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3 Computation and graphics

3.1 Relativistic motion of star S2

3.1.1 The relativistic Lagrangian model

The star S2 orbits the centre of the galaxy which is a supermassive object
of over 4.3 million solar masses. It is one of several stars orbiting the centre
in few years, therefore their orbits are observable completely. Nevertheless,
experimental data, given in Eqs. (31) of section 2, are not very precise.

The numerical calculation was executed with the relativistic 1-body equation

r̈ =
γM G

r3

(
ṙ (ṙ · r)

c2
− r

)
(36)

as obtained from the relativistic Lagrangian

L = −mc
2

γ
+
mM G

r
(37)

where γ is the relativistic factor

γ =
1√

1− v2

c2

=
1√

1− Ẋ2+Ẏ 2

c2

. (38)

Calculations were carried out in Cartesian coordinates and in SI units. Although
distances have magnitudes of several powers of 10, this is by far the clearest way
to avoid obscure units used in astronomy. The minimum and maximum orbital
radius (periastron and apastron) are derived from the experimental semi major
axis a by

rmin =
a(1− ε2)

1 + ε
, (39)

rmax =
a(1− ε2)

1− ε
. (40)
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v0 [106 m/s] T [yr] rmax [1014 m] ε ∆φ [rad]
7.73 13.45 2.52019 0.87595 5.9385·10−4

7.7466 14.88 2.70718 0.88402 5.9130·10−4

7.7529648 15.50 2.78609 0.88712 5.9033·10−4

7.77 17.38 3.02068 0.89543 5.8774·10−4

non-rel.:
7.7529648 15.31 2.76156 0.88619 < 8 · 10−8

rel. �uid dyn. model:
7.7529648 15.52 2.78821 0.88804 -0.0043065
experiment:
7.7529648 15.56 2.68398 0.8831 -0.017. . .+0.035

Table 1: Parameters of S2 star orbit (various calculations and experimental).

The periastron has been taken as initial point for orbital calculation. The initial
velocity is in non-relativistic approximation:

v0 = Ẏ (0) =

√
M G

a
(3 + 2ε− ε2). (41)

Test runs showed that the orbit period T is sensitive to the initial velocity.
Therefore we selected four values of v0 (see Table 1) and extracted the orbit pe-
riod from the numerical solution. The third value is nearest to the experimental
value of T = 15.56 years and was chosen as reference value. It is not possible to
bring both T and the apastron rmax in coincidence with the experimental values
by the same v0.

The trajectories X(t) and Y (t) of the S2 star are graphed in Fig. 1. Because
of the high ellipticity, the orbital velocity at periastron is much higher than
at apastron and the X trajectory changes direction sharply. The same can be
observed from the graph of velocity components (Fig. 2) where both Ẋ and
Ẏ have sharp peaks at periastron. The relativistic angular momentum is in Z
direction and given by

LZ,rel = γm|r× v|Z = γm(XẎ − Y Ẋ) (42)

where m is the mass of S2 of 15 solar masses. The non-relativistic angular
momentum is Eq. (42) without the γ factor. Both are graphed in Fig. 3.
It is seen that the relativistic angular momentum is constant as it should be.
The non-relativistic counterpart is lower in regions where the orbital velocity is
high, i.e. at periastron. The absolute di�erences however are very small. The
γ factor is plotted separately in Fig. 4. Its maximal deviation from unity is
4/10 000, indicating that relativistic e�ects are small and the S2 orbit, in spite
of the large masses involved, is nearly Newtonian. Nearly the same results are
obtained from a calculation with the non-relativistic Lagrangian that are also
presented as a line in Table 1. All parameters (except orbital precession) are
very close to the relativistic calculation.

The numerical calculation only needs initial coordinates and velocity. All
orbit parameters have to be extracted from the calculation. We used a simple
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detection of changes in coordinate signs to �nd rmax and determined ε by

ε =

√
1− b2

a2
=

√
1− Y 2

max

((|Xmin|+ |Xmax|)/2)2
. (43)

While rmax depends visibly on the initial velocity v0 = Ẏ (0), the eccentricity
ε is not very sensitive on v0. We particularly emphasise that the orbital pre-
cession has been calculated carefully. Since the radius at apastron takes a �at
maximum, we used an interpolation procedure to obtain its exact value and the
corresponding angle. We took three points nearest to the maximum and made
a parabolic interpolation as follows:

The orbital angle is given from Cartesian coordinates by

φ = atan
Y

X
. (44)

