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Article
Velocitation Effect: Higher-Order Corrections of
Newtonian Dynamics

Gnav Zvang

Melbourne, Australia; gnav@velocitation.org

Abstract: Has Newtonian dynamics been marginalized by modern astronomy since it failed to explain
the classical tests of Einstein’s general theory of relativity? To answer this question, this study aims at
Newton’s instantaneous interaction and replaced it with the speed of light. We found that this will
occur with additional terms to Newtonian dynamics equations in the form of higher-order corrections
(v?/c?). When we ignore the propagation speed of gravity, the add-ons disappear and new equations
revert to the classical ones. The higher-order corrections now can explain those celestial phenomena
which Newtonian dynamics could not explain in the past including the perihelion precession of
Mercury, the deflection of light, and the radar echo delay. The calculated results are consistent with
the observation data. Furthermore, we found that the orbital velocity of a single star has a slight
increase compared to the Kepler orbital velocity. It is assumed that this increase in rotation speed can
be superposed by the number of stars under certain conditions, which is explained in this article. The
results of the calculated Milky Way’s rotation velocity from this study are consistent with the available
observation data. A new possible explanation for dark matter and energy has been proposed.

Keywords: higher-order corrections 1; Newtonian dynamics 2; gravity 3 (Milky Way rotation curve,
dark matter, orbital velocity)

1. Introduction

Newtonian gravity, while incredibly successful in describing everyday gravitational phenomena
and even planetary motions at relatively low speeds and weak gravitational fields, has limitations. 1.
Infinite propagation speed: Newtonian gravity assumes that gravitational effects are instantaneous,
which means that a change in the mass of one object is felt by all other objects in the universe
immediately. This contradicts the principle of causality in special relativity, which states that no
information or influence can travel faster than the speed of light. 2. Inaccurate in Strong Fields and
High Speeds: Newtonian gravity fails to accurately predict phenomena in very strong gravitational
fields (like near black holes) or at very high speeds approaching the speed of light. When modifying
Newtonian gravity for new applications, especially those involving strong gravitational fields, high
speeds, or where causality is important, incorporating the speed of light is crucial. Post-Newtonian
approximations are a popular approach to the situations where gravitational fields are stronger or
speeds are higher than that Newtonian gravity can handle but still not extreme; physicists use a
post-Newtonian approximation. These are expansions of Einstein’s field equations (the core of general
relativity) in terms of the powers of v / ¢ (velocity divided by the speed of light). The first terms of
these approximations are equivalent to Newtonian gravity, and subsequent terms introduce corrections
that depend on the speed of light.

The assumption of infinite gravitation propagation speed is an integral aspect of classical me-
chanics, however, it introduces inaccuracies when considering its applications. By redefining this
propagation speed as that of light and accounting for the relative velocities of objects within gravita-
tional fields, we can arrive at a more nuanced understanding of celestial dynamics. This article critically
examines these limitations and proposes a new alternative to the existing modified Newtonian theory.
The higher-order corrections to Newtonian dynamics result in additional terms to the classic equa-
tions. These new equations not only rectify existing discrepancies, but also maintain the mathematical
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representation of gravitation without forsaking the foundational principles of Newtonian dynamics.
We also studied the behavior of stars in the Milky Way especially the rotation curve by using the
higher-order corrections of Newtonian dynamics, reinterpreting the mystery of dark matter. This also
highlights the important role of the additional energies in gravitational influences.

2. Relative Speed and Gravitational Potential Energy

This study mainly aims to achieve higher-order corrections to Newtonian dynamics by changing
the speed of gravitational propagation from infinity to propagating at the speed of light. First, it is
important to find out the relationship between the velocity of the object in the gravitational field and
its potential energy and then derive a series of modified equations. Then, Einstein’s classical tests are
used to verify the correctness of these modified equations.

Figure 1.a represents when the gravity propagation speed is infinity; Figure 1.b represents when
the gravitational propagation speed is the speed of light; Figure 1.c represents the GPE in a velocity
unit. The time also changes from ¢ to 7, but this change depends on what is affecting it. Time as an
independent reference frame can be affected by the time frames and system references.

it P P ¥t k JE, tan®
] =
[
i
;
] ! @
b
R &l ;er JVEs vE
;
;
.‘-
_r
5 5 5
1.a Mewtonian frame 1.b The magnitudes of 1.c The relationship to
instantaneous effect velocity components gravitational potential

Figure 1. Magnitudes of velocity components and square root of GPE.

