2)}
exp{ie2x/A(ct+x+y—2)}
exp{R27xlA(—ct+x+y_2)}
exp{lu2nlA(ct+x-y+2)}
exp (G5 27w/ A(—ct_X+y +2)}
exp{ls 27/A(ct—x+y+2)}

{++++}

-+
{+-—+
{-+-}
{++-3
{-+--}
{+-+-}
{—+++}
---3
{+++-}
{-++3
{++—+}
{-—++}
{+-++}
{-+-+)

(9.31)
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exp{GG 27l (—ct+Xx-y+2)} {+-—}
exp{le 2m/A (ct—x-y—-17)} {0000}

with analogous rankings

R B
{4+ {re+d
e SRR GRS
-+ ¢ freen
R SRR GRS
o TR
e TR S
R B

(9.32)

{0000). {0000), =
Thus, the spectral-stignature analysis is balanced with respect to zero.
In an attempt to construct the theory using invariant local phase rotations (i.e. lo-
cal gauge transformations), it was shown in [2; 5] that
QU CtE X+ YD) — o G2A/A(CA+ X4y = D)y o GRRA(-CAX=FF2) o GRA/A(l ==Y +2) 5 p {27/ (Ct = +Y=2)
x @ G2RIA(Ct +x=y=2) y o G2A/A(-Cl+T-Y=2) x o 572,?/’/?_(01‘—:&—}'—:)’

eiot( ct—x-y—z) — < 2x/A(ciTx —)'—;-)Xe—(;'] IrlA(-a—x-y+z1) e—C’ 2a/A(ct—x—y +2) xg_":J xih(—cl—xty-2) y

e
X G2 Sy —2) . gy 2B /Al Fx—y—2) 5 oy 2m/A (el —xFy—2) (9.33)
a further development along these lines would be worthwhile as it might lead to a ge-
ometrized vacuum of QCD.
10. Algebra of Signatures
We proceed from affine geometry to metrics. For example, consider the affine
(vector) space with the 4-basis e; (” (e)(", €1, ,(", e3(") (Figure 6.3) with stignature

{+++-}
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(5) e

A\

a) {+++ +} b) {+ + + -}

Fig. 10.1. Two 4-bases with different stignatures

We define this 4-vector space
ds™ = g;(Ndx;(" = 60(7)dX0(7) + e:0dx; + e,(Ndx,(M + 63(7)dX3(7), (10.1)
where dx;() is the i-th projection of the 4-vector ds(” onto the axis x;(", the direction of
which is determined by the basis vector .
Consider another 4-vector
ds® = e@dx® = eg®dxo® + :8dx® + £,0dx,® + e,0dx®,  (10.2)
defined in an affine coordinate system xo®, x;®, x,®, x3® with the 4-basis &® (g,®),
e:®, 8,8, e50) (Figure 6.3), with stignature {+ + + +}. We find the inner product of
4-vectors (10.1) and (10.2)
ds®"2=ds®ds = g{®¢;(Vdx! dxI =
= eo®eoNdxodxo * €1®erMdx1dXo * €200V dx,dXo * £3eo(Ddxzdxo *
+ eo®e;Ndxodx; * 61O Mdx,dxy * e,%e;(Ddxodx; * e3®e;Ndxadxy *
+ e0®e(Ndxodx; * 618, Ndx,dx, * e:0e,(Ndxadx, * e3%e,(Ndxadx, * (10.3)
+ e0®es(Ndxodxs * €:0e3Ndx dxs * €283V dx,dxs * €3e3(dxsdXs.
For this case, the inner products of the basis vectors e{®g;(" are:
wheni=j, e®e"=1,e:0e,M=1,e,0e,N=1, es0e"=-1; if i #j then ®g"= 0.
The expression (10.3) then appears as a quadratic form
ds®M2= dxgdxe * dxadxy * dxXo0X2 ~dxsdxs = dXo? ¥ dxi?* dx?~dxs?  (10.4)

with signature (+ + + -).
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Definition 10.1 4 «signature» is an ordered set of signs of the corresponding co-
efficients of an associated quadratic form.

To determine the signature of a metric space with the metric (10.4), instead of
performing a inner product of vectors (10.3) of a stignature of 4-bases, it is possible to
multiply the vectors from Figure 10.1, as follows:

{++++}

{+++-} (10.5)

(++ + )
where the multiplication sign is produced by the following rules. The «numeratorsy»
(i.e., above the line) of (10.5) are multiplied by the signs located in a single column,
and the result of this multiplication is written in the «denominator» (below the line) of

the same column. The multiplication of signs obeys the following arithmetic rules:

{+} x {1 ={+} =} x {1 ={) (10.6)
1 {tyx{-3=1% = x{=={
for «vacuum»
Hrx = Hx{tr=4&h (10.7)
H {t} x = ={t} =y x =141
for non-commutative «vacuum»
{Fix{t={)  {x{FH={ (10.8)
v Hrx{=={4h Hx =
for non-commutative «anti-vacuumy
Hrx{tr=  HHx{F={h (10.9)
H {+} x {3 ={t} = x ==

for «anti-vacuumy

In this work, generally only multiplication signs will be used (10.6) for a «vac-
uumy». However, it should be remembered that a more coherent theory would contain
all four possible types of «vacuum» with the multiplication rules (10.6) to (10.9) and

four possible factorials of zero: 0! = 1, 0! = -1, 0! =i, 0! = — 1, such that
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1/4(0' + 0! + 0! + 0!) = (1-1) + i(1-1) = 0 + i0 = © — the complex conjugate true

zero
0101010l =0 =1-(-1)i-(—i) =—1. (10.10)

Since the arithmetic in (10.5) are carried out in columns (and/or ranks), similar
expressions will be called ranked («rank» in the sense of order in a system).

Ranking of division of stignatures in a «vacuum» obey the multiplication rules
(10.6) determined by the following arithmetic rules:

==
3= ={01 (10.11)
In this case, with the designated stignature ranks, the results would follow simi-
larly to the above
{+-+
{+++-}
(—+—). (10.12)
whereby here «ranked» means division by the rules (10.11).

Definition 10.2. «Ranking» denotes an expression that defines the arithmetic op-
eration with stignatures of affine (linear) forms or with signatures of quadratic forms.
The signs in the denominator after the brackets are ordered (...)+—x: indicating what
operation is performed with the characters in ordered columns and /or rows: (...)+
indicates addition, (...)- indicates subtraction (...).indicates division and (...) - indicates
multiplication.

The set (8.2) of stignatures whose elements are

e e T

} }
N
} }

=t} - - -4+
A I A

forms two separate Abelian groups, one over ranked multiplication operation, and one

(10.13)

over the ranked division operation. This indicates the presence of underlying symme-

tries in the foundations of the light-geometry developed here.
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Proceeding in a manner analogous to the treatment of the vectors ds® and ds(”
(10.3), using scalar product pairwise among vectors from all 16 affine 4-spaces with
the bases as shown in Figure 6.3, we get 16 x 16 = 256 metric 4-subspaces

ds@)? = g;(@e;P)dxI@dxi®), (10.14)
wherea=1,2,3,...,16;b=1,23,..., 16.
Signatures of 16 x 16 = 256 metric 4-subspaces can be determined, similarly to

(10.8), by respective multiplications of ranked stignature bases:

+—++} ++++ —+++} ++++
{+++-} {(+—+-} {+++-} {(—++-}

(+ =+ =+ (=++-) (=++-)
+——+} ++—+} —+++} +—+-}
{+++-} {(—++-} {(—++-} {(+—+-}
(+—— ) (—+ - (+++ (+++ P

(10.15)

+——-} (++—+} —+—+) (+—++}
(+++-} —+--} ——+-} (+—+-}
(t——1 (= ++-) (== (F++ )«
t++-} =-t--3 =+t -+
f——+-} +—+-} f+—+-} —++-}
(=—+ ) (== =+ (= =+ (= ——x

Point O (Figure 6.1) belongs simultaneously to all of these 256 metric 4-subspace
signatures (10.15), so it is a place where they intersect. It will be shown that the metric
4-subspaces have various topologies.

A set of 256 metric 4-subspaces (4-cards) forms a single «atlas» with intersection
at point O, and the total number of mathematical dimensions is 256 x 4 = 1024.

The mathematical apparatus of the Algebra of Signatures developed here can be
classified as a multi-dimensional theory. But light-geometry can be constructed in such
a way that all the extra (auxiliary) mathematical measurements are reduced to three
physical measurements of the «vacuum» and one temporal dimension, whereby the

temporal dimension is associated with an observer.
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The Algebra of Signatures (AS) is suitable for this, largely coinciding with the
local (tetrad) formalism made reference to earlier, developed by E. Cartan, R. Vay-
tsenbek, T. Levy-Chivita, G. Shipov [15] and is often used in the framework of Ein-
stein’s differential geometry theory of «absolute parallelism» [16, 18].

The difference between AS and the tetrad method in general relativity (GR) is
that at each point of the 3-dimensional manifold (the “vacuum’), not just two systems
of four reference points (tetrads) and one metric ds@)? = g;@g;® dx@dxI®) with the sig-
nature (+— — —) or with the signature (— + + +) is given, but rather sixteen 4-bases (or
4-frames, or tetrads) (Fig. 6.3), whose scalar products form 256 metrics (10.14) with
the signatures (10.15).

11. The first step of compactification of additional measurements

One of the main problems of any multi-dimensional theory is compactification
(aka Folding) of additional mathematical measurements to the observed three spatial
and one temporal dimensions. The Algebra of Signatures faces a similar problem.

Note that the 16 types of scalar products of 4-bases, as shown, for example, in

Figure 11.1, result in sixteen quadratic forms (metrics) (see also 10.14) with the same

0K - DK s K

2) x - —+—+) 10 x

signature (— + — +).

3) ® —+—+) 11 x

4) x —+—+) 12) x

5)%% x %l% —+=+) 13) x
oK 9& ey 10

i) x (—+=+) 1% x

s,%x K om0 )
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Fig. 11.1. Sixteen scalar products of 4-bases leading

to metrics with the same signature (— + — +)

After averaging metrics with identical signatures out of 256 subspaces, we end up

with only 256/16 = 16 types of 4-space with the metrics:

dst+ 2= de+ dx 2+ dx? + des?= 0 dst——"R2= —dxg?— dx1?— dx22 — dxz?=0

dst——2=_ dxg?— dxi2— dxzl+ des?= 0 dst++ 2 = g2+ deg?+ de?— dxa =0

g5 - —2= i — de— dip+ dial=0 ds T2 = _ g+ de+ der?— dx?=0

dst—=N = drg— di— de— dis?=0 dst* 792 = —dg? +d 27+ dep? + de? =0 (11.1)
dse—R = _ dxg— de2+ dis?— =0 dst=t-"R = dy?+dit—del Hdiai=0

dst=* =R = — dx?+ di2— dx?— dis? = dstt =0 = dxg?— diyt dieg? + da? =0

dst— "= digl—dx 2+ dol—dai=0 dst+ =2 =—dxol + dxi®— dip? + dxs?=0

dst+-N = do?+ dx?— do?—dxs? = 0 dst—=92 = _dxg?— dii? + di? + dxs?=0

with the corresponding signatures
++++) (+++-) (++-) (++-4)
(== (++) =+ ()
(t==4) (=) (F==-) (—+4)
-+ G+—+-) (+-—) (-—)

As a result of this averaging, we need only 4 x 16 = 64 mathematical measure-
ments. By classifying metric spaces with the metric (11.1) from Felix Klein [8], these
can be divided into three topological classes:

Level 1: 4-space, whose signatures are composed of four identical characters [8]:
Xo? " X12 X2 *Xs? = 0 (++++4) (11.2)
— Xo? — X2 = X2?— %32 =0 (----)
forming a so-called zero-metric 4-space. In these spaces, there is only one valid point,
located at the beginning of the light cone. All other terms describing these spaces are
imaginary. In fact, the first of expressions (11.2) does not describe a length, but rather
a single point (a «dot»), and the second describes an antidot.
Level 2: 4-space, whose signatures are composed of two positive and two negative
signs [8]:
on _ X12’X22+ X32 =0 (+ L +)

X02+ X12—X22—X32 - 0 (+ +__)
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_ on + X12+ X22—X32: 0 (_ + + _)
_XOZ_X12+X22+ X32 =0 (__ + +)
— X2t X2 X2 X2 =0 (—+—4) (11.3)
which represents a variety of options for 3-dimensional tori.
Level 3: 4-space, the signature of which consist of three identical signs and the
opposite one:
_ on _X127X22+ X32 =0 (___ +)
—Xo? X2 X X2 =0 (——+-)
— Xt X2 X% X3 =0 +--)
Xo? X2 X2 X =0 (+——-)
XO2+ X12+ X227X32 =0 (+ + + _)
X02+ X127X22+ X32 =0 (+ + +)
Xo? X2 Xo? + X2 =0 (+ —+ +)
— X2t X2 T X2 X2 =0 (—+++4) (11.4)

rendering 3-dimensional oval surfaces: ellipsoids, elliptic paraboloid, hyperboloids of
two sheets.

FXH sz

/Y

Xz
4 4 X
a) sign (+ +); b) sign (- +); c) sign (+ 0)
X3 = X12 + Xp? X3 = Xo%— Xq? X3 = X1
parabolic saddle U-shaped
surface surface surface

Fig. 11.2. Illustration of the connection between the signature

of a 2-dimensional space and its topology [8]

A simplified illustration of signatures of 2-dimensional space with the corre-

sponding topologies is shown in Figure 11.2. From this figure it can be seen that the
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signature of the quadratic form is uniquely related to the topology described by its
2-dimensional representation.
Sixteen types of signatures (11.2) to (11.4) corresponding to the 16 types of metric

space topologies form an matrix

F++0)2 F++)° ++)P (=D
Sign(ds(ab)): (=" D" =+ ()T (11.5)
(F——1)2 (+4-)2 (+-—)? (+—+4)®

(—=+)% =+ (+-)* (-

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

Definition 11.1. The «Chess analogy» refers to the similarity between the Algebra
of Signatures (AS) with the world of chess.