The radius function ri(φi) at points (Xi, Yi) is interpolated by the formula

ri = c1φ
2
i + c2φi + c3 (45)

with coe�cients c1, c2, c3. These can be determined by selecting three i values
around the maximum, giving three equations:

ri−1 = c1φ
2
i−1 + c2φi−1 + c3, (46)

ri = c1φ
2
i + c2φi + c3, (47)

ri+1 = c1φ
2
i+1 + c2φi+1 + c3. (48)

After having found the coe�cients, the angle φ at the maximum is determined
by

dr

dφ
= 2 c1φ+ c2 = 0 (49)

giving

φmax = − c2
2 c1

, (50)

and �nally we obtain for the precession angle:

∆φ = φmax − π. (51)

The results for the numerical solutions are listed in Table 1. ∆φ is not very
sensitive to orbital changes and is about 0.034 degrees per orbit. This is in the
experimental range between -1 and +2 degrees per orbit. Obviously there is no
consensus among the astronomers even about the sign of precession.

A check of the numerical method of determining ∆φ is the non-relativistic
calculation. The result should be exactly zero. We obtained a non-zero value
of about four orders of magnitude smaller than for the relativistic calculation
(Table 1). This proves that our results are reliable, although the small precession
value was obtained from relatively large radius numbers. The time interval of
Runge-Kutta integration was 105 s that came out to be small enough compared
to the orbit period of 15.5 years = 4.89 · 108 s.
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3.1.2 A model with �uid dynamics e�ects

In an approach similar to that in UFT374, we added an external velocity of �uid
spacetime to the calculation. The kinetic energy of the relativistic Lagrangian

L = −mc
2

γ
+
mM G

r
(52)

was altered in a way that velocity terms vfX , vfY were added to the orbital

velocity components Ẋ, Ẏ . The justi�cation of this procedure will be explained
in a future paper. The γ factor then reads

γ =
1√

1− (Ẋ−vfX(X,Y ))2+(Ẏ−vfX(X,Y ))2

c2

. (53)

This leads to highly complicated Euler-Lagrange equations that are not shown
here. For the calculation we used a �uid velocity model with a velocity rotating
around the central mass:

vf = ω0

[
Y
−X

]
(54)

where ω0 is an angular rotation velocity. With ω0 = 10−11/s a retrograde pre-
cession (negative ∆φ) is obtained, see orbit graphed in Fig. 5. The precession is
∆φ = −0.25 degrees which is within the experimental uncertainties. The direc-
tion of velocity rotation is in direction of negative precession angles, therefore
the spacetime �uid has the e�ect of pushing the orbiting mass in its �ow direc-
tion. This e�ect is larger than the �natural� positive precession. This external
action violates energy and momentum conservation of the gravitating system,
making it an open system. The angular momentum of the orbiting mass has
been graphed in Fig. 6. There is a much stronger e�ect than the di�erence be-
tween relativistic and non-relativistic calculation in Fig. 4 (notice the di�erent
scales on the y axis).

The result of retrograde precession gives rise to the supposition that pro-
cesses in the universe are impacted by �oating spacetime, they are not fully
explainable if such e�ects are neglected or excluded a priori.

The rotating vector �eld vf is a model for a rotating rigid �spacetime
disk� around the central mass. This is a non-relativistic approach, but we
checked the disk's tangential velocity at the apastron of the S2 star. With
ω0 = 10−11/s, X = rmax we obtain vf = 2.68 · 103 m/s which is far below the
speed of light. The rotational angular velocity period is

T =
2π

ω0
= 19 900 yr. (55)

It may be that this is the rotation speed of the central mass, generating this
spacetime velocity e�ect. A more conclusive calculation would have to respect
the propagation speed of light (for example Lense-Thirring e�ect). In the ex-
tremal case

ṙ = vf (56)

the kinetic energy goes to zero, we have a body at rest according to Newtonian
theory. This means that spacetime �ow can be considered as an absolute frame
of reference.
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3.2 Relativistic 2-body solution for the Hulse-Taylor pul-

sar

t.b.d.

Figure 1: X and Y coordinate components of the S2 orbit.
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Figure 2: Ẋ and Ẏ velocity components of the S2 orbit.

Figure 3: Angular momentum (relativistic and non-relativistic) of the S2 orbit.
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Figure 4: γ factor of the S2 orbit.

Figure 5: Retrograde precession orbit of the S2 �uid dynamics model.
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Figure 6: Angular momentum (relativistic and non-relativistic) of the S2 �uid
dynamics model.
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