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Abstract

The standard model is considered to be very bad at predicting galaxy rota-
tion, and this is why the hypothesis of dark matter was introduced in physics
in the 20th century. However, in this paper, we show that the standard model
may not be as far off as previously believed. By taking into account that grav-
ity has an “infinite” extent in space and assessing the assumed mass in the
observable universe, we obtain a minimum acceleration that gives a much
closer match to observed galaxy rotations than would be expected. We will
discuss whether or not this is enough to overturn the long-standing perspec-
tive on the standard model and if it could indeed provide a possible and ade-
quate explanation of galaxy rotations.
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1. Introduction

Newton [1] and Einstein [2] standard gravity model, when based on baryonic
matter, give galaxy predictions very different from those actually observed. This
is why the hypothesis of dark matter was introduced. As early as the 1880s, Lord
Kelvin was describing dark bodies in relation to the Milky Way; Henri Poincare
picked up the theme in 1906, actually using the term dark matter in his com-
ments on Kelvin’s work. By the 1920s and ’30s, the term was gaining interest and
a number of astronomers and astrophysicists were exploring its potential. The
debate continues today: Could dark matter exist, or could it simply be a fudge
factor that enables an incomplete model to fit observations? Modified Newton
Dynamics introduced by Milgrom [3] in 1983 suggests a minimum acceleration
that is calibrated to the observational data, and the model then fits very well, al-

though from baryonic matter only. However, MOND is more of a curve-fitting
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model since it does not provide a good explanation for why there should be such
a minimum acceleration. Here we will also introduce a minimum acceleration,
though not by modifying the standard gravity model, but rather by building on
its assumption regarding the mass of the observable universe and the radius of
the observable universe. It is worth noting that a solution to the dark matter
problem can, in principle, also be achieved in the approach of extended gravity
(see for example [4]). Extended gravity described by, for example the model de-
scribed by [5] can be partly seen as a relativistic extension of MOND. Other
minimum acceleration models have also been suggested recently. One of these is
so-called quantized inertia [6], which according to its inventor, McCulloch, has
the advantage of having an explanatory model behind the minimum acceleration,
something that seems to be missing in the standard MOND model. The hypo-
thesis that will be suggested here falls into the category of non-relativistic mini-
mum acceleration theories, which in this case also explains the minimum acce-
leration, unlike the original MOND theory.

The radius of the observable universe, as suggested by standard physics, is ap-
proximately 4.4 x 10* meters (93 billion light years), see [7] [8]. The age of the
universe is considered to be about 13.77 billion years. In this time period, light can
travel 13.77x10° xCx365x 24x60x 60 ~1.3x10%® meter, this is approximately

equal to HL , where H_ is the Hubble constant. The reason the radius of the

0
universe is assumed to be considerably larger than this is due to the assumption
of expanding space (inflation). In this paper, we will take that for granted, al-
though that too is a subject of considerable debate. Further, the mass of the ob-

servable universe is assumed to be approximately 1.5 x 10* kg. The mass of the
3

observable universe can be calculated as M, = as shown for example by

o]
[9] [10] [11], so there is considerable uncertainty in the exact value here as there
is considerable uncertainty in the Hubble constant, and also in G. Based on the
assumed radius of the universe and the mass of the universe, the minimum gra-

vitational acceleration’® of the universe must then be

g =M Gx15x10%

~5.18x10 " m/s? (1)
Vo (44x10%)

This is considerably smaller than the MOND optimized minimum accelera-
tion of approximately 1.2 x 107° m/s*>. However, the mathematical form of the
MOND theory is different from what we are suggesting here; observational data
is needed to make them directly comparable. First of all, our minimum accelera-
tion is at the very edge of the observable universe. If the observations are con-
cerning objects, such as galaxies, that are not at the edge of the universe, then the
minimum acceleration could be higher. We will suggest the acceleration in the

galaxy arms should be

'"We suggested this first in a working paper that we put out on vixra.org March 29, 2020, this is a
strongly improved version of that working paper.
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GM GM GM,
7 PO =t (2)

u

a=

where M is the baryonic matter in the galaxy, and M, is the mass of the un-
iverse, as before. In the next section, we will compare the prediction of this

model with the observed data.

2. Comparison of Our Model with Observational Data

To test the model, we have used 2793 individual data points from 153 galaxies in
the Spitzer Photometry and Accurate Rotation Curves (SPARC) database (see
also [12]). Figure 1 shows the observations as black dots. The green line is the
predicted galaxy rotation from only baryonic matter in the galaxy. As we see, the
green line gives predictions far from the observed data, and this is why, as noted
previously, the idea of dark matter was introduced originally in order to make
this model work. The MOND best fit model is represented by the yellow line.
The light blue line just below the yellow line is predictions from the quantized
inertia model. The red line is our model when using radius 4.4 x 10 m. As we
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Figure 1. Galactic accelerations from 2793 individual data points for 153 SPARC galaxies are shown as black
dots. Predictions by standard physics are shown in green. The yellow line is MOND, which fits the observa-
tions very well. The light blue line just below the yellow line indicates predictions made by the quantized in-
ertia model. The red line includes the minimum acceleration from the mass in the observable universe with
the standard assumed radius of approximately 4.4 x 10 meters. The orange line shows the results when we
have multiplied this radius by 1.3. The white line with green dots shows the results when we have multiplied
the universe radius by 1.3, and the universe mass is adjusted M, =10¥kg , compared to M, =1.5x10* kg
in the red, orange and blue line. As we can see this simple model also can give predictions close to the ob-
served data. The blue line depicts the predictions when we use a radius equal to the assumed time since the
Big Bang multiplied by the speed of light. (Note: Log stands for Logarithm with base 10.)
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can see, this gives a strong improvement over the standard model, e.g., the green
line. This would, at least, dramatically reduce the amount of dark matter re-
quired to push the model to fit observations. However, even under the standard
model, it is not certain what the radius and the mass of the universe [13] [14] are,
or what the distribution of matter is. Hence, we could suggest a slightly different
radius, which would give an even better fit. In the case of the orange line, we
have inputted a radius of 1.3 times the commonly assumed radius of 4.4 x 10*° m.
The blue line shows the results when using only 1.3 x 10* m as radius. That is
the radius one obtains by taking the assumed life of the universe times the speed
of light; in other words, by ignoring the assumed expansion. This last value of R
we see gives predictions that diverge greatly from observations.

As we can clearly see, taking the mass of the observable universe into account,
in addition to that of the galaxy, provides much better predictions than can be
produced without doing so. However, there are several issues with this method.
For example, if a Galaxy is lying at the edge of the observable universe, then the
observable universe gravitational acceleration field should not only increase the
acceleration in galaxy arms that are turned away from the centre of the observa-
ble universe, but should perhaps also slow the acceleration in the galaxy arms on
the opposite side. This should lead to different redshifts on different sides of the
galaxy. We do not believe this has been observed (at least not yet), but it could
be even more complicated than this. Naturally, different galaxies will have dif-
ferent radii to the centre of the observable universe, so if we are taking this into
account, we would possibly obtain a much better fit than what we have shown
here. Or, counterintuitively, the fit could be worse; this can only be determined

by further studies.

3. Conclusion

We have looked at galaxy rotation predictions when taking the gravity accelera-
tion field from the observable universe into account. This seems to produce pre-
dictions quite close to observations. However, there may be several issues with this
method and the approach requires additional rigorous study. Still, we think the

idea is interesting and merits further investigation by the physics community.
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