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Abstract

It is shown that two fundamental notions “space” and “time” can be reduced
to the one notion—the “space”, where time appears to be the length of geo-
desic lines of the space adjacent to the three-dimensional Euclidean space.
The whole space is a topological product of the three-dimensional Euclidean
space and some another space, that may have the screw structure. Within the
framework of this model, the Galilei’s inertia law and existence of limiting ve-
locity of motions are consequences of the geometrical interpretation of time.

Keywords

Special Relativity, Geometrization of Physics, Geometrical Paradigm,
Geometrization of Time

oo e

1. Introduction

Space and time are fundamental physical notions, and they are basis for defini-
tion of the central notion of natural sciences—the notion of “motion”. It is im-
possible to express these notions in terms of more fundamental ones. The time is
considered in special relativity as one of the four coordinates (t, X Xy, X3) in the
four-dimensional so called “space of events”, where scalar t is the “moment of
time”, when the event takes place, and X,X,,X; are coordinates of the “place of
event” [1] [2] [3]. Hard sticks are standards for measuring of coordinates of
“places of events” and periodical movements (clocks) are standards for measur-
ing of “moments of time”. Definition of standards means that the space of event
can be investigated by physical methods, and it was established that three coor-
dinates X;,X,,X, describe a three-dimensional Euclidean space. This space looks,
intuitively, as understandable one because its standards have dimensionality of

length. On the other hand, time does not look understandable on the basis of
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notions from everyday life. Here we show that time can be also considered as
geometrical characteristic with dimensionality of length in some special
many-dimensional space. It means that notions “space” and “time” can be re-
duced to the one notion—“the space” with definite real geometry. Notice, that
the suggestion about the same nature of the notions “space” and “time” was,
may be, firstly proposed by Feynman [3].

This work is a continuation of author’s investigations of possibility to explain
physical phenomena by geometrical properties of the space-time [4] [5] [6] [7]
[8]. In these investigations the idea was used about increasing dimensionality of
our Euclidean space from three to four—the idea firstly used by Kaluza and then
by Bergmann and Einstein in their attempts to geometrize electromagnetic field
[9] [10]. For geometrization of gauge fields this idea was later used by Vladimi-
rov [11]. Ideas about additional space (additional to our Euclidean space) were
also investigated by Urusovskii [12]. The idea about additional dimensionalities
is the main idea of this work, and this idea is based on the hypothesis that the
space of events is a special case of fiber spaces [2], namely, the topological prod-
uct of the usual Euclidean space and some another space with real geometry.
Preliminary results were earlier published in [13] [14]. Here we present the more
rigorous consideration.

Notice, that the formal geometrical interpretation of time is known where
time is considered as an imaginary fourth coordinate with the dimensionality of
length in the four dimensional pseudo-Euclidean space that is often identified as
a “space-time” (Minkowski space) [1]. But representation of time by means of
imaginary numbers does not give an opportunity to understand reasons of deep
difference between notions “space” and “time”. Instead of the fictitious Min-
kowski space, the geometrical models of the space-time are considered, where all

coordinates are real numbers.

2. Euclidean Model

Geodesic lines in the space define the shortest distances between any two points
and for the space with the connectivity I' :(J they are described in the Rieman-

nian space by the known Equations [2]

2,k i gy  dg. da.
d*x  dx' dx 1_;_: kl{%_'_%_%j’i’j:l,z’...,n (1)
X X X

o arar
where n is the dimensionality of the space, 7 isa parameter, ¢, isthe metric
of the space.

We start with the simplest possible model of the space-time ( M, ), when it
is a topological product of our three-dimensional Euclidean space R, and
one-dimensional Euclidean space R;: M, =R, xR, . This resulting space is ob-
viously the four-dimensional Euclidean space. Our main hypothesis is that the time
of the body’s motion with the definite velocity in our empty three-dimensional Euc-
lidean space multiplied by light velocity equals to the length of the correspond-

ing geodesic line in the space adjacent to our Euclidean space. In our case the
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adjacent space is also the Euclidean one. In Euclidean space all metric coeffi-
cients @, are constants and all connectivities F; equal to zero [2]. This
means from (1) that all geodesics in our adjacent space are straight lines. At
Figure 1 our three-dimensional Euclidean space is replaced (to be more descrip-
tive) by the one-dimensional Euclidean space (axis 0.X), so the adjacent space is a
plane. Here X is the displacement of the free body from the coordinate origin,
o is an angel between geodesic lines and the direction of the body’s displace-
ment, L is the length of geodesic lines corresponding to this displacement.
Our main suggestion is that the length of geodesic lines L is connected with

the time t of corresponding displacement X by the relation
ct=L. (2)

It follows from Figure 1
X=Lcosa =ctcosa =Vt, V =ccosa. (3)

So, our main suggestion (2) leads to the right law of the free body’s motion in
our Euclidean space-to the Galilei’s inertia law, when the free body is moving
with the constant velocity. And this proves suggested geometrical interpretation
of time.

