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STRUCTURE OF PHYSICAL SPACE-TIME
Yu. S Vladimirov

This book is dedicaed to studies of the mncept of time; however, the aiuthor is
convinced that TIME AND SPACE FORM A SINGLE WHOLE. The physicd space
cannot be imagined without time, as well as any discusson of time without spacebecmes
scholastic. Moreover, this chapter asserts that the usual classcd views of space ad time
conced deeper concepts and relations from which both the spacetime and the
fundamental physicd interadions are formed. Another feaure of this chapter isthat it rests
on the RELATIONAL SPACE-TIME PARADIGM by which space a&ad time describe
only relations between material objeds (events) and lose the right to exist in their absence
In this asped the present chapter opposes the substantial views upon space ad time, while
some other chapters are written in the spirit of those views.

1. The present approach hes been developed in the unified theory of spacetime
relations and physicd interadions constructed by the athor and cdled binary
geometrophysics (Vladimirov 1988 Kulakov et a. 1992. It is built on the basis of binary
physicd structure theory (Kulakov 1968 1971 and rests upon the ideas of the Fokker-
Feynman dired interparticle adion theory (Fokker 1929 Wheder and Feynman 1945 and
KaluzaKlein type multidimensional geometric models of physicd interadions (Kaluza
1921). Among the reseach programs represented in modern literature, the dosest one to
binary geometrophysics is the twistor program of R.Penrose (1968. One of the
manifestations of this closeness is that in both programs the dasscd spacetime is
apprehended as a cetain sendary construction to be obtained from degoer concepts
used in microphysics. Sewmnd, both programs use two-component (complex) spinors
(more predasely, pairs of two-component spinors) as the more primary entities. In the
Penrose program they are cdled twistors.

However, there ae significant differences between the two programs. Wheress in
the Penrose program twistors and their properties are the primary concepts, in hnary
geometrophysics the starting premises are still deeper: they are derived from binary
physicd structure theory. The spinors appea as a necessary consequence from one of the
key lowest rank binary structures. There eist other differences, too.

2. Since physicd structure theory developed by Y u.l.Kulakov is not known widely
enough, | would like to remind of its key statements. The theory assumes that there eist

two sets MM and N consisting of certain elements, and binary relations U;, between
elements belonging to different sets. Let us denote the dements of M\ by Latin indices and

those of N by Greek ones. A relation U, isared or complex number (a sort of metric).
One obtains binary physicd structure theory by postulating that, first, the relations Uiy
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obey some relationships called structure laws. The simplest thing has been assumed,
namely, that these relationships are algebraic. If I elements are selected from the first set
and S elements from the second one, such arelationship (law) is

CD( Uia , Uig » -, ij) =0, 1)

where @ is an algebraic function of I'S variables, i.e., of all the possible relations between
the elements selected from different sets. Second, it is assumed that the law (1) possesses

the fundamental symmetry property: it is valid for any I elements of the first set and any S

elements of the second one. The pair of numbers (I, S) is caled rank of a binary structure.
It turns out that these two requirements lead to a set of functional-differential equations,
from which one can derive the properties of the binary relations and the possible forms of

binary structure laws for rank (I, S) structures.
G.G.Mikhailichenko (1972) has shown that, for the case of real binary relations,

the laws can exist only for ranks (I, 1), (r, r+1), (2,4) and (4,2). For all the other ranks

there are no structures. The laws for rank (r, ) non-degenerate binary structures are
expressed in terms of determinants containing the binary relations:

Uiq uiB Uiy
Uka ukB Uky -0

CD(Uia ,UiB,...,ij) = (2)
Uja UJB ij
The binary relations are presented in the form
r-1
T
U :IZ| a, ©)
=1

wherei' arether-1 parameters corresponding to elements of the first set and a! are the r-

1 parameters corresponding to elements of the second set. Structure laws for other ranks
have been obtained by Y u.l.Kulakov (1968).
3. A similar theory can be constructed using a single set of elements. In this case a

rank is determined by a single integer I and the structure law for such a unary structure has
the form

