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Abstract
The rotation curve of galaxies for M33 in 1959 by Louise Volders gave the new
hypothetical about the invisible matter that contributes inside of the galaxy, which later

This work is licensed we call dark matter (DM). However, recently the theory about DM is still incomplete to
P understand this matter. This situation makes some scientists look for alternative ways such
il o as f(R) gravity and conformal gravity theory. We have studied Modified Newtonian

International License

Dynamics (MOND) and Newtonian Dynamics (ND). We try to show the simple model
that aims to give an analysis that MOND can correct to solve the constant speed of galaxy
rotation. For simplicity, we consider the value of « = 1. The graph shows that the MOND
model has a constant speed of 100 kilometres per second. While for the ND model, the
speed will decrease for radius goes to infinity because the speed is dependent on r. Based
on this result, we obtain that MOND can show the constant speed of galaxy rotation than
ND. This result can conclude that MOND can solve the rotation curve of the galaxy.

Keywords: Modified Newtonian Dynamics (MOND), Newtonian Dynamics (ND),

galaxy rotation curve.

1. Introduction

The fact about the rotation curve of galaxies for M33 in 1959 by Louise Volders opened the gate of
interest in astronomy [1], [2]. That research appears the new hypothetical about the invisible matter that
contributes inside of the galaxy. If we focus on the large scale, however, the grand theory known as
general relativity fails to account for the dynamic of galaxy rotation [3], [4]. There should be any unless
a massive component of unknown matter, which we later call dark matter (DM) [5]-[7].

On the other hand, the theory about DM is still incomplete in the current condition [8]-[10]. We
don't have enough information about this matter. This situation makes some scientists look for
alternative ways such as f{R) gravity [5], [10], [11] and conformal gravity theory [2], [9], [12]-[14].
Then various formulations of the modified Newtonian dynamics (MOND) paradigm [15]-[17], tensor-
vector-scalar theory (TeVeS) [18] and quasi-linear MOND [19] also as an alternative way to solve that
problem.

The last topic mentioned above also has a historical value that is motivated by the rotation curve
galaxy condition [14], [20], [21]. The main reason was based on the calculation of galaxy speed where
Newtonian Dynamics (ND) gave the result that did not match the observed data [22]. The constant
speed of the galaxy, if we compared with Kepler’s law as an implementation of object rotation, has
different [20], [22]. The object should have a speed that decreases at radius toward far away [22].
Indeed, this fact may be concluded that ND has successfully been explaining and giving a good
prediction for regular scale. But on a large scale, it is stuck and any problem with actual observation
[23]-[25].

Therefore, we go back to M. Milgrom proposed theory and his recent observation [15], [26]—
[28]. MOND appears to be trying to answer the problem about the constant speed of the galaxy. Many
researchers have shown that MOND can be considered the new model of modifying gravity that is able
with observation [16], [17], [24], [25], [29]-[32]. However, almost all of their work needs complicated
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tools and tight analysis. So, in this research, we will work on a simple test that shows the differentiating
of the MOND and ND models to solve the galaxy rotation problem.

2. Method
2.1. Mathematic of ND and MOND
We have been familiar with ND law which works well for systems. Generally, we can write as

-

F=ma Q)
where F is the force that works on the system, m for the object mass, and a is an acceleration of object
motions. Then, for universal gravity force, we have

N M
F=G2 @
r

where G is the gravitational constant, M is the mass of another object, and 7 is the distance between the
centres of the two objects. Then, we can write the acceleration
N M
a = GE (3)
r
Then, we have a relation between acceleration and velocity v of a circular orbit depending on the
object's radius. Therefore, we necessary to write as

-2
v
Zl) == (4)
r
thus, we obtain velocity as
GM
Vo=— (5)
r
and for calculating speed, we have to take the modulus of velocity so we can write
GM
M= | ©)

How is the MOND model? For the MOND model, we give the additional function of Newton's
law on Equation 1 as follows

F=mu (a> a (7

a
where w(s) is an additional function for modifying Newtonian model, and s = ‘7/(1 fora = 1.2 x 108

cm/s? as a small constant of acceleration [33], [34]. If function u(s) satisfies asymptotic behaviour,
which means u = 1 for @ >> «, and for the strong-field regime or MOND model regime, we have u =

al, ford <<a. Thus,

2

_4a ®)
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We can use the relation on Equation 4, and we obtain

' = GMa 9)
Finally, we have the speed of the MOND model as

b = VGMa (10)
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Figure 1. (a) Observation of Andromeda Galaxy [35] and (b) The simple test plot of ND and MOND model.

3. Result and Discussion

In the previous part, we have successfully shown the mathematics of the MOND and ND models. Then,
to analyze the equation package, we need to show how the differentiation of each model. We show the
simple test of the MOND and ND models to solve the constant speed of galaxy rotation. Suppose a = 1
then the speed of ND and MOND models, in Equation 6 and 10 can be shown in Figure 1.

Figure 1a is the result of Andromeda observation, in which the point curve is the speed of
Andromeda rotation [35]. The other curves are obtained from the calculations of some models. Which
is the ND model shown as dash-line. The curve of the ND model has decreased for radius going to
infinity. Then dot-line curve has obtained based on the dark matter model just for the bulge galaxy. So,
it indicates that the model is not fully calculated alongside the galaxy. Then, the solid curve has obtained
from the MOND model. This plot has been obtained based on great observation. It means that we need
complicated tools and expensive costs. Therefore, we try to show the simple model that aims to give an
analysis that MOND can correct to solve the constant speed of galaxy rotation. Like in Figure 1b, we
consider for simplicity the value of o = 1. The plot shows that the MOND model has a constant speed
of 100 km/s. While for the ND model, because the speed depends on », which means the radius of the
galaxy, the speed will decrease for radius goes to infinity.

This result gave information that the MOND model can solve the constant speed of the galaxy
without necessary give additional strange matter. So, dark matter may be the potential to answer many
problems in the mystery of the universe. Nevertheless, the reality and information of dark matter that
we do not know yet now. Then, the MOND model appears as an alternative way to solve this problem
without necessarily explaining dark matter.

4. Conclusion

The MOND model can solve the problem of rotation curves galaxy or constant galaxy rotation speed.
As we can see in Figure 1b, this plot shows that the MOND model obtained a constant speed than the
ND model prediction. The MOND model has a constant speed of 100 km/s. While for the ND model,
because the speed depends on », which means the radius of the galaxy, the speed will decrease for radius
goes to infinity. As a simple test, this research can be considered for another observation in the future
that has similar cases.
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