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This article presents the results of testing the hypothesis of the dependence of grav-
ity on the velocity of motion of bodies. The numerical simulation clearly confirmed
the correspondence of the calculated and observed values of the precession of orbit
pericentres in binary systems including pulsars, as well as planets of the solar sys-
tem. Based on the revealed dependence of the gravitational force on the velocity, the
article describes a new effect of the precession of the centres of binary systems, which

should be found as a result of further practical research.
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I. INTRODUCTION

The assumption that the force of gravitational interaction of bodies depends on the
velocity of their motion is not new. The theories of Ritz, Gerber, and others suggested
such an influence. Einstein’s special theory of relativity also assumes the influence of the
motion velocity of bodies on their gravity force (through changes in mass). In this paper,
we propose to test the hypothesis that the force of gravitational attraction depends on the
velocities of interacting bodies as follows:
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where Fj. o, Fy. 1 are the forces acting, respectively, from the 2-th body (with mass M>)
on the 1st (with mass M;) and from the 1st body on 2nd, vy, v3 — absolute velocity of the

1st and 2nd bodies, r — current distance between the bodies,  — exponent with which the
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velocity of the gravitation source defines the force of gravity, A — exponent with which the

ba

velocity of the “recipient” of gravity (the object on which gravity acts) defines the gravity
force, w — a constant having the dimension of velocity (w > vy, w > vy).

A key indicator of compliance with the proposed hypotheses regarding the gravity of
reality the last hundred years is the ability to use them to explain the precession of pericentres
of binary systems components (initially it was about the precession of the perihelion of
Mercury and the other planets of the solar system). This effect mainly manifests in binary
neutron stars (at least one of the neutron stars is a pulsar), binary systems of a neutron star
(pulsar) and a white dwarf, and under certain conditions — in binary systems of a neutron

star (pulsar) and a main-sequence star. Besides, the study of this effect in the solar system

is of considerable interest.

II. NUMERICAL SIMULATION OF ORBITAL MOTION
A. Numerical simulation algorithm

For different variants of the dependence of the gravity force on velocity (i.e. different p, A
and w), numerical step-by-step simulation of the motion of the components of the binary
system was performed in this work. Let us briefly outline the sequence of calculations.

Time interval corresponding to each step:

=3, @

where P, is the orbital period of the binary system, N is the number of steps per period.

Let’s determine the acting forces of gravity:
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where k = GM; M, is a constant coefficient determined by the gravitational constant G and

the masses of the components M; and Msy; r;_1 = \/(x”i_l — x2|i_1)2 + (y1|i_1 — y2|z~_1)2
— the distance between the interacting components at the previous step,

T1)i—1,T2)i—1, Y1ji—1, Y2li—1 — the coordinates of the components at the previous step.



Decompose the forces along the axes:

L2i—1 — T1}i—1 Yoli—1 — Y1}i-1

F1<—2|iX = ‘F1<—2\z' ; F1h2|z‘Y = ‘F1<—2\z' ;
Ti1 Ti1 (4)
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Component coordinates:
T T
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The initial positions and velocities of the components are determined by the available
data on the masses of the components, the orbital period, and the eccentricity of the orbit
at the time the components are in the apocenters of their orbits.

The simulation was carried out with the number of steps per system period N = 1.0 x 10°
for n = 10 periods. During the simulation, the positions were determined in which the
distance between the system components reached the maximum value (the positions of
apocenters; they were used instead of the pericentre positions because they correspond to
a lower velocity of motion and, accordingly, are more accurately determined). For such
positions, refinement was carried out with a minimum step (up to 1/2' of the nominal) and

the angle ¢; was found between the apses line and z-axis:

@; = arcsin [(yl(] — Y2(j )/7’]] , (7)

where is the current value of the maximum distance between the system components;
Yi(j)» Yo(j) — coordinate values of y components corresponding to r;.
The precession value of the pericentre (or apocentre, or apse line) was determined as

follows:
180 Py
. nPbZ — pj1), Y year, (8)

where Py = 3.156 x 107 sec is the duration of the year.



B. Numerical simulation results

Numerical simulation of different variants of the dependence of the gravitational force on
the velocity of the source and “recipient” of gravity (binary neutron stars, neutron star +
white dwarf systems, neutron star + yellow dwarf (G dwarf star) systems, as well as planets
of the solar system) showed that the simulation results correspond to the existing data of

real observations at u = 3k, A = 1k (k is a constant multiplier):

G M, M. 21\ /2 2\ MM 302 + 02
FH:#GJ_Q) (Hv_l) %_12(1%%_%1),

r2 w? w? r2 2w? (9)
GM, M 2\ 3r/2 2\*2 QMM 302 4 2
FH:#(MFU—;) <1+”—22) z—;2(1+/{“;—+2”2>.
T w w T w

For = 1, the value w = 1.2247 x 10® m/s (= ¢/\/6, where c is the velocity of light).
The results of numerical simulation of the motion of components of binary neutron stars are
given below, see tables I-II. As can be seen, the calculated data correspond with fairly high
accuracy to the observed (or currently assumed) data.