On a checkerboard there are 8 x 8 cells = 64: 32 white and 32 black. Also in the
matrix signatures (11.5) there are 64 characters, 32 of them plus «+» and 32 minus

At the beginning of the game on a chess board there are 32 chess pieces present:

16 white and 16 black. Also within the Algebra of Signatures at each point An,-vacuum
there are sixteen 4-bases, which consist of rotating electric field vectors (Figure 6.6),
I.e. «light figuresy, and sixteen 4-bases associated with the corners of the cubic cell of
a 3-D landscape (Figure 6.2), i.e. «darkness figuresy.

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

— zero to two topologies (11.2) correspond to the «king» and «queeny,

— six toroidal topologies (11.3) correspond to the three pairs of chess figures:
2 «bishopsy, 2 «knightsy and 2 «rooksy;

— eight oval topologies (11.4) correspond to the eight «pawnsy.

(+—++) [ () RN - ) FEEE (—+—-)
DAWTL pawn DAL pawn PAVIL pawn AL pawn

——+H) Y ++) O ) R -+
ook bishop knighi queen king knight bishop ook

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

We should note that by addition (and subtraction) of signs, according to the rules:
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{3+ =40+ {43 ={0} {3} {3 ={0}; -} - {+} = {0};
{(H+3={0s3+3=4 +-=68 -3 ={0},

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

(+++4) (0++4) (+++0) (-——-) (O0-——=2) (-—-0) ... (-+-0)
(+++0) (00++) (+0+0) (———0) (©0-——) (-0-0) .. (-0+0)
(++00) 000+ (0+0+) (--00) (V00— (-0-) .. (@+0- (11.6)
(+000) (+0++) (*+00+) (-000) (-0——) (=00 ... (=004
0000) (++0+) (0++0) (V000) (——0-) (O-=0) ... (O-+0)

among them 16 signatures without zero, 64 signatures with zero and one zero signature
(0000).

The signature implicitly takes part in the operations which are carried out with the
help of the antisymmetric unit tensor (using the Levi-Civita symbol) &;,5 , in n-di-
mensional space, defined as

+1 if even permutation of 1,2,3, ...,n;
—1if odd permutation of 1,2,3,...,n;

. . . (11.7)
0 if any index is repeated.

€123.n =

For a tensor €,,5 ,, the following identity is valid, with indirect participation of a

signature:
511 512 e O
521 522 e ST
E123.28 20" = (—1)° 63 62 - 6% (11.8)
6 oF ok

where S is the number of negative signs in the signature of the metric of the space in
question.

Definition 11.2. The Algebra of Signatures (AS) is an axiomatic system of arith-
metic and algebraic operations as part of a complete set of stignatures of affine spaces
and signatures of metric spaces. The Algebra of Stignatures is equipped with the basic
operation(s) of multiplication (division) and the Algebra of Signatures is equipped with
the basic operation(s) of addition (subtraction) of signatures.

12. The second step of the compactification of extra dimensions.

«Vacuum balance» and «vacuum conditiony»
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In the second stage for compactification of additional measurements, we define
16 additive superposition metrics (11.1)
dSzz — ds(+77—)2 + ds(++ ++)2 + ds(777+)2 + ds(+77+)2 +
+ dS(77+7)2 + ds(+ +--)2 + ds(7+7—)2 + dS(+7+7)2 +
+ dS(—+ ++)2 + dS(————)Z + dS(+ ++-)2 + dS (-++-)2 +
+dst* 12 4 st -2 4 dst 24 st -2 =, (12.1)
Indeed, adding the metric (11.1), we obtain
dss? = ( dxodXo— dx1dx; — dxa0x2 — dxzdxs) + (dxodXo + dxidxy + dxo0x2 + dxsdxs) +
+ (= dXodxo— dx10x; + dxodX, — dxsdxs) + (dXodXe— dXidX; — dXodx, +dX30pXs) +
+ (— dXodxo— dx10x; + dxodx, — dxsdxs) + (dxodXo + dX1dX; — dX20X2 — dX3dX3) +
+ (— dxodxp + dxgdx; — dxodx; — dX3dXs) + (dXodXo— dxidx; + dxodx, — dxsdxs ) +
+ (= dXodxo + dxydx; + dxodx, +dX3dXs) + (— dXedXo —dX1dX1— dX20X, —dX30X3) +
+ (dxodXo + dxz0x; + dXo0x, — dxsdxs) + (— dXedXo +dX10X; +dXo0X, — dX3dXs) +
+ (dxodxo + dxzdx; — dxodx, + dxsdxs) + (= dXedXo— dX10X1+ dXo0X, +dX3dxs) +
+ (dxoOXo— dxydxy + dxo0X, + dXsdxs) + (— dXedXo+ dx10x; — dXodx, + dxsdxs) = 0. (12.2)
Instead of summing homogeneous terms in the expression (12.2), we can only
sum up the signs facing these terms. Therefore, for brevity the expression (12.2) can

be represented in an equivalent ranked form:

= (0000 + (0000 =0
- F++H 4+ (—— — —) =0
= (- - - +) + (++ +-) =0
- - - +) + (—+ +-) =0
- - -+ ) + ++ -4 =0 (12.3)
= F+--) + - - +4+ =0
= -+ --) +- +4H =0
-+ -+ ) 4+ -+ -+ =0
= (—+ 4+ 4+ (+ — =) =0
= (00 0 0)- + 000 0)- =0

Adding signs as ranked by columns (12.3) and as they are ranked between rows,
result in zero.
The ranked identity (12.3) is called transversely “split-zero”, the position in the

base geometrophysics Am,-vacuum.
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Each point in the “vacuum” has an infinite number of transverse “split-zeros”,

each corresponding to a Anp-vacuum (Figure 12.1).

Fig. 12.1. At each point O of the «vacuum» there are an infinite number

of transversely «split zeros» of each Amp-vacuum (longitudinal 3-dimensional layer)

g X ﬁ ¥
V& g4
\;/ j

Fig. 12.2. One of the realizations of a 2-dimensional projection of a three —
dimensional visualization of a local section of a 10 — dimensional Calabi —
Yau manifold [6]

Definition 12.1. A transverse «split-zeroy is defined at every point of the Ann-vac-
uum ranked expression (12.3).

Definition 12.2. A longitudinal «split-zero» is defined at every point of a «vac-
uumy as a complete set of transverse «split-zeros» of all Amp-vacuums (Figure 12.1).

Addition (averaging) metric spaces with sixteen different signatures (topologies)
(12.1) leads to Ricci flat space, and is very similar to the 10 — dimensional Calabi-Yau

space (Figure 12.2) which is used in string theory.
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The second additional step for compactification of (mathematical) measurements
leads to their complete reduction. On the other hand, the ranked expression (12.3) is a
mathematical formulation of the «vacuum balance».

Definition 12.3. A «Amn-vacuum balance» (or «vacuum balance») refers to the
statement that each point in a Am-vacuum («vacuumy) is balanced with respect to the
«split-zero» form (12.3). That is, at each point in a Amn-vacuum («vacuumy), there is a
longitudinally and transversely designated «split-zero», any deviation from which is
associated with the occurrence of mutually opposite manifestations.

One of the basic axioms of the Algebras of Signatures is the assertion that no
action in a Amp-vacuum can lead to the disruption of the global «Any,-vacuum balance»
(12.3). Therefore «Amy-vacuum balancey is the basis of «Amp-vacuum conditions.”

Definition 12.4. A « Amn-vacuum condition» (or «vacuum conditiony) is any man-
ifestation in a Amn-vacuum («vacuumpy) with mutually opposite characters: wave — anti-
wave, convexity — concavity, movement — anti-movement, compression — tension, etc.
Local Ann-vacuum («vacuumy) entity and anti-entity quantities can be shifted and ro-
tated relative to each other, but on the average across the Ann,-vacuum region they
completely compensate for each other's existence, restoring «Amn-vacuum balancey
(«vacuum balancey).

A «vacuum» can be defined on the basis of «vacuum conditionsy.

Definition 12.5. A «vacuumy is a complete invariant for all types of spatial and
spatio-temporal transformations. That is, what would be mutually-conflicting changes
do not occur in a «vacuumy, the average always remains the same.

The ranked expression (12.3) allows one to applying some operations to a bal-
anced void in a neighborhood around point O without breaking the «vacuum balancey.
Such operations include, for example, the symmetric transfer of first columns with in-

verted signs:
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0= (0 _0 0 + (000 _,

-= (+++) + ---) __

+= (- —+) 4 R B

—= E_ —~ —:; + (+ + _g .

+= (- + - + + -+

= (+ - —) o+ -+ (12.4)
+= (+ - =) 4 -+ _

—= (- + =) 4 -5

+= (++ B 4+ (— — =)y

0= (0 0 0)- -+ (0 0 0)- B

or the transfer of any of the rows of the numerators, ranked (12.3) in their denominator

by inverted signs, for example:

- (00 0 0) + (0 000 =0

= (++ + ) + (-- - -y =0

= (- - - +) + ++ +-) =0

= + - - +) + -+ +-) =

= +t+--) + --+H = (12.5)
= =+t--) + +- +49 =0

= (+ -+ -) + -+ —-b 0

= (— 4+ + B + (+ — —2) =0

= + + - D + (- — + % =0

13. Dual Amp-vacuum regions
The vacuum balance is not disturbed when one uses the ranks in (12.3) to translate
one line from the numerator to the denominator, with the change of signs on the oppo-

site of the rules of arithmetic. For example, the transfer of the ranked signatures

(- + + +) and (+ — — —) of the numerators from the ranks in (12.3) to the denominator.
(+ + + + + (—— — =) =0
(- - - +)y + ++ +-) =0
+ - - +) + (—+ + =) =0
-~ —+ -y + (++ -+ =0 (13.1)
+ + - =) + (— — + +) =0
-+ - =) + (+- ++ =0
(+ — + =)y + (— + — ) =0
+ - — =% + (— + + +  =0.

In this case, the signature (+ —— —) of the Minkowski space with the metric (7.3)

was obtained in the denominator of the left rank of (13.1)
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dst~ 2= c2dt? — dx?— dy? — dz? = dx¢®— dx;? — dx.2— dxs?=0  (13.2)

and the denominator of the right ranks with the inverted signature (— + + +) for the
Minkowski anti-space from the metric (7.4)
dsC*+%2 = _ c2dt? + dx?+ dy? + dz2 = — dx¢? + dx1? + dxz? + dxz? = 0. (13.3)

Thus, by addition (or arithmetic average), seven metrics with signatures in the
numerator from the left ranks (13.1) can be as defined (7.2) to identify the «outer» side
of a 23-Amn-vacuum region with signature (+ — — —), or «subcont»; by adding (or arith-
metic averaging of) seven metrics with signatures in the numerator of the right ranks
(13.1), one can identify the “inner” side of a 23-Am,-vacuum region with the signature
(= + + +), or «antisubconty.

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

dst -~ 2+dst**%2=0 or (+-—-)+(-+++)=(0000). (13.4)

As shown in Section 7, the result can be interpreted as the presence in a 23-Amn-
vacuum for two mutually opposite 4-D sides:

— the «outer side» with metric ds**~~2, designated by the term «subcont»
(Defn 7.4.);

— the «inner side» with the conjugate metric ds©***2, designated «antisubcont»
(Def. 7.5).

In any light-geometric problem it should be borne in mind that a Amn-vacuum re-
gion is the result of additive superposition (averaging) at least sixteen 4-dimensional
regions with metrics (11.1) and signatures (topologies) (11.5). That is, the number of
mathematical measurements should be at least 4 x 16 = 64. However, a number of
problems of the «vacuum» model can be reduced to a two-way consideration with 4 +
4 = 8-dimensional Am,-vacuum region.

The transition from 64 (or 8) to the mathematical measurements 3 physical meas-
urements of the «vacuum» and one temporal dimension of the «observer» will be con-

sidered below.
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A side consideration is that a 4-D An,-vacuum region in the Algebra of Signatures
(AS) is prohibited by the «vacuum condition.” This significantly distinguishes AS from
Einstein’s General Relativity.

Thus, it ends up that the Minkowski space with signature (+ — — —) can be repre-
sented as a sum (i.e., the additive superposition or averaging) of the 7-metrics of re-
gions for which the signatures of the numerator are ranked left (13.1)

dS +--9)2 = ds(++++)2 + ds(———+)2 + dS(+——+)2 + dS(——+—)2 +
+dst =92 4+ ds CF-2 4 gt —+)2) (13.5)
and a Minkowski antispace with signature (— + + +) can be represented as a sum (or

averaging) of metric 7-spaces for which the signatures are ranked from the numerator
of the right (13.1)

dsE++92 = dst—-)2 4+ gst++ 2 + st ++ )2 4+ gt + -2 +
+dsC 12 4 ds( 12 4 g+ -2, (13.6)
In expanded form the total metric (13.5) and (13.6) takes the form of correspond-
ing ranks (13.1)

dst"TT 2= dxp?+ dxi? + dxa? + dx;? dst-—==2= —dx¢®— dxi?— dx? — dx3?
ds——"2=_ dyo? — dxi? — dxa? + dxs? dstTr 2 = dygt + do? + de? - dxs?
dstt——"2= dxp?— dxi?— dx2* + dxs? ds 0772 = — dxg? + dx? + dx? — dxs?
dst=—7-2 = —dxp?— dxi? + dxa? — dxs? dstT7="1 = dxp?+ dxi?— dxa? + dxi? (13.7)
dst=+=-2 = — dxg? + dxi? — dra? — dxs? dAsC—""2 = dyxg?— dyi2t dot + disl
dstt— 2= dxp?— dxi? + dxa? — dxs? dst" =2 = —dxp? + dxi?— dxa? + dxi?

dsT T = dygt+ odxi?— diol— dis? dst——=2 = _dyp? —dxid + dxl + dxi?

dst—=2= dxg?— dxi? — dx2? — dxs? dstC*79 = — dyol +d x12 + dx? + dxs?
14. Metrics with respect to spin-tensors
We return to our consideration of the metric (7.3). For brevity, we omit in this
metric differential signs
§% = Xo% —X12 — X% — Xa2. (14.1)
As is known, the quadratic form (14.1) is the determinant of the Hermitian 2 x 2

matrix
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(xo+x3 x1+ix2J _

In the theory of spinors, matrices of the form (14.2) are called mixed second-order

Xo+Xg X +iX
0 3 1 2 2 2 2 2 H
=Xy —X —X; —x3 =0, sign(+——-).

