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Abstract. Are Dark Matter and Dark Energy the result of uncalculated addition
derivatives? The need to introduce dark matter dark and energy becomes
unnecessary if we consider that, the phenomenon of dark matter and dark energy is
a result of not computing the additional derivatives of the equation of motion. For
this purpose, we use higher derivatives in the form of non-local variables, known
as the Ostrogradsky formalism. As a mathematician, Ostrogradsky considered the
dependence of the Lagrange function on acceleration and its higher derivatives with
respect to time. This is the case that fully correspond with the real frame of
reference, and that can be both inertial and non-inertial frames. The problem of dark
matter and dark energy presented starting from basic observations to explain the
different results in theory and experiment. The study of galactic motion, especially
the rotation curves, showed that a large amount of dark matter can be found mainly
in galactic halos. The search for dark matter and dark energy has not confirmed
with the experimental discovery of it, so we use Ostrogradsky formalities to explain
the effects described above, so that the need to introduce dark matter and dark
energy disappears.

1. Introduction

The Swiss-American astronomer Fritz Zwicky is arguably the most famous and widely cited
pioneer in the field of dark matter. In 1933, he studied the redshifts of various galaxy clusters, as
published by Edwin Hubble and Milton Humason in 1931, and noticed a large scatter in the
apparent velocities of eight galaxies within the Coma Cluster, with differences that exceeded 2000
km/s. The fact that Coma exhibited a large velocity dispersion with respect to other clusters had
already been noticed by Hubble and Humason, but Zwicky went a step further, applying the virial
theorem to the cluster in order to estimate its mass.
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This was not the first time that the virial theorem, borrowed from thermodynamics, was apply
to astronomy. As to the best of our knowledge, Zwicky was the first to use the virial theorem to
determine the mass of a galaxy cluster.

Zwicky started by estimating the total mass of Coma to be the product of the number of
observed galaxies, 800, and the average mass of a galaxy, which he took to be 109 solar masses,
as suggested by Hubble. He then adopted an estimate for the physical size of the system, which he
took to be around 106 light-years, in order to determine the potential energy of the system. From
there, he calculated the average kinetic energy and finally a velocity dispersion. He found that 800
galaxies of 109 solar masses in a sphere of 106 light-years should exhibit a velocity dispersion of
80 km/s. In contrast, the observed average velocity dispersion along the line-of-sight was
approximately 1000 km/s. From this comparison, he concluded: If this would be confirmed, we
would get the surprising result that dark matter is present in much greater amount than luminous
matter [1]. The study of the rotational motion of spiral galaxies carried out by Vera Rubin [2] in
the early 1970s of the last century showed that the rotational velocity of the outer ends of the
Andromeda Galaxy, which is the closest to us, is almost constant for all its outer parts and does
not depend on the distance from the center. This is what puzzles astrophysicists. As it contradicts
expectations that the speed of movement of the outer ends of the galaxy must depend on its distance
from the center of the galaxy.

2. Quantum Correction to Newton’s Second Law

From Ostrogradsky formalism using a Lagrange function is
L = L(q,4,G,...,q™,...),

L = L(g,9).
The Euler—Lagrange equation with high-order addition variables follows from the least-action
principle:
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This equation can write in the form of a corrected Newton’s second law of motion in non- inertial
reference frames [3]:

F —ma+ f, = 0.
Here,

fo =mw = w() + w(t)t + 2::2(_1)k% Tkw(n)(t)

is a random inertial force [3] that can be represented by Taylor expansion with high-order derivatives
coordinates on time
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in inertial reference frame w = 0.

In Newtonian case
mM
F=G 2
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It follows from the equivalence principle of gravity and inertia that Newton's second law extended to
random non-inertial frames of reference should also add additional variables to the law of gravitational
interaction. On the other hand, it follows from the ergodic hypothesis that the time averages are equal to
their average statistical values 7 [3]. Therefore
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here A is measure of interaction 7.

3. Dark Metric for Dark Matter and Dark Energy

It follows that the phase space of coordinates and high-order derivatives gives the corrected Newton’s
formula for gravitational potential [4]
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where @, = - potential; G, gravitational constant and M, mass.

In our case
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because the correction coefficient e r for gravity, 7; and My— radius of Galactic rotation and mass of

Galactic.

On the one hand, force F is expressed using infinite Taylor expansion. On the other hand, gravitational
force F; can also represented as a series, as follows from the principle of equivalence. If this series is
replaced by an exponential, then we can write metric

ds? = e T0/Tdt% — e"/Tdr? — r2dh? — r2sin?0dgp?
which we call the dark metric [3], where 1y = 2GM /c?.

The dark metric is the asymptotic of the Schwarzschild metric for 7, < r. The definition of dark metrics
for matter and energy presented to replace the standard notions of dark matter and dark energy.

The dark metric can also obtain from the standard metric:

ds? = B(r)dt? — A(r)dr? —r?df? — r?sin*0d¢?

Conditions A(r)B(r) =1 and limA(r) = B(r) =1 for r — oo must be satisfied for the standard
metric. The dark metric also satisfies to these conditions. Gravitational forces are presented as a series with
changing signs.
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FIG. 2. The rotation curves of the 25 galaxies published by Albert Bosma in 1978 [5] (red is our
theoretical result).

4. Conclusion

In the general case, non-inertial dynamics can describe by high order differential equations. From the
principle of equivalence, it follows that the gravitational force also has to be represent as a series. The
corresponding metric called the dark metric. The dark metric describes gravitational interaction with
additional terms that lead to the description of observable effects of dark matter and dark energy. This
means that the correct calculation using the dark metric leads to an abandonment of notions of dark matter
and dark energy. Therefore, there is no need to seek for something that does not exist. The proof of this
statement is the good agreement between our theoretical corrections Newton Law and experimental data.
We hope that the gravity correction at galactic distances can decide the problem of Dark Matter and Dark
Energy.
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