


; A theory - of multl-dlmensmnal t1me ‘was- developed as
- ,'fan 1nvest1gat10n of a further symmetrlzatlon of space-time -
' propertles [2.-:6]- and as-an:attempt to bypass difficulties
: w1th superlurmnal Lorent transformatlons 15 - 8] inher-

~ent;in. all: non—local generahzatlons [9,10]. ;A behaviors of

bodies in such a theory is characterlzed by some interest-
ing peculiarities. In’ one-time theories a:luminous body is
observed as long as its luminescence goes: on, ‘however -in
space with multl-dlmensmnal time vectors the luminescence
is seen only in a certain’ time interval and the body can: be-

-come invisible. long before a moment. when its irradiation =

ceases.: The!question was. con51dered in detail by E.-A. B.
- Cole and 1. M. Starr [1]. These authors: didAnot ‘use-any’
restriction on time vector directions; i. e.-in their model a
: s1gnal can spread in any direction with respect to time axes

- It. means that:both: outgoing ‘and. violating: ‘the causal-
1ty incoming waves. take part in interactions, therefore an -

- influence of the future’ on:the past, a creation of particles .

- with negative:energies and decays:in which secondary par- -
ticle. mass: exceeds ‘mass:of . the . decaymg partlcle become

- possible.

The difficulties can be av01ded 1f we demand that all sig--

- nals should propagate along any ‘time axis t; only from the
past to .the future;:i. e. all physically permissible-trajec-
tories .ought to be disposed in: t-subspace in that the’pro-
jections of any time and energy vectors remairi ‘always pos-

itive [10]. From the cosmological point of view such a’con-
dition is:equivalent to a'supposition about an existence of
some preferred ("relict”) reference frame (”the time arrow”

_ in one-time case) ﬁxed by.an event order which was setup
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at ﬁrst moments after creatlon of our unlverse -
. It should be: emphaslzed that a movmg along a traJectory

i observer can. descr1be events by: means: of- the measured
along this trajectory one-dimensional time:t since the last
one can be used as‘a parameter deﬁnlng the vector functlon L

t(t) g

‘time traJectory of which differs from the ‘observer’s one.:In

order not to complicate our’ cons1derat10n we shall conﬁne |
‘ oneself by a case when the traJectorles of a luminous body :
and the observer are dlsposed on. the same plane and the'

“axis t3 can not be mentloned S
As a s1mple example 1llustrat1ng the pecuharltlf S of the

detectlon of s1gnals in’a multi-dimensional world; Cole: and .

The goal of our: paper is to show how taklng the tune,
1rrevers1b111ty into account affects the: detectlon of ob Jects a

' Starr considered a case when owing to the force of some cir-

cumstances a. sphttlng of time. traJectorles of a motlonless‘ =
i - subspace luminous body and the observer. occurs sud-
~ denly (Fig. 1). In the cons1dered by these authors synnnet—k e

‘Vrlcal with respect to every possible time directions variant
of theory the light source losing little by little its lustre (dis-

placing into‘infrared region) remains visible some time after

~the moment of the: splitting.. However, if the time-reverse
motions are forbidden, we come to qulte a different con-
clusion. Particularly, if the observer’s time-trajectory. coin=
cides with the axis ¢ of relict reference frame; the Inminous
bo’dy becomes in'a moment invisible because it occurs at
- ‘once in the future with respect to.the detector. The body
can remain visible for some time after the sphttlngr only if

o 1We mark off: three—dlmensxonal time vectors by a ”hat” -
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-relict axes t;.-

_and 7. BY'6 the inclination of observer

T

the:observer’s traJectory has some 1nc11natlon Wlth respect

to the relict time axes. et

One can see from the Fig.1 that the duratlon of observ1ng-‘
luminescence when: the emitted light spreads in the: plane .
(tl, t2) from the past to the future ' SRR

= (tf—tc) = (tf—tp) —R/C—

“sing -

Here t is the time of the sphttmg, t is the observer s proper
time when the light slgnal trajectory becornes parallel to the .

backward in time 5. Ris the constant drstance between the '
light source and the detector and- © is the angle between ¢
traJectory w1thé'
respect to’ the axis t; is denoted , S A S