P( Uy, Uy, -, Up) =0, (4)

where an algebraic function @ depends on r(r-1)/2 binary relations between r elements of
the same nature. Again the fundamental symmetry principle makes it possible to formulate
differential-functional equations from which the possible laws @ and the forms of binary
relations are obtained. However, now the equations turn out to be more complicated and
the possible solutions, i.e., the structure laws, are more numerous. All of them have been
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found for the ranks I = 3, 4, 5 and probably 6. The studies performed by Kulakov's
group have shown that all these solutions correspond to the known types of geometries
whose dimensionalities N are mnneded with the structure ranks by the relation n = r-2.
Thus, for I = 5 one obtains 10 different 3-dimensional geometries: the Euclidean, pseudo-
Euclidean and Lobadevsky geometries, the Riemann geometry (of constant positive
curvature), a spedfic smpledic geometry and some others. Among them there ae some
"exotic" geometries, known to very few people. Thus all these different geometries, so
frequently used, can ke viewed as particular cases of unary structures and the geometries
themselves can be cdled UNARY, i.e, those determined by a single set of elements.

Kulakov's group has also shown that there ae no consistent theories employing
threeor more sets of elements.

4. Sincethe theories of unary and binary structures rest on the same principles and
the unary structure theories correspond to geometries, one can assert that the binary
structures open a new classof geometries, BINARY GEOMETRIES. Modern physics is
known to use widely different (unary) geometries in order to describe physicd
interadions, for instance in the forms of general relativity, KaluzaKlein theories, affine
geometries, etc. As a new class of geometries has been discovered, binary ones, it is a
natural ideato seek their applicaions to modern theoreticd physics. Binary structure
theory turns out to be simpler than that of the unary ones, moreover, it is possble to
crede unary structure from binary ones, while the reverse is wrong. Henceit is natura to
exped that a geometrizaion program for physics (physicd interadions) should start just
from binary physicd structure theory (binary geometry). That is what binary
geometrophysics is aimed at.

It turns out that the very fundamentals of modern physics and spacetime theory
can be viewed through the prism of binary structures, i.e., it can be shown that pradicdly
al the key concepts and relations of fundamental physics may be treaed in terms of the
properties of the lowest rank binary structures. To achieve that it is aufficient to use
complexified binary structures of symmetric ranks (r, r). Moreover, it turns out that such
binary structures are dready widely used in modern physics in the forms of spinors,
quadratic expressons for observables in quantum medhanics and other concepts.

5. Binary structures of the lowest ranks (2,2) and (3,3) are of key significance for
describing the microworld fundamentals and the dasscd 4-dimensiona spacetime. The

rank (2,2) structure turns out to be embedded in the rank (3,3) structure, therefore it is

natural to start from the latter. In binary geometrophysics the dements of the first set M
of the rank (3,3) structure ae interpreted as initia lepton states, and the dements of the

second set N as final lepton states in an elementary transition of a particle between two

states (Fig.1). According to the general formula (3), the binary relation Uiy between the
two states has the form

Uq = ital+i%0?, (5)



where it and i are two
s =3 elements complex parameters put into
n correspondence to the first

(" o 8 ,;) 5 state (element i) and at, a?
“'\‘v _ /\_ . /¢ P L are those corresponding to
element . In other words,

the states are described by
U; o Ujy vectors of a two-dimensional
complex space. It is assumed

that one dement in each

m((,—/’é —\‘J.— —\k-\ .l ) state describes a neutrino

while two elements describe
ideglized massive leptons
(electrons). The  word
r =3 elements "idealized" means that the
electrons are considered to
have a nonzero rest mass but
no charge which, as well as the interaction itself, can be introduced only after inclusion of
higher rank structures.

Within the rank (3,3) structure only free particles (leptons) can be described. The

finad states 0 and 3 of a free particle are expressed in terms of its initia states in the
following way:

Fig. 1. The rank (3,3) complexified binary structure.

iS=a*s; kS:B*S (s=1,2), (6)
where, as it is common to quantum mechanics, an asterisk denotes complex conjugates.
The parametersiS and oS in (5) are defined only up to linear transformations

i°=C8i";  a*=C%al, @)
where C% are complex transformation parameters obeying certain conditions.

