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Abstract: In the papers [1, 2] we presented the concept efdtfiective mass tensor (EMT) in
General Relativity (GR). According to this concepter the influence of the gravitational field

the bare mass tenscmfjre becomes the EMM,, . The concept of the EMT is a new physical

interpretation of GR, where the curvature of sptinee has been replaced by the EMT. In this
paper we consider again the concept of the EMTénGR but in the aspect of Newton’s bucket
argument.
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I. Introduction

In the papers [1, 2] we presented the concefhiekffective mass tens@MT) in General Relativity
(GR). According to this concept under the influendghe gravitational fieldhe bare mass tensor

mf,ire [2] becomes the EMTm,,. The concept of the EMT is a new physical intetaifen of GR,

where the curvature of space-time has been replacéide EMT. In this paper we again consider the
concept of the EMT in the but in the aspect of Ned bucket argument.

As we know from the papers [1, 2] the metric tenggy we can express by the EMT,,

9, =—= (1)

where:misthe bare massf the body, the space-time compongntg=0, 1, 2, 3.

Therefore the metric

(g, )=a%{m,) @

where:dsz(gw)= g,,dx“dx’ andds’ (mw): mm”” dx“dx” .



Let us consider the Lagrangian function for the foedy in the curved space, which is moving with
H u

the small velocity% (% << (), wherec s the speed of the light, is the proper time.
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If in the eq. (3) we replace the metric tengpy, with the EMTm,, (see eq. (1)) then we have

2 " dr dr @)
The equation of motion for the Lagrangian functi@phhave the form
d’x? .y dxtdx )
dr ' dr dr
where the terrrl';f we will callthe modified Christoffel symbols of the second kimdi
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In the weak gravitational field we can decomposethef EMT of the body to the simple form:

m,, =My +m,,, where:m® = mi,, = diag-m,+m+m,+m) we will call the bare mass ten-

sor, 17, is the Minkowski tensor,m:w = m[lhw

<<1 is a small EMT “perturbation” [1]. Note that

bare

in the absence of the gravitational field the EME@mes the bare mass tensgy, — m,,

The modified Christoffel symbols (6) (with accuraoyfirst order) have the form

i1 .
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(components andj are the Roman indices to denote spatial components 1, 2, 3) and similarly
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Now the equation of the motion (5) have the form

d2x' . (c’m o*c \ . \dx!
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dt? " 2m m dt

where we omitted the terraom:w . The second right term in the eq. (9) is veledigpendent and is
associated with the rotation atiae Coriolis acceleration



Il. The equation of motion in the rotating reference system

Let us consider two coordinating systems: nonnagaslystenK with coordinatesT, X, Y, Z and ro-
tating systenK with the small angular velocitg with coordinatest(x, y, 2, @ = (0,0, a)) respect to
the all bodies in the Universe [3]. In tKesystem line element has the form

c’dr? =c’dT? -dX? -dY? -dZz? (10)
Let us define new coordinatdasX , y, 2 by

T =t
X =xcosat — ysinat
Y = xsinat + ycosat
Z=2

(11)

The coordinate systelfi (t, X, y, 7 is rotating relative to the coordinate systé(, X ,Y, Z with the
angular velocityc . In theK system line element has the form

dr? = (¢ - wfr?)dt? + 2aydxdt- 2axdydt-dx — dy? - dZ (12)

where: r? = x* + y? is a radial distance from the origin of the ratgtsystem to the observer. In the
slowly rotating coordinating system with the angwlalocity « [3] a small EMT “perturbation’m:w
we can express in the matrix form

W @y X O_
¢ ¢ C
wy
. _ — 0 0O O (13)
m//v =m C
_x 0
C
The EMT we can express by the equation
_ ) -
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my, =m Cc
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When the body is not rotatee. = 0) then
m. = mbare (15)

wv — Ny

If we use an approximation



. Wr? (16)

in eq. (9) antﬁajm’;k —6km*)j) terms then the equation of motion of the body sioavly rotating sys-

tem [3] is
2
d—2 = C()ZX+ Za)d—y
dt dt
d’y _ dx
o
dt?

These equation is identical with the classical Newen equation in the slowly rotating system.

lll. The rotating liquid mirror with mercury instea d the bucket water

Let us consider the rotating liquid mirror (LM) Wimercury, instead the bucket with water [4]. Ac-
cording to the Berkeley and Mach point of view timation (only) with respect to thiixed star
sphere(FSS, all bodies in the Universe) gives curvatiréne surface of the mercury. If we were to
take the LM of the mercury, with the utmost cacethte Earth’s pole, we would find that the surface
of the mercury assumes a paraboloidal shape, ekien the LM is at the rest relative to the Eartle (th
Earth with LM is rotating relative to the FSS).

According to the concept of the EMT when the LMhwihe mercuryotates respect to the FSS then
the 00 component of a small EMT “perturbatimnf;O is expressed by the formula

\ Wr?

rn:)O =-m C2 (18)

and then equation of motion (9) have the form

2
X = ix
dt
d%y (19)
=/
dt? y
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where we omitted the Coriolis acceleration. Thdam& of mercury has the paraboloid shape and de-
pends on the radius of mirror [4].

But if LM with the mercurynot rotates respect to the FSS then the EMT of the mercuekgessed
by the formula

m,, = mZire (20)

and then equation of motion (9) have the form
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2
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and surface of the mercury would be flat. The expent with LM with the mercury could confirm (or
not) the Berkeley and Mach point of view and ats®¢oncept of the EMT.

IV. Clock in the rotating reference frame

Clock rests in the systeKi has the coordinates = const, y = const, z = constherefore
cidr? = (02 - a)zrz)dt2 (22)

and finally

CZ

1/2
wr?
dr = [1— dt (23)
This means that the clock resting in the rotatiygjemK' runs slower than the clock in system associ-
ated with the inertial syste, because effective mass is different in the nogpsiystenK than in the
inertial systenK (see eq. (14)).

V. Conclusion

In this paper we considered the concept of the BEMThe aspect of Newton’s bucket argument.
According to this concept in the slowly rotatings®m with respect to the FSS the bare mass tensor
becomes the EMT and is expressed by the eq. (bfatiBn with respect to FSS will change the effec-
tive mass of mercury, its surface and changeseimthning of the clock.

The experiment with LM with the mercury could confi(or not) the Berkeley and Mach point of
view and also the concept of the EMT.
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