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The velocity rotation curve of NGC 1560 has a peculiar wiggle around 4.5 kpc. This
makes it a favorable galaxy to test the diverse models trying to explain galactic
dynamics, as for example CDM and MOND. I will fit NGC 1560 using the GR-
Schwarzschild based ‘constant Lagrangian’ model for galactic dynamics and compare
it to other results. But first I will give a brief expose of the ‘constant Lagrangian’
approach. At the end, I present same other fitting curves: those of galaxies F583-1,
F579V1 and U11648.
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I. THE ‘CONSTANT LAGRANGIAN’ MODEL FOR GALACTIC
DYNAMICS

The Lagrangian equation of motion reads

d (OL oL
i5) 50 W

In classical gravitational dynamics I assume circular orbits with ¢ = v and ¢ = r. The
Lagrangian itself is then given by L = K — V', with V the Newtonian potential gravitational
energy and K the kinetic energy. One then gets
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The other part gives
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so one gets Newton’s equation of motion in a central field of gravity
dv
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Further analysis of the context results in the identification of the Hamiltonian of the system,
H = K+V, as being a constant of the orbital motion and the virial theorem as describing a
relation between K and V' in one single orbit but also between different orbits, 2K +V = 0.

The previous analysis is problematic relative to the notion of geodetic motion in General
Relativity. The problem can best be described in a semi-relativistic approach using the
classical Lagrangian equation of motion for geodetic orbits. The most important aspect of
geodetic motion in GR is that it requires no force to move on a geodetic. This has important

implications for the Lagrangian equation of motion, because F' = 0 on a geodetic. One gets

d (0L
— = )=F,=0 5
i(5)-n 5)
and as a consequence also
oL dL
= - (
dq dr
As a result, one gets the crucial
L =K —V = constant (7)

on geodetic orbits.



This result, the Lagrangian of the system as being the constant of the geodetic motion, is
used on a daily basis by many of us because it is used by GNSS systems for the relativistic
correction of atomic clocks in their satellites. Let’s elaborate this a bit further. If we apply

the Schwarzschild metric in polar coordinates, we have (Ruggiero et al., 2008)
20 29\~
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In case of a clock on a circular geodesic on the equator of a central non-rotating mass M we

have % =0, % =0, sind =1 and % = w. We thus get, with v, = rw, the GR result
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with d7 as the clock-rate of a standard clock A in a geodetic orbit and dt as the ‘universal’
clock-rate G of a standard clock at rest in infinity, the only condition for which dr = dt.
The result of Eqn. (9) is the basic relativistic correction used in GNSS clock frequencies,
with the first as the gravity effect or gravitational potential correction and the second as the
velocity effect or the correction due to Special Relativity (Ashby, 2002; Heéimovié, 2013;
Delva and Lodewyck, 2013).

2
Given the classical definitions of K = % and V = m®, we get
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All the satellites of a GNSS system are being installed on a similar orbit and thus syntonized
relative to one another because they share the same high and velocity and have constant
L and ‘Cll—z on those orbits. But different GNSS systems, as for example GPS compared to
GALILEQ, are functioning on different orbits with different velocities and those systems
aren’t syntonized relative to one another. This non-syntonization between satellites on
orbits with different heights and virial theorem connected velocities is very annoying for the
effort towards realizing an integration of the different GNSS systems into one single global
network.

The ‘constant Lagrangian’ model for galactic dynamics starts with the postulate that the
geodetic Lagrangian L = K — V is a galactic constant, not just an orbital constant. In this

model the classical Newtonian potential is assumed valid. This potential in the case of a

model galaxy with a perfect quasi-solid bulge and a perfect Schwarzschild emptiness around
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it is given in Fig.(1). My model galaxy is build of a model bulge with mass M and radius

R and a Schwardschild metric emptiness around it. The model bulge has constant density

pPo = % = 43%3 and its composing stars rotate on geodetics in a quasi-solid way. So all those

stars in the bulge have equal angular velocity on their geodetic orbits, with v = wr. On
the boundary between the quasi solid spherical bulge and the emptiness outside of it, the
orbital velocities are behaving smoothly. So the last star in the bulge and the first star in the
Schwarzschild region have equal velocities and potentials. I also assume that the Newtonian
potential itself is unchanged and unchallenged, remains classical in the whole galaxy and its
surroundings. Such a model galaxy doesn’t have a SMBH in the center of its bulge and it

only has some very lonely stars in the space outside the bulge.
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FIG. 1. The potential inside and out of a model bulge

The ‘constant Lagrangian model postulates L = K — V' = constant in the entire galaxy,

without changing the Newtonian potential. As a result, in such a model bulge, L is a



constant of the motion, not only in one orbit but also between orbits.

