DRAFT VERSION MAY 25, 2018
Typeset using INTEX preprint style in AASTeX62

The ‘constant Lagrangian’ fit of galaxy rotation curves as caused by cosmic space expansion under
energy conservation conditions.

E.P.J. pE Haas!
! Nijmegen, The Netherlands

(Dated: May 25, 2018)

ABSTRACT

In my opinion, the problem of the galaxy rotation curves can be solved on the basis of
the combined and competing principles of space expansion and energy conservation on
the one hand and gravitational contraction and the virial theorem on the other hand.
Thus far it has been assumed that the existence of galaxies is proof of the dominance
of gravitational contraction in galaxies. In this paper I present arguments in favor of
my conviction that this assumption is wrong and that space expansion is one of the two
dominating and competing principles active in galaxies.

Keywords: Galaxies: kinematics and dynamics, Galactic rotation curves, Dark Matter,
MOND, Schwarzschild

1. INTRODUCTION

In a recent draft I introduced a ‘constant Lagrangian’ model for galactic dynamics (de Haas 2018d).
In a few sequential drafts [ went from a qualitative attempt at fitting real rotational velocity curves
using the proposed model, see (de Haas 2018f,e), towards a quantitative analysis by including the
error bars of the measured velocity, (de Haas 2018g,c,b). In that last preprint I presented the analysis
of the full set of 175 galaxies at the SPARC database, as provided by (Lelli et al. 2016) in the file
Rotmod-LTG.zip. That rotation curve fitting result was presented in a non-categorized order, it
just followed the order of the alphabetic-numerical list. I subsequently categorizes the fitting curves
according to the fitting result. After having fit and categorized those 175 rotation curves, I realized
that it allowed me to go from a rather weak deductive to a more robust inductive justification of the
‘constant Lagrangian’ model(de Haas 2018a).

In that analysis, I split the 175 galaxies in several categories. The most significant group was the
single fit category, galaxies that directly fit to the model. This was also the least interesting group, in
the sense that it didn’t add additional dynamics to the analysis of galaxies. Then there were four dual
fit categories, categories that turned out to provide essential galactic dynamics due to the situation
of having two competing fitting curves. Two with a crossover transition dual fit and two with a
parallel transition dual fit. The galaxies with three or more fits could be dynamically analyzed using
the four dual categories. At the end there was a rest category of galaxies that defy simple fits and
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subsequent categorization, 27 percent in total. That meant that 73 percent of the galaxies allowed
for perfect to moderate analysis and explanation on the basis of the constant Lagrangian model (de
Haas 2018a).

In this paper I will briefly give a possible reason, or explanation, for the appearance of the constant
Lagrangian galactic rotation curves.

The explanation of the galactic rotation curves can be presented in terms of the cosmic competition
between space expansion on the one hand and gravitational contraction on the other hand. Gravi-
tational contraction follows the virial curve, space expansion the Lagrangian curve. Where the two
meet face to face with equal strengths, complex galactic rotation curves result.

2. A ‘CONSTANT LAGRANGIAN’ MODEL GALAXY WITH FLATTENING ROTATION
CURVE

In (de Haas 2018d) I presented a model galaxy consisting of a model bulge and a model outside of
the bulge. I presented this in the context of both a geodetic Lagrangian approach and a GNSS atomic

clock satellite syntonization application as a completely syntonized model galaxy. Fundamental my
dr
e

one of the basic experimental inputs. The key to my approach was to extend this clock frequency
perspective towards gravity from geodesy to galaxies. When I connected the GNSS result for clock-
rate syntonization

approach of galactic dynamics was to analyze gravity using relative frequency shifts, and thus as
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to the problem of the galactic rotation curve, I realized that the flat rotation curve implies atomic
clock syntonization in those areas. In order to study the relativistic clock-rate behavior in the inner
regions of galaxies, I had construct a model galaxy that was completely syntonized of the entire
rotation curve. This model galaxy was build of a model bulge with mass M and radius R and a
Schwardschild metric emptiness around it. The model bulge was a quasi solid sphere.

The gravitational potential in such a case is well known. Inside the sphere the potential is
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Inside this bulge the classical virial theorem would hold side by side of the constant Lagrangian
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condition. So 2K = —V, with on the boundary where » = R we would have % = g—% and £ =
% = ?’g’—RM. At the center of the rotating sphere, K = 0 and we also have % = ?’g—ﬁ{”. One can

further calculate that L = K — V' is a constant in between r = 0 and » = R, so everywhere’ inside
this quasi-solid sphere. We can write for this region:
L v>
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In the model galaxy that I thus constructed, L = constant inside the model bulge. I then added
the condition that L = constant too in the whole of space outside the bulge. In that region however,
the virial theorem was assumed invalid, without changing the Newtonian potential.

= constant. (4)



This leads to K = L+ V and L = V(r = 0), so for the region 0 < r < R we get

GM r?
V2t = = I (5)

and outside the model bulge, where R < r < 0o, we have

3GM GM
V2t = SR : (6)
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In Fig.(1) I sketched the result, with —V = 4+ K scape-
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Figure 1. 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 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 = Kopit — V' = Korvit + Kescape = K finai-

3. SPACE EXPANSION VERSUS GRAVITATIONAL CONTRACTION

During the analysis of real galactic rotation curves, see (de Haas 2018a), I began to realize that the
constant Lagrangian rotation curve had to be understood from the inside out, not from the outside
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in as with virial rotation curves. The latter one’s are under the Newtonian regime of gravitational
contraction. From an energy perspective it makes sense to analyze Newtonian gravitation as a
system that is in a natural state of contraction. Contracting mass looses gravitational energy, of
which, according to the virial theorem, one half is converted into orbital energy and one half has to
be dissipated into any other form of energy. Dissipation examples are heat, internal rotation and
emission of radiation.