We see that within the framework of the suggested model the space of events
is represented not by the fictitious four-dimensional pseudo-Euclidean Min-
kowski space, but it is represented by four-dimensional Euclidean space, where
time has the special geometrical interpretation. Notice that suggested interpreta-
tion of time gives the opportunity for simple explanation of the existence of li-
miting velocity of any motion. Indeed, because cos« <1 we obtain from (3)

V<c (4)

For limiting velocity of motions cos«a =1, and we obtain from (3)

x=L or x=ct. (5)

We obtain this relation for the one-dimensional model of our three-dimensional
Euclidean space. For real three-dimensional space relation (5) is obviously ge-

neralized as

X +y 427 =12 =ct (6)

adjacent space
ct=L,
ct=L,
q1
0 - X X

Figure 1. Time as a length of geodesic lines.
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This relation is one of the basic relations of special relativity [1].

3. Non-Euclidean Model: Low-Dimensional Analogy

In the preceding Section we considered Euclidean model of the space-time, and
the space-time has here the simple symmetries of the Euclidean space. But there
are some experimental facts, indicating that the space-time symmetry may be
more complex. These are distortions of chiral symmetry in some native chemical
compounds, non-conservation of parity in some interactions and distortion of
charge symmetry (particle-antiparticle). In this Section we considered the model
of the space-time with screw symmetry. To make the idea more understandable
and descriptive we firstly consider the simplest possible low-dimensional analo-
gy of the suggested model of the space-time that reflects important features
(not all) of the suggested model of the space-time. Namely, we will consider an
analogy where the three-dimensional Euclidean space is replaced by the
one-dimensional one and where the adjacent space is a surface of the infinite cy-
linder with radius R . The one-dimensional space (straight line X ) is a direc-
trix for this cylinder (Figure 2). This two-dimensional space (we denote this
space as M, ) is a topological product of the one-dimensional space R, and
one-dimensional circle S,;,s0 M, =R, xS,.

The mathematics in this case is essentially simplified. First of all rewrite Equa-
tions (1), taking the length of geodesic L as a parameter 7 , so for our case in
cylindrical coordinates x=x" and angle o =X’ the equations take the form

dz_x=_1"5d_xid_xj, dz_az_]“f‘d_xid_xj’i,jz)(,a (7)
d? 'dbdlod® Udlodl
Let us firstly show that geodesic lines of this space are screw lines. Metric g,

is defined for Riemannian space by relation for an element of length dI 5]
dl’ = g, dx'dx", (8)

For cylindrical surface with radius R we have in terms of cylindrical coor-

dinates X andangle «
dI> =dx* + R’da’. )
From (7,8), we have for nonzero coordinates of g, of our cylindrical space
9, =1 g,, =R’ (10)

Such metric is called locally Euclidean one. Inserting (10) into (1,7), we see

>,

X

Figure 2. Cylindrical adjacent space.
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that right sides in Equations (7) equal to zero. This means that equations for X
and @ have a simple form
d’x d’a

PR (1)

The solution of these equations has the form
x=CL, a=C,L, (12)

where C, and C, are constants. This solution describes geodesic screw lines
on the cylinder. The constant C, is defined by the condition x=h at L=1,

where h 1isa pitch of screw and | isalength of the one turn of the screw line.

This gives
x=IL. (13)
There is a known relation for the crew line with radius R [15]
12 =h? +(27R)’. (14)
From (13,14), we have
N T (15)
h? +(2aR)’

According to our geometrical interpretation of time, the time t of the free
body’s displacement in Euclidean space at the distance X is defined by the re-

lation
ct=L. (16)

Inserting (16) in (15), we see that our geometrical interpretation of time (16)
leads to the right law of free body’s motion to the Galilei’s inertia law of motion

with the constant velocity

X =Vt, sz. (17)

h? +(2zR)’

As for Euclidean model (Section 2), the suggested interpretation explains also
the existing of limiting velocity of motions that equals to light velocity. Indeed, it
follows from (17)

V<c. (18)

This result has a simple geometrical explanation: the length of screw line

cannot be larger than the corresponding straight line.