L _ a  GM _3GM

- 5 " R constant. (11)

For the region 0 < r < R we get
9 GM r

orbit — ? : E

and outside the model bulge, where R < r < oo, we have

) 3GM  GM

v (12)

Vorbit = R - r . (13)
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Lagrangian L = Korbit - V = galactic constant
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== Newtonian potential energy V
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FIG. 2. The square of the orbital velocity profile in the model galaxy with L = constant.

From the perspective of a free fall Einstein elevator observer, the free fall on a radial
geodetic from infinity towards the center of the bulge, the other free fall tangential geodetics
seem to abide the law of conservation of energy, because the escape kinetic energy plus

the orbital kinetic energy is a constant on my model galaxy with galactic constant L. An
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Einstein elevator system with test mass m that would be put in an orbital collapse situation,
magically descending from orbit to orbit in a process in thermodynamic equilibrium, would

have constant total kinetic energy, from the radial free fall perspective. This can be expressed
as L = Kopir —V = Kompit + Kescape = Kpina- In Fig.(2) I sketched the result, with
-V = +Kescape-

Such a model galaxy would also be a GNSS engineer’s dream come true because the

whole model galaxy is in one single syntonized time-bubble.

dr 2L
— =/l - —. 14
dt U (14)

Given the Baryonic Tully-Fisher relation in Milgrom’s version U;l”z‘nal = GagM with 2may ~
cHy, with a¢ as Milgrom’s galactic minimum acceleration and H, as the Hubble constant

(Milgrom, 1983; McGaugh, 2005), we get as a galactic time bubble fix

dr 2L U]%inal ,U;L‘inal
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in which I used L = 3GM/R = Kipa = %m%%maz and My = GC—;) This last constant can

be referred to as an apparent mass of the Universe, a purely theoretical number constant,
see (Mercier, 2015). In a model Universe, this would imply that my model galaxy would
be in a proper time bubble with clock-rate dr relative to the universal clock-rate dt in
proportion to the masses of galaxy M and Universe My. In my model galaxy theoretical
environment the Baryonic Tully-Fisher relationship implies that the galactic time bubble
is fixed through the mass of my model galaxy and that this fix is a cosmological one. So
what is a universal acceleration minimum ay in MOND can be interpreted as a universally
correlated (through My ) but still local (through M) time bubble fix in my model galaxy
geodetic environment. In such a model Universe, the time bubble of a galaxy immediately
dr

functions as a gravitational lens, because %% as measuring the curvature of the metric also

determines the gravitational index of refraction of the time bubble relative to Cosmic space.

7



II. FITTING THE NGC 1560 ROTATION CURVE

Having determined the model galactic velocity rotation curve based on the Lagrangian
as a galactic constant of orbital motion, the question is to what extend real galaxies can be
modeled in this way. For this I used the experimental velocity rotation data of galaxy NGC
1560. The velocity rotation curve data come from (Broeils, 1992). The comparison with
other fitting models came from (Gentile et al., 2010).

In this section I present the plot of V2, against r, with in each plot the experimental
values in red stars and the theoretical values in black bars. The fitting plots are given in
two versions. The first plot is with one single fit for M and R, this is the pure model. In
the second plot the two parameters M and R are used as one single‘free’ parameter for
every single measurement, because the time-bubble or L is constant constraint leaves only
one degree of freedom. The locked in through L variation of M and R in plot 2 can be
monitored using the apparent model mass density of the bulge pyug.. This density varies
as M, with locked in R, varies. With this parameter freedom of one single value, M and
with locked R in L and ppyige, all four experimental curves could be fitted really nice. The
most important cut in the model is the change from the model bulge to the model empty
space around it. In the model bulge, V2, oc r?, outside the model bulge V2, oc —r~!. In the
fixed fitting curve, the apparent mass density of the bulge is the main variable that changes
due to more realistic circumstances. The excel data sheets of the plots are in the appendix.
The fact that it is possible to exactly plot the rotation curves with just one free parameter
should be significant for the underlying physics. In my approach, one free parameter can
force a time-bubble on a whole galaxy.

But first lets present the results from other approaches, as given in (Gentile et al., 2010).
See Fig.(3, 4, 5). In discussing the result, special attention is given to the “wiggle” in the

graph and which model can fit it best.

In the rotation curve of NGC 1560, as derived by B92, there is a clear “wiggle”
in the total rotation velocity, which corresponds very closely to a similar wiggle
in the gas contribution to the rotation curve. Mass models such as MOND nat-
urally reproduce the feature, whereas models that include a dominant spherical

(or triazial) halo are too smooth to do so. (Gentile et al., 2010)

Gentile et. al. conclude that MOND does best and that the success of MOND indicates to



an intimate relation between baryonic mass and galactic rotation curves.