Note: GPE, gravitational potential energy. Assume that an object with mass m and velocity v,
(the direction of v, is perpendicular to the radius R) moves in a gravitational field. This generates a
right triangle as shown in Figure 1.

1. When the propagation of gravitational field is infinity, we have Kepler’s total energy expression
in Newtonian frame (referring Figure 1.a):
1 . dR

E= (52 4 R2(20 )2

1 _ GMm
2 dt dt

R

2. When the gravitational field propagation speed is the speed of light, we have a velocity frame
(referring Figure 1.b). The object moves from its original position p to a new position k, resulting
in a right triangle with velocity tan¢ = v, /c.

3. Figure 1.c shows the relatively changed gravitational frames from static to relativistic motion
coordinates.

3. Higher-Order Corrections to Newtonian Dynamics
3.1. Higher-Order Correction to Kepler’s Total Energy

Figure 1 describes a scenario in which the magnitudes of the sides of the right triangle of the
velocity vector are related to the square root of the GPE. Let us break down how the Pythagorean
theorem applies:
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1. Velocity vector right triangle:
(@)  Assume that the velocity vector component of the moving object is perpendicular to the
radius R (similar to cutting magnetic lines), forming a right triangle.
(b)  The sides of the triangle represent the magnitudes of the velocity components.

2. Relationship to gravitational potential energy:

(@)  The magnitude of each side is given as the square root of the GPE. We denote these GPE
as Eg (Newtonian GPE), AE (additional GPE), and E (GPE after higher-order corrections).
(b) Therefore, the sides have magnitudes /Ey, VAE, and VE.

3.  Applying the Pythagorean theorem:
(a) Because it is a right triangle, the Pythagorean theorem holds:

(VEo)* + (VAE)? = (VE)?

where +/E is the hypotenuse.
(b) This simplifies to:
Eo+AEy=E

The above equation indicates that the sum of the GPE associated with the two perpendicular
velocity components is equal to the GPE associated with the resultant velocity.
We know that Eg = GMm /R, and AE = Eg x tan®¢ (Figure 1.c).

Therefore, we have:
GMm  GMmv?
+
R Rc?

The revised Keplerian total energy expression in Newtonian frame as following:

E =

1 dR? 5 de? GMm v2
E—Em[(ﬁ)—{—R (W)]_T(1+c7> 1
Equation (2) also can be written as below:
- 1 d7R 2 2 dj 2 . 2GM . GMm

Obviously, when ¢ — co, above equations revert to the classic ones.

3.2. Higher-Order Correction to Gravity
From Equation (1), we also can express gravitational potential energy E, as below

_ GMm R? d¢.,
Eo—T[1+C7(E)]

Differentiating with respect to R in above equation, we get

2 _ 1 R dg,|R
F= VEsk_GMmV‘R+C2 )

R

Where, the direction of R points outwards from the center of gravitational field. According to Kepler’s
Second Law, constant K = R?(d¢g/dt), we have
R

R

KZ

= 1
F = —GMMV'R+ W

GMm v2
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We have higher-order correction term:

3GMmv?,
Fo = R2¢?

When ¢ — o0, or v, is ignored, Equation (3) becomes the classic gravity equation of the universe.

3.3. Higher-Order Correction to Kepler’s Bound Orbit Period

When we consider the effect of velocity on a gravitational field, we simply follow the classic
Newtonian dynamics steps to calculate the new circular period of the planetary bound orbit. From
Kepler’s second law, we have

dA oW L

— =R — = — =

T, 2 m constant
where, A is the area of the ellipse, L is the angular momentum, f is the orbital period, m is the mass of
the planet [1]. Therefore, the orbital period of the planet is:

_ 2mrtab

T
L

a=GM/2(—E/m), b= (L/m)/(—2E/m)"/?
The full corresponding formula of classical orbital period T is:

m3(GM)?

T? =
—2E3

where, E is the total orbital energy. Equation (2) can also be expressed as

In which, dR%/dt? = 0. Therefore
o QAR
GM(1+ %)3
27R372

T = 4
VGM(1 + 203 /c2)3/2 @

The classic orbital period Tj is:

27'CR3/2

0" /GM
When ¢ — oo, T = Tj,.