6. A key role in the theory of the rank (3,3) structure belongs to fundamental

2x2-relations (minors from the law (2), a sort of 2-volumes), put into correspondence to
two pairs of elements from different sets. They are presented in the form

O kL it k1| |a® Bt
o BT i2 k2 a2 B2
where the r.h.s. contains the determinants such that each was built from the eement

parameters of a single sort. The transformations preserving (8) must leave each of the
determinants on the r.h.s. invariant. This imposes the following conditions upon the

coefficients C8, in (7):

Uia Uig
Uka Ukp

X

: (8)




it k!

2 2|7 K=K =inv > C; C5 - C; C3=1, )

i.e., the 6-parametric group of transformations SL(2,C), corresponding to the proper
Lorentz group in the Minkowski space-time, comes into play.

The expression i*k%i%k! in (9) can be interpreted as an invariant metric in a
2-dimensional complex space. The vectors of that space (iS and kS) are known as two-
component spinors, while the invariant itself is their antisymmetric scalar product

ik2-i%k! = Eg ISKM =ikg, (10)
where S = 1,2 and €4 is the antisymmetric spinor metric (Rumer 1936). Similar things
can be said about the conjugate space I where the metric is defined by the expression

a SBS . Here and henceforth the conjugate space indices marked by dots.

7. Just as in quantum theory observables are described by Hermitian operators, or
in general relativity observables correspond to scalars, provided that frames of reference
are defined by monads or tetrads, in binary geometrophysics a physical interpretation is
realized by a transition from complexified binary structures to real unary structures
(geometries). Such a trangition is achieved by introducing certain matching conditions for
the elements of the two sets and by determining real binary relations between the matched
element sets (Fig.2).

The conditions (6) are just these matching conditions for the rank (3,3) structure.
As it has been pointed out, massive leptons are characterized by four matched elements.
Assuming that one lepton is characterized by the elementsi, K,a ,3 , and another one by

the elements |, S,y ,0, the real binary relation of the two leptons &(1,2) is described by the

expression
_ 10 j0 0 s0, Okj0 k
a(1,2)—2% yE o 30 (B v B 8 EE (1

where the symbol g :E Is defined in (8). It can be easily shown that this binary relation

can be presented in the form



Complexified binary structure

Real unary structure
(geometry)

Fig. 2. A transition from a complexified binary structure to areal unary structure (geometry).

a(1,.2) = PuyoPao ~ PuyPan ~ PueP2 ~PaysPas =Py Pop » (12
where Py, for thefirst particle are

1. :

Payo = §(|1o(1 +i2a2 + k1Bl + k2B2);
1. :

Pay = §(|1o(2 +i2al + k12 +k2BY) ;
i /. ,

Payz = E(Ildz —i2at+K1p2 - k2[31);

Puy3 = %(ilo(1 —~i202 + k1Bt - k2p2). (13)

Similarly P(2)u are expressed in terms of the element parametersj, S, Y, 0.

The components Pu from (13) are transformed under transformations (7) from the
SL(2,C) group in the same way as the 4-dimensional vectors under Lorentz
transformations. For massive leptons P, are normalized to a certain quantity mMy? %

a(1,1) = Plyy Py, =méc’=inv;  a(2,2) =Pl Py, =mic?=Inv.  (14)

Therea vectors Pu with the lengths (14) and the scalar product (12) determine the
Lobachevsky geometry (the 3-dimensional hyperbolic geometry). In binary geometry the

vectors Pu are interpreted as momenta of massive leptons and the real (unary) geometry as
the momentum space. Under a proper choice of the Dirac gamma-matrix representation it

1_—
is possible to present the components Pu from (13) in the form By, = EW(DV“W@)
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where W4y is the four-component column formed by the particle element parameters: il,
i2, Bi’ Bz and LP(]_) isthe row (kl, k2, Gl, 02).