NGC 1560
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Figure 10. Rotation curve fit using the Burkert halo. Short-dashed, dotted,
and long-dashed lines represent the Newtonian contributions of the gaseous
disk, stellar disk, and dark halo, respectively. The best-fit model is shown
as a solid red line.

FIG. 3. Gentile et. al. fit of NGC 1560, using the Burkert DM distribution.
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Figure 11. Rotation curve fit usmg the NFW halo. Lines and symbols are
like those in Fig [10]

FIG. 4. Gentile et. al. fit of NGC 1560, using the NF'W DM distribution.
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Figure 12. Rotation curve fit using MOND. The best-fit distance 15 2.94
Mpc. Lines and symbols are like those in Fig.

FIG. 5. Gentile et. al. fit of NGC 1560, using MOND.
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In my approach, I first have to determine the model galaxy that fits best, using the
parameters M and R, and then I can use M as a free parameter in order to create a
perfect time bubble. In case of NGC 1560 however, its seems that in phase 1 two models
partially fit the rotation curve. The first pure model fits NGC 1560 before the “wiggle”, see
Fig.(6), the second pure model fits NGC 1560 after the “wiggle”, see Fig.(7). With the first
model, it is almost impossible to then in phase 2 fit the outer range of the velocity curve,
while with the second model this is easy. Thus in my approach, the ‘constant Lagrangian’
model, the modeling indicates the underlying dynamics and the real world of unpredictable
mass distributions. The “wiggle” divides NGC 1560 in two regions, which both follow their
respective pure model relatively smoothly without being disturbed by that other part of the
galaxy. The baryonic matter further away from the center than the H1 gas of producing
“wiggle” just behaves as if the bulge end where the “wiggle” ends. The baryonic matter
closer to the center than the H1 gas of producing “wiggle” just behaves as if the H1 gas
of the “wiggle” is a perfect shell which doesn’t gravitate inside that shell. So the fact that
two pure models can be made to partially fit the rotation curve actually reveals a lot of the

underlying dynamics, reproducing known baryonic behavior.
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NGC 1560 pure modelcurve VA2-r: M=0.09; R=2
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FIG. 6. NGC1560 Plotl, V2

orb

against r, pure model 1 with M=0.09 and R=2.
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NGC 1560 pure modelcurve VA2-r with M=0.4; R=4.7
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FIG. 7. NGC1560 Plot3, V2, against r, pure model 3 with M=0.4 and R=4.7.
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NGC 1560 Fixed curve W 2-r
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FIG. 8. NGC1560 Plot2, V2T,b against r, fixed galactic time bubble model of 1. Datasheet in the

o

appendix.
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NGC 1560 Fixed curve W"2-r
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FIG. 9. NGC1560 Plot4, V02rb against r, fixed galactic time bubble model of 3. Datasheet in the
appendix.
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III. SOME MORE ROTATION CURVE FITS: F583-1, F579V1 AND U11648

The data from the following fitting curves are from (McGaugh et al., 2001) and were
retrieved from the data website of McGaugh.

F583-1 pure model Vorb?2 - r; M=0.3; R=3.8
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FIG. 10. F583-1 Plot1, V2

orb

against r, pure model 3 with M=0.4 and R=4.7.
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http://astroweb.case.edu/ssm/data/

F583-1 Fixed plot Vorb*2 -r
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FIG. 11. F583-1 Plot 2, V2
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against r, fixed galactic time bubble model of 3. Datasheet in the

appendix.
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F579-¥1 Pure model Vorb?2 - r, M=0.145; R=1.34
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FIG. 12. F579-V1 Plot1, V?rb against r, pure model 3 with M=0.145 and R=1.34.
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F579-V1Fixed model Vorbn2 - r
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FIG. 13. F579-V1 Plot 2, V2, against r, fixed galactic time bubble model of 3. Datasheet in the

orb

appendix.

19



U11648 Pure model Vorb?2 -r
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FIG. 14. U11648 Plot 1, VOQT,b against r, pure model 3 with M=0.14 and R=6.
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U11648 Fixed model Vorb®2 -r
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FIG. 15. U11648 Plot 2, V2
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, against r, fixed galactic time bubble model of 3. Datasheet in the

appendix.
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FIG. 17. NGC 1560 Excell datasheet 2, Vozrb against r, fixed model.
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0.01 0.1 11 2 1 4.33E=04 0.2 15 3.41E+03 284 1.02E+04 101
0.16 0.4 10 9 100 43253 0.2 15 3.41E+03 284 1.02E+04 101
0.64 0.8 174 17 303 43253 022 18 3.41E+03 243 1.02E+04 101
121 11 235 23 552 43253 022 28 3.41E+03 243 1.02E+04 101
196 14 31 29 961 43253 022 28 3.41E+03 243 1.02E+04 101
4.00 2 40.9 40 1673 43253 023 29 3.41E+03 2.22 1.02E+04 101
5.29 2.3 448 44 2007 43253 024 3.0 3.41E+03 2.04 1.02E+04 101
7.4 28 517 52 2673 43253 0.25 3.2 3.41E+03 188 1.02E+04 101
9.61 3.1 55.7 55 3102 43253 0.26 3.3 3.41E+03 174 1.02E+04 101