Xp =Xy Xg—X3

Hermitian spin tensors [7, 12].

We represent a 2 x 2 matrix (spin tensor) (14.2) in the unfolded state, where

4= Xo+Xg X +iX) (10 0 - 0 —i -1 0
lamixg x-%) 2o 1)1 o) % o) %lo 1) (14.3)

10 0 - 0 i -1 0

Is constructed out of a set of Pauli matrices.

where

In the theory of spinors an As-matrix (14.3) is placed in one-to-one correspond-
ence with quaternion
q=X, +6& X, +&,X, + &, X, (14.4)

under the isomorphism

51—{_01 _OlJ; éz—{? _Oij; 63—{_01 2) (14.5)

Similarly, each quadratic form: (14.6)

s = xp? il Fat gl sC—"12= —xp? —x12 —x22 —x3?
S(———_E — _XU: _1:1: _x:z 4 -13: SI:___ =12 = x{:lz i -{12 + xrz _ xs:
sC--R2= xp —xp? -1 +xl sCTT 2= xp? + 112+ x0? — x32
T SR SN B (++12 = _ g2 4 vi2 4 o2 ya2
5 k= Xpt—X1t—Xrr—13 5t = —Xxp- T X1= + X2 X3
5[————]2 = XUE _ xI: 4 x:] _132 SI:—_—_}: — xc_: +x12 _x_:,: + xs_:'

can be represented as spin tensors or as an Az-matrix:
Table 14.1
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Xo+iXg i
i —X; Xp—

Xo +iXg  iX + Xy 10 0 i 0 1 i 0
. =% + X% . + X, + X3 b
X =Xy Xg—iXg 01 i 0 -1 0 0 —i

20e

U(()++++) _ (

10

. G(++++): 0 i. o_(++++): 0 1. G(++++): i 0
01) i 0 ° -1 0/ 7° 0 -i)

] =xZ+x2+xZ+x2=0;  sign(++++)
det

Xg+Xg X+ Xy
X =X X=X

Xo+ X3 iX 4+ X,
X=X, Xo—X3

20e

G(()+++_)=(

1 O; O-l(+++_):(-) i; O'§+++_)= 0 1; O'§+++_)= -1 o.
01 i 0 -1 0 0 1

j =X +X+x—x5=0; sign(+++-)
det

R I B A S e

Xo+iXg X + Xy
X =Xy, —X+iXs

Xo+iXs X+ Xy -10 0 i 0 1 -i 0
. =% + X + X — X3 MK
X =Xy —Xg+iXs 01 i 0 -1 0 0 -i

20e

O_((J—++— :(

1 o; Ul(fo):(.) i; R 0 1) R i O..
01 i 0 -1 0 0 -i

J =X+ X2 +x2-x2=0;  sign(—++-)
det

Xy +X,

Xo — X5
X, + X, 10 0 1 0 -1 i 0
=% + X —X, + X, I
—ix, 01 -1 0 -1 0 0 -i
_ 10 . O_(++—+): 0 1 . O_(++—+): 0 _1. O_(++7+): i 0 .
o 1) -1 0/ 7 -1 0) °° 0 i/

Xo

j =x+x2—x2+x2=0; sign(++—+)
det

iX; + X
! Zj ——x2 -x2-xZ+x2=0;  sign(-——+)
= Xo %3 ) 4ot
X, + X, -10 0 —i 0 -1 10
=—Xo —X —X 3 ;
—Xp + X3 0 1 i 0 -1 0 01
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X3 iX +X
(_XOJF s T ZJ =X HX +X+X5=0;  sign(—+++)
X =X, —Xg+ X34
Xo+Xg iX +X -1 0 0 i 0 1 10
6 Yot PatX =% +X| ! + X, + X :
X =X, —Xg+X3 0 1 i 0 -1 0 01
20e
O_(—+++): -10 o_(—+++): 0 i o_(—+++): 0 1 (—++4) _ 10
0 o 1) i 0 ? -1 0/ °° 0 1)
Xo+X; X +X
[0 ¢ Zj =X —x2+x2+x2=0; sign(——++)
X =X, =X +Xg )
Xo+ X X +X -1 0 0 -1 0 1 10
7 L R - +X, +X, ;
X =X, =X+ X 0 1 -1 0 -1 0 01
20e
S -1 O; v 0 —1; ol 0 1; v 1 0;
0 o 1) -1 0) ¢ -1 0) 01
Xo+Xg —X +X
[°+ 3 TAY 2] =X+ xd-xE+x2=0; sign(—+-+)
XX —XotXg )iy
Xg+Xg =X +X -10 0 -1 0 -1 10
=—X +X -X, + X ;
8 X+ Xy —Xg+Xs 01 10 -1 0 01
20e
O_é—+—+): -1 0] O_l(—+—+): 0 - lCf§—+—+): 0 _1’ §—+—+): 1 O-
01 10 -1 0 01
—iXg X —iX
%=l 207l =x2-x2-x2+x2=0; sign(+-—+)
X X Xo+iX3 ),
—iXg X —iX 10 0 -1 0 i -i 0
9 0 e —-X X . X3 b
X +HiXy  Xg+iXg 01 -1 0 -1 0 0 i
20e
T (e B B B ! I TP e B B
01 -1 0 -i 0 0 i
Xo— X3 X;+X
( 07 2] =xg+x2-x5-x2=0;  sign(++--)
=X+ X Xg+Xg )
Xp — X Xy + X 10 0 1 0 -1 1 0
10 0T Ty +X% =X X3 ;
=X+ Xy Xg + X3 01 -10 -1 0 0 -1
20e
(()++——): 1 O, l(++——): 0 1’ U£++——): 0 _1, O_§++——): 10 i
01 -10 -1 0 0 -1
48  https://interactive-plus.ru

Conep:xumoe goctynHo o guien3nu Creative Commons Attribution 4.0 license (CC-BY 4.0)




Scientific Cooperation Center "Interactive plus"

X, + isz
%o = X3 ) 4ot

Xo + X X +iX,|

X, =X, Xy —Xq

-xZ=0; sign(+---)

2 2 2
Xo =X =X

11 Xo + X3 X +iX, =x 10 . 0 -1 . 0 —i y -1 0)
X —iX, Xo—X ) °\0 1) -1 0) i o) *lo 1/
2de
L 10 L 0 -1 L 0 —i L -1 0
% ):(o 1}’ % ):(—1 o]’ o ):(i o]’ & ):[0 1]'
Xo +iXg X +X
(0 A _ZJ =Xx5-xZ +x5+x£=0;  sign(+ —+ +)
Xp =Xy Xg—iXs ).,
12 Xo +iXz  X;+Xp . 10 . 0 -1 i 0 1+x i 0)
X=X, Xo—ixg) °\0 1) M-1 o) -1 0) ®lo i)
20e
é+—++)= 1 0’ 61(+_++)= 0 _1’ 6§+_++)= 0 17 O'§+_++)= [ O..
01 -1 0 -1 0 0 -i
—Xo+iXg X +X
[ 0Tt 1+_2) = XXt +x5-x2=0; sign(——+-)
X=Xy XotiXg )y
—XotiXg X +X ) 1 0 y 0 -1 iy 0 1 « -i 0
13 % Xt o —1) -1 o)1 o) Mo -if
20e
1 0 0 -1 0 1 -i 0
o=t 0 oo T R e N |
0 -1 -1 0 -1 0 0 -—i
(XO_X3 X1+X2J =xg X+ x5 -x2=0; sign(+ —+ -)
X —X2 XotX3 )y
14 Xo—X3 X +Xp :Xol 0_X 0 —1+X 0 1_X1 0)
X=X Xo+Xg 0 1) -1 0) -1 0] ®lo -1)
20e
10 0 -1 0 1 1 0
R N I N Y I el A Bl
—Xg+iXg X +X
( 078 A _2] =+ -x2-x2=0; sign(-+--)
—XH Xy XotiXg )
15 —Xg+iXs X +X L 10 Ty 0 1 y 0 -1 y -i 0)
Xo +i%g %o -1) M-10) -1 0) o -if

=X+ X

20e

. 1 0
of )=[0 _J,

0 1
O_l(—+——):[_l Oj‘ ot
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— X +1iXg
Xp — X,

— X +1iX3
16 :
Xp — X,

20e

ot

X; +iX,
Xo + iX3

X; +iX,
X + X3

10
0 -1/

2 _ 2
j =—Xp =X
det

o

o -

0

2

—X2

2 _q-
-X3 =0;

0

(s 3
i

], 0-57777) B

sign(-- - -)

-

[

0 —i
i 0

J=(s
j,

0

o+

o

—i
0

0
—i

Each As-matrix of Table. 14.1 is assigned a «color» quaternion of type (8.17),

where the imaginary units are used as objects

10 _ 01
il & 0=

- -1 0
&-05=| 4

€ >0,

~ 1 0 0 1 R i 0 R 0 i
€ >0y = 0 -1 €0 = 10 €0, = 0 —i €, >0y, = Zi 0
R -1 0 0 - R -i 0 R 0 -i
€3 > 03 = 0 - €y 0y = 10 €5 > 035 = 0 —i € = 016 = Zioof

which are the Pauli-Cayley spin matrices, which are generators of the Clifford algebra
(0 OJ when i = j;
(o) () 0 0

(Il = L
2 when i = j,
0 1

Table. 14.1 are only special cases of spin tensor representations of quadratic

¢..)

| (14.8)

o O'J("") +o

forms. For example, determinants of thirty five 2 x 2 matrix (Hermitian spin tensors):
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(%+x x +i":] (-2 x— i’fz] (%+x x _ixz] (%3 x H’f:] (—x —x +13]
| | | | |
1 - _ 1 = 1 - _ 1 7 1 -
\aT X)) \qtg ptx) o\t pox ) \mog Xptx) \xpta Dyt
" = - A N I Ny
[Xotxa X¥Dp | (%=X B—0h| (%+x B-0h) |%H~H Xit0n ) (HG-H —XHt
\x;m—Dn x—x J ot ptx J \xmtion xp—x J \xm—Dn xptx J \xptx Dnptx J
s - s - s - s - S
[YotX Xton)| (%—% X-0z)| (N+X ¥-DF)| (Q—X Q) (Dg-X% —H+5
s %X \xtin xptx) \ntds Xox) \a-bg Xtn) \ptxn Dt
i'fxﬂ Ty 0 +i’f1] i'fxﬂ X% _i’f]] i'fJ‘iJ a0 _i’ﬁ] i'fxo —X; X +i¥1] i'fbfz G X +x1] (14.9)
- x—x) \xntbg xptx) lxnt+dy x-—x) lx-Dg xptx) {p+xy Dptx
[ty +&3] (%—x x _&3] (%+xm X _&3] (%—x x +i’fs] (0 —x —x +x1]
| | | |

s x—x) \ntng tx)\nts x-%) \n-& xtn) \pty ntx

- s - s - s - s
[*o Tx Dy [¥o~% X~k i-"’ﬂ"‘xz X | (R X g (T30 % T35
I-\x3 _i'-_X.’] Xy — X I-kX3 +i'_:C1 X +x3 I-kX3 +Lxl Xy — X I-\_I3 _i-_xl Xy +x3 I\&J +x2 i'-_X.'3 +x1
£ - £ - . . £
[Pp—X —X +x3] [P2™ % +x3] [ =% % +x3] [2~% X +x1] [ P3—a X +x1]
| . . . . .
gty Do+x Jl-mt+tn dotx)l-mtxn g+txll-xp+xy dotx) | —xpt+xn bDtx

are all equal to the same quadratic form s“ 2 =x? —x? —x2 —x2. Likewise branch (de-
0 1 2 3

generate) spin tensors represent all 16-quadratic forms, as listed in Table 14.1.

Future articles in this series of articles, together labeled «Alsigna», will show that
any discrete degeneracy (i.e., latent ambiguity or deviation) of the original ideal state
of a Amn-vacuum from its initial state leads to cleavage (quantization) by a discrete set
of disparate states across its transverse and longitudinal layers.

The sixteen types of As-matrices are equivalent to 16 «color» quaternions (8.17).

For clarity, all types of «color» designated by As-matrices are summarized in Ta-
ble 14.2.

