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Abstract: In the paper [1] we presented the concept of tiecafe mass tensor (EMT) in the

General Relativity (GR). According to this concepter the influence of the gravitational field

the bare mass tensor becomes the EMT. The contépt &MT is a new physical interpreta-

tion of GR, where the curvature of space-time heentreplaced by the EMT. In this paper we
consider the concept of the EMT in GR but in theeasof the clocks and rods.
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|. Introduction

In the paper [1] we presented the concephefeffective mass tens@MT) in the General Relativity
(GR). According to this concept under the influedehe gravitational fieldhe bare mass tensor
becomes the EMT. In this paper we again considecdmcept of the EMT in the GR but in the aspect
of the clocks and rods.

Clocks measure the time and the rods measurergthlen the GR clocks and rods are massless. The
main question is soundahether the clocks and rods with the effective mass m* will measure the
same times and the same lengths as clocks and rods with the bare mass m? Our mathematical
considerations we will realize in the Schwarzschiletric.

In the paper [1] we postulated that in the particdase the EMTm,,, canmimics the metric tensor
g, and
m,,
m

= 0w (1)

where componenis, v =0, 1, 2, 3. Therefore the metric

d<(g,,)=ds(m,,) @

where:ds?(g,, ) = g,,dx“dx’ andds’(m,, )= mm”" dx“dx’ .

Il. Clocks and rodsin the Schwar zschild metric

The line element in the Schwarzschild metric hasform



-1
c’dr? = —(1— 2GM jczdt2 +(1— ZGZM ) dr® +r2d@* +r? sir ¢’ (3)

c’r c’r

where: 7 is a proper timeg is the speed of light,is the time coordinatéM is the mass of star,—
distance from the starG is the gravitational constanf] is the colatitude (angle from North, in units
of radians),¢ is the longitude (also in radians).

The same line element with the effective massas the form [1]

* +\ 1
cidr? = —(1—ﬂchdt2 +[1—ﬂJ dr® +r’d6? +r2 sir’ &¢? 4)
m m

If we take a slice given hy= const we obtain a tree-dimensional manifold with element

% 1
ds’ :(1—%j dr® +r2d@* +r? sir A¢7 (5)

Equation (5) we obtained puttirdf = 0 in equation (4). Thus, the linear element

- 6
d2 ="V g dx! ©)
m

where componenisj =1,2,3, (x=r,¥=8,xX = ¢).

We see that therrl is positive-define EMT on this 3-manifold, so thlece is a space rather than a
m

space-time and

N
[1—ﬂj 0o o0
m (7)
m, =m 0 r’ 0
0 0 r?sin’@

Components of then, does not depends on the titnéf we assume tham — O then the EMT has
the form

1 O 0
mj =m0 r2 0 (8)
0 0 r?sinf@

Note that the 3-dimmensional EMT has also an isterg form. Component of the, =m, compo-
nent of the m,, =mr?, wheremr?is the moment of inertiZComponent of them,, = mr” [$in” 6.

The m, =mand does not depends on direction in the spacée ta other components yes.



Let's go back to the equation (5). If we assume éha const and ¢ = const then we have the infini-

tesimal radial distanc#R in the form

If we assume tham 1 then rods with the effective mass will measuréedint length than the rods

with the bare mass andR> dr. But if we assume thamn — O then rods with the effective mass
and the rods with the bare mass will measure the dangthdR=dr .

dR=dr

The measurement results are consistent with GRhieirt physical meaning was changed. Under the
influence of the gravitational field only physigaioperties of the rods was changed, but not theespa
properties.

Let us now turn our attention to the time. Accogdia the eq. (4) we have

dr =dy ™ =dt,1-T (10)
m m

where we assumed thet =dd =d¢ =0 and
M :_%:[1_ﬁj (11)

If we assume thatm 1 then clocks with the effective mass will measuiféeent time than the

clocks with the bare mass anld < dt. But if we assume than — O then clocks with the effective
mass and the clocks with the bare mass will medakarsame timal7 = dt.

The measurement results are consistent with GRhieut physical meaning was changed. Under the
influence of the gravitational field only physiqabperties of the clocks was changed, but notithe t
properties.

Simple two examples (see below) will illustrates discussion for the properties of the EMT in the
Schwarzschild metric.

Example 1Let us consider a rod of one meter length< 1 m) with the bare mas® . What is the
lengthdR of one meter for the same rod if we will put itigly in a weak gravitational field for the

*

m _ , _ , , .
— =20077? The answer igdR = 1.01 meter. In the gravitational field a rod lwiffective mass
m

m will show a length greater than the rod with theshmass.

