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Swivelling time of spherical galaxies
towards disk galaxies

by using Gravitomagnetism.

T.DeMees - thierrydm@pandora.be

Abstract

This is the second paper dedicated to detailediledions of disk galaxies. The first i©h orbital velocities in disk
galaxies : “Dark Matter”, a myth? @ wherein I explain how to calculate the mass distion of a disk galaxy and
the orbital velocities of the stars, starting frammass distribution of the originally sphericalagad. This is based on
the extended gravitation theory, called “Gyro-Gtaton” or gravitomagnetism. No existence of Darlathdr nor

any other fancy supposition is needed at all is¢hzalculations.

The objective of this paper is to find the mathecahtequations related to the time which is neefdedhe star's

orbit to swivel down to the equator. The total dien-change of the disk galaxy in the time candumd as well.

Yet, these deductions are simplified by keepingstamt the bulge's gyrogravitational propertiesmyithe process.
| leave to the reader to experiment with time-deleeh models of gyrogravitational fields in the bailg

An explanation for the very limited windings of oMilky Way's spirals is a direct consequence of féper.

1. From a spherical to a disk galaxy. Fig. 1.1 :Definition of the anglex and 8. The orbital plane
is defined by the orbital inclinatioa in relation to the axiX .

: . . ; The location of the orbiting star inside the otibidefined by
Let us consider a spherical galaxy with a diame@gr. the angled . The equipotential line of the gyrotatio

Because the centre contains massive spinning starsiroygh the orbiting star has been shown as well.
spinning black holes, a gyrotation field will stax

make the stars' orbit swivel, as shown in [2] &8id [ From a former papBt we know that the tangential
After a timet , the radius of the disk galaxy /& . The gyrotational acceleration of a star's orbit is gity:

stars beyondi, did only swivel partly, and are not part

of the disk itself. & o=
Consider fig.1.1 wherein the spherical galaxy'sggbubk
shown. The bulge is the group of fast spinningsstiaat
has a global spin. However, the spin-vectors of t
individual fast spinning stars are oriented varipu§he
considered star with massorbits at a distance from
the galaxy's centre.
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(1.1)
Ht the placed= 0.
Herein, | is the inertial moment of the bulgey its
angular velocity,a the orbit's inclination angle of the
considered orbiting star, and) its orbital angular
velocity, which follows the Kepler law:
_dé _ v, 1|GM,

== star — 1.2
( )Sphere dt roor\ r (12)

wherein Mg is the bulge's mass.

The swivelling equation (1.1) can be representea@ in
graph, as in fig.1.2.

This means that for prograde orbits, the statessifare
given for an orbital inclination ofa = 0 andrv4. For
retrograde orbits, they are= 0 and 3v4.
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j gyrotational tangential acceleration Below, | now will study the swivelling time for thstars'
orbits in a simplified form. Consequently, we will
replace some values by approximations or by their
average value.
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2. The swivelling time from a spherical
galaxy to a disk galaxy.
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The transformation from a spherical galaxy to & dis
galaxy is quite clear. We have seen that randomly
inclined orbits of planets about the Sun have sligde
until they arrived to the Sun's equatorial plandsoA
most of the stars outside the galaxy's bulge sviovéhe
bulge's equator plane.
i Out of fig.1.2. follows that at a certain distarmnce the
Fig. 1.2.Tangential gyrotational orbit acceleration = 0. path length between the random inclination anglef
o an orbit lays between zero amd. The average path
For inclinations betweerr = 0 andrv4 (prograde), and |ength is thervrr/2 until the equator. And this is also the
for a = 34 and 7t (retrograde), the acceleration tendsiverage path length until the swivelling star passe
towards positive values, resulting in a rotatiodalft the disk's equator for the first time (remembett the
towards the rotational axis of the Earth. motion is an exponential decreasing oscillation).
For inclinations betweena = 14 and1/2 (prograde), Remark that the complete swivelling will not occur
and fora = 12 and 374 (retrograde), the accelerationnearby the bulge, due to the fuzzy and stronglyate
will much more strongly tend towards negative value gyrotation fields in that region.
resulting in a rotational drift towards the equatbaxis
of the Earth, and retrograde orbits are stronglghpd Integrating (1.2) twice over time gives the timeisth
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back into prograde orbits. the average star need to reach the disk region.
t t
We saw in [2] that the -simplified- value of theurst Hence, /2 =J'[J'amdt dt
velocity in disk galaxies has become : o\o
v = G M, (1.3) To getrid of@in (1.1), let us replace the geometric
star R, function ina of (1.1) by its average value betwegrr

whereinMg is the mass angg e radius of the bulge Q andg = 71/ 2.