Table 14.2
Metric As-matrix Stignature
10 0 i 0 1 i 0
2 2 2 2 X X X X
Xo“HX17+X2%+ X3 0(0 J+ 1[i O}L 2(—1 0]+ 1o _i {++++}
10 0 -1 0 i -i 0
2 2 2 2 _ _
Xo™—X1"—X2° + X3 Xo(o 1] Xl[_l 0] Xz(_i OJ+X3 0 i] {+-—+}
10 0 i 01 -10
2 2 2 2 _
Xo™HXHXe" =X XO(O J”{i 0]+X2(—1 oj % o 1) {+++-}
10 01 0 - 10
2 2 2 2 _ _
Xo™+X1°—X2"— X3 XO[O J+X1[_1 Oj X{—l Oj Xa(o _J {++--}
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10y (0} (0 1) (- 0
2 2 2 2 _ _
—Xo“H+X1°+X2°—X3 XO(O J+X1[i OJ+X2[—1 Oj XS[O —ij {_++_}
10y (0 - 0 —i) (1 0
2 2 2 2 _ _ _
Xo X=X Xs X"[o J Xl(—l o] Xz[i o] X3[o -1J {+---}
10 (0 1) (0 -1 (i 0
2 2 2 2 _
X0 +X1°—X2“ + X3 XO(O 1]+x1[_1 0] xz[_l 0]+x3[0 —ij {++_+}
10) (0 -1) (0 1) (i 0
2 2 2 2 _
X0 X" TX2T X3 X°[o J Xl(—l 0)”2[—1 0)”{0 i {+-++}
“10) (0 i 0 1) (10
2 2 2 2 _ _ _
—X0“X1“-X2"+X3 Xo[o 1] Xl | OJ Xz[_l 0}”3[0 J {———+}
1 0) (0 -1) (0 1) (-i 0
2 2 2 2 _ _ _
XXX X(’[o —1] Xl[—l OJ+X2(—1 o] X{o —ij -+
10y (0 i 0 1) (10
2 2 2 2 _
TROTFXLTEXH Xo[o 1J+X1(i 0]”2(—1 o}x{o J {-+++}
10y (0 -1) (0 1) (1 0
2 2 2 2 _ _
Xo™—X1"+X2"—X3 Xo[o 1] Xl[_l 0]”2[_1 o] Xs[o _J {+-+-}
10y (0 -1} (0 1) (10
2 2 2 2 _ _
X" XX X X‘{o J X{—l 0]”{—1 0]”3[0 1] {—++}
1 0) (0 1) (0 -1} (i o0
2 2 2 2 _ — — _ 4
X0 —Xa™F X2"+Xs Xf’[o —1)”1(—1 oj XZ(—l oj X{o —i] {-+-+}
10) (0 -1) (0 -1) (10
2 2 2 2 _ _
TXOTEXXH XS X“(o 1)”1[1 oj Xz[—l o]”{o 1] {+-+}
1 0) (0 -1) (0 i) (- 0
2 2 2 2 _ _ _ _
RO X"(o —J Xl[—1 oj Xz[i 0] X{o —ij —-}

The Algebra of Signatures associates the superposition of affine regions balanced

about zero with 16 types of stignatures:

dsz = (—dxo—dxi—dxa—de) + ( dio + dat de + dxs) +
+( dxp +dutday—de) + (—dio—do —dxp +ode) T
+(—dxotdatdo—da) + ( do—do—dx +dea) +
+( dyxotdxi—dx; +de)+ (—do—da+ do—dx) +
+ (—dxo—dx1+ dx2 + dxz) + ( dxo + dxi—dxy—dxs) +
+( dxo—dxy T dx; T dxs) T (—dxg T dxy—dxy—dxs) T
+ {—de— d.m —d:L']— dxg) T ( dﬁ;}—dﬁ T dx:—dx;) T
+( dyo—dxi—dx—dx;) + (—dxp T da+ dxy +dx) =0,

(14.10)

with one realization of the superposition of 16 As-matrices:
XO[; _OJH{? —O‘]H{j -01]”3(3 _OJ +
L I O ) S A

1 0 0 i 01 1 0
“ado Aol oS oo A
0 -1 -1 0 -10 0 -1
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Jola o)l ol S

+

+

L0 (0 1), (-1 0y
-1 0/ 2-10) Blo i

oll, ols 2l )
B R i

e S Y A R

(14.11)

Expression (14.11) is equal to a 2 x[12 zero matrix, i.e. conforming to the princi-

ple of the «vacuum balance».

We have here a spin tensor mathematical apparatus suitable for solving a number

of problems associated with a multi-vacuum inside the rotational process.

Consider two examples using spin tensors.

Example 14.1. Suppose that a column matrix and its Hermitian conjugate matrix

s form a string

2} )

that describe the state of the spinor.

(14.12)
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A back projection of the coordinate axes for the case where a metric space has a

signature (+ — — —) can be determined using spin tensors (14.3)
(sf,sZ{Xo +.x3 X; + Xy J(slj:
Xg —iXy  Xg — X3 \Sy

S B R L O R ST P B

=(sl*s1 +55S, )xo - (— S5S; — szsl)xl - (isZsl —is;'s, )xz - (— SISy + 555, )><3,
Example 14.2 Let a forward wave be described by

2
= —iZZ(ct-r)
EM =3

, (14.14)

and its reverse wave

27
% (ct—
i (ct—r)

EO —ae , (14.15)

where a. and a  are the forward and reverse wave amplitudes, resp. In general, the
complex numbers:
a,-ae”, a=ae', a=ae'”™, a=ae", (14.16)
contain information about the phases of the waves ¢+ and ¢.
Mutually opposing waves (14.14) and (14.15) can be represented as a two-com-

ponent spinor:
s, 4 e—if(ct—r)
[ j:|¢/>= + 2 | (14.17)
A

The corresponding Hermitian and its conjugate spinor

. iz—”(ct—r)

.2r
. + _ . —ie(et-r)
(57.53)=1v) =<w|=[a+e 2 ae * J (14.18)

Conditions of normalization in this case are expressed by the equation

—iz—”(ct—r)

27 27
. (S e i (et-r) o i et-r) | 7 A _ _
(sl,sz{ﬂ=<w|w>=[a+eﬁ ae } —laf vl (14.19)

2
22 (ct—
2 2 ctr)

a.e

To find the spin projections (circular polarization) of the light beam on the coor-

dinate axes, we use spin tensors
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X X +ix) (01 0 i 1 0
{2 S el e ) e

which is associated with three-dimensional element length

X X; —iX
det(45) :( 3 ! 2} =
X=Xy =X )y

X3 X — X,
X +iXy  —Xg

=—(xZ +x3 +x2). (14.21)

Putting X1 - X2 = X3= 1 into the expression (14.20), we consider the projection of
the spin on the coordinate axes

O Y R G R b

:(5351 + s§sl)+ (— iS58 + isl*sz)+ (si"s1 - sZs?_).

(14.22)

Substituting this expression of the spinors (14.17) and (14.18), we obtain the fol-

lowing three spin projection on the corresponding coordinate axis X; = X, X2= Y, X3 = Z:

(5)= (vl o) = s: ,83{2 ;]@ _

2r
I (o Nae | o e ey (1423
=|a,e , a.e P =d_a,e +a,a_e ;
10} |7(ct—r)
a.e
. YO iYs
<Sy>:<‘//|‘f72|‘//>:(31’52{_i 0}[52]:
.2
27 27 : ==~ (ct-r)
e i et-r) A= et-r) (0 i) ge 4
— A A + —
{a+e , ae J(_i 0}[_ 2 (14.24)
ae
e A (et-r) i4—”(ct—r) __*_ |4—ﬂ(ct—r) e =i (ct-r)
=a a.e +a,ae” =ila,ae * -aa.e
. <Y1 01}s
(s:)=(wl-osly) =(sl,52(0 . (Si}
27 27 _ —iz—”(ct—r) (14.25)
a*e|7(ct—r)’ a*e—|7(ct—r) 1 0 ae * :|§ |2_|§ |2.
" - 0 -1) _ i27”(ct—r) " -
ae

In the case of a+ = a and ¢- = ¢ = 0 we obtain the following average spin projec-

tion (rotating electric field vector) in the coordinate axes XYZ

(5:)=0,

(s,) = 2a’ cos [2(et —kr)),

55
Content is licensed under the Creative Commons Attribution 4.0 license (CC-BY 4.0)



uCHT]’) HAQYYHOT0 COTPyAHN1YIECTBA <([/1HTC]’)21]\“TIIB IO C»

(s,) = 2a’sin[2(wt —kr)]. (14.26)

Thus, representation of the propagation of a spin conjugate pair of waves leads
to the description of the circular polarization without additional hypotheses.
15. Dirac «bundley of the quadratic form

Consider a Dirac «bundle» of a quadratic form on the metrics
ds® = c®dt?® + dx® +dy” +dz® = dxo? * dxs2* dxo? * dxs? with signature (+ + + +). (15.1)
We represent this metric as a product of two affine (linear) forms
ds? = ds'ds” = (7,0, + 7,0, "+ 7,0%, +7,0%,") - (70X, " + 70X, +7,0%, "+y,0%,"") . (15.2)

Expanding the brackets in this expression, we obtain

ey 3 3 1 3 3
ds'ds” =D >y, dx“dx” 2522(7;:777 +7,7,,)dx"dx". (15.3)

#=07=0 =0 7=0

There are at least two options for defining the values of y, while satisfying the
equality expressions (15.1) and (15.3):

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

2) the Dirac method.

In the first case, the linear shape, in the expression (15.2), is represented as a pair
of affine aggregates with terms coined for this application:

ds’ = y,cdt’ + y,dx"+ y,dy" + y,dz" — «mask» of the metric space

with stignature {+ + + +}(see Definition 24.1); (15.4)
ds” = y,cdt” + y,dx" + y,dy” + y,dz" — «interior» of the metric space
with stignature {+ + + +} (see Definition 24.2), (15.5)
where y,-0bjects satisfying the relative anticommutativity Clifford algebra
YuYy+ ¥nYu= 20un, (15.6)
where
- { Lnpu #=1. _ Kronecker symbols (15.7)
“T\0npu u#n.

In the second case, the method involves, instead of Dirac’s Kronecker symbol
(15.7), the unit matrix
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1000
s |0 100 (15.8)
“7710 01 0
0001
then the condition (15.6) is satisfied, e.g., the next set of 4 x 4 Dirac-matrices:
100 0 0001 0 0 0 —i 0010
o1 0 o0 oo 10 o0 i o |00 0 -1 (15.9)
"Zloo -1 0" “loroo] ”Tjo-iool" 7|1t oo0 ol
00 0 -1 1000 i 0 0 0 0-10 0
These matrices can be considered as constituting a corresponding Clifford alge-
bra.
In this case, the expression (15.3) acquires a matrix form
) 3 3 1 3 3
(dsii): ZZ}/yj/ndX”dX" :EZZ(W% +7/,7}/y)dX”dX'7 (15-10)
u=0n=0 1=0n=0
where
ds5 0 0 0
2
)| 0 dsh 0 o0 _
S I (15.11)
0 0 0 dsg
Equation (15.10) with (15.8) can be represented as
1000 1000
3 3 0100 0100
2)_ Ay — (2dt2 2
(ds?) ;;ypyndx =l o X o ol
0001 0001
(15.12)
1000 1000
+dy20 100 0100
0010 0010
0001 0001
Returning to the quadratic form (15.1) and its Dirac bundle (15.10)
3 3 3 3
(652)= 37,7, xd" =3 3 b, e, (15.13)
u=0n=0 #=0n=0
where
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YuVy =0, = (15.14)

o O O -
o O +— O
o r O O
O O O

We consider all possible options for the expression (15.13). We use the following

basis of the sixteen types of y,)- Dirac matrices

1000 0100 i 00O 0i 00
y(o)201oo ®_|1 000 7(0):0i007(0)_i000
0 0010 "" 0001 2 00 i O $ 00 0 i

0001 0010 00 0 i 00 i O

000 1 0010 00 0 i 00i O
7(1)=0010y(1)20001 y(l)_OOiOy(l)_OOOi
0 0100 1000 2 oi o0of i 000

1000 0100 i 00O 0i 00

1000 0001 i 00O 00 0 i
7/(2)20100 @_|0 010 y(z)_OiOOy(z)_00|0
0 000 1| 1000 2 00 0 i 3 i 00O

0010 0100 00 i O 0i 00

0100 0010 9.00 00.9(15.15)
y(3)210007(3)20001 7(3):|oooy(3)_ooo|
0 0010 0100 2 00 i of"" 0i 0o/

0001 1000 000 i i 00O

Dirac’s method, unlike the method of affine aggregates, allows four metric spaces
with four metrics to be «stratified», appearing as components of the matrix (15.11).
The Algebra of Signatures has considered the quadratic form (13.7) with all pos-

sible sixteen signatures. Each of them can also be «stratified» according to the method

of Dirac:
3 3
(ds@?2) =337 @ Oy, (15.16)
=0 n=0
where

but in this case each b, is a matrix having the respective signatures:
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1000 100 100 10 0 0
po_|0 100 o (0010 » |0 10 0 w |01 00
un un = Hn I/ _

0010 001 0 0 01 0 00 -10

0001 000 -1 0 00 -1 00 0 1

-1 0 0 O 1000 -1 0 00 10 0 O
po| 0 -1 00 i 0 100 |0 "1 00 |0 1 00
“710 0 -1 0 mTlg 010 1o 0 10 “171p 0 -1 0

0 0 0 1 0 001 0 0 01 0 0 0 1

10 0 O 10 0 0 10 0 0 1 0 00
R L U b |01 b |0 10 b |0 100
“1710 0 -1 0 “1710 0 -1 0 “Tlg 0 -1 0 710 0 10

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

(15.18)

1.0 0 0 1.0 00 -10 0 0 -1 0 0 0
oo 0 -10 0 b1320 -1 0 0 b7 - 1 0 0 w_|0 -1 0 0
“a71p 0 1 0 “710 0 1 0 M7l 0 -1 0 M=o 0 -1 0

0 0 0 -1 0 0 0 -1 0 0 0 -1 0 0 0 -1

Signs are converted to units in the diagonal b, @?-matrices, giving the respective
character set in signature components of the matrix (11.5).

At this point, for the sake of brevity, the superscripts will temporarily be omitted
and instead of « b, @-matrix» we will write « b,,-matrix».

Let us return to Dirac’s method of «destratification» of a quadratic form (15.10)

3

3 3 3
(As2)=3"3 "7, 7,0xax” =3 S b, dxde”, (15.19)

1=0 11=0 1=0u=0
where
1000
Yuplne =Bun= 8 (]; 2 g (1520)
0001

and considered all possible options for its closure.
Each of the sixteen y,)-matrices (15.15) can pick up a second y,{?-matrix of the

same set such that their product is equal to a b,,-matrix (15.20). For example:

0i 00Y0O -i 0 0y (L00O00O
i 00 O0|-i O O 0_0100 (1521)
00i 0/0 0 —-i 0| |0010
000 il0O 0 0 -i) (0001
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Each y,”-matrix (15.15) can have one of 16 possible stignatures. For example:

0010 001 0 0 01 0 00 -10
700:0001 ym:000—1 720:000—1 yao_ooo 1
"l1 000 "1 00 0 "l-100 0 "l10 0 0
0100 010 0 0 100 01 00
0 0 -10 0 010 0 0 10 0 0 -10
ym:o 0 0 1 yn:o 001 ynfo 01 73170 0 0 1
Y110 0 0 "1 000 "1 0 00 "1 0 0 0
0 -1 0 0 0 100 0 -1 00 01 0 0
0 0 -10 00 -1 0 0 -1 0 00 10
70220 0 0 1 yu:oo 0 -1 yzz_o 0 -1 ySZ_o 0 01
" 0 0 0 10 0 0 "ol 0 0 "1 0 00
-1 0 0 01 0 0 0 -1 0 0 -100
0 0 1 0 0 01 0 0 0 -1 0 0 0 -1 0 (15'22)
yoszo 0 0 -1 ylszo 0 0 -1 yzazo 0 0 -1 y%:o 0 0 -1
“"l-1 0 0 0 "1 0 0 0 “"l-10 0 o0 "1 0 0 of
0 -10 0 0 -10 0 01 0 0 0 -1 0 ©

For each of these y,," matrices can also choose a second y,."-matrix, the product
which leads to a b,,-matrix (15.20). Thus, given the 16 stignatures and the y,-matri-
ces (15.15), there appear 16 x 16 = 256 y,,'-matrices.