3.4. Higher-Order Correction to the Differential Orbit Equation
Substituting Kepler’s constant and differential equations dR /dt = (dR/d¢)(d¢/dt) into Equation

(2), we can cancel the time variable as follows

2GM GMm
)+ (ﬁ)z(l - W)] TR

ARz _ 2GMR 2GMR?®
dp’ — mK?2 c2 K2
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Suppose U=1/R, the above equality will be changed as below

du., _, 2EU* , 2GMU"! 2GMU3
<d(p) U= mK?2 = c? + K2
du,, 2E ,  2GMU® 2GMU
(%) T R R ©
Differentiate ¢, we get
dzl — _u+3GMu2 _|_G7M
de? c? K2

The new orbital differentiation equation of motion object in a gravitational field can be expressed as

d*u GM  3GMU?
de tU= Tt —a— ®)
Comparing it with the classic one
a2u? GM
e U=~

There is one additional term 3GMU?/c%. When ¢ — o, Equation (5) becomes classic. Therefore, we
can say that these revised terms make it possible for Newtonian dynamics to explain the astronomy
phenomena of an object’s motion in a gravitational field correctly. Next, we discuss some of the effects
of a weak field.

Summary
The derivation of the above equations with higher-order corrections is based on the object’s velocity
vector component direction being perpendicular to the gravitational field, and just like the case of
cutting magnetic field lines, we call it "cutting gravitational lines". If we ignore the speed of propaga-
tion of gravitation, then the new equations are reverted to the classics. This phenomenon is called the
"velocitation effect”.

Velocitation effect states: "When an object moves in a gravitational field and its component of the
velocity vector is perpendicular to the gravitational field (V - R = 0), the moving object will induce
an additional gravitational potential energy in higher-order correction terms v2/c?, and we call it the
Velocitation effect. This additional energy can be superposed under certain conditions."

4. The Classic Tests
4.1. The Precession of Mercury’s Perihelion

As shown in Figure 2, we take for example Kepler’s orbital period ¢ of Mercury for example, its
precession angle of perihelion is
P _v(To—T) 2n(To—T)

NS = = =
Ryin Ry in Ty

Substituting T from Equation (4) and Ty into the above and ignore items greater than v2/c2. By
replacing a with the perihelion distance R,,;; of Mercury’s elliptical orbit, we obtained R = R,,;;, =
a(1 —e). In a bound orbit, v2 = GM/R, we obtain

6tGM
AN=—F——
a(1—e)c?
Or Simply,
AS — 6mtGM

Rc?
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where, M is the mass of the sun and e is the centrifugal ratio. By substituting the exact value, we
obtain:
A6 = 10.35arc/second / circle

Figure 2. The perihelion precession of Mercury.

Mercury revolves N = 415.21 circles per hundred years. Thus, the precession of Mercury’s
perihelion for 100 years is
Adn = 42.98”

The computing consequence is quite consistent with the consequences 43.11”+0.45 and 42.56”£0.94 [2].

4.2. Deflection of Light by the Sun

Suppose a beam of light comes from a distance and passes near the surface of the Sun and reaches
the earth, as shown in Figure 3. During this moment, the photon does not move along a straight line
Ly (it does when the gravitational field is absent), it moves along a curve line L; or L, depending on
how close the photon can go to the surface of the Sun. These are branches of the hyperbola with the
center of the Sun as the focus. Ly and L; are two asymptotic lines [3] (refer to the graphic to the right
of Figure 3). The asymptotic line L, presents a theoretical line. The light along the entire pathway is
affected by the impulse [ Fdt. In this case, its momentum changes from the initial state pj to the final
state pj in terms of the direction of motion. The deflection angle is largest when the light rays pass
closest to the mass, and the angle decreases as the distance to the mass increases [4]. The contribution
of the velocity effect of F causes the deflection of light when light can reach the closest approach to
the Sun’s surface at position d so far. L, is the theoretical pathway in which the distance to the sun’s
surface is (almost) zero at position a (b is the proximate distance between a4 and d).

