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As is known 111, the Mach principle is only partially reflec
ted in the general theory of relativity. At each point of 
a space, the acceleration of a freely falling reference frame 
is given by the general distribution and motion of matter. Yet, 
if we try to accelerate a probing body relative to such a frame, 
its inertia turns out to be in no way associated with the dis
tribution of matter beyond the body. In contrast to this, in 
the general relativistic theory of the locally anisotropic 
space-time and gravitation, the distribution and motion of mat
ter manifest themselves in a freely falling reference frame. 
The anisotropy of a space-time in such a reference frcome, as 
well as the inertia of a probe, depend on their localization 
and motion relative to the external matter. In this sense, the 
Mach principle is better reflected in the general relativistic 
theory of the locally anisotropic space-time and gravitation. 

The special relativistic theory of the locally anisotropic 
space-time has been developed in refs. 12,3~ the general theory 
being outlined in /4,5/. The underlying idea was that the space
time has not the Riemannian, but the more general Finslerian 1G/ 
geometry, the metric of the curved, locally anisotropic space 
of events being given by 'the formula 141 
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where g 1k(~ is the field of the Riemannian metric tensor; 
r=r(x), the scalar field that determines the magnitude of the 
local anisotropy; v 1 = v 1 (x), the vector field of locally prefer
red directions in the given space-time, and v. vi= g

1 
viv k = 0. 

The flat anisotropic space with the metric /2/ 
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is tangential to (I) at a given point. Here r and v are the va
lues of the corresponding fields at a given space-time point. 
The Riemannian and pseudo-Euclidean space-time turn out to be 
the particular cases of spaces (I) and (2) at r = 0. 

In Einstein's theory of gravitation, the field of the Riemann 
metric tensor is given by the distribution and motion of matter. 
In the general relativistic theory of the locally anisotropic 
space-time and gravitation \t.is. ~atur~l_so_Pl9~S~ed from the 
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assumption that the motion and distribution of matter determine 
not only g 1k(x), but also the local space-time anisotropy, i.e., 
the fields r(~ and v1 (~.The second-order field equations,which 
relate g ik (x), r(x) , v 1(x) and their derivatives to the motion 
and distribution of matter, have been found in 151• Below, expres
sions for some of the observables will be obtained. 

Formula (I) determines the metric of the locally anisotropic 
space of events referred to an arbitrary reference frame x 1 • 
There arises the question of how one can determine the apparent 
spatial distances and time intervals from coordinate incre
ments dx 1• 

Let us first establish the relation between the proper time 
at a given reference point 171 and the coordinate X0

• To do this, 
we consider, as usual, two infinitely close events that take 
place at the given point. Such events will have the same values 
of spatial coordinates. Assuming that in (I) dx1=dx2= dx8=0 
and bearing in mind that ds =cdr, we find 

1 v* r/2 - 0 dr = -· [ --l'-} v' g 00 dX • 
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(3) 

In order to determine the spatial distance between two in
finitely close reference points, we call attention to the fact 
that the equation of propagation of a light signal in the lo
cally anisotropic space of events has the same form as it has 
in the Riemannian space-time of the general theory of relati~i
ty 

gik dx 1 dx k = o . (4) 

This enables us to apply a procedure similar to that used in 
ref. 181 in the general theory of relativity to determine the 
spatial distance. 

Consider two infinitely close reference points A· and ·B with 
space coordinates xa and xa+dxa,respectively. A light signal sent 
from point B at the moment of the coordinate time x0 + dx 0

1) re
aches point A at the moment X0

, and, having been reflected,will 
return to point B at the moment X 0 + dx(2). Proceeditlg from (4), 
one can calculate the coordinate time interval between the send
ing and arrival of the signal 

(xo + dx(2))- (xo + dx(l)) = 1-v (goago/3 -·ga{3goo )dxadx/3 . (5) 
00 

The corresponding interval of the proper time is found using 
(3) 
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The spatial distance dt between A and B is equal to c!J.r /2 
and we finally obtain 

2 - a f3 df = y a/3 dx dx , (7) 

where 

2 11o r 
y = [-1 y 
af3 g 00 af3 

Y af3 = -·g af3 + 
goa g o/3 
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(8) 
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It is interesting to note that the space geometry at the given 
reference frame turns out to be Riemannian, determined by the 
quadratic form (7) with the metric tensor (8), whereas the geo
metry of the space of events (I) is Finslerrian. 

The contravariant three-dimensional metric tensor yaf3 cor
responding to the metric (7) can readily be written if we take 
into account (8), ~9) and the relation -g a/3(-g r:l + g r:lg /g )=8a. 

I tJY OtJ Oy 00 y 

2 
-a{3 [ 110 1-r• af3 
y =- --· g 

g 00 

(I O') 

The __ element of the spatial volume is given by dv = 
= v' y dx 1dx2dx8, where j7 is the determinant of the spatial metric 
tensor (8). 