Each y,,i-matrix can be converted into one of 16 mixed matrices (15.22). Let us

explain this statement with the 1, matrix as an example:

0 01 0 00 i O 0 010 0 0 i O
13 _ 0 0 0 -1 13 _ 0 0 0 —i 13 _ 0 0 0 —i 13 _ 0 0 0 -i
00711 1.0 0 10711 i 0 0 0 20711 i 0 0 0 30711 100 0
0 -10 0 -100 0 -10 0 0 -i 00
00 i O 00 i O 00 i O 0 0 i O
13 _ 0 0 0 —i 13 _ 0 0 0 -1 13 _ 0 0 0 —i 13 _ 0 0 0 -1
01711 i 00 0 11711 100 0 21711 1.0 0 0 31711 i 00 0
0 -10 0 -10 0 -100 0 -10
0 010 0010 0 010 00 1 0
13:0 0 0 -i 13:O 0 0 -1 13:0 0 0 —i 13:O 0 0 —i
02711 i 0 o0 12711 i 0 0 22711 i 00 0 32711 1.0 0 0
0 -10 0 -i 0 0 -i 00 0 -100
0 i 0 0010 00 i O 0 i 0
ylgz 0 0 -i }/13: 0 0 0 —i }/13: 0 0 0 -1 }/13: 0 0 -i
03711 7| 4 0 0 WilTly g o o WiT g g o AV 00 (1523)
0 -i 00 0 -i 0 0 -i 0O 0 -i 00

When all two hundred fifty six y,,- matrices (15.23) are combined, one obtains
16% = 256 x 16 = 4096 ncy, ' matrices from the basis. Consequently, in this case, the

b.,-matrix (15.20) can be derived from 4096 products of pairs of ny," -matrices.

60 https://interactive-plus.ru
Conep:xumoe goctynHo o guien3nu Creative Commons Attribution 4.0 license (CC-BY 4.0)



Scientific Cooperation Center "Interactive plus"

In turn, all sixteen b, -matrices (15.18) may be specified: 16*= 65,536 different
variants of pairs of products of ¥, yim'-matrices.

Similarly, one can continue to build the basis of generalized Dirac y-matrices al-
most indefinitely.

We call the totality of “yim-matrices «generalized Dirac matrices», and the as-
sociated Amn-vacuum matrices will be called «Dirac App-vacuumy.

16. The explosion of mathematical (auxiliary) measurements

From the ranked expression (12.5), it follows that any pair of metrics of 4-spaces
with mutually opposing signatures may be presented in the form of two metric sums of
seven regions with the other signatures (topologies), similar to (13.7).

For example, the conjugate pair of metrics ds©~+22and ds™ *~*2with mutually
opposite signatures (—— + —) and (+ + — +) can be expressed by the superposition of
seven 4-subspaces with signatures (topology) represented in the ranked numerators
(12.5):

dst+-12 = dC(++++)z + dév(7+++)2 + dé‘(+7 —4)2 4 dC(”’+)2+
FArEE R e g e 2, (16.1)
and
dsC—+2 = dév(ﬁﬁ)z_k dC(+W )2 4 dC(’”’)Z + dC(+++*)2+
+ dC(__++)2+ dC(+_++)2+ dC(_+_+)2- (16.2)

Similarly, the 256 metrics with signatures (10.15) can be isolated from 128 con-
jugate pairs of metrics, each of which can be expressed by superposition of 7 + 7 =14
4-dimensional sub-metrics. As a result, the number of mathematical (auxiliary) meas-
urement is already 128 x 14 x 4 = 3584.

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

In this way, we obtain a theory of relatively balanced «split zeroes» (12.3), in
which the «vacuumy is first stratified into an infinite number of nested Ayn-vacuum

(i.e., longitudinal layers of a «vacuumy, see Sections 3 and 4). Then, each of the Amn-
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vacuum split into an infinite number of 4-dimensional metrics of sub-regions, sub-sub-
regions etc. to infinity, giving us transverse layers of the «vacuumy.

Definition 16.1. A4 transverse bundle «vacuumy is a representation of each local
region Amp,-vacuum as a superposition of 4-dimensional metric sub-regions, sub-sub-
regions, etc. with the 64 possible signatures (topologies) (11.6).

In this article, all the above concerned only one possibility of algebras with sig-
natures developing relative to the 4-basis &® (e,®, £:®, €,0), e3®), selected as a basis,
and the stignature multiplication rule (10.6). Similarly, using all the other 4-bases (Fig-
ure 6.3), we get the 16 endless series of embedding outlined in AS. But by virtue of the
asymmetry, only 10 of them are necessary.

As long as the local site of the «vacuumy is not warped, all 10 dimensions in this
neighborhood are completely identical. However, in the case of curving «vacuumy, the
10 dimensions are differently oriented with respect to curvature, and can be developed
in different ways.

Definition 16.2. The «Qabbalistic analogy» is a comparison, conceived by the
author, to show that the Algebra of Signatures (AS) is identical to the system of the
Tree of Ten Sephirot of the Lurian Qabbalah.

According to the Lurian Qabbalah, the Name of GOD 5-1--> (further, instead of
letters of Hebrew letters the transliteration HAV/HI is used) is revealed in the form of
the «Tree of Ten Sephiroty which can be obtained by squaring the square matrix

formed by the Letters of this Name:

(1L M ) H'(H' S | P R

H' V H v ) (H V ,[I HJ V[I HJ | HT HH vI VH
H Vv H Vv HH' HV VH' W (16.3)
The components of this matrix correspond to the 10 Sephirot:
Table 16.1
Name letter Matrix Component (16.3) Sephirah
|
edge of the Letter Yud . Kether
I HH Hochmah
H vV Binah
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IV, IH, IH'. VH, VH', HH' . .
v VI, HI, H'l, HV, H'V, H'H Tiphereth
H H'H' Malkuth

where Sephirah Tiphereth * consists of six dual Sephirot:
Chesed (IV = VI) Gvura (IH = HI) Tiphereth (IH"'=H1)
Netzach (VH=HV) Hod (VH"=VH’) Yesod (HH"= HH)

A slightly transformed matrix (16.3) can be put into correspondence with a matrix

of signatures (11.5)
I HI VI H'I (++++) (+++-) (—++-) (++—-+)
IH HH VH H'H| [(——=+) (+++) (-—++) (—+-+) (16.4)
IV HV W  HV | +—+) (++—) (+——) (+—++) .
IH" HH' VH' H'H’ —+-) +—+) (+-—) --9)
where (16.6)
Kether 0 0 0 im0 0 0 (+++4) 0 0 0
0 Hochmah 0 0 _ 0 HH 0 0 _ 0 (-+++) 0 0
0 0 Binah 0o | |0 0 W o0 || o0 0 (+---) 0
0 0 0 Malkuth) (0" 0 0 H'H' 0 0 0 (----)
0 HI VI H'I 0 +++-) (—++-) (++-+)

Tlphereth* — IH 0 VH H'H _ (———+) 0 (——++) (—+—+) (167)
IV. HV 0 HV | |(#——4) (++-0) 0 (+—+4)
IH HH' VH' 0 (c—4+2) (+-4-) (=+--) 0

At the same time, just as each gabbalistic Sephirah consists of an infinite set of
sub-Sephirot, so too each signature is the result of superposition of infinite number of
sub-signatures [e.g. (16.1) and (16.2)].

17. Light-geometry on a curved portion of a «vacuumy

Consider a 3-dimensional curved portion of a «vacuumy. If the wavelength A, of
given monochromatic light beams is much smaller than the dimensions of the «vac-
uumy irregularities, then this portion of the cubic cell 3-D light landscape (Amn-vac-

uum) is curved (Figure 17.1).
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Fig. 17.1. Deformed cubic cell of a Amy,-vacuum

x_‘(m

x:S((J)

x](a)

¥’ l(ﬂ‘)

x,@

x' 3(('1)

Fig. 17.2. One of the corners of a test cube of a Ay-vacuum

Consider a 3-dimensional curved portion of a “vacuum”. If the wavelength Am,
of given monochromatic light beams is much smaller than the dimensions of the “vac-
uum” irregularities, then this portion of the cubic cell 3-D light landscape (Amn-vacuum)
is curved (Figure 17.1).

The same raw edges of the ideal cube denote a pseudo-Cartesian coordinate sys-
tem x°@), x1@ x2@) x3@),

The distortion of the edges of the cube under consideration in a Ann,-vacuum can
be decomposed into two components:

1) changing the lengths (compression or expansion) of the axes x'°@®, x'1@ x2 @)
x"® @ while maintaining the angles between the axes;

2) distorting the angles between the axes x'°@, x'1@ x2@ x3@ directly, while
maintaining their lengths.

We consider affine distortion separately.
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1. Suppose that only the lengths of the axes x'°®@, x'1@® x'2@) '3 are changed
by the distortion. Then these axes can be expressed by the original ideal cube axis x°®),
x1@ x2@) x3@ ysing the appropriate coordinate transformations:

X% = 600 @X%@ + 101 @OXLD) 4 G Dx2@) 4 @y 3(@):
X'1@) = 610@X0@ + g1, @xLOD) 4 1, @Dy 4 g, (@y3():
X'2@) = G0 @X0@) 4 10y @OXLOD) 4 1 @x2@) 1@y 3(@):
X3 = grag@X0@) 4 3 XA 4 15, (@Dx2@) 4 (o530, (17.1)
where
0i® = dx"1@/dxi@ (17.2)
using Jacobian transformations or components of tensor elongations.

2) Suppose now that the change only affects the angles between the axes of the
coordinate system x'°®, x'1@ x2@ x3@ and the lengths along the axes remain un-
changed. In this case, it is sufficient to consider a change of angles among the basis
vectors e'o®, e1®, e’,@, ¢'5@ in adistorted frame.

From vector analysis, it is known that the basis vectors of a distorted 4-basis e’o®,
e'1®, e,®, e'3@ can be expressed in terms of the original base vectors e,®, e;@, g,@,
e3@in an orthogonal 4-basis via the following system of linear equations:

£'o@ = 00@ gy (@ + OL@) g, (@ + 02(a) g, (@) + BO3(@) g, (a):
g/, = BL0@ (@) + R11E) g, (@) + B12() g, () + R13(@) g (@);
g/, = [20@) g (&) + R21(a) @, (@) + 22(a) g, () + R23(a) @ (@),
8'5@ = 4300 g (@ + 481(@) g, (@) + 432(a) g, (@) + B03(@) g (a) (17.3)
where
ﬁpm(a) = (e'p(a) .em(a)) = CcOoS (efp(a) “em(a)) (17.4)
using the direction cosines.
The systems of equations (17.1) and (17.3) can be represented in a compact form:

x'i (@)= aij(a) x i@ (17-5)

and
eyp(a) = ﬁpm(a) em(a)_ (176)
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The remaining 7 distorted cube corners in a Ann-vacuum (Figure 17.1) (or rather
the remaining fifteen 4-bases of Figures 6.2 and 6.3) are described similarly.

Consider, for example, the distorted 4-basis vector (10.1)

ds’ M =e{Mdx"1 (™, (17.7)
With regard to (17.5) and (17.6), vector (17.7) can be represented as
ds’ ™= g P g Mg el (17.8)

Similarly, all the vertices of a distorted cube An,-vacuum can be represented by
vectors
ds’@= gpm@ g (@) apj(a)dxj(a), (17.9)
wherebya=1, 2,..., 16.
18. Curved metric 4-space
For example, consider two vectors (10.1) and (10.2), but given in the 5th and 7th
curved affine spaces
ds’®)= gin®e, )y C)dx, (18.1)
ds’ M= gre, Ny lx (18.2)
We find the inner product of these vectors
ds7(792= (s’ (Nds’6) = ﬂpm(7)em(7)api(7)/>"”(5)en(5)a|j(5)dXide = Cij(7'5)dxidxj (18.3)
where
Cij(7,5)= ﬂpm(7)em(7)api(7) ﬂln(S)en(S) alj(S) (18.4)
are components of the metric tensor (7, 5)’th metric 4-space.
Thus, the metric (7, 5)’th metric 4-space which results is
ds (79)2= ¢;(79)dxidx] (18.5)

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

(7.5 ~(75) (7.5

Coo" Cro” G0 C3g
oo _| 0 o o oo 156
G = s 7,5 7,5 7,5) |- 18.6

A A Ve Y
(75) (75 (75 (7.5
Coz™" Ci3™" G377 Cg3

(7.5)

Similarly, the paired inner product of any two vectors (17.9)
ds’@= grm@e, (@g @x' (18.7)
ds’®) = ginGle, )5 O)qixi (18.8)
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leads to the formation of an atlas, which consists of 16 x 16 = 256 of all possible
4-dimensional curved sheets (i.e. metric 4-subspaces) with metrics
ds 7@ D2= ¢.@ Dgxidxd, (18.9)
whereby a=1,2,...,16; b = 1,2,...,16, with respective signatures (10.15) and metric

tensors
ol o e
b b b b
o [ et ol e 1810
Bl |
b b b b
c3” c5” 5 Y
where
Cij(a, b)— ﬁpm(a)em(a)api(a)ﬂln(b)en(b)alj(b) (18.11)

are components of the metric tensor (a,b)’th curved metric 4-subspace.
19. 4-tensor of deformations
The classical theory of elasticity, the actual state of the local volume of an elastic-
plastic medium generally describes only one space «frozen» in the reference system
with its corresponding 4-basis. This leads to the analysis of only one type of quadratic
form
ds 2= g dxidx (19.1)
where gjjdescribes the metric tensor components of the local portion of the curved
metric length (16 components, but of these only 10 are effective, due to the symmetry
9ji = Gij).
The quadratic form (19.1) is compared with the quadratic form of the original, the
ideal state of the same local area of the elasto-plastic medium [13]
dso? = gi;°dxidx. (19.2)
By subtracting the initial state metric (19.2) from the current state metric (19.1),
we get [13]

ds? —ds,” =(g; — g;)dx'dx’ = 2¢,dx'dx’, (19.3)
where
CREHE (19.4)
which is a 4-tensor deformation.
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The representations developed here differ from the classical mechanics of contin-
uous media only in that the investigated section (cube) of an elastic-plastic medium (in
this case the An,-vacuum) describes a 4-basis, associated with one of the eight corners
of the given cube (Figure 17.1), and therefore describes all the sixteen 4-bases (Figure
6.3) (two 4-basis at each vertex of the given cube).