Figure 3. Deflection of light by the Sun.


https://doi.org/10.20944/preprints202504.0116.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 April 2025

Therefore, the deflection angles of the two pathways were calculated. The variate is Ap, that is,
Ap=Fi—po= | Fa ©

When the photon passes the surface of the Sun, the source of the gravitation maintains its original
state, and the kinetic energy of the photon is the same at negative and positive infinite distances. The
magnitude of the photon momentum remains unchanged, that is, p; = pg = mc. The directions of
momentum variate Aj and impulse [ Fdt are the same. From Figure 3, according to the sine theorem,
we obtain

Ap mc

sind  sin(rt/2—0/2)
Also sin(rt —0)/2 = cos(6/2) and sin® = 2sin(6/2)cos(0/2), the variation of the momentum is

Ap = 2mc x sin(g)

Substituting above into equation (6), we get
2me X sin(e) = /Oo Fcosqdt
27 Jo ¢

4.2.1. Deflection Angle of Realistic Pathway Line L1

Assuming that light is affected by additional gravity, we then use the higher-order correction
term of Equation (3). We have
3GMmv3cosp

R2¢2

=

E=F =

the photon speed v, = ¢ X cos¢.

0 3
2mc X sin(g) = / Mdt (7)

0 R2

The quantity de/dt is simply the angular velocity w of the moving photon with reference to the
center of gravitation, while the additional gravity acts on the joining line between the source of
gravitation and the photon. Thus, no moment of force acts on a photon. The angular momentum
mwR? = mR?de/dt = mac = constant. Therefore, we have dt/dp = R?/ac. Substituting this into
Equation (7), we obtain

2mc? x si (9 T e Micos pd
mc” X sin(5) = mcos
2) /—(n+9)/2 vae
Integrating above equation, we get
4GM
= ——= =175"
dc?

where, M is the mass of the sun, and d is the aiming distance, that is, the radius of the sun. During
1922-1952, the mean value survey was 1.77" 0.2 from five stations around the world [2].

4.2.2. The Deflection Angle of Theoretical Pathway Line L2

Now we consider that the deflection of light is caused by gravity F referring to Equation (3), and
Equation (6) can be expressed as

.0 ® (1 +3GMmcos*@)cosg
2mce x sm(i) = /0 R dt
Same as above, get

) | (m+6)/2 )
2mc” X sm(i) = /_(n+9)/2(1—|—3GMmcos @)cospdg
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Integrating above, we have
0— 6GM

=2.62"
ac?

where, a is the radius of the sun. Of course, this situation will not happen, but observers could
get results around 2" (between 1.75" and 2.62") depending on the methods used. When ¢ — oo,
F = GMm/R?, 0 = 2GM/Rc? (classical theoretical results).

4.3. Radar Echo Delay

The delay effect of the radar echo considers the time frames. When a particle’s motion paths
from far away point p pass the surface of the Sun then comes to Earth, where the observer ¢ is. Along
the pathway, the gravitational potential energy affects the photon energy and time frame. Therefore,
when an observation station measures the transmission time of a particle passing through the Sun’s
gravitational field from Earth, we change the time frame. Assume that the kinetic energy in the
observed time frame is

SmR2(42)2

From Equation (2), the particle kinetic energy in the observer time frame is

1 o.de.o
EmR (E) (1

2GM
R )

The relationship between dt and dt can be expressed as following

Smr2(49) = L2y 200,

2 d 2 dt Rc2

2GM
R7c2> (8)

Here, we also understand that the energy required is the value of escape kinetics when a particle is

(@) = (d0)(1 -

moving in an unbound orbit. Referring to Figure 4, the total energy E of a particle is constant when it
moves through the gravitational field of the Sun. E can be expressed by the following equation:

E» = E; — AE )

where, E; and E; are the energy values of the initial and final states during the transition,
respectively. Suppose the gravitational potential energy GMm /R, that is, AE. When a photon escapes
the gravitational field at distance R from the gravity center, it must perform the equivalent work
W (work function) with the potential energy of gravitation to escape. Therefore, AE = GMm/R.
The initial state of the photon has no influence on the gravitation. Thus, the kinetic energy was
Ey = (1/2)mc?. The final-state kinetic energy E; is a process of continuously unstable states. In other
words, an unbound orbit can be treated as having many bound orbits. From Equation (2), we obtain

the kinetic energy
o 1 dRZ 2 2 d(P 2
Ex = om[(=-)" + RO (Z0)7(1 —

Equation (9) can be written as following

2GM
Rc? )]

L

L 2GM., 1 , GMm
2 g

Rz N =M — g (10)