Example 2Let us consider a clock with the bare masswhich measures the time with an accuracy
of the one secondi{= 1 s).What is the lengtid7 of the one second for the same clock if we will pu

- - , m _ . o

it in a weak gravitational field for the— = 2[107>? The answer istl7 = 0.99 s. In the gravitational
m

field a clock with effective mass1 runs slower than the clock with the bare mass.
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I1l. The EMT in the Schwar zschild metric

The EMT in the Schwarzschild metric has the foree(sqg. (1))

ot

If we assume thamn — O then the 4-dimmensional EMT has the form

0 0 0
* \ 1
_mj o 0
m
0 r 0
0 0 r?sin’d

-1 0 O 0
M= 0 1 0 0
w 0 0 r? 0
0 0 0 r?sin°@
IV.The EMT anisotropy in the Solar System
As we known from the paper [1]
ﬂ*_ZGM
m c’r

(12)

(13)

(14)

Many physicists looks for the (inertial) mass atnispy [2]. We will show where to look for the mass
anisotropyin the Solar Systeihthe concept of EMT is true.

The EMT for the Schwarzschild metric has form

-2
cTr

0 0
0 0
r? 0
0 r®sin®é)

(15)

Components of then, and m, depends on the distancebetween the planet and the star. As we
known inthe Solar Systerthe distancer between the Earth and the Sun is changed (the isrhit
ellipse). The relative changes in the mass aniggtfor the components, and m, we should ob-

serve during a year, measuring from perihelion €tiph) to perihelion (aphelion).

Component of them, is the smallest in the perihelion while the comgrarm,, is the biggest. Annual

the biggest relative changes (for example fromhadion to perihelion) for then, and form, should
be measured ithe Solar Systermnd the estimated value is equal to
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_2GM[ 1 1|

2
C ‘ r r.aphel

(16)
= 66010

perih

V. Conclusion

In this paper we considered the concept of the EMGR in the aspect of the clocks and rods. We
have found that the gravitational field has an iotga the masses of the clocks and rods located in

this field. In the gravitational field all clocks @ rods have the effective mags . When there is no
gravitational field all clocks and rods have thecb@aassesn .

All clocks with the effective mass runs dower than the clocks with the bare mass while a rods
with the effective mass will show a length greater than the rodswith the bare mass.

The concept of the EMT is a new physical intergiretaof the GR, where the curvature of space-time
has been replaced by the EMT. We believe thatdtmeept will help better understand the gravita-
tional phenomena.

Appendix

For the similar consideration but for the Newtonmstric in the Cartesian coordinates we have 3-
dimensional EMTm,

1+— 0 0
m *
m=m 0 1+% 0 (A1)
0 0 1+—
m

Components of then; does not depends on the titéf we assume in eq. (A1) that — O then 3-
dimensional EMT in the Cartesian coordinates takegorm

A2
m = (A2)

o O -
o +— O
O O

and does not depends on direction in the spacesed'¢hat in Cartesian coordinates the EMT is

the 3-dimensional bare mass tensbhis tensor issotropic- and physically representise mass isot-
ropy in the 3-dimensional space. This mass isotroggigerally interpreted asscalat

! The 3-dimensional bare mass tensor is isotroiadf only if it his properties do not depend ondfrection in
the space (all components have the same valuériotaied coordinate systems).



The 4-dimensional EMTn,, in the Newton’s metric in the Cartesian coordindtas form

- (1—ﬂj 0 0 0
m
»
0 (14-?] 0 0 (A3)
m,, =m .
0 0 (1+ﬂj 0
m
0 0 0 (1+ ﬂj
— m -

If we assume tham — O then EMT has the form

-1 0 00

M= 0 100 (Ad)
w 0O 010
0O 001

and does not depends on direction in the space-ifeesee that in Cartesian coordinates the EMT
m,, isthe 4-dimensional bare mass tensbhis tensor is also isotropiand physically represents the

mass isotropy in the 4-dimensional space.
So far, the concept of the mass isotropy was assatonly with the 3-dimensional space but not with

the 4-dimensional space-time. The 4-dimensiona Ipa&ss tensor it is a new term in our considera-
tions. The eq. (A4) we can rewrite in the form

m,, =mif,, (A5)

where:7,,, isthe Minkowski tensor
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