This leads to the fact that instead of one metric type (19.1) in the Algebra of Sig-
natures there appears 256 metrics (18.9)

ds@b)2= ¢;@b)dxigx] (19.5)
with the corresponding signatures (10.15) which describe the same region (in particular
the «vacuumy») from different sides. In this case the metric-dynamic state of the given
volume is described not by these 16 terms (components of the metric tensor g;i), but
rather by 256 x 16 = 4096 components of the 256 tensors from g;®® (18.11). This
achieves not only a significantly more precise description of the scope of the curved
elastic-plastic medium (in particular, Am,-vacuum) in the vicinity of the point O (Figure
6.1) but also provides the rationale for the identification of a number of more subtle
effects of a vacuum (which will be considered in future articles).

The mathematical apparatus of light-geometry of the Algebra of Signatures (AS)
developed for research is not only a «vacuumy, but also any other 3-dimensional con-
tinuum in which the wave disturbances (light, sound, phonons) are distributed at a con-
stant speed.

20. The first step of compactification of curved measurements

As in Section 11, in the first stage of compactification of additional (auxiliary)
curved mathematical measurements, AS proceeds by averaging 4-metric spaces with
the same signature.

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

age the metric tensors
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Céﬁ4,2) 01(211-4,2) Cg]:.lA,Z) C?(i4,2) N
Céﬁ;4,2) Cg4,2) CgAZ) C:5)124,2)
C((Jié42) CgAZ) CgA 2) C§1342)
el )| (o o o o
o | e | 1] [l o o o
Vol ap el e |16l o o o [T
dp ey o o) | ol o ol o
el o ok o
(20.1)

where p corresponds to the 14" signature (— + — +) according to the following reference

numbering:

b=+ (=
LT @)
S St

|
+
+
+
— — — —r

and the averaged metric
<dsC 92> = ¢;Mdxidx . - (20.3)
Similarly, because of the 16-fold degeneracy of the metrics 256 (18.9) of curved
4-subspaces we obtain 256 : 16 = 16 averaged metrics with 16 possible signatures
<dst——)2> sl g1 St —tE
<ds——+2> < dstr--0lm <gs-r-2m < 2>
, 5 . . (20.4)
st o fil-——=02n e+ + -2 < s C+ 2=

<dsttt—1>  <gs-T1> g5t st -
where < .> denotes averaging.

The additive superposition (i.e., average) of all the 16 averaged metrics (20.4)

should, according to the “Amp-vacuum condition» (Def. 12.4), be equal to zero
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16 .
ds? =Y el dxdx; = cPdx'dx’+ P dx'dx+ cPdx'dx+ c{Pdx'dx’+
=1

+cldx'dx !+ cPdx'dx+ cfdx'dx!+ ¢ dx'dx’ +

(20.5)

+cdx'dx !+ cfVdxdx!+ cf Pdx'dx+ ¢fPdx'dx! +

+eiPdxdx !+ cf Ydx'dx + ¢V dx'dx + ¢Pdx'dx’ = 0.

All 16 x 16 = 256 components of the 16 averaged metric tensors with ¢;® can be
random functions of the observer’s time. But these functions retain a vacuum condition,
so must be combined with one other to give the total metric (20.5) which, on average,
always remains equal to zero.

Based on the total metric (20.5), one may develop Amn-vacuum thermodynamics,
considering the complex, near-zero «transfusion» of local Am,-vacuum curvatures.
They may be considered as representations of Am,-vacuum entropy and temperature
(that is, the randomness and intensity of local Ann-vacuum fluctuations). One can con-
sider the cooling of a Anp-vacuum up to «freezingy, or to the contrary its heating up to
«evaporation» and many other effects that are similar to the processes occurring in
conventional (atomistic) continuous media. Properties of An,-vacuum thermodynamics
mainly are related to the processes when the gradients of An,-vacuum fluctuations ap-
proach the speed of light: dci; ®/dxa= ¢ or dc;j®/dx, = 0.

21. The second step in compactification curved measurements

Just as was done in Section 13, the expression (20.5) can be reduced to two terms

@sO? + «ds™? = (gdxidxi + «gi>dxidxi = 0, (21.1)
where
o 1 o
(g hax'dx =g} adx = = 3 ' (21.2)
p=l

IS a quadratic form which is the result of averaging seven metrics of (20.4) with

the signatures included in the numerator of the left ranks (13.1);

4 [P R iy ] 1 < i4y ]
(gihdxidx!=(g\ " ydx dx’:7z;ci(j”)dx dx (21.3)
p=
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Is a quadratic form which is the result of averaging seven metrics of (20.4) with
the signatures included in the numerator of the right order (13.1).

Thus, from the totality of Ann-vacuum fluctuations can be identified:

— the averaged «external» side of a 23-An,-vacuum region (or averaged subcont)

with the averaged metric

dst*——2= dsO? = g;Odxidx} with signature (+ — — -), (21.4)
where
gy 9% 0% of
g o o o ol (21.5)
6= "0 T o e '
gOZ ng gZZ gSl
ge 9% of off

— averaged over the «inner» side of 23-An,-vacuum region (or averaged antisub-

cont) with the averaged metric

dst ** 42 = ds2 = g;(dxidx! with signature (— + + +), (21.6)
where
9 () - 40
900 glo) g%O) 930)
() _ 901 gll 921 g31
gl =| 20 1 _ 21.7
! 902) 912) ggz) 931) ( )
905 913) gég) 933)

The brackets < .> (averaging) in metrics (21.4) to (21.7) are omitted for the sake
of clarity and simplicity.

Figure 21.1 shows schematically the averaged double-sided portion of a 23-Ann-
vacuum region, the outer side of which (subcont) describes the metric ds©? (21.4)

while the inner side (antisubcont) describes the metric ds™? (21.6).

71
Content is licensed under the Creative Commons Attribution 4.0 license (CC-BY 4.0)



uC]lTp HAQYIHOI'0 COTPYAHHUYIECTBA <(l/l]lTCpaI\“THB ITIOC»

4-dimensional inner side
of 23-Amvacuum region

. ) X
4-dimensional outer side
of 23- Apmvacuum region

ds=12 = g{r.{—] dxidy . ds+)12 = g{;_{ﬂdrfdw _.

signature (+ ——-) X, signature (—++ +)

Fig. 21.1. A simplified illustration of a section of a double-sided 23-A.,,-vacuum
region, the outer side of which describes a 4-metric ds©?, while its inner side

describes a 4-metric ds™?, whereby e—0

22. The tensor 4-tension of a 23-Amn-vacuum region
Let the original uncurved metric-dynamic state of the given portion of the outer

side of a 23-Am-vacuum region (i.e. averaged subcont) be characterized by the aver-

aged metric
dso©? = gijpOdxidx! with signature (+ ——-), (22.1)
and the curved state of the same portion of the averaged metric is given by
ds©? = g;;Odxidx! with the same signature (+ — —-). (22.2)

Unlike the curved state of the section of subcont, its uncurved state is determined
by the difference of the form (19.3)
ds©? = g;;Odx'dx! with the same signature (+ — —-). (22.3)
where
& =Y (97 — ") (22.4)
are the 4-tensor deformations of the local area of the subcont.

The relative elongation of the curved portion of the subcont is equal to [13]
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ds® —ds’®  ds®

10 = ds°@  ds®® -1 (22.5)
whence
dsO2 = (1 + 10)2dseO2, (22.6)
Substituting (22.6) in (22.3) with (22.4), we have [13]
& =% [(1 +19)2 - 1] gi;©, (22.7)
or, unfolded
& = % [(1 + 5O + [[O) cos ) — cosBio] gippt, (22.8)
where

S is the angle between the axes x;and X; in the coordinate system “frozen” to
its original uncurved state of the given subcont portion;
Sij O is the angle between the axes X" and ;" in the distorted frame, “frozen” in
the curved state of the same portion of the subcont.
When o™ = 212, the expression (22.8) takes the form
&) =Y [(1 + )L + 1) cos ) — 1] gijoL. (22.9)
For the diagonal components of the 4-tensor deformations & in the expression
(22.9) simplifies to
& =% [(1 + 1) 1] gic©, (22.10)
It follows from [17] that:

~ 28_(—) g~(-_) _ g_(_)(—) g_(_—)
=) _ i _ ii i _ ii
10 = 1+ gii7 L [t e i L (22.11)

If the deformation of &; @ is small, by expanding the expression (22.11) along a

row, using only the first member of the series, we obtain the relative elongation subcont

TR (22.12)

i 00
Oii

Likewise, the local deformation of the inner side of the portion of the 23-A,-vac-

uum region (average antisubcont) is defined by the expression

dst? — dsp™? = (g;")- gip™)dx'dx! = 2;dx'dx, (22.13)

where
&= (g™ — gii™) (22.14)
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are the 4-tensor deformations of the local antisubcont region;

dso™? = gijp™Mdx'dx with signature (— + + +) (22.15)
is the metric of the uncurved state of the antisubcont;
ds "2 = g;(Wdxidx] with the same signature (— + + +) (22.16)

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

ds(+) _ dSO(+) ds(*)

) _ _ 1.
1™ = ds°™ _dSO(+) 1

(22.17)

Define the 4-tensor deformations of a double-sided 23- A,n-vacuum as the average
lengths of
=1 (&M + ) =% (g D+ g ), (22.18)
or, using (22.4) and (22.14)
&9 =" (9 + gi0) = 2 (™ + gip") = %2 (4 + 9 (22.19)
since, according to the “vacuum condition” (4.6):
iic™ + gijoO = gijpC T + gt =0,
The relative elongation of the local portion of the two-sided 23- A,,-vacuum region
li® in this case should be calculated using formula
19 = 1(19 +10), (22.20)

where

(#) () ()
1) :\/1+ z‘ii(iﬂ _1:J1+ gii (‘L?ii -1,

(£) (+) (=)
1O =\/1+—2‘§i(i) —1:\/1+W—1. (22.21)
g

Since in any case one of the components of gijo” or gijp{* is negative, the relative
elongation (22.20) may be a complex number.
In this regard, we note the following important fact. If both sides of the expression
(22.19) multiplied by dx'dx], is obtained by averaging the quadratic form
ds®2= y (dsO2+ ds(*)?), (22.22)
resembles the Pythagorean theorem ¢ = a? + b2 This means that the line segments

(%)Y2dsO and (y)Y2ds™ are always mutually perpendicular in relation to each other:
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ds® ;. ds® (Figure 22.1), and two lines directed in the same direction can be always

perpendicular to each other only when they form a double helix (Figure 22.2).

ds®
J/5ds

Jds ©

Fig. 22.1. Relationship sections of ds® and of ds®

Fig. 22.2. If you project such a double helix onto an appropriate plane,
then at the intersection of any two of the resulting curves, the corresponding

tangents will be perpendicular to one another

Thus, the average metric (22.22) corresponds to the length “braid”, consisting of
two mutually perpendicular coils s and s™. In this case, as the average relative elon-
gation (22.20), a portion of the “double helix” can be described by a complex number

ds = ¥ (ds O+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 metrics with different sig-
natures (where k = the number of averaged metrics, i.e. the number of «threads» in the
«braidy).

In particular, the averaged metric (22.22) is called a 2-braid, since it is “twisted”
from the 2 lines («threads»): ds©)=ds“ =2 and ds®=ds***),

In the following, going to a deeper level from these 16, the metrico-dynamic prop-

erties of the local portion of 25-A,,-vacuum is characterized by a superposition length
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(i.e., the additive superposition or averaging) of sixteen 4-metrics with all 16 possible
signatures (11.5), i.e. a 16-braid:
dsz? = 1/16 (dst —— 2+ dst +*+ 92+ dsC =2 4 ds 2 4
+dsC 2+ dst 24 dsC 2+ gt 2+ (22.24)
+dsC+*+ 924 st )2 4 gst ++ )2 4 g ++)2 4
+dst 124 gs—*+ M2 4 st -+ 12 4 ds(’+*+)2) =0.

In this case, we have sixteen 4-tensors deformations of all kinds of 4-spaces

I NG NN )

‘c"ij gu gij g”
(5) (6) (7 ®)
s | G E & & (22.25)
i T L@ .00 an .12
g & & &
(13) (14) (15) (16)
& & & &
where
&= Vs (ci® -~ cijp®) (22.26)

Is the 4-tensor deformations in the p-th 4-subspace;
cijo ® ~the metric tensor of the uncurved portion of the p-th 4-subspace;
cij ®~the metric tensor of a curved portion of the same p-th 4-subspace.
We consider the 16-sided 4-tensor deformations siusy on a local portion
of a 2°- Ann-vacuum whose length equals
gias)” 1116 (& O+ g O+5;@+5W+50+6O+5+50+5O+
+5{10+ g1+ 5,12+ 5,19+ 5,1+ 5,15+ 5,19)), (22.27)
and the relative elongation of the local portion of the «vacuumy in this case can be
calculated by the formula
i o)™ 71 1i Paey " 17211 Pagy " 73 1i Oaey ...+ 174 1i O gy (22.28)

2¢;
% =1 C_Q((:)a) -1 (22.29)

where 7, (Wwhere m=1, 2, 3,..., 16) are the orthonormal basis objects satisfying the

where

relation of a anticommutative Clifford algebra
HmMn + Hnm = 25mn, (2230)

whereby Jny is the unit 16 x 16 matrix.
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This portion then consists of sixteen braid «threads»:
ds ae) = 71 ds )+ 2 dst D 4y dsC D+ g, dst P +
+75dsC ) + e dst )+ 7 dsCF ) + pgdst ) +
+ 79 dSC* ) +y30dSC I + pya dsE ) + o ds O +
+ 7723 AS™ ) + 4 dsSC T + s dS T P e dsCF N =0, (22.31)
If all the linear forms ds® =2, dst***%), ..., dsC*~* can be represented in a diag-
onal form, then in accordance with (14.11) expression (22.31) can be represented in

spin tensor form

= 1 0 0 —i 0 -1 i 0
ds (16) gét’dxo(o _1j+gf?dx1[i oj 9“)dxz(1 OJ+9§?d (o _J +
0 -1 0 -—i -i 0
gsf;dx{ rason(] ) Jragan[] Jeaed 0]

1 0 0 i 0 1 1 0
sanl? eaa ratn(%, Jeaeft %)

-1 0 0 1 0
+ g(“)dxo[o J+9ﬁ"><{ . Oj+g§‘?><{1 oJ*gé)X(o J +
1 0 0 -i 1 i 0
L POt e e Y e

-10 0 -1 0 1 -1 0
T oy 1j+gﬁz)dx1[l 0]+9§22’dx2(_1 Oj+g§¥)d><{0 _J+

1 0 0 i 0 -—i -1 0
P T B T A T
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-1 0 01 0 -1 -i 0
+gét“’dxo[0 J+gﬁ“)dx1(_l 0]+g§12‘”d><2[1 OJ+9§1;‘)dX3(O _J*

10 0 -1 0 1 1 0
+gét5)dxo[o _J+gfis)dx1[1 Oj+g£25)dx{_l Oj+gé1§’)dx{o _J*

-1 0 0 1 0 i i O
+gét6’dxo[o J+gﬁﬁ)dx{_1 Oj+g§§)dxg[i Oj+g§1§)d><{0 ij- (22.32)

There are even deeper, 2"-sided levels which arise from consideration of the met-
ric — dynamic properties of «vacuumy» (paragraphs 1.2.9, 1.2.13 in [5]). Continuing in
this manner, the number of metric tensor components goes to infinity.