PRS0

As shown in Figure 4, we radiate the radar signal from Earth (e) to certain celestial bodies (p),
such as Mercury, and receive it reflected back from (p). In the space of the non-gravitational field, the
time of the transition of the radar wave from (e) to (p) and back is

to = 2(ep)
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90f13
Using observed time frame by substituting Equation (8) into Equation (10), we obtain
dR 2 2GM 1 2 d(P 2 2 2GM
(Epa -2+ R =2 - 2 ay

Referring to Figure 4, S is the center of the Sun, eép || Z axis, and we neglect the deviation of the path
(ep) caused by the deflection of light by the Sun in test 2 as the effect of increasing the path way is very
small), we obtain

7s = Rcosg

dR =1; szq) d
cos* @

Substituting them into Equation (11)and simplify it, we get

GMcosp(1 + sin’g)
rsc?

s
T = 5
¢ X cos2¢p

1+ ] (12)

We neglect those over second-order items of (v3/c?), and integrate Equation (12) (integral intervals
are given in Figure 4). We must multiply the integrated value by two to obtain the transmission time
of the radar wave once to and from.

T % 172
/ it — 2/ P T i GMcosgo(12+ sin (P)]dgo
0 . C X OS2 rsC

2r; op  2GM .
T= (T)tango o+ ( 3 )[2In(seco + tang) — sing|y,
From Figure 4, converting ¢ into distance, we have

_2(a+b)+2GM2n (a+Rp)(b+R,) a . b

E— 3 [2In( p )_(Rj, E)]

The first item is time Ty without the gravitational field energy effect. The second item is derived from
the contribution of higher-order corrections. Substituting the values of M (mass of the Sun), rs (radius
of the Sun), a (distance of Mercury to the Sun), b (distance of Earth to the Sun), R, = \/r? + b% and
R, = \/r% 4 a? into the above equation, we have

AT =T — 19 = 213 psec

The experimental values were obtained from serial observation and data analysis using the Haystack
radar, (7849MH) in the Lincoln Laboratory from Apr. 28 to May 20 in 1967 and Apr. 15 to Sep. 10 in the
same year. The superior conjunction value was located near 200 ysec. This corresponds to a computing
value within experimental accuracy [2].

NA
w2

Figure 4. Radar echo delay.

4.4. Milky Way’s Rotation Velocity Increment of Higher-Order Corrections and Dark Matter

The results of the three classical tests verified the correctness of the velocitation effect. This
section aims to establish a connection between dark matter and the small contribution of the additional
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gravitational potential energy from the influence of the velocitation effect. In fact, this influence

increases the bound orbital rotation speed of moving objects, similar to the precession of Mercury’s

perihelion, which can also increase the stars’ rotation speed in the Galaxy.

The Milky Way galaxy has 1.5 x 10'? solar masses of which 5% is the galaxy’s normal mass (excluding
gas et al.) [5,6]. Therefore, the mass of the Milky Way gravitational field (normal) is 1.49 x 10! Kg.
That is the Milky Way’s normal mass and will be used in the following calculations. The linear orbital

velocities of outlying bright stars from 5 to 25 kpc have been reported to be different [7,8]. This can

serve as a reference for this study.

1.

Velocitation effect of a single moving object.

According to the velocitation effect, the additional term of 3GMuv2/c? is the reason for the
precession of Mercury’s perihelion, the decrease in the circular period is due to the increase of
velocity Av,.

We have T from Equation (5) and Ty from Kepler’s orbital period,

Avy, =2nR/T — 2R/ Ty

_ 305VGM/R
c2

Avy (13)

Superposition of velocitation effect

I postulate that this change in the rotation velocity energy of the object, even though it is very
small, could be the basis for a much more important effect. The effect of the extra forces induced
by the velocity effect is the sum of the individual effects of the forces considered separately
within the unit volume of the pyramid. From the velocitation effect, the small GPE changes
after higher-order corrections can be superposed by the number of moving sources in a four-size
pyramid space volume in a cubic light-year unit. Figure 5 shows the details of the volume of the
pyramid.

hi - < N
15\)’9 .l_r,.- ['25 kpc} ___-———__ |

Figure 5. The pyramid space for the velocitation effect of moving sources superposition.

