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k' , 'Introduction .

The theory in. whrch t1me is cons1dered equa.lly wrth space co- ord1na,te, '
X asa three- dlmensronal vector i1 is a next step ina symmetrrzatlon of -
space—trrne properties whlch has been begun by Porncare—Elnstern theory B
of relatlvrty a.nd was contlnued 1n Dlrac, Fock Tomonaga and other
author’s investigations (see paper [1] where more detailed’ b1bl1ography'
is c1ted) Several physrcrsts developed this theory ‘hoping to’ avoid in
that way the ea.rnest dlfﬁcultres w1th Lorentz transforrnatrons pecuhar to
ta.chyon models a.nd genera.lly speaklng, to any non local theory [2-4]."

The p051t10n of a body in srx-dnnensronal world is determmed by co-, .
a.nd contra.varrant vectors o :

(R)p = (=x,cb)* , (R)* = (x,cb)T*
The location of the body on its time trajectory can'be characterized by ;

a scalar ”proper time” t. However, if vector £ is defined quite unlquely, ;

~ the quantity ¢ can be determined in two drlferent ways as a length of -

:,;:'

the tra._]ectory from a p01nt M

v t_/ ,|t|_/ ,/dt2+dt2+dt2_
s -

=1

~ where { is a parameter (see Frg 1) or-as the dlfference of” the d1stances _

from a co~ord1na.te orlgln B

M
/ df
Mo -

!Here and in what follows vectors in z- and- t-subspaces are denoted respectlvely,

tg =

by bold face and by a "hat” . -Six-dimensional vectors will be denoted ‘at once by bold
" “face and the ”hat”. In rnanuscnpts itis convenient to use the notations Z, £ and z £ We -
shall also suppose that the latm and greek indices take values k = 1,...,3,u = 1, ..., 6). S

J

@‘J\txur'{mﬁ BESTRTYY | ;
cvepsir ncbmeguane |
o BHSUGTEKA . ¢ S



Figure’ 1: \Two“ve.y:s to determine the proper time interve.l between events
M, and M: along the trajectory or as the difference of the event d1sta.nces

from a co-ordmate origin.

Obv1ously, ta <'t a.nd

~

dtd_d[tl_tdt/|t|= ‘t 1 cosp;

P

where @ is the a.ngle between the vectors t a.nd dt

In wha.t follows we shall use dt = |df|, i."e. measure. the proper t1me

Jincrement along the tra.jectory i Asa pa.ra.meter €, we choose the time
t itself, then the trajectory t( ) is determined by the unit vector T(t)
dt/dt When body movement is radial in t- subspace # = i/t = const.

Dlrectlons of tlme

Bas1ng on the above mentioned definition of time mult1 d1mens1ona.11ty,
we shall suppose that our theory answers two cardinal requirements:
- Lorentz invariance and time 1rrevers1b111ty So as the first one was
minutely discussed in ‘papers [4 - 7], let us confine oneself by a con-
51dera.tlon of time directions. ‘ ‘ '

" The irreversibility of time, i. e. the 1mposs1b111ty to reproduce any

event in all its details ba.ckwa.rd in time is a d1rect consequence of an -

' p051t1ve

inexhaustibility of inner ‘and douter',interconnections of every ‘ma.t\eria.,l,_i' ;
object.  Namely: this property of Na.ture»but'f;not?é.nyone_.speciﬁcftime
non-invariant process is a cause of the invariant time arrow”. As a rule,
an amount of final states in destructive processes is always.greater than -
a number of states creating by a regularity, therefore an evolution of the .

system (1ts time a.rrow) directs to-an 1ncreasrng ‘of chaos." A punctua.l

repetition, of all a.ltera.tlons of the system is pos51ble on]y in’ ‘an approx—

imate theories taking into account a finite number of parameters. Only

such theories are T-invariant what~ however, comes never true in the real . -

world where one can find in every process a precedlng cause and its more

late in time effect. On philosophical level it'is formulated as the pr1nc1ple‘~’ ‘
of causation (of retarded causation, more precisely [8]):: -

Several elucidation of time irreversibility must been added in the case "

of elementaryuparticle'intera.ctions which possesses a high symmetry with

respect. to a change of time direction.. Some authors (see, for example,

the ‘books.[9.10])- conclude on these grounds.that - the time 1rreverslb11--“ :
ity is purely macroscopic property: arising in a process of averaging of