In. 1nore general case When the lummous body tlme tra-l' :
Jectory zntersects‘ the observer trajectory (at the moment{ '
t = t., see Fig. 1) ‘the detector holds fixed the 1111111]19%( ence

inlan 1nterval from ¢; when it fixes the ray: ‘emitted at rlght
‘ angle to-the axis ; up to the moment: of the: last visible

signal arrival ¢;. For ¢ <ty the body is too remote in the
past and the connection to it is possib)e only. with-the help-
of ;subluminal signals (v < c) ‘The rays emitted dt ¢ >t

can not be observed owing: to the causality pr1nc1ple In

- that way, the duratlon of the visible luminescence e*{pressedr -

throughout the observer’ s.proper time: RIS
R T—tf—t = (tf—tc)+(t it )'—" ;

R______sm(cp + 0) [1 + cot(<,9 + 0)]

.C singp

By t > t; the time light signal propagates .



e Flgure 1::At an observer’s proper time ¢, the lurnmous body time tra]ec—» :
‘tory T 1is sphtted off from the observer’s traJectory t The lurmnescence is
seen in the 1nterval ts+1y. Light spheres (t — 7)2 (R/c)2 from Wthh at

dlfferent times ¢ the observer can receive signals’ are ‘dotted.” The dotted

_ lines’ w1th‘arrow show the tra]ectorles of the ﬁrst and last v1s1ble s1gnals'

o "A_s in&the‘ rnOdel* consideredibyx Gole and‘i Starrf[i]éz.‘t11e4/
‘value of T is significant only for remote cosmic objects. For.

example; if R = 1 mand ¢ = § =1',1°40° it is equal,
respectively, to 2.107%,4.10~7, 1078 c. In a multi-tinie world

there is'a great number of invisible time displaced bodies
~ around any: observer. In this respect such a world-is like
a hypothetical world: of tachyon:theories - -[11,12]. One can
- think that an intersection of ¢-trajectories of: bodies a space
distance between which is smaller than their dimensions

must result in dramatic body destructlon Because such

'phenomena are not observed in a surroundlng us part. of

universe, it proves that the time flow in thls reglon is smgle?
d1rected :

A duration of the visible lumlnescence of a movm g 1n z-
subspace llght source- depends on a value and a dlrectlon of

" its velocity, - -however quahtatlvely the p1cture remains the
~ some as in the above considered: stat1c case. Partlcularly,

if the observer s ¢ trajectory comc1des W1th relict “axis tlf

‘and the light source moves in :r-subspace . ith zero 1mpact
- parameter (a head-in-head collision), then the. lummescence_

becomes v1s1b1e from a moment

R;
ts = ~——tan(,0

(R +,3t)tan<,9, »

where R R(t ). 1s the dlstance of the lumlnous body from

_ the detector at the. moment ts, R is’ the respectlve distance
‘at. the moment when the1r t- traJectorles intersect (t = 0), ¢
is the angle between these traJectorles (Fig. 2A) B=v/cis

the relative velocity of the luminous body and the observer ,

) Solvmg thls equatlon we. obtaln )

- .+R / c
fs = ———
\‘ Awtango ,3 e e
If at t = O the source and" the detector draw together
and the veloaty B is small (8 < tan @, Flg 2A) then the

: lumlnescence is seen 1n an 1nterva1 fromﬂt up to t = R / c:

-, T—-'—[1+1/(tanso+ﬂ)]

fo 1ncrea81ng of the velocity (8. > tan¢) this: interval |
| stretches over all left halfjax;sifrom ts

= ,f—oo up to tj. In



F igure 2:. The bold tracks of the axis t; are the mtervals of v1s1ble lu-
‘mlnescence of ‘a moving light source. ‘The moment of tlme trajectories

: lntersectron is chosen as t = 0. The observer’s light spheres are dotted. -
“In case A the lummous body with velocity # < tan  comes at timet =0

. ‘near to the observer In case B the luminous body with large veloc1ty
,3 > tan ¢ moves att= 0 from the observer

"'. the visible lummescence begmnmg at t

f [2] Cole E A B 1980 J. Phys. A 13 109

the case when at the 1110111ent t = 0 the hght source moves i
. off from the detector and its veloc1ty B-< tan @ the lumni-
o fnes( ence is observed as before n the 1nterval from t, up to-

. However, by g > tanc,o (Frg 2B) one 1n0re 1n1 erval of
= —0o0 springs up. -

The asyrmnetry of the cases of approachmg and moving :
i off hght source is strpulated by the detector asymmetrywrth
S respect to: Slgnals from ‘the past and ‘the future: . '

“As we see, the quantitative conclusions obtamed in theF :

e ;,",deerS /1/ are E‘SSGIltldlly changed if the tnne 1rreveslb1htv_ .
~ is taken mto account ‘ = T RS
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