4. Non-Euclidean Model: Five-Dimensional Space-Time

We consider here the general model of the space-time with the screw structure.
Namely, we consider the five-dimensional space-time M, when its structure is
defined as topological product of our three-dimensional Euclidean space and a

two-dimensional sphere:

M, =R, xS,
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For better representation of such space we showed at Figure 3 the more sim-
ple example of analogous topological product M, =R, xS,, where Euclidean
space is the two-dimensional one and where the hole space is embedded into
four-dimensional space. In four-dimensional space two-dimensional spheres can
be tightly embedded one into another as it is shown schematically at Figure 3.
The situation here is analogous to the one in Section 2. with M, =R, xS,
where one-dimensional circles can form a two-dimensional cylindrical surface
only in three-dimensional space.

Let us define now the form of geodesic lines in the space M, . For
five-dimensional space My =R, xS, Equations (1) will be the system of five non-
:} , but
most of them equal to zero in our case. The five-dimensional space M. is a

linear differential equations with 5° =125 coefficients of connectivity '

Riemannian one, where at every point the three-dimensional Euclidean space is
perpendicular to the two-dimensional sphere. So the element of length in this

five-dimensional space is defined by the relation
dI? = dx® +dy? +dz* + R?%d6” + R?sin 0°dp* (19)

Here x,y,z are Cartesian coordinates in Euclidean space and 6,9 are
spherical coordinates on the sphere with radius R . This relation gives the fol-

lowing nonzero components of metric tensor g,

O =0y =0z =1, gHHZRZ! g(p(p:RZSinez' (20)
Inserting these values in (1), we obtain for nonzero components of Frj
ry, =T% =cotd, I') =—sindcosé. (21)
Inserting this in (10) and taking the length of geodesic L as a parameter 7,
we obtain
d’x d’y d’z
d?:O, d?zo, d?zo, (22)
2 2 2
d—?:sinecose do , d—f:—Ztan d—ed—q) (23)
dL dL dL dL dL

These equations describe complex screw lines in the five-dimensional space.
We choose the simple solution, analogous to the one in Section 2, when the

screw line has the form of the screw line with the constant radius R . Namely,

/@O,

Figure 3. Topological product M, =R, x§,.
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we take the solution
x=CL, y=C,L, z=C,l, 8=constant=0, ¢ =C,L. (24)

As in Section (2) constants C,,C,,C, are defined be the condition that L =1
for the displacement along the screw line (along the free body’s displacement) at
distance h (here h is a pitch of screw, | is a length of screw line for one

turn). This gives
x:TXL, y=—"L, z=TZL, (25)

where h’ +hy2 +h?=h’. As in Section 2 we use now the relation, connecting

[Lh and R for a screw line
12 =h? +(27R)’. (26)

As a result, we have from (25,26)

h h h
T S— R VIS S S S— 27)
Jh? +(2R)’ Jh2 +(2mR)? Jh? +(27R)’

According to our geometrical interpretation of time, the time t of the free
body’s displacement in Euclidean space at the distance /x* +y®+2z* is de-
fined by the relation

ct=L. (28)

Inserting (28) in (27), we see that our geometrical interpretation of time (28)
leads to the right law of free body’s motion—to the Galilei’s inertia law of mo-

tion with the constant velocity

h,c hyc

X=VtV, =" yovitv = VY, = o)

h? +(27‘CR)2 h2+(21tR)2

As for Euclidean model (Section 2), the suggested interpretation explains also
the existing of limiting velocity of motions that equals to light velocity. Indeed, it
follows from (29)
V<c. (30)

This result has again a simple geometrical explanation: the length of screw line

cannot be larger than the corresponding straight line. In limiting case

L=\/x2+y2+zz,ct=\/x2+y2+zz,czt2=x2+y2+22. (31)

The last relation is the one of the basic relations of special relativity [1].

5. Conclusions

The geometrical interpretation of time is suggested where time of the free body’s
displacement multiplied by light velocity equals to the length of the geodesic line
in the space adjacent to the Euclidean space. The models of the space-time are
considered where above adjacent space is the Euclidean one or the space with

the screw structure. The suggested models give the geometrical explanation for
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the Galilei’s inertia law and for existence of the limiting velocity of any motion.
Within the framework of the suggested interpretation, time is intimately con-
nected with the motion, and any kind of motions can be selected as the standard
for the time measurements (periodical movements appeared to be the most
convenient). No motion, no time. If the observer is immovable, then the time is
connected with the movements in the clocks. If there are no clocks nearby, then

the time is connected with the movements inside the observer.
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