T-invariant microscopic events..One must not.forget, however, that our

description of elementa.ry processes demands to take into account macro- - .

scopic surroundlngs ‘This circumstance is reflected yet in a notion of -

function itself. When descrlblng elementa.ry processes, we attract oneself

away from a consideration of a.ccompa.nylng time 1rrever51ble alterations

of the macroscopic, large scale surroundlngs, it means only a some ideal- 1
ization, an approximate excising of important for us. phenomena from an -
extremely comphca.ted background of unessential details. One can say -

tha.t T—lnva.rlance is pecuha.r to phys1ca.l la.ws but not to reallty 1tself

Basmg on the mentloned material cause of the tlme 1rrever51b1hty,4 S

one has to admit tha.t this property must be true for a.ny t1me drrectlon,;

i. e. pI‘OjeCtIOlls of a.ll t1me tra.Jectorles on the axes t must be always'

f’f':dt‘/di?g 0. ).



. ‘fPa.rtiCulé.rly, in the \t\vofdimensional case the t—tljrajector'yfof, every body
must pass on from the third angular quadrant to the first one. So, the
observer moving a.long some traJectory ¢ can descrlbe events by means of
the measured along this trajectory one—dlmensmnal proper time” t since
the last one can be used as a parameter deﬁnlng the vector function t(t)

From the cosmologlcal point of view such conditions are equ1valent

to a supposition an existence of some preferred (*relict”) reference frame -

,("?the time arrow” in one-time case) fixed by an'event order which was
set up at first. moments after creation of our universe [11]. The use of
~ other co-ordinate systems turned with respect to the relict one makes

" .sense of a formal renumbering of -time co-ordinates just:as an:inverse

-time reading which we use some time in our everyda.y‘ practice. It is
‘. important, however, to note that the proper time measuled along the

" t-trajectory in the direction of the body motion remains. always positive.

.As an mﬂa.tlon swelling -of -the universe v1ola.ted a space-time co-
“‘ordination of its remote regions (during the superluminal inflation there
is no point in a notion of the co-ordinate system), these regions can

~ possess the own relict reference frames and exist in a times ‘which are

different from ours. However, due to a great space: between such parts

of the world a chance to meet any body with "not our” time trajectory
s as small as a chance to discover a relict magnetic pole (if only such

bodies are nét created anywhere inside our part of the universe).

Velocity in six;dimensionatspaceftime L
lee the usua.l one-tlme theory where every spa.ce vector x determln-
ing a body p051t10n is a function of the time va.rla.ble ¢, let us con51der

each vector x of the six-dimensional theory as a functlon of a three-

d1mens1ona.l va.rla.ble i At thls point we see that tlme (a. characterlstlcv

of any alteratlon) is, as before, singled out in comparlson with the space.

co- ordl_na,tes and the complete space-time symmetry fails.

the trajectory- t(t) ST e

Deﬁmng the veloc1ty, one must take ' into - account that a body." .

'-ttra._]ectory is also tlme-dependent -and, therefore, instead of three- ’

dimensional veloc1ty v we must consider a 6 X 3 matrix with: elements e

#k_(da:k/dt.,cdtk/dt.)T (vk,crk) /r. Vk/r., (@)

where V is the s1x-d1men31onal derxva.tlve w1th respect to the body proper )
time t. ThlS derivative is exactly equa.l to the velocity along t- tra.Jectory ‘

~

T.

d)‘c"‘/ ‘4 BRS L
'at =V, ,,;_(3)

where V = ( 3/6t1,—6/3t2,—6/6t3) is the time: analog of three—

dimensional space operator V taken with the opposite sign. - :
The relation (3) is a particular case of the more general expressions -

for a total time derivatiyes determined'by a change at theAconsidered

point VA(x) and-a change due to.a dlsplacement to a.nother pomt a.long‘ ‘

dA(x) dA(x)

, %(tx)—{hm[A(wvAt) A(x)]/At}—*"i = |
B dA/dv+dA/dr —“' 094, 'A )

where six-dimensional opera.tor Vo= (V V/ c), the scalar product -
¥V =6V — vV and the obvious equality di = #dt i is taken. 1nto account.
At the some time one has to bear in. mlnd that the qua.ntltles vij
defined by the relation (2) could be named velocities only very relative.
since at a fixed value of 7 they do not possess' propertles of a vector. For

1nstance it is seen from (2 ) t‘1at 7

Zv,JTJ #Zvu : . (6)



’

Only the summary qua.ntities v; are components of a vector (v? = T v?).