(fig.1.3) We have not taken into account the 3

gyrotational forces of the bulge as a part of th&hus, (sina coRa(1-3sifa)-- sima coa] =
attraction force, just for simplicity of the calatibns. 4 av
These forces are to be considered as of seconday. 0 V2

(Z/T[) j [Sina cos2a(1—35in2a)—§sin4a cosajda =4
This means that (1.2) will become, after the swingl 0 4 3
dé_ v, 1/GM (2:2)
(W) g = = == ° (1.4) 2G(Iw), o
dedt or r Ry Hence (a ) =——— fot 2.3
) t,Q 22 ( : )
av 3mroc
When comparing both equations, the factol? L
becomesRy™” after time. Herein,  ([®),, = ZL‘ w;
i=1
N is the total angular momentum for timestars in the
- R ~—’ 7 bulge and is as defined in fig.1.3, as a simplification.

r

Fig. 1.3: The schematic view of a disk galaxy with a And when applying the equation (2.2) into (2.1)y, b
radius Re . The bulge is nearly a sphere or an ellipsoid. assuming that the average tangential gyrotational
The bulge area, the disk and the fuzzy ends adiestu swivelling acceleration is a constant for each tonsth

separately. And is the considered place. radiusr , it brings me, after integration to:
2 G(lw), o
t
r/2 =(a — = ttat 2 2.5
/ ( t,Q)aV ) 31'[1’262 ( )
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compared with the original density of the spherical
and after rearranging, | get the following resualt the galaxy.

swivelling time for a given orbit : If the original orbit inclination was situated beten 0
and 174, the swivelling was originally pointed towards
312 r3c2 Td4 Laf[er, vyhen the disk formed, even sta-rs atréit o
t(r) = m (2.6) |nc_l|nat|on till 774 were attracted by the disk ar_u_j got
tot swivelled towards the disk. Only at the extremitads

the disk, the fuzzy part betrays that the inclimattill

For the choice of the value @b , | suggest to take the T4 is more difficult to swivel down. _
average of equations (1.2) and (1.4), because vefye third phase is the formation of the spiralsthy
probably, the change of angular velocity occursraur contraction Of some hypgr-dense zones, even yext aft
the swivelling, while the angular momentum of thepartial formation of the disk. When observing tletual

bulge is transmitted to the disk. spiral-gradient, it appears as if the delay of time
between the formation of the inner and the outetspa
1./G M, the disk were very short, but in fact this delaynach
(w')av = (2.7) longer because the stars that are farther away fhem
r 4rR bulge can only form spirals at the time that thekdias

become hyper-dense enough at that place, while the

The equation (2.6) can then be rewritten as: inner disk zone has its spirals yet formed.
The observed strange form of the spirals, | woalther
say: many parts of spirals, correlate quite wethvthis
)= 32 1708 ¢ Ré/s/ 2.8) exyrglanati(})/nl.3 P |
r 1/2 ~3/4 5 £1/4 1/2 '
22 GV My (1)
4. Conclusion.

The farther away from the bulge, the longer it take

(nearly quadratically) before the disk takes foAnhthe . . o .

extremities &, of the disk, there is still a fuzzy zone ofThe time for an average orbit-swivelling is propamel
' to an exponent 17/8 of the star's orbit radiushdudigh

stars because only a part of the stars did swiviilety, the found time-equation is only a limited part bt
namely those who whereof the orbit inclinatiorformation time of our actual Milky Way, it allowssu

originally was beyondv4. already to have a clearer view on the formatiomlisk
galaxies.

Closer to the bulge, the disk is quickly generafEe
growth velocity of the galaxy's disk decreasesdilga
in time. 5. References and interesting lecture.
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