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Abstract

In the paper The Gyro-Gravitational Spin Vector Torque Dynami¢sviain Belt Asteroids in relationship with their
Tilt and their Orbital Inclinatiori | found the excellent compliance between the olm#ons and the extrapolations of
E. Skoglév and A. Erikson, 2002, and the theoretiealuctions according the Maxwell Analogy for Gtation. This
implies namely the existence of the second graweitat field : Gyrotation (Co-gravitation). Six ohd seven
observations are directly explained by the the®he seventh observation : “there is a significagfarity of asteroids
with a prograde spin vector compared to retrogts” is explainable by supposing that the asteraid created, like
most of the planets are, prograde. The theory fdahatithe asteroids' spins are expected to endsupteograde. Two
factors play a role : the speed of change of tik do gyrotation, and the other influences like preeturbations by
Jupiter and Saturn or the gravitational libratiohtere, mainly the gyrotation part is studied arieflty and
graphically, and commented.

Keywords Main Belt Asteroids — gravitation — gyrotatiorprograde — retrograde — orbit — precession — ioutat
Method Analytical.

1. Introduction.

This paper is an extension oflfe Gyro-Gravitational Spin Vector Torque DynamafsMain Belt Asteroids in
relationship with their Tilt and their Orbital Intiation” wherein the following observations could be comid
theoretically.

the spin oscillations' amplitude increases withréasing orbital inclination of the asteroid.

the largest spin oscillations' amplitudes are forfiide initial spin vector lays in the orbital pla.

the spin obliquity differences are generally insérsto the shape, composition and spin rate efasteroids.
the spin vectors of prograde asteroids are moretichnan the spin vectors of retrograde asteroids.

there are very few asteroids having a spin ved&iair lays in the vicinity of the orbital plane.

the heliocentric distance is relevant for the sgotor behaviour.

there is a significant majority of asteroids witpragrade spin vector compared to retrograde ones.

The last observation however is only valid, acaogdihe theory, if at the origin, the asteroids wereated with a
prograde spin, like the majority of the planets!Mre Venus’ and Uranus’ tilt of natural origin?and in “The Titius-

Bode law shows a modified proto- gas-planets' secgitare explained how the planets are probably ctbatem a
solar eruption.

If the asteroids' spins are really created progradd if a number of asteroids might have changsdrity of spin by
collisions, there might also be some of them jbat obey the theory, wherein is found that thedilanges from
prograde to retrograde continuously du to the gy force that works on it.

In this paper, we look for the interpretation oé thuantitative results of the former paperhé& Gyro-Gravitational
Spin Vector Torque Dynamics of Main Belt Asterandselationship with their Tilt and their Orbitahklinatior?.
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Especially, we look for the net velocity of theaasid's tilt change due to the solar gyrotatiom,piamgrade orbits.

2. The tilt change and its interpretation.

2.1 The equations.

In the former paper, | have found the velocity withich the tilt of the asteroid will change. This given by the
equation (B.6) of that paper.

qg=w » W (2.1)

wherein
q is the time-derivate of the angfe, which is the deviation of the tilt spin vector;

we define a cylinder-symmetric asteroid with thertra momenta : = = and | = ;

whereby theZ axis is the spin axis;
the spinning velocity isv1 and the orbital velocityvo;

=, + is the effective torque on the asteroid,;
a is the position angle of the asteroid in the aflpath (see fig. 2.1);

Fig. 2.1 :Definition of the angles andi . The orbital plane is defined
by the orbital inclinatiori in relation to the axi¥X . The location of the
asteroid inside the orbit is defined by the angle The equipotential
line of the gyrotatiorithrough the asteroid has been shown as well.

The torque s given by the equation (B.7) in the former pafsee fig. 2.1) :

+ = w W a a h+ a h +
h- a h a- — a a -
(2.2)
wherein :
= ww a a h+ a h+ nh (2.3)
and :
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=- a a (2.4)

The derivate t@ is given by the equations (B.8) , (B.9) and (B.aDdhe former paper.

Working out (2.1) will need us to find the result o = a a . (2.5)

a \/ +

The derivatives are :

= ww a a a h+ a h -
a
a a h- a h (2.6)
and
= w_w a a a + a} (2.7)
a

Partially, the value ofy will vary cyclically with the orbital cycle, but will also progress steadily untif reacheg,
as found in the former paper.

2.2 The special case af=p/2.

But, what is much more interesting is that o= p/2 the value of g in (2.1) becomes strongly dependent from
(tanf7) 1.

_ w w (2.8)

‘7‘ _ w - w (2.9)
a=p/ w h

This equation suggest that there is a velocity klxddhat place : the smallér, the largerg when the asteroid crosses

the sun's equator. When=p/2 , @ falls to zero at the place where = p/2 . At the other hand, we know from the
former paper, equation (C.6) that the largelis (between 0 angh/2) , the larger the non-cyclic change of the spin
vector will be in the direction of the final positi/f=p.

2.3 The special case af= 0.

This case of course happen only once during edutabcycle.

‘ w w h (2.10)

and

‘4 = w - w (2.11)
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This case gives a tilt change that is zeroifer35° 15' 52".

Also here, the smallefr, the largerg when the asteroid crosses the sun's equator. [Bathere, the largefr is
(between 0 an@/2) , the larger the non-cyclic change of the spntor will be in the direction of the final positi

h=p.
2.4 The special case 6f= 0.