13.69 37 62 61 3844 43253 0.28 35 3.41E+03 1.50 1.02E+04 101
18.4% 43 66.6 66 4436 43253 0.29 3.7 3.41E+03 140 1.02E+04 101
28.09 5.5 723 73 5227 43253 0.3 3.8 3.41E+03 131 1.02E+04 101
30.25 5.5 73.4 74 5388 43253 0.3 3.8 3.41E+03 131 1.02E+04 101
39.69 6.3 771 77 5544 43253 031 39 3.41F+03 122 1.02E+04 101
51.84 732 803 8D 6448 43253 032 41 3.41E+03 115 1.02E+04 101
86.49 9.3 847 24 7174 43253 034 43 3.41F+03 1.02 1.02E+04 101

14 869 87 7552 43253 0.43 54 3.41FE+03 064 1.02E+04 101

FIG. 18. F583 1 Excell datasheet 1, V02b against 7, fixed model.
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R"2 kpc"2
0.16
196
4.00
7.29

13.69
20.25
2916
36.00
49.00
60.84
75.69
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134.56
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R*2 kpc™2Verr*2
0.04
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144
2.56
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9.00

12.25
16.81
18.49
24.01
3136
33.64
537.21
43.56
60.84
75.69
92.16
110.25
123.21
139.24
161.29

W W N s W s e s @ fs W

R kpc

Vkm/s

o4
14

27
3.7
45
54

78
87
1035
116
144

Vmadel

35.7 35
83.3 83
94.2 a3
97.6 97
101.4 101
105 105
106.2 106
1079 108
110.4 111
112 112
1132 112
114 113
114.4 114
114.2 115

WV (km/s)*2 V*"2Zmode unit GM/F Mfix

1274

6939

BB74

9526
10282
11025
11278
11642
12188
12544
12814
12936
13087
13042

1214

6875

B635

9385
10300
10965
11318
11550
12245
12433
12599
12823
12860
13170

4.33E+04

43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253

Rfix fix GM/R  pbulge
0.085 0.79 4.68BE+03 41.89
0.125 116/ 4.6BE+03 19.57
0.125 1.16/ 4.6BE+03 19.57
0.145 1534 4.6BE+03 14.38
0.16 148 4.6BE+03 1182
0.16 148 4.6BE+03 1182
017 157 4.6BE+03 1047
017 157 4.6BE+03 1047
0.145 154 4.6BE+03 1438
0.145 134 4.6BE+D3 1438
0.145 1354 4.6BE+D3 1438
0.145 134 4.6BE+D3 1438
0.145 1.34 4.6BE+03 14.38
0.145 1534 4.6BE+03 14.38

3MG/R
1.40E+04
1.40E+04
1.40E+04
LA0E+04
LA40E+04
1.40E+04
140E+04
1.40E+04
1.40E+04
1.40E+04
1.40E+04
1.40E+04
LA0E+04
L40E+04

FIG. 19. F579 V1 Excell datasheet 1, Vo2rb against r, fixed model.
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Verr
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948
99.3
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1147
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1446

Vmodel

16
a7
63

76

B3

B6

96

92
100
101
105
106
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117
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131
133
139
144

V(km/s)*2

279
2061
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5141
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17082
18144
19210
20909
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1
1
1
1
1

del
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4650
5735
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6845
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3641
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unit GM/R
4.33E+04
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
43253
4.33E+04
43253
4.33E+04
43253
43253

Mfix

0.3
0.35
0.45
0.55
0.65
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0.85
0.95

11
115
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13
155
145
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16
16
16
15
14

Rfix
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150
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2.36
279
3.00
3.64
407
429
471
493
557
5.57
579
6.21
6.43
6.86
6.86
6.86
6.86
6.43
6.00

fix GM/R
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04
1.01E+04

Pbulge
35.71
2477
1488
10.03
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6.19
4.20
3.36
3.03
251
229
180
180
166
144
135
119
119
119
119
135
155

3MG/R
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
3.03E+04
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FIG. 20. U11648 Excell datasheet 1, Vo?‘rb against r, fixed model.
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