23. The physical interpretation of non-zero components of the metric tensor

Let the metric-dynamic state of the two 4-dimensional local portion of the 23-A;-
vacuum have the given metrics (21.4) and (21.6). Then, the non-zero components of
the metric tensor (21.5) and (21.7)

(+) (+) (+) ) ) (=)
C 0 O Oy O O O
(+) (+) (+) ) ) (=)
C 05 9 Os C 0 9% O
(+) (+) (+) ) =) (=)
O O Oss v O3 O U

0% =| " ) 0 =| (23.1)
define the local spatial curvature of the 3-dimensional «vacuumy cell. Here the sub-
scripts a, f correspond to 3-dimensional considerations (o, f =1, 2, 3).
The scalar curvature of a 3-dimensional cell of a «vacuum» in bilateral form is
determined by averaging the expression [2]
R® =y (RO+RM), (23.2)
where the scalar curvature of each of the two sides is also determined as in GR
RO = gO%R,,) and R® = gabR ™), (23.3)
where

gy _ar,
o ox' ox’

S Y AL B A (23.4)

m,

which is the Ricci tensor of the external (-) or internal (+) «side», respectively, of the

«vacuumy cells;

Y _1 y) ag B aga agaﬂ
lan =30 #[8x/; " o ) (23.9)
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which are the Christoffel symbols of the external (-) or internal (+) side respectively,
where g* is respectively g+ or g,
The tension of the 3-tensor describing a 3-dimensional «vacuumy cell is given in

this case by the averaged expression

Eap = Vo (s + £0p0), (23.6)
where

Eap O =5 (GopO — G o), (23.7)
which are the 3-tensor deformations of the outer side «vacuum» cells;

&g =5 (9up™ — 9 upo™) (23.8)

which are the 3-tensor deformations of the inner side of the «vacuum» cell.

The theory of local deformation of 3-dimensional regions of the «vacuum» can
be developed by analogy with the conventional theory of elasticity (atomistic) of solid
elasto-plastic media [13] taking into account the two-way (or 2"-sided) properties.

24. The physical interpretation of zero components of the metric tensor

To explain the physical meaning of the metric tensor zero components (21.5) and

(21.7)

) ) ) ) ) (+) (+) (+)
gOO glO gZO g30 gOO gl(; gZO gSO
“) 901) ) g((ﬁ)
ng = ) ’ giO = (+) (241)
Jo2 0oz
) (+)
903 gog

we use kinematics of the dual of the 23-A,,-vacuum region.
Let the original (undisturbed and uncurved) state of a 23-A,,-vacuum be over a
given set of metrics (7.3) and (7.4)
dsod 2= Cdif— d® — dy? — dz? = dsO'dsO" = cdicdl’" dx'dx''- dy'dy'- dz'dz",  (24.2)
{dso(ﬂl — AP +dx+ dyH+ d7t = ds'ds® = — cdtcdt'+ dY'dx"+ dy'dy' +dz'dz",  (24.3)
where
ds®’ = cdt’ + idx'+ jdy’'+ kdz’ — mask of the subcont; (24.4)
dsO" = cdt’"+ idx""+ jdy’+ kdz " — interior of the subcont; (24.5)
ds®) = — cdt'+ idx'+ jdy'+ kdz' — mask of the antisubcont; (24.6)

ds®™)” = cdt”- idx"'- jdy"'- kdz"" — interior of the antisubcont, (24.7)
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which are affine aggregates, with the quaternion multiplication table for imaginary
units of this type given in Table 24.1.

Table 24.1
i ] k
i -1 k -
j —k -1 i
k j i -1

Definition 24.1 A mask of a subcont is a 4-dimensional affine length interval of

type
ds®’ =cdt’ +idx’ + jdy’ + kdz'.

Definition 24.2 An interior of a subcont is a 4-dimensional affine length interval

of type
ds®" =cdt”+ idx"’ + jdy” + kdz".

Definition 24.3 A mask of an antisubcont is a 4-dimensional affine length interval

of type
ds®’ = —cdt’ + idx’ + jdy’ + kdz'.

Definition 24.4 An interior of an antisubcont is a 4-dimensional affine length in-

terval of type
ds® " =cdt” —idx"” — jdy'— kdz"".

We consider four cases:

1. In the first case we have the mask and the interior of the external and internal
sides of the 23- Am-vacuum region (i.e. subcont and antisubcont) moving relative to the
initial stationary state along the axis x with the same speed vy, but in different directions.
This is formally described by the coordinate transformation:

t'=t, X' =X+ wt, y'=y, =z — for a mask; (24.8)
t"=1t, X" =xX—-wt, y"'=y, z"= z— for an interior. (24.9)

Equality of the modules of the velocities vy foramask and an interior leads to the

«vacuum condition», which requires that every movement in the «vacuumy there is a

corresponding antimovement.
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Differentiating (24.8) and (24.9), and substituting the results into the differential
metrics (24.2) and (24.3), we obtain a set of metrics
ds= (1+vidied)etdi— dx? — dy? — dz; (24.10)
{ dsi2= — (1+ vd/et)c2dit+ dx2+ dyi+dz? (24.11)
describing the kinematics of the joint motion of the exterior and interior sides of a 23-
Amn-vacuum region (subcont and antisubcont) by applying the principle of «vacuum
balance».
dsO2+ ds*2=,
2. In the second case, suppose masks and interiors of a subcont and an antisubcont
move relative to their original stationary state in the same direction, along the x-axis
with the same velocity vy This is formally described in coordinate transformations:
=1 X =x—Wt, Y=Y, 2=z — for a «mask» (24.12)
t"=t, X" =X—-Vvd, y'=y, 2=z for an «interior»  (24.13)
Differentiating (24.12) and (24.12) and substituting the results of differentiation

in the metric (24.2) and (24.3), we obtain a set of metrics:
dsO?2= (1-v2/c?)c?df + vdxdt + vididx — dx* — dv?— d=2, (24.14)
{ ds2 = — (1—v2/cd)ctdr? — vedxdt — vedxdt + dv*+ dy2+ d=2. (24.15)
In this case, the vacuum balance is also observed, as ds“2* dst 2= 0, but there

are additional terms v,dxdt which coincide.

The null metric tensor components (24.1) in the second case are in most cases

equal to
1-vi/ed v, 0 0 ~1+vile* -v, 0 0
. Vo o e e . e
e e . (24.16)
0o . . . 0o . ..

3. Let the mask and the interior of a subcont and an antisubcont (exterior and
interior of sides 23-An,-vacuum region) rotate about the z-axis in the same direction
with an angular speed «. This is described by the change of variables:

t’=1t X’=xcos2t-ysinQ2t, z’=z,y=xsinQt +ycost, (24.17)
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t”7=1t,X”=xc0sQ2t—-ysinQ2t, z”=1z,y”=xsin2t +y cos2t. (24.18)
Differentiating (24.17) and (24.18) and substituting the results in differentiation
of the metric (24.2) and (24.3), we obtain the metrics [10]
dsO?= [1- (22/c)(x* +y)]c?dt?+2.02 ydxdt — 202 xdydt — dx?— dy?— dz?, (24.19)
dsO?= — [1- (22/c?)(x* +?)]c2dt?-2.02 ydxdt +2.02 xdydt + dx? + dy? + dz?, (24.20)
In cylindrical coordinates,
p’=x*+)? 1=171t=t, ¢ =arctg(y/x) — Qt. (24.21)
the metrics (24.19) and (24.20) take the form
dstl= (1 -plR%¥ed) ddii— pi/edodt— plQ/cdidp—doi—pldpl-d?, (24.22)
{ dst2 = — (1 — p202%e?) di2 +p 202 /cdpdt +p2Q/cdidp + dp? +p2de?+dz2. (24.23)

The components of the metric tensor (24.1) equal

1-pQ%* —pQle 0 0 ~1+p°Q%c* p°Qle 0 0

2 2
_ -pQlc e , Qlc e e
0 o 0 o e

4. The case where the mask and the interior of a subcont and an antisubcont rotate
in mutually opposite directions with angular speed (2can also be considered. This is
described by the change of variables:

‘=1, X'=XC0s2t—-ysinQ2t,z’=z,y'=xsinQ2t +y cosNt, (24.25)
t"=1t,x”=—-xcos2t+ysinQ2t,z’=z,y”=-xsinQ2t -y cost. (24.26)
and leads to similar results.

From the above examples it is clear that the null metric tensor components are
associated with the translational and/or rotational movement of various of sides of a
23- Amp-Vacuum region.

The state of motion of the local 3-dimensional region of the «vacuumy is charac-
terized by the average of the null-metric tensor components

05 = %(05)+ 95). (24.27)

In all four cases considered, the averaged components of the null metric tensor

(24.27) equals to zero g$’ =x(g$’ +g{’)=0. This means that mutually opposite
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processes can occur inside a portion of the «vacuumy, but in general, this portion re-
mains fixed within the local 3-dimensional region of the «vacuumy.

However, there are cases where the intra-vacuum processes cannot compensate
for each other locally, only globally, due to phase shifts. In this case the local 3-dimen-
sional «vacuum» portion may participate (as a whole) in a closed intricate motion.
Consider an event at a specific example. Suppose at some site in the «vacuumy there
Is a kinematic-vacuum process such that

t' =t X =X+ vit, y'=y, 2’= z — for the mask of a subcont; (24.28)
t'=1t, X" =x—vxt y'=y, z'=z - for the interior of a subcont. (24.29)
t' =1, X' =X+ vait, y'=Yy, z’= z — for the mask of an antisubcont;  (24.30)
t'=1t, X" =X—Va t,y'=Yy, 2'= z — for the interior of an antisubcont, (24.31)
where Vi x # vax # Vax 7 Vax, but the balance of overall observed motion equals
Vix — Vax + Vax— Vax = 0. (24.32)
In this case, the outer and inner sides of a 23-Ay,-vacuum region (subcont and
antisubcont) are described by a set of metrics
dsRl= (1+ vy va/ed)e2dir — vydidx + vadxdi— dx? — dy? — dz7%, (24.33)
{ dsH= — (14 vax Vau /)i + vadtdx — vadxdt + dx? + dy? + dz-, (24.34)
wherein the non-zero average nul-metric tensor components (24.27) are of the form
Joo @ = (Vax Vax — Vax Vax)/2¢%, Jor @ = (VaxVix)/2, 910 = (Vax - Vax)/2, (24.35)
whereby
(Vix + Vax) — (Vax + Vax) = 0. (24.36)

This means that some local region of the local 3-dimensional «vacuumy is in-
volved in an intricate movement along the x-axis, so the principle of the «vacuum bal-
ance» is formally complied with in relation to the total amount of motion (24.32).

25. Maximum velocity of An,-vacuum layers

We ask the question: «Can the sides of a 23-An-vacuum region have any given
speed?»

Consider this question as an example of the metric (24.14)

ds@? = (1— v,2/c?)c?dt? + 2v,dxdt — dx? — dy?— dz2. (25.1)
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We develop (25.1) by completing the square

2 2
ds©? = dt? 41-"-;-% | gy -dz (25.2)
¢ ¢ J v
1_ X

and introduce the notation

v, v
c'=cl-—= - i y=y, 7'=z. (25.3)

X
cdt V2 U=t X= 2’
1_7X 1 Vx
c? 2

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

ds©O? =¢%dt'2 —dx’? —dy'” —dz’?, (25.4)

The physical meaning of the expressions (25.2) to (25.4) is fundamentally differ-

ent from the axioms of SR and GR of Einstein, so further clarification is required. Ein-

stein's postulate of the constancy of the speed of light in «vacuum» remains unchanged.

However, if one of the sides of a 23- Ay-vacuum region moves as a unit with the speed

Vx [See (24.12) to (24.15)], then for a third-party observer located on the fixed lidar
(Figure 3.1.) the direct light beam will propagate with a velocity

c'=cl-=% ——= : (25.5)

This is similar to the way a stationary observer measures the speed of waves prop-
agating on the river. This observer finds that the velocity of propagation of the surface
perturbation depends on the rate of flow of the river, whereas the water relative velocity
of propagation of disturbances remains constant and depends only on the properties of
water (density, temperature, impurities, etc.).

From the expressions (25.3) we see that, in the cases (24.12) to (24.15), the prop-
agation velocity of the outer side 23-Any-vacuum region (subcont) cannot exceed the
speed of light. At low speeds (vx << c) to the casual observer velocity c¢' is somewhat
smaller than the speed of light

V. X
cdt
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Thus, in the case of (24.12) to (24.15), despite the fact that the interpretation of
the mathematical apparatus of the cited theories are different, the main physical find-
Ings remain unchanged.