For analysing this case, | prefer plotting the MssuThe result contain only the trigonometric fast not the
gravitational nor the shape-related nor the motelated constants of the equations.

Fig. 2.1:Indicative values of the tilt change/at 0 . A strong velocity shock occursat p/2 and ata = 3p/2.

A detall of the zone of between 4.5 and 4.8 is given below.

Fig. 2.2:Indicative values of the tilt change/at O . Detail of the velocity shock at= 3p/2.
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There is a zone a& and i where the tilt velocity takes enormous prtipas compared to other zones. These maximal
negative values are found fior p/4 and fora = p/2 with a half period op .

So, there is an important asymmetry between pesiivd negative values. The higher the asymmeteygteater will

be the non-cyclic part of the change of tilt.

On the figures abovey = 3p /2 is shown, because= p/2 gives an overflow of the graphic program.
This result is important to understand some chaotitions of spin vectors in general, for planetsval.

2.5 The special cases for other value# of

Below are plotted several cases of tilts. Due ® dlerflow problems of the drawing program, all tfeues ofa
couldn't be shown.

h=pl9.

Fig. 2.3:Indicative values of the tilt change fat= p/9 . A strong velocity shock occursat p/2 and ata = 3p /2.

Also here, a strong velocity shock is visibleaat p/2 with a half period ofpp. Even for quite small values of orbital
inclination, the velocity gap is reached when themid passes at the level of the Sun's equator.
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h=pl6.

Fig. 2.4:Indicative values of the tilt change/at p/6 . A medium velocity shock occursat p/2 and ata = 3p/2.

Remark that here as well, there is an importarfeidihce between the first minimum and the seconel dme
difference between the first and the second halbgencreases with smaller values/of

h=pld.

Fig. 2.5:Indicative values of the tilt change /at p/4 . A medium negative velocity shock occurs at
a=pl2 and ata = 3p/2, but a positive velocity change occurs cleahlgrdy after that.
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h=pl3.

Fig. 2.6:Indicative values of the tilt change/at p/3 . A more smooth and negative velocity changeicxata = p /2
and ata = 3p/2. Symmetrically, a positive velocity change aggeshortly after the negative change.

h=pl2.

Fig. 2.7:Indicative values of the tilt change/at p/2 . A more smooth and negative velocity changeicxata = p /2
and ata = 3p/2. Symmetrically, a positive velocity change agugeshortly after the negative change.

Here, ath = p/2 , we find a strong symmetry between positive aedative values, which was a strong asymmetry for
smaller values ofr . Spites this symmetry inside each orbit, we kriiwn the former paper, equation (C.6), that there
will be a net change of tilt, which is the largesgten /2= p/2 , and which leads the spin vector tilt towafds p.
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h =2pl3.

Fig. 2.8:Indicative values of the tilt change/at=2p /3 . A more smooth positive and
negative velocity change occurs around p /2 and around = 3p/2.

h =3pl4.

Fig. 2.9:Indicative values of the tilt change/at 3p /4 . A more smooth positive and
negative velocity change occurs around p/2 and around = 3p/2. The latter one
however has a strong positive value, while the tieganinimum value remains equal.

Here, we find that a less smooth positive and meg&elocity change occurs arouad= p/2 and around = 3p /2.
The latter one however has a strong positive valide the negative minimum value remains equal.
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h =5pl6.

Fig. 2.10:Indicative values of the tilt change/at5p/6 . A more sudden positive and negative
velocity change occurs arouad= p/2 and around: = 3p/2. The latter one however has a very strong
positive value (even overflowed), while the negatiminimum value remains equal and lower.

Here as well, we find that a more sudden positivi megative velocity change occurs aroar p/2 and around
a=3p/2. The latter one also has a very strong positalae (even overflowed), while the negative minimualue
remains equal and lower.

Fig. 2.11:Indicative values of the tilt change/at p . Here, the doubling of the phase finally appears.

The several steps to come frdm=5p/6 to # = p are amazing. The graphic looks like the former tilhthe very last
step, whereby? = p is almost reached. Then only, the doubling of phase finally appears. There are sudden
variations of the velocity, but the amplitude rensaimuch smaller than the variations occasionechbyother tilts |
showed above.
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3. Discussion and conclusions.

The velocity of the nutation is indicative for theall motions and even for chaos of the spin veat@ome asteroids.

For a spin vector that is directed prograde andlfghrto the Sun's spin vector, there is a suddewpjof the velocity at
the orbital position where the asteroid passesStm#s equator. From the former paper we know thiatgosition is
labile. We know also that, for all tilts, thereaigendency to move the tilt towards the opposti®geade tilt position.

The larger the value of the tilt, the smoother tm@lmore symmetric the tilts' velocity cycles beeoffihe place where
this occurs will however always be closer to the'Sequatorial plane crossing. The shape of thediiations become
sharper and sharper when the tilt vector becomasgrade, and the maximal values increase sigmifiza The
maxima are again obtained at the orbital positibens the asteroid passes the Sun's equator. Baiimmaowever are
of very different amplitude: the second passagen(funder the Sun's equator to above the equatoording fig.2.1)
is many times larger than the first passage.

Very close to the final position where the fullrograde tilt position will be reached, the ampléutbps of the tilt
variations begin to show a doubling in number. Bt amplitudes of the maxima become remarkably Isinat the

jumps are very sudden for the passing from positiveegative values. The passing from negativeositipe values are
much smoother.
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