GC is the center of Milky Way galaxy, R is the distance from GC (the maximum distance in this
study is 25 kpc or 81539 light years), v, is Kepler circular orbit velocity, the width of bottom area
isa = (vyc) X R, the hight of the bottom area is the average thickness of Milky Way b = 1000
(light year) [9,10], any distance R to the hight 1 = (1000/81539)R, bottom width relative to i
position d = (v, /c)R. Therefore, we have the base area of the pyramid at the distance R from the

center of the Milky Way.
1000w, R2

- 81539¢ 14
The volume of the pyramid:
AR

Milky Way’s rotation velocity

The rotation velocity of the Milky Way can be calculated using the product of the signal moving
source and the number of stars in the volume of the pyramid at distance R. Let us assume that
N is the number of moving sources (stars) in a certain volume of the pyramid at distance R. It
should be noted that the star density of the Milky Way varies with distances. The relative density
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of stars in the solar neighborhood is 0.003 stars per cubic light year [11]. After a thick disk radius
(15 kpc) from the galaxy center, we consider a small decreases in the star density. The rotation
velocity of the Milky Way was calculated using the following equation.

N =AXD;s

where D; is the star density

Vr = Avy, X N + vy (16)

The rotation velocity of the Milky Way versus their radius from the galaxy’s center are shown in
Table 1. The columns show:

the distance from the base of the pyramid to the center of the Milky Way (kpc),
Kepler’s circular orbit speed v, (km/s),

speed increment of velocitation effect (km/s),

the volume of the pyramid (A) at the distance R from Milky Way center (Iy3),
star density Ds in N/1y® [11],

number of stars within the pyramid space volume (N),

Milky Way rotation velocity Vg from this study (km/s),

observed Milky Way rotation speed vy (km/s) [12],

observed Milky Way rotation speed v, (km/s) [8].

0 0 NG N

Table 1. Rotation velocity of Milky Way.

kpc(to GC) 8 10 15 20 25

vy (km/s) 201 | 179 | 147 | 127 114
Av, (km/s) 0271 | 0.191 | 0.106 | 0.068 | 0.049
A x 105(Iy%) | 4858 | 84.63 | 23457 | 480.35 | 842.16
D, (n/1y%) 0.003 | 0.003 | 0.003 | 0.0025 | 0.002
N x 10%(A x Dy) | 1457 | 2539 | 70.37 | 120.09 | 168.43

Vr (km/s) 240 228 222 209 197
v1(km/s) 235 231 220 208 199
vy (km/s) 229 226 217 201 198

Figure 6 shows the rotation curves of the contribution of the velocitation effect to the circular
orbit velocity curve in a blue solid line, compared with the results of the other two observation
laboratories [8,12]. The average absolute errors are 0.016.

- 250

E 240 Blue solid line is this study's result,
Red dazh line is from Zhou's result,

g 230 __: - black dash line isform Eilers' result

2 220

<

2 Il0

g

2 200

2

Eda 150

& 13 18 23

Distance from Milky Way galaxy center (kpc)

Figure 6. Milky May rotation curves.
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According to the velocity effect, when the phenomenon of planets alignment occurs, the circular
orbit velocity of these planets will be slightly faster. It may be detectable.

5. Discussions and Conclusions

In this work, we have studied the relationship of the velocity of moving objects and the gravita-
tional potential energy in the gravitational field, completed higher order corrections to Newtonian
theory, including Kepler’s total energy, gravity, Kepler’s bound orbit period, and differential orbit
equation. In addition, the influence of the higher-order corrections on the classic tests explanations has
been studied. We have shown that the newly derived equations under the velocitation effect overcome
the limitations of the classic theory by these additional terms that are not present in Newtonian dy-
namics. Furthermore, we find a small orbital speed increment of a rotation object in the gravitational
field due to the correction contribution by studying the precession of Mercury’s perihelion. The
higher-order term theoretically can be superposed under certain conditions. One interesting result is
that the superposition of the N-object in a certain pyramid volume can perfectly increase the Milky
Way rotation speed, mathematically agreeing with observed data, as the increase in speed in this study
is only for a single moving object. The next steps in our research will be considering redshift of light,
gravitational lensing, and strong field tests.

As part of this conclusion, the equations of higher-order corrections to the Newtonian dynamics
equations are listed blow.

1. Orbital energy
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5. Velocity increment of the orbital circular motion
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Notation:

M is gravitational mass.

vR is the Milky Way’s rotation speed at a distance R from the galactic center.

vy is the tangent velocity of an object moving in a gravitational field, and (7,-R = 0).
t is the observer time (local time)

T is the observed time (different from the local time of an event).
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