However, in the case of (24.8) to (24.11), the situation is different. Consider this
realization of intra-vacuum processes in an example in which the subcont motion is
described by the metric (24.10)

dsO2= (1+ v,@/c?)c?dt?— dx? — dy? — dz2. (25.6)

In this case, the introduction of the notation

2
c':c1/l+\é—§ t=t, xX'=x, y=y, 7=z (25.7)

leads metric (25.6) to the invariant form (25.4), but no restrictions on the counter speed
vy Of the mask and interior subconts arise. This fact requires a separate detailed consid-
eration because it allows for the possibility of organizing intra-vacuum superluminal
communication channels.
26. Inert layer properties of a Amp-vacuum
Returning to the consideration of metrics (24.2) and (24.3)
dstt——2=ds2=" ¢c2dt? — dx?— dy?— dz?, (26.1)
dsC* "2 = ds™M2= _ c2dt? + dx®+ dy? + dz2. (26.2)
We bring the quantity c?dt? to the right sides of the equations of these metrics, and

outside the parentheses:

2
ds’ = czdt2(1—§) (26.3)

2
ds’? = —czdtz(l—\é—z) , (26.4)

where v = (dx?* dy? *dz?)?/dt = dl/dt is a 3-dimensional velocity.
Extract the root of the two sides of the resulting expressions (26.3) and (26.4). As
a result, according to the notations introduced in (24.4) to (24.7), we obtain

ds' = cdt,/l—\é—2 for the mask of the subcont (26.5)

2
ds(’)”=—cdt,/1—\é—2 for the interior of the subcont; (26.6)
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2
ds™'= icdtwfl—\é—2 for the mask of the antisubcont; (26.7)

2
ds"'=—icdt, |1~ — for the interior of the antisubcont.  (26.8)
C

For example, consider the 4-dimensional velocity vector of the mask of the sub-
cont [10]
Ui = dx' /ds)”. (26.9)
Substituting (5.26) in (9.26) gives 4-velocity components [10]

u = 2 vy Y . | (26.10)

v v v v?
\/1_02 CJl‘cz CJl‘cz CJl‘cz

Let a given mask of the subcont move only in the direction of the x-axis. Then the

components of its 4-velocity are given by

o =| 2 Y« 00| (26.11)

v
\/1_(:2 CJl‘cz

We now define the 4-acceleration mask of the subcont

du” | d 1
[ RN . P (26.12)
cdt cdt L v cdt v

and consider only the x-component

dul’ d v

S X , (26.13)
cdt  cdt V2
ci1—--=%
C
where the value of
4l Y |50 (26.14)
dt V2
1- %
C
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has the dimensions of the x-component of the 3-dimensional acceleration.
We differentiate the left side of (26.14)

20 = 1 _ V2 3 dv, (26.15)
[ oy
C Cz
and introduce the notation
dv,/dt = ¢, (26.16)

The expression (26.15) takes the form

2
(L R Y (26.17)

VX2 2\>

where a,7 is the actual acceleration portion of the mask of the subcont, taking into

(]

account its inert properties; and a," is the ideal acceleration of the same portion of the
mask of the subcont excluding the inert properties.
We represent the expression (26.16) in the form
a” = ", (26.18)

where

S I N I | (26.19)

:ux - V2 3
5N\>

1_7)( Vx 2

\/ c? 02[1_ 2j

C

Is a dimensionless inertia coefficient that relates the actual and ideal acceleration of the
local section of the mask of the subcont under consideration, and shows how the inertia
(i.e. resistance to change of the state of motion) of this section changes with the change
of its velocity.

From the expression (26.19) it follows that when vy, = 0, the inertial coefficient

) =1and a =a0. This means that the portion of the mask of the subcont offers

87
Content is licensed under the Creative Commons Attribution 4.0 license (CC-BY 4.0)



uCllTp HAQYYHOT0 COTPyAHN1YIECTBA <(l/lllTC]’)al\“TIlB ILJTIOC)

no resistance to the start of its motion. When vy approaches the speed of light as the
coefficient of inertia 14~ tends to infinity, further acceleration of the mask of the sub-
cont becomes impossible.

Equation (26.18) is an analog of a massless version of Newton's second law

Fx = may’, (26.20)
where Fis the force vector component; m is the mass of the body; ax’is its ideal ac-
celeration component.

Comparing (26.18) and (26.20), we find that in Ann,-vacuum dynamics, the mass-
less inertia factor (coefficient) 14 of the local area corresponding to the mask of the
subcont is an analogue of the inertial mass density of a continuous medium in post-
Newtonian physics.

Sequential substitution (26.6) to (26.8) in the expression (26.9) can be formulated
analogously to the inertia factors 1", 1™, 15" for the three remaining affine
layers of the 23- A, -vacuum region. The total coefficient of inertia of the local portion
23-Zmn-vacuum is a function of the lengths of all four inertial coefficients

) =1 (1O 1107 1 1 97), (26.20)
The form of this function will be defined in the exposition of Any-vacuum dynam-
ics in subsequent articles.
27. Kinematics gap of a local region of the «vacuumy
For in much wisdom is much grief;
and he that increaseth knowledge increa-
seth sorrow.
Ecclesiastes 1:18

The theory of light-geometry of «vacuum» opens up opportunities for the devel-
opment of «zero» (vacuum) technology. The mathematical apparatus of the Algebra of
Signatures (AS) allows one to predict a number of vacuum effects [4, 5] which cannot
in principle be predicted by modern physics.

In this article, we consider only the kinematic aspects of the possibility of «rup-

turing» the «vacuumy» of the local area.
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We integrate expression (26.14) [11]:

Y« _a_ t+const. (27.1)
Vi
-
c

Integrating (27.1) again and assuming that xo= 0 at t = 0, we have the following
change in the distance along the axis x under accelerated motion of the mask of the

subcont:

2 242
X=X, :Ax=C—{ 1+ aéz —1].

Let the original (i.e., stationary) state of a local area of a subcont in the given
metric (24.2) be

ds(—)z :CZdtIZ _dXIZ _dy/Z _der . (272)

Uniformly accelerated motion of the portion along the x-axis is then the coordi-

nate transformation formally specified as in [11]:

a 2

c? a’t?
t'=t, X =X+AX=X+—|,1+2--1|, y=y, 7=z (27.3)
§ c

Differentiating the coordinates (27.3), and substituting the results of the differen-

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

c’dt>  2a,tdtdx

=2 _ 2 4y2 442
ds,’ = 2 2 o dx® —dy“ —dz°, (27.4)
1+=2

145
C2

CZ

describing the movement at constant acceleration of a local section of the subcont (i.e.,
the inner side of the side of the 23-4,,,-vacuum extent the the direction of the x-axis.
If, in the same subcont region, an additional flow with a small but uniform de-

crease of velocity is created, i.e., negative acceleration

ull BT (27.5)

then, performing calculations similar to (27.1) to (27.4), we obtain a metric
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c’dt®  2a, tdtdx
_agt? B a’t? B

1
C2 C2

ds? =

dx® —dy? — dz*. (27.6)
1

The mean metric-dynamic state of the local area will be characterized by the av-

erage subcont metric

<ds® >? = %(dsfj’z +ds{?)=

(27.7)
242 242
axt[\/ - a*g +\/1+ ax'i Jdtdx
c’dt? c ¢
= —dx® —dy? —dz*.
a t 4.4
1— % \/1_ axt
¢t c*
with signature (+ — ——). Where we see that in
whereby
a‘t*
= =1, Or |a |t = cor |a,] = C/At, (27.8)

the first and second terms in the average metric (27.7) become infinite. This singularity
may be interpreted as a «rupture» of the given region of the subcont (i.e., the outer side
of the 23-Amn-vacuum region).

The «rupture» of a subcont is a consequence of incomplete action. To complete
the «gap» of the local portion of the 23- Amy-vacuum region, it is necessary to «rupture»
its inner side, the metric described by (26.2) with the signature (— + + +). For this pur-
pose, in the same region as the antisubcont in a An,-vacuum, a similar flow with a small

but uniform acceleration is determined by the average of the corresponding metric.

<ds™ >% = %(ds,fj’z +ds{M?)=

(27.9)
242 242
, o, &t \/1— axz +\/1+ ax'; dtdx
c dt c C ) ) )
=— T+ — +dx° +dy“ +dz°,
1— axt \/1 axt
c’ -t
c
with signature (— + + +), which «ruptures» in the same conditions
a't!
=1, Of |a |t =c, or |a,| = C/At. (27.10)
c
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Averaging the metric (27.7) and (27.9) leads to the implementation of the vacuum

conditions

<<ds >>* =Y (<ds™ >2 + <ds” >?)=0, (27.11)
which, in this situation, is equivalent to Newton's third law, i.e., «reaction equals the
negative of the action in equilibriumy»

FO-FO=ma,™ mal) =a ™ a,0. (27.12)

That is, the process of the «gap» in a local «vacuumy region is similar to the con-
ventional (atomistic) gap of a solid body in which, essentially, the larger the applied
forces, the more precise the resulting acceleration.

It is possible that the «gap» of the «vacuum» conditions described above is formed
in collisions of elementary particles in particle accelerators. A strong collision of par-
ticles leads to «cracks» in the web of the vacuum, while closing these cracks creates a
variety of new «particles» and «anti-particles» (like broken glass shards).

Conclusions

The light-geometric Algebra of Signatures should be characterized with the term
«empty-metric» of «vacuumy» («empty») under investigation, and not Gaia (ancient
Greek. 17, I'a, I'aia — Earth). However, all the theory developed here is entirely suita-
ble for the study of continuous atomistic media (such as water or solids), with the me-
dium probed not by light rays, but by the sound waves that propagate in these media at
constant velocity.

We list the main differences between the Algebra of Signatures (AS) and the the-
ory of General Relativity (GR) proposed by Einstein.

1. GR considers only one metric, such as the signature of (+ ——-) (7.5)

dst~~2= g;;Odxidx!
and therefore unilateral 4-dimensional space, which in some cases leads to paradox,
while the AS takes into account the totality of the 16 metrics (11.1) [or (20.4)]
ds(+———)2 ds(+ +++)2 ds(——— +)2 dS(+ ——+)2
ds(f —+-)2 ds(+ +--)2 ds(f +--)2 dS(+ —+-)2
dS(— +++)2 dS(———— )2 dS(+ ++-)2 dS (-++-)2
dst *~ D2 gst—* M2 g+ -+ H2 gg-+ - +)2’
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and thus the full set of 16-type 4-dimensional spaces with all the signatures (or topol-
ogies) (13.1)

++++H + (o= o 2l
- - — +) + ++ +-) =0
+ - — +) + -+ +-) =0
(= =rdh ey o ++ - +) =0
+ + - = + (- — +4+H =0
(— + - =) + + - ++) =0
(+ — + -y + - + —+) =0
+ — — —» + (— + + =0

This approach allows us to identify ways to solve a number of tasks that previ-
ously did not respond to analysis. For example, with the proposed metric-dynamic
model of the elementary particles of the standard model [2, 3], it becomes possible to
solve the problem of the baryon asymmetry of matter; with the proposed technology,
the «gap» in a local region of the «vacuum» can be detected [5], it opens up possibilities
for a theoretical justification of the use of intra-vacuum currents for moving in space
and obtaining energy from the «vacuumy», and much more.

2. Within the Algebra of Signatures, time t is not an attribute of the local region
of a «vacuumy, but rather it characterizes the observer's ability to regulate the duration
of sensation. Therefore, unlike in GR, in AS the interval dt remains unchanged by the
bending of the «vacuumy. Instead of changing the flow of time, a curved portion of the
«vacuumy is proposed to take into account the intra-vacuum flow (i.e. shifting layers
of the «vacuumy). In Section 24, it was shown that the zero components of the metric
tensor (24.1) can be connected with the laminar and turbulent movements of the vac-
uum-layers. This approach allows us to consider a 3-dimensional «vacuumy as a mul-
tilayered solid elasto-plastic medium.

3. Within Algebra of Signatures there is not just one, but four multiplication rules
(10.6) to (10.9) for the «vacuumy. Later it will be shown that the commutative and
anticommutative properties of the «vacuum» and «antivacuum» allow us to ensure the

stability of true emptiness.
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4. The auxiliary mathematical space described by Algebra of Signatures super-
symmetric, since every point is characterized by commutative and anticommutative
numbers.

The auxiliary mathematical spaces of AS are supersymmetric, because at each of
their points both commutative and anticommutative operations on sets of numbers are
given.

Thus, axiomatic light-geometry «vacuumy practically coincides with the axioms
and consequences of Einstein’s GR (locality, causality, Lorentz invariance, the general
covariance equations of extremity action, etc.), except for:

— a different relationship to time;

— different interpretations of the zero components of the metric tensors gooand goi;

— taking into account all 16 (actually 64) possible signatures;

— supersymmetric events of spaces.

The full formal mathematical apparatus of Algebra of Signatures (AS) (differen-
tial multi-signature, multilayer supersymmetric light-geometry) becomes more and
more complicated as it approaches the study of the properties of empty infinity. But
initially, there are algorithms for collapsing a set of additional (technical) dimensions
before describing the metric-dynamic properties of the 3- dimensional volume of the
«vacuumy, which can vary during the time as measured by an outside observer.
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Index number of definitions of new terms

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

Algebra of Signatures (Alsigna) :< Definition 11.2;

Alsigna: < Definition 11.2;
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Antisubcont: < Definition 7.5;

Base: < Definition 8.1,

Chess analogy: < Definition 11.1;

Cross bundle of a «vacuumy: < Definition 16.1;

Inner side of a 23- Ann-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 «vacuumy: < 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 («vacuumpy): <> Definition 1.1;
Orthogonal three-basis: < Definition 6.1;

Outer side 23-An,-vacuum 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;

Transversely «split zeroy: < Definition 12.1;

True zero: < Definition 4.1

«Vacuumy:< Definitions 1.1, 12.5;

Vacuum balance: < Definition 12.3;

Vacuum conditions: < Definition 12.4;

Amn-vacuum: < Definition 2.2;
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Amn-vacuum balance: < Definition Nel2.3;
Amn-vacuum condition: < Definition 12.4;

2K - Amn-vacuum region: <> Definition 7.1.
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