If we notice now that a differential of the squa.red length in the six:’

dxmensxonal space -time: -~ -

ldx

ds® = H{al)? - (dx)? = (a0 L - (5 )1—dt2/7, (1)

where v = [1 - (v/c)z]l/ 2 then the veIoc1ty vector can- be wr1tten in the

covarlant form R o

= di/ds = yd%/dt = 7. G

As in the one-time case the scalar product

i‘12‘=72\72=72(c2$2'—v2) H (9)

and a light wave front has always the 'spherical form:.

Z(A:v 2At2) = At2 Z(v §2}2) =’ At2tv2‘ — c2)=0 . (10)‘~

"In any d1rect10n of t- subspa.ce the body speed does not exceed the light
'veloc1ty lvijl = lvim] < e o
If a matrlx v;; is known, it s not difficult:to ca.lculate the pos1txon

. vector of the body moving along a tra._|ectory 'r(t)

. dz
()= —di = | vydt; =
:v() ‘/-r(t) dt /(t)vJ,

‘[%nma lv@wt__f" dinj

The body space displacement (the length of its space trajectory)

S(tor) = /,,{Z (OO }‘/2 /tov(z)'dz. - 2

It is. very"important to‘emphasize that the b’od‘y\speed b is defined
with respect to an mcrement At along the tlme trajectory i If it is un-

" known and an observer ta.kes advantage of hlS proper time Aty = At cos0; -

then the quantity v.= Ax/ Aty =v/ cos # defined in this’ way may. turn
out to be greater than the light velocity. In this case the body be- -
haves from: the observer’s viewpoint like a tachyon.. For example by

0~ T/2it passes practically instantaneously ﬁmte distances.and "grows

old” straight away. However, as it was shown in papers [4 7], Lorentz
transformations depend on.v but not on vq = dx/dtd, therefore in the
multi-temporal world no acausal effects can be observed by transforma-'
tlons to mov1ng reference fra.mes in contrary to true tachyons Wthh as:
it is judged by the observer, traveI in the new frame bacl\wards in time.
- In other words if some day expenmentators discover faster- than- llght
bodies it will not be obligatory connected with a violation of causahty
but can 1nd1ca.te on the multi- dlmen51ona.hty of our world. Partlcularly,_

if beca.use of some unknown now reasons the surroundmg us reglon of the

: un1verse is.an 1s1a.nd” of an one dlrected tm‘e dlffermg from the ”tlme—‘

arrows’ oflts ad_|a.cent pa.rts then superlummal astrophys1cal phenomena _,
have to be observed for very dlsta.nt cosmic ob_|ects e : o
One would hope to bypass the dlfﬁcultles ‘with the amblgu1ty of veloc-: ,
ity determlna.tlon by usmg the so- ca.lled ra.dar method whlch is. based on
measurements of a time dela.y of the radar rays reﬂected by the movmg

body with respect to the moment of the1r emission. However the 1esu1t ’

s found to be in thls case also ambxguous smce the formula used for.

. the calculatlon of the veIoc1ty depends on the tlme tlajectmy mclmatlon

v [13]

( Propagation of signals

Though all relatlons are in the multl tlme world ca.usal they are -

2Such phenomenaare observed indeed, however for, the time being one turns out

to interpret them all as optical illusions.



~ Flgure 2 At a moment i, a spllttlng of tlme trajectorles of the obse1 ver.

~{'and a luminous body 7 occurs. After that (t >t o). thebody becomes

1nV1s1ble

rather specific in comparison with the one- d1mens1ona1 ones. In our world ‘

‘luminous bodies rema1n visible all time whlle they emrt hght whereas in
‘the multi- temporal case thelr lumlnescence is seen, as a rule, only 1n some
restricted time 1nterval For example, if ow1ng to the force of some c1r-
, cumstances a sphttmg of a parallel to the relict axis tl time traJectory of
a motlonless in z- subspace luminous body and the observer s one occurs
ksuddenly (Flg 2), then the body becomes in a moment 1nV1srble because

it occurs at once in the future with respect to the observer 3

" The body can remain v151ble for some tlme after the sphttlng only if

the observer s traJectory has some 1nchnat10n 6 with respect to the relict

time axes- [14] One can see from the Fig. 3 that the duration of observ1ng

luminescence when the emitted light spreads in the plane (tl, t,) from the

3Such a behaviors of a luminous body- is observed only if time irreversibility is
taken into account. In other case the body losing little by little its lustre (displacing
into-infrared region) remains visible some time even after the splitting [12,13].