Let us now turn the question of synchronization of the coordi
nate clocks (i.e., clocks showing the coordinate time x0 

) that 
are placed at two infinitely close reference points A and B. In 
other word's, we wish to determine t::.x0 the dif.ference between 
the times told by these neighbouring clocks corresponding to si
multaneous events at A and ·B. Since the equations of propagation 
of a light signal in the locally anisotropic space and in the 
Riemannian space are of the same form, the determination of the 
simultaneity of ~vents and the algorithm for calculating !::.x 0 

in the locally anisotropic space literally repeat the method for 
clock synchronization/8/ in the general theory of relativity. 
Namely, the time told by the clock at point ·B, which is between 
the moments of signal sending and its arrival at ·B, is simulta
neius with the moment X0 at A. Thus 

IJ.xo = J.-{dxo + dxo ) gOa dxa 
2 (2) (1) = - ----· . 
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Finally, we find an expression for the proper time interval 
between events taking place at the neighbouring points of space. 
If one event has occurred at A at tpe coordinate time moment 
and the other at x0 at the moment X

0 + dx",then the coordinate 
time interval between these two events at B is equal to the 

difference between X 0 + dx0 and the moment x0 
- · gOa dxawhich is 

goo 
simultaneous ft B to the moment X0 at A. Multiplying this dif
ference by [ v0 I g 00 ] r/ 2 ~~ we find, according to (3), the pro-
per time interval · 

dr = ...!. [ v~ ]r/ 2 
c goo 

gOi dx 1 

v' g 00 

(12) 

The relation (12) extends formula (3) to the case when dx 1, dx2, 
dx 8 .j 0. Dividing dxa by (12), we may write an expression for the 
three-dimensional particle velocity measured in the proper time 
determined from the clocks synchronized along the particle tra
jectory. 

The author is grateful to Prof. N.A.Chernikov for useful 
discussions and interest to the present work. 
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6orocnoBCKHH r.~. E2-82-779 
Co6cTBeHHOe epeM~, npocTpaHCTBeHH~e paccTO~HH~ 
H CHHXOOHH3aUH~ 4aCOB B noKanbHO-aHH30TpOnHOM npOCTpaHCTBe-epeMeHH 

nony4eH~ COOTHOWeHH~, ycTaHaBnHBa~He CB~3b Me*Ay ~HHCnepOBOH MeTpHKOH 
4eT~pexMepHoro npocTpaHcTea-epeMeHH H MeTpHKOH TpexMepHoro npocTpaHCTBa, 
a TaK*e onpeAeneH~ OAHOBpeMeHHOCTb co6~THH H cnoco6 CHHXPOHH3aUHH 4aCOB. 
MeTOA B~BOAa B~pa*eHHH An~ Ha6n~AaeM~X BenH4HH H CHHXPOHH3aUHH 4aCOB OCHO
BaH Ha o6MeHe CBeTOB~MH CHrHanaMH H ~Bn~eTC~ cneACTBHeM KOHKpeTHOH ~HHCnepo
BOH CTPYKTyp~ npocTpaHCTBa-epeMeHH, KOTOpa~ npHBOAHT K TaKOMY *e ypaBHeHH~ 
An~ pacnpOCTpaHeHH~ CBeTOBOrO CHrHana, 4TO H 06~a~ TeOpH~ OTHOCHTenbHOCTH. 
B paMKax o~eH pen~THBHCTCKOH TeopHH noKanbHO aHH30TponHoro npocTpaHcTea
epeMeHH H rpaBHTaUHH nony4eH~ B~pa*eHH~ An~ Ha6n~AaeM~X BenH4HH: C06CTBeH
HOrO BpeMeHH, npOCTpaHCTBeHHOrO paCCTO~HH~ H npoMe*YTKa Co6CTBeHHOrO BpeMe
HH Me*AY C06~TH~MH B COCeAHHX T04KaX. KOHKpeTHa~ ~pMa An~ MeTpHKH noKanbHO 
aHH30TponHOrO npOCTpaHCTBa-epeMeHH, HCnOnb30BaHHa~ B pa6oTe, npHBOAHT K pa-
3YMH~M B~pa*eHH~M Ha6n~AaeM~X BenH4HH TeOpHH 4epe3 3Ha4eHH~ noneH, onpeAe
n~~HX noKanbHY~ aHH30TpOnH~. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

C~eHMe 06~eAMHeHHOro MHCTMTyTa ~AePH~x HccneAOBaHMH. AY6Ha 1982 

Bogoslovsky G.Yu. E2-82-779 
The Proper Time, Spatial Distances, 
and Clock Synchronization in the Locally Anisotropic Space-Time 

The relations between the Finslerian metric of four-dimensional space
time and the metric of three-dimensional space is obtained and the simulta
neity of events and the algorithm for synchronizing clocks are determined. 
The method for deriving the expressions of the observable quantities and 
synchronizing clocks is based on light-signal exchange and is a consequence 
of the specific Finslerian structure of space-time which gives the same 
equation of light-signal propagation as the general relativity. Within the 
framework of the general relativistic theory of the locally anisotropic 
space-time and gravitation, expressions have been obtained for the obser
vable values: the proper time, the spatial distance, and the proper time 
interval between . events at the neighbouring reference points. The specific 
form of the metric of locally anisotropic space-time used in the work has 
yielded reasonable expressions of the observable quantities through the va
lues of the fields determining the local anisotropy. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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