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TIIE RELATIVIST EXPRESSION OF THE ACCELERATION
PRODUCED BY A CENTRAL SPHERICAL SYMMETRIC BODY ON
MATERIAL POINT ROTATING
AROUND TIIAT

[stvdan [Tuba Atilla SASS

Abstract. In this paper is presented the introduction of the centrifugal
acceleration into the relativist expression of the acceleration produced by a central
hody with spherical symmetry on a matenal point that rotates around O axis.

L INTRODUCTION

If we consider a spherical symmetric central body having its center in the ongin
of a Cartesian frame Oxyz. One material point M, situated in the neighbourhood of a
central body has its spherical coordinates generalized in the quadridimensional space:

=g rglopoxt=0 xi=g (1)

where x" is the time coordinate and x| x® | x* arc the space coordinates.
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For calculations we use geometrized units physical sizes (with index ph), that
can be obtamed from these by muloplymg them with an umversal constants
combination, using;

¢ — velocity of hbght; G universal constant of gravitation
time t=ct,(m),
angular velocily W = . (2}
¢
M,
Mass m-—-=—(m}),
o
. e :
accelerahon a = == f m).
2

When we have a spherical svmmetry, the space-time metrics has the form:
dst =g (de®P +g, (dz') 4 ;.,d[dr Forps (dx3) (3)

when the fundamental metric tensor has the covanant components

g =g lx!s27) (4)
and the covananl ones.
g, (5)
E.‘J
where we note with
k
i _ {?1!': i {ﬁl':l
el s

the quadnivelocily components.
Taking into consideration that the material point M has a rotation around Oz axis

f-fi'_—ﬁ—""—rﬂ. (7}
dx®  di
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with
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u” = gy + 0 gy) 1 ()

Keeping the space coordinates constants, we gel

ds =dt | (109

where 1 represents the time measured mnside the pomt M.

2, FORMULATION OF THE PROBLEM AND THE EXPRESSION
OF THE ACCELERATION

The equation of geodesics

| . & m
id r . dx® dx ’ (1)
s - ds  ds
where
a | i ;
Lim==8 "l B B 1) (12)

represents the Christoffel's symbols of the second kind, the notations are those used
for the tensorial calculus.
Al the repetition of the index, the sum 1s made after that index, and the comma

followed by an index /. shows us that the derivation is done by the x coordinate.

We obtain:

]

& _ ¥ g

el -

il

== onfum, el 2,3); (13)

thal means
a* = - (u BTy + @Ty). (14)

In our situation we have the following non-null components involved in the formula
(14) for the Christotfel's symbols:

oo B, e Lo 2
0 e Ry
<H ot = (15)
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We obtain
r - |‘_:|.'2 3
Boo.1 W Eaa g

al=gf= =l
Egn Eguu + Wy 455_15}
s .
. LR E (16
Sdie B B -51:43..; ) )
285, (B =W 8y3)
a3 ==
The quadrate of the acceleration's module 15 equal 1o
|@|2=y,pa%af , (1
where
Eian
Yop = - Bapt —P (18)
'i-:”:.l
are the components of the tridimensional space metric tensor
Vi = Bris Yz~ & Yz=V s (19
and
1| 8wt gn, [ 1 | 8wt |
o0 1 33,1 00,2 1.2 (20

|ﬁ!:__31|{HIJ;'_E-{H{Lﬁf:' -
8o | 2 ( gy 10" E13)

HI | 2 fgrm +D.13 333)

The acceleration vector in point M 15 equal 10

: Loy ' O 8 : o2 O 8o
&= - 00,1 Z'-Eﬁ,l & Loo,2 et 21)
2y-2 (B ' 07 R33) 2yt (Ko ' 07 Byy)
where P -~ istheradial and T is the menidian tangent versor one.
r

If the central body has not electrical charge, then in its neigbourhood 15 applied
the Schwarzschild metrics:
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From (22) and (21) results
{
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@ = 7
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1 =22 wfricint 0
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By passing to the physical units we have

e 2('{_&4[ GM _ 2. o 5] p +wrsin B cos BT

e \ cip re
2000 wir? |,
I — - ——sin”
OF e
In normal conditions
o Tt 2 2
_{::“H'___ 0 sand w-f' il
i o
we ohtain
- -ﬂﬁ wrsin0(sin0p +cosBT)=g1a,,
— : : s

where g 1s the gravitation acceleration and & , is the centrifugal one.

(22)

(24)

(26)
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