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3 Numerical results and graphics

3.1 Solar system

We extend the calculations done in UFT 306, section 3.1. First we compare
experiental and calculated values of planetary precession. Experimental orbit
data and measured precessions of planets are listed in Table 1. Only the total
precession angle ∆φT can be measured directly. Therein the impact of other
planets is contained. As discussed earlier, each small or moderate distortion
of an elliptic orbit leads to a precession. Subtracting the contributions of the
other planets can only be done by theory, and this procedure is only available
for the first three planets of the solar system. To obtain these “pure orbital
precession data” for all planets, we assume that the formula of the obsolete
Einstein theory, which describes this value for the first three planets sufficiently
well, is also useable for the other planets. So this precession is

∆φR =
6πMG

c2a(1− ε2)
, (57)

where we have inserted a mean orbital radius

〈r〉 = a(1− ε2) (58)

which is computed from the semi major axis a and orbital eccentricity ε. Con-
veniently, these data are given in angle (arc seconds or radians) per earth year.
Then they span five orders of magnitude, see Table 1. When relating this quan-
tity to one orbit, it becomes better geometrically feasible. Formula (57) gives
these units directly. For ∆φT , the recalculation has first to relate the precession
to one second, then the value has to be multiplied with the respective orbital
period:

∆φT (per sec) =
∆φT (per earth year)

365.25 · 24 · 3600
, (59)

∆φT (per orbit) = ∆φT (per sec) · T (planetary orbit in sec). (60)
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The difference between Mercury and Pluto makes only two orders of magnitude.
We have the surprising result, that originary precession is present in all planetary
orbits in a similar way. This fact is covered by the totally measured precession
∆φT . The latter has a tendency to become larger for the outer planets so that
it is larger up to seven orders of magnitude compared to ∆φR, see last column
of Table 1.

As described in section 2, characteristic velocities can be derived from

v2R =
c2

2π
∆φR, (61)

v2T =
c2

2π
∆φT . (62)

For a near circular Newtonian orbit the radial component should be nearly zero
so that

vN ≈ ωr (63)

where ω is the angular velocity of the planet. According to the relativistic line
element (43) we then had

v2R,T = v2N − ω2r2 ≈ 0. (64)

All three velocities are listed in Table 2. Compared to vN , which is the measured
orbial velocity in very good approximation, vR is in the order of magnitude of
vN , so all planet can be considered as “relativistic”. The velocity vT , derived
from the totally measured precession, is much larger and becomes even bigger
with the planets being farther away from the sun.

It is seen from Table 2 that the cases

vR > vN and vR < vN (65)

Nr. Name a[m] ε ∆φR ∆φR ∆φT
per earth year per orbit per orbit

1 Mercury 5.787E+10 0.2056 2.085E-6 5.022E-7 6.713E-5

2 Venus 1.081E+11 0.0068 4.184E-7 2.574E-7 6.114E-5

3 Earth 1.495E+11 0.0167 1.862E-7 1.862E-7 5.551E-4

4 Mars 2.278E+11 0.0934 6.553E-8 1.233E-7 1.485E-3

5 Jupiter 7.778E+11 0.0483 3.024E-9 3.587E-8 3.767E-3

6 Saturn 1.426E+12 0.056 6.647E-10 1.958E-8 2.785E-2

7 Uranus 2.869E+12 0.0461 1.156E-10 9.722E-9 1.361E-2

8 Neptune 4.494E+12 0.01 3.758E-11 6.194E-9 2.876E-3

9 Pluto 5.910E+12 0.2484 2.020E-11 5.020E-9

Table 1: Experimental planetary data and precession data1; precessions in ra-
dians per earth year and per single orbit.

2



Nr. Name vN [m/s] vR[m/s] vT [m/s]

1 Mercury 4.740E+4 1.727E+5 9.799E+5

2 Venus 3.500E+4 7.736E+4 9.352E+5

3 Earth 2.980E+4 5.161E+4 2.818E+6

4 Mars 2.410E+4 3.062E+4 4.608E+6

5 Jupiter 1.310E+4 6.577E+3 7.340E+6

6 Saturn 9.700E+3 3.084E+3 1.996E+7

7 Uranus 6.800E+3 1.286E+3 1.395E+7

8 Neptune 5.400E+3 7.332E+2 6.414E+6

9 Pluto 4.700E+3 5.375E+2

Table 2: Newtonian orbital velocity vN , and velocities vR, vT derived from
precession data.

Nr. Name ω[rad/s] ω+[rad/s] ω−[rad/s]

1 Mercury 8.552E-7 1.730E-6

2 Venus 3.237E-7 3.684E-7

3 Earth 1.994E-7 1.628E-7

4 Mars 1.067E-7 4.828E-8

5 Jupiter 1.688E-8 1.460E-8

6 Saturn 6.823E-9 6.469E-9

7 Uranus 2.375E-9 2.332E-9

8 Neptune 1.202E-9 1.191E-9

9 Pluto 8.476E-10 8.421E-10

Table 3: Computed planetary precession data for Einsteinian, geodetic and
Lense-Thirring precession in radians per earth year.

both occur. According to Eq. (34), vR can be written as

v2R = v2N + 3 v2φ (positive rotation) (66)

or

v2R = v2N − v2φ (negative rotation) (67)

where vφ is a “relativistic” angular velocity different from the orbital angu-
lar velocity. Which form is valid, depends on the direction of frame rotation.
Therefore we can write

vφ = ω(+,−) · r (68)

1see https://nssdc.gsfc.nasa.gov/planetary/factsheet/;
http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node115.html
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with additional frequencies ω+ and ω− for both signs of rotation. These can be
determined from the experimental precession data. From (61) and (66) follows
for positive frame rotation:

∆φR =
2π

c2
(v2N + 3ω2

+r
2) (69)

with solution

ω+ =

√
∆φR c2 − 2πvN 2

√
6π r

, (70)

and for negative frame rotation:

∆φR =
2π

c2
(v2N − ω2

−r
2) (71)

with solution

ω− =

√
2πvN 2 −∆φR c2√

2π r
. (72)

Notice the different factor in the denominator between Eqs. (70) and (72).
The results for the planetary system are given in Table 3, together with the
“standard” frame rotation frequency

ω =
vN
r
. (73)

Interestingly, the first four planets have positive frame rotation while the outer
planets have negative rotation. The modulus of ω+ and ω− is nearly identical
to ω for the most planets, with exception of Mercury and Mars. For Mercury
this may be due to stronger relativistic effects. Between Mars and Jupiter there
is the asteroid belt which seems to distort the geometry. As explained in earlier
papers, the frequencies ω+ and ω− may be interpreted as spin connections so
they can be considered as a measure of the torsional structure of the solar
system. Obviously, the direction of spacetime rotation changes in the asteroid
belt. This supports the older astronomical view of speaking of inner and outer
planets.

The three frequencies of spin connections are graphed in Fig. 1 on a linear
scale. It is seen that for Mercury there is a great discrepancy between ω and
ω+. For the outer planets the frequencies are quite small. An alternative view
is given by the double-logarithmic graph in Fig. 2. On this scale, the deviations
for Mercury and Mars are the same but inverted. For the outer planets, ω and
ω− are hardly distinguishable.

3.2 Hulse Taylor pulsar and S2 star system
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Figure 1: Angular freqeuncies of planets.

Figure 2: Angular freqeuncies of planets, logarithmic scales.

5