In this approach the Dirac equations acquire a new interpretation in the
momentum space: they have the meaning of covariant relationships connecting the
components i® and B; ., parts of the four-component spinor V-

Bs=Kgi'; i°=KB,, - (y#P, + mc)w=0, (15)

where Ky are spin tensor components expressed in terms of P, . These relationships
correspond to the basic twistor equation in Penrose’ s twistor program but have an
essentially different interpretation. Recall that by Penrose the basic twistor equation
characterizes a transition from the momentum variables (momentum and angular moment)
to the space-time coordinates.

8. In binary geometrophysics a transition to the space-time coordinates is achieved
in another way. It is done using the complexified binary structure of the lowest rank (2,2).
Its law can be written in two forms:

G gl = 01 1
DU ren) =] 0 ul'f;,‘=0; Slavg,) =| L ape ap|=0.  (16)
1 ace ap

—ilgl

where the binary relations U;:- O~, @y =Ig+0dgand the dlement parameters are

connected by
Qg =Inuy, it=expip; a'=expay. (7)

9. Given the rank (2,2) complexified binary structure, one can pass to areal unary
geometry by matching the elements of the two sets and defining binary relations between
the matched element sets, just as it was done for the rank (3,3) structure. It has been
shown that this results in a one-dimensiona geometry on a directed line. In binary
geometrophysics the rea binary relations a(1,2) between two matched pairs of elements

(i'g" nd (k' @' dre defined in the form

A12) = (ap +ae) = -S12) = S(1) - S2) 19

and are interpreted as a classical action between the two particle states.

The two forms (16) of the rank (2,2) structure correspond to the two aspects of
particle mechanics, quantum and classical. Recal that in Feynman' s formulation of
gquantum mechanics (Feynman 1948) an elementary amplitude of a transition from one
particle state to another is characterized by the quantity

o (1,2) =exp %8(1,2) E: Ujeg:- (19)
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Thus we can assert that Feynman' s formulation of quantum mechanics (path
integration) conforms with the spirit of binary geometrophysics.

10. In binary geometrophysics particle momenta P, and actions S are obtained
directly from element parameters of two structures. A transition to a 4-dimensional
coordinate space-time is realized by a peculiar composition (multiplication) of two lowest
rank ((2,2) and (3,3)) binary structures. It is suggested that the quantities S(1,2) and P,
of the two structures be connected with the invariant relation

S(12) = S(2) - S(1) = R,AX* = Py (xty —xty ), (20)

where AX" are some coefficients to be interpreted as coordinate differences in a four-
dimensional pseudo-Euclidean space-time. Since $(1,2) is invariant under transformations

(7), AX* must be transformed as a4-vector in the Minkowski space. As long as X" appear
in (20) in differences, it is an easy matter to understand the origin of the trandation group
in the coordinate space-time.

Thus one can assert that in binary geometrophysics the coordinate space-time is of
secondary nature, being derivable from the more primary concepts of action and
momentum. We have shown (Vladimirov and Karnaukhov 1989; Kulakov, Vladimirov and
Karnaukhov 1992) the way how the Dirac equations (15) in the momentum space,
combined with Feynman' s dynamic principle, lead to the free Dirac equation in the
coordinate space-time.

11. Physical interactions in binary geometrophysics are derived from the fact that
actually the nature is described by higher-rank binary structures than (3,3), just as in
multidimensional Kaluza-Klein theories the electromagnetic and other interactions are
described by curved space-times with dimensions higher than four. In Kauza-Klein
theories the electromagnetic interaction is described within a 5-dimensional theory and the
electroweak interaction can be dealt with in a 6-dimensional theory (Vladimirov 1987). In
binary geometrophysics the rank (4,4) degenerate binary structure enables one to
construct an algebraic model of electroweak interactions corresponding to the Weinberg-
Salam model. The basic algebraic properties of chromodynamics (strong interaction
theory) are described by the rank (4,4) non-degenerate binary structure. A transition from
binary geometrophysics to the standard theory is accomplished via the Fokker-Feynman
direct interparticle action theory.
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