' tl.

past to the future

= (t - tc) = (tf —1,) - R/C =

C R sin 0 U
HE ) e
Here t. is the time of the splitting, ¢, is the observer’s proper time when o
the llght trajectory becomes parallel to the relict axes ¢;. When t > ¢
the time light 51gnal propagates backward in time t,. R is the constant
distance between the llght source and the detector  is the angle between

i and 7, 0 is the angle of observer s tra]ectory W1th respect to the ax1s -

In a more general case when the lummous body tlme tra]ectory in-
tersects the observer s trajectory (at the moment t =t., see Fig. 3) ‘the

observer sees the lumlnescence in an 1nterva1 from ¢; when he fixes the )

_ray emltted at rlght angle to. the ax1s ¢ up to the moment of the last

visible s1gnal arrlval t f- For t< t the body is too remote in the past. and
the connectlon w1th it is p0551ble only by. the help of sublumrnal 51gnals

(v < c) * The rays emitted at ¢ > ¢; can not be observed owing to ther

causallty principle. In that way, the duratlon of the visible lumlnescence

expressed throughout the observer s proper tlme

| ,“T——tf—t /_(tf—-t)+(tc—t)-

Rsm(cp+ 0) SRR | -
c. s1ncp [1 + COt((’D + 0)'] e T (14)
Rfcp when Lp,ﬂ << 1 »‘ ol (15)

‘Here, as in (13), ¢ is the angle between the trajectories, 6 is the ‘an-

gle between the observer’s trajectory and the t;-axis, t.is the time of

trajectories intersection. (In order not to complicate our consideration,

*Particularly, if sound signals are used they, obviously, must be emitted at the

“moment t, = t./c, where c; is the sound speed. Only in this case the sound has tlme
" to reach the observer. : ' '



Figure 3: At an observer’s proper time ¢. the luminous body time tra-

jectory 7 is splitted off from the inclined observer’s trajectory {. The lu-
~ minescence is seen in the interval ¢, +¢ I3 nght spheres (f — %)% = (R/c)?
from which at- different times ¢ the observer can receive s1gnals are dot-
ted. The dotted lines with arrow show the tra.Jectorles of the first and
. last v151ble signals [14]. ‘

L 10

‘the axis #;

we confine. oneself by a case when ‘the luminous body and observ‘er’s& S

trajectories are dlsposed on the same plane and the axis t3 can not be .

mentioned). R T : o
The intersection time measured by means of an absolute clocl\” of

the relict reference frame Iy=T cosQ and for the observer_ moving along -

, ' Tﬂ= S ltcot(p+6)] - (1) -
Because the duration of an influence of one body on an other is propor- .

tional to their separation an interaction time of nearly placed bodies

is equal practically to zero, i. e. ‘they ”see” each other only an mstant, X

when their trajectories are intersect and a communlcatlon of these bodles L

is possible only with the Help of sublumlnal sxgnals

An inclination of a body time tra.Jectory with respect to the observer s
one turns out qulckly the body from the observer’s field of vision even -
if the luminous body is removed on a comparatively large, macroscopxc

distance.: For example, if R = 1m then a motlonless in z- -subspace light -

-source with the inclination ¢ =1, 1°, 40° remains v1s1ble respec-
tively, durlng 10 -8y 10' : 2 10

e. the l)ght source becomes i
practlcally at once 1nv151ble Only very remote cosmlc obJects ca.n shme :
for a long time. L ‘ ' b

One can show that a observed llght frequency Vo = v oS P where Ppis.

‘the tlme dependent angle between tlle t- tra]ectorxes of the obsexver and

the observmg hght ray Therefore, Doppler shxft _ S
Cz= [c/z/ cos1,b = C/I/] /(c/u) = |1/cos - ll '(;1:7)%‘.

decreases at ﬁrst up to the value 'z, 0 at the traJectory mtersectlon‘g ’

moment and after that 1ncreases up to the 1n1t1al value z=1 / cosO — ;

1[12,13)

It can happen that llght source and observer s t1me traJectorles are
parallel to each other but are dlspla.ced on some mterval T (F)g 4) The -

luminous body is 1nv1s1ble if its distance from the observer R< T/C sin 0

11
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Flgure 4 The observer’s time tra_|ectory H and the trajectorles of hght
sources’ are parallel each other The light sphere (t - 7')2 = (R/ c)2 and '

"the hght s1gnals rece1v1ng by the observer are dotted.