For the constant Lagrangian curves, it makes more sense to look at them as situations where orbital
kinetic energy is being transformed into gravitational energy under extremely stable conditions of
total Lagrangian energy conservation. This is a process that implies some form of escape from the
central mass. On a galactic scale, only cosmic expansion of space seems to provide such an escape
mechanism. So my hypothesis is that the constant Lagrangian curve is a product of the combination
of cosmic space expansion and energy conservation.

In the model galactic bulge, the virial theorem and the constant Lagrangian are both valid, implying
that gravitational contraction and space expansion balance each other out with a perfectly stable
bulge as a result. But outside the bulge, the extreme low density presumed in the model makes
that gravitational contraction is no match for space expansion. If space expansion was to happen
without affecting the orbital velocity and kinetic energy, then gravitational energy would increase
automatically due to space expansion. Then the cosmic expansion of space would create energy out
of its own process, so out of space expansion. The appearance of the constant Lagrangian rotation
curve of galaxies show that conservation of energy is maintained in the process of space expansion:
orbital kinetic energy is the source of the increasing gravitational energy.

Perceived from the inside out, the mass realizing the flattening rotation curve in the outer regions
of galaxies started out as mass being close to the bulge. This mass then slowly expanded away from
the center, not on its own initiative but by being dragged along the expansion of space itself. But
during the process this mass had to maintain its own energy balance. The only available free source
for balancing the increasing gravitational energy was its orbital energy. The result is a ‘constant
Lagrangian’ rotation curve for my model galaxy.

But in regions of galaxies where the matter density is high, gravitational contraction might can
win the battle with space expansion and the virial theorem partly reasserts itself. In regions where
space expansion is negligible, the virial gravitational contraction rules alone.

4. IDENTIFYING SPACE EXPANSION ZONES VERSUS GRAVITATIONAL CONTRACTION
ZONES IN REAL GALAXY ROTATION CURVES

In (de Haas 2018b,a) I showed that 25 percent of the 175 LTG galaxies of the SPARC database
could be fitted on a single ‘constant Lagrangian’ curve. The real velocity curves including the error
margins are from (Lelli et al. 2016). This database functioned as a random set relative to my model. I
analyzed, fitted, the full set of 175 galaxies at the SPARC database, as provided by (Lelli et al. 2016)
in the file Rotmod-LTG.zip. The SPARC website also provided a luminosity and mass distribution
analysis of those 175 galaxies. The fits of this database shows that for galaxies that didn’t had
a single fit, at least huge stretches of those galaxy rotation curves could be plotted on a constant
Lagrangian curve.

In the results of Fig.(2, UGC01281) and Fig.(2, NGC2976) the three aspects of the model curve
are clearly present. First the model bulge patter is clearly present in the ascending parabolic part of
the curve. This part of the model is classical because it combines the virial theorem and the constant
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Lagrangian. Then secondly the shift from bulge to free space as a continuous increasing function
instead of the abrupt decrease as would be expected classically with the virial theorem. Thirdly is
the type of ascending towards a maximum. This part of the graph is more clearly visible in Fig.(2,
UGC08286). Using the analysis of this paper I can conclude that these two galaxy rotation curves
are the product of space expansion under energy conservation as the dominating process outside their
bulge.

NGC2976 fit; M= 0.148:10%°- M,; R;= 1.35kpc UGC08286 fit; M= 0.0674-10%°-M,; R,= 1.13kpc
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Figure 2. Two single fit constant Lagrangian galaxies and two dual fit constant Lagrangian galaxies. Where
the actual measurements descend from the first fit to the second, gravitational contraction dominated over
space expansion.

The other two galaxies could only be fitted on two curves, with an intermediate zone of rotation
curve descent. In the analysis of this paper, in these last zones gravitational contraction has managed
to assert itself relative to space expansion. But the result is a mixture of both because the descent is
not by far on a pure virial curve. The pure virial curve would have resulted in a much steeper descent.
These zones should be recognizable as having a relatively high mass density, allowing gravity and
gravitational contraction to partially reassert itself.

But as we go further out, mass densities inevitably reduces to very low values and space expansion,
which should be a function of the amount of space available, inevitably has to come out as the
dominating factor in the far out regions of all galaxies. This also leads to the conclusion that only
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mass that originates from a galaxy can be part of its constant Lagrangian rotation curve. Really,
really far out, there will be mass that didn’t originate from the inside the galaxy concerned and that
mass should have a fixed constant Lagrangian energy relation to that galaxy. Mass that has been
gravitationally captured by a galaxy from the outside can originally have any rotation curve relative
to the host galaxy. Only as far as and for the time it has participated in the space expansion process
of the galaxy that has trapped it can it be on a constant Lagrangian curve of its own.

5. CONCLUSION

In my opinion, the problem of the galaxy rotation curves can be solved on the basis of the com-
bined and competing principles of space expansion and energy conservation on the one hand and
gravitational contraction and the virial theorem on the other hand.

Thus far it has been assumed that the existence of galaxies is proof of the dominance of gravitational
contraction in galaxies. It is my conviction that this assumption is wrong and that space expansion
is one of the two dominating principles active in galaxies. The other being gravitational contraction.

It should be possible to analyze the rotation curves of Galaxy clusters analogously, with an obvious
different balance between space expansion and gravitational contraction.

A third important aspect in this domain is gravitational lensing of galaxies and galaxy clusters.
My approach, being based upon a metric theory which directly includes the time dilation factor,
should allow for incorporation of gravitational lensing. The gravitational index of refraction is deter-
mined by the same factor that determines time dilation. All that is needed to expand my approach
to gravitational lensing is a direct connection between galactic rotational energy and space time

curvature.
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