The lumlnescence of very remote bodles as in the one- d1mens1onal case,
k ’are observed practlcally dur1ng infinite t1me

As we see, in a multi-time world there is a plenty of time dlsplaced
1nV1s1ble bodies around any “observer. In this respect such a world is like

a hypothetlcal world of tachyon theorles where part of material objects

" s also 1nacces51ble for observatlon [15] In both cases the past and the:

future co-exist, in fact with' the present. One can suppose that an in- -

. tersection of t- -trajectories of bodies a space distance between wh1ch is

smaller ‘than thelr dimensions must result 1n their destructlon

A duratlon of the v1s1ble lum1nescence of a momng 1n z- subspace

12

.moment

light source depends on' a valneand a directionof its velocity, however, -

quahtatlvely the picture remains the same as in the considered. static
case. Partlcularly, 1f the observer s t-trajectory coincides with rel1ct axis

. t1 and the light source moves in :z:-subspa.ce with zero 1mpact parameter
. (a head-in- head colhslon), then the lummesoenoe becomes v131ble from a :

g

4t,=3—’taﬁ¢,='(&+lﬁi,)tanso,f Lo (18)

where R, = R(t,) is the distance of the luminous body from the detector

at the moment ¢,, R, is the respect1ve distance at the moment of their t- ‘
tra_|ector1es intersection (¢ = 0), ¢ is the angle between these tra_|ector1es, y

(Fig. 5A), B=v / ¢ is the relatlve veloc1ty of the luminous body.. Solvmg .

this equatlon, we obtaln
g = S 1
T (19)

_ If at t = 0 the source and the detector draw together and. the veloc1ty
B is small (B < tan ¢, Flg 5A ) then the lumlnescence is seen inan

‘ 1nterval from 1,  up to tf = R /c

T——[l+1/(tanso+ﬂ)] ]

\”

. By increasing of the velocity (8 > tan¢) this interval stretches ‘over all

left half-axis from ¢, = —oco up to t;. In the case when at-the moment’
t-= 0 the light source moves off from the detector and its velocity 8 <

: tango the luminescence is observed, as before, in the mterval from ¢, up |

to t;. However, when 8 > tan ¢ (Fig. 5B) one more mterval of the v1s1ble- .
lumlnescence beglnnmg at.t;, = —-oo0 springs up e e

The asymmetry of the cases of: approachmg and moving - off llght-
source is stlpulated by the. detector asymmetry with respect to s1gnals :

5It is clear, if the observatlon begins at t > t, then lummescence duratlon is smaller
and by t >t ¢ the llght source remains generally 1nv1srble '

13



- Figure:S:" The bold tracks of the axis ¢, are the intervals of visible lu-

minescence of a moving light source. The moment of time trdjectories
intersection is chosen as ¢ = 0.  The observer’s light spheres are dotted.

In case A at t = 0 the luminous body with velocity 8 < tan'y comes near
to the observer. In case B at t = 0' the luminous body with large veloc1ty
B> tan . moves from the observer [14] '

0 NLO L W N

from the past and the future If we do not take thls c1rcumstance 1nto :

- account, we obtaln the expressmns for T, calculated in papers [11 1‘7] 6.
As we do not encounter an- appearance of material objects "from -

Aanywhere or their dlsappea.rance in nowhere ,one may. be sure that

the time traJectones of all surroundmg us bodmi are extremely close to

; each other: (p = 0). In part1cular, the fact of our Sun existence durmg '
_some milliards of years proves that a deviation of Sun and Earth time
’tra]ectorles is smaller than a milliardth part of a.ngular second and, in .
‘any case, they are far from the 1ntersectlon pomt t. where lummescence
- anomalies could be observed even by very small angular deviation. Bound’
" systems can exist a long t1me only when their t-trajectorics are parallel
: to each other. ‘ ’ ' o

In conclusion I w1sh to thank my colleagues B. F. I\ostenl\o A B

-Pestov and M Z Yur iev for the fru1tful discussions.
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