Along with binary neutron stars, systems of a neutron star and a white dwarf can be used
as an object for studying subtle gravitational effects. As a result of consideration of four
such systems (for which the most complete and reliable data are available), confirmation of
the presence of the assumed dependence of gravity on the velocity of motion was obtained
(see table IIT).

In the course of the research, the motions of the binary system components from the
J1903+0327 pulsar and the dwarf star (a G-type main-sequence star with a mass of the
order of the mass of the Sun) were simulated. Yellow dwarfs are relatively stable stars,
which are not characterized by many effects that can affect the displacement of the apse
line (for example, the intense mass loss characteristic of large stars, especially in binary
systems). The simulation confirmed the validity of the assumption about the dependence of
gravity on the motion velocity.

An important role in confirming the considered dependence of gravity on the velocities of
the source and the “recipient” plays the analysis of the perihelion precession of the orbits of
solar system planets: Mercury, Venus, Earth and Mars (data on other planets are extremely
inaccurate), as well as asteroids (data are available only for Icarus). The importance of

analyzing the planet orbits is due to the huge difference in the masses of the considered



TABLE I. Precession of the pericentres of binary neutron stars

Parameter Binary neutron stars (BNS)
PSR| B1913+16] J0737-3039 | B1534+12| B2127+11C| J1518+4904 | J1811-1736
Initial data

Data source 1] 2] 3] 4] [5] [6]-[8]

Orbital 27907 8835 36352 28968 7.46 x 10° | 1.63 x 10°

period, Py, s

Orbital - 0.617 0.088 0.274 0.681 0.249 0.828

eccentricity, e

Periastron

advance, 4227 | 16.88(10) 1.756 4.464 0.01137 0.009(2)

w, °/year

Masses, M 1.441 1.337(1) | 1.333(1) | 1.358(10) | 1.05+}2L 1.17...1.6

Mg M, 1.387 1.250(1) | 1.345(1) | 1.354(10) | 1.56+%-2 0.93...1.5

Selection of the most probable mass values

Masses, M, 1.441 1.337 1.333 1.358 1.05 1.35%*

Mg M, 1.387 1.250 1.345 1.354 1.67* 1.22%%%
Simulation results for p =3, A = 1, w = 1.2247 x 10® m/s

w, °/year |4.225(4)[0]|16.878(7)[0]] 1.754(1)[0] | 4.461(5)[0] |0.01134(12)[c]]0.00901(5)[o]

* — total mass of the system M; + My = 2.7183(7) Mg
** — average observed mass of the pulsar
*** — based on the total mass of the system M; + My = 2.57(10) Mg

cosmic bodies and the Sun, which makes the interaction "one-sided": the Sun acts on these
bodies, and their influence on the Sun is negligible (Jupiter and Saturn are not included in
the number of planets under consideration). The numerical simulation results are consistent

with the observational results (see table IV).

C. Determining the empirical relationship

For determining the empirical formula (reproduced by the proposed mathematical model)
of the dependence of the calculated value of pericentre precession on the input parameters
(the mass of the components M; and M,, the orbital period of the system P,, the eccentricity
of the orbits e, the constant w, the gravitational constant GG) at y = 3, A = 1, the parameter
values were varied (separately My, My, P,, e, w and G with constant other parameters).
By varying M; and M, we studied the change in precession depending on the function

fo=¢€" x(1— 62)C (e, B, &, C are constants). As a result, we have the following empirical



TABLE II. Precession of the pericentres of binary neutron stars (continued)

Parameter Binary neutron stars (BNS)

PSR| J0453+1559 | J1756-2251 | J1906+-0746* | J1829+2456 | J1930-1852

Initial data
Data source 9] [10] [11] [12], [13] [14]
Orbital 3.519 x 10° | 2.762 x 10* | 1.434 x 104 | 1.016 x 10° | 3.893 x 10°
period, Py, s
Orbital 0.1125 0.1806 0.085 0.1391 0.3989
eccentricity, e
Periastron
advance, 0.0379 2.582 7.584 0.2919(16) 0.00078(4)
w, °/year
Masses,  |M; | 1.55940.005| 1.341(7) | 1.2914+0.011 | < 1.38%* < 1.32%%¥
Mg M, [1.174+0.004 | 1.230(7) | 1.3224£0.011 | > 1.22%* > 1.3%%
Selection of the most probable mass values
Masses, | M 1.559 1.341 1.291 1.3+ 0.08 1.2+40.1
M, M, 1.174 1.230 1.322 1.3 7 0.08 1470.1
Simulation results for =3, A = 1, w = 1.2247 x 108 m/s

W, °/year | 0.0379(4)[0] | 2.580(9)[0] | 7.576(12)[0] | 0.2926(11)[0] |0.000782(15)[0]

* — there are doubts that the companion of the pulsar is a neutron star, and not a white dwarf [11]
** — total mass of the system M; + My = 2.5(2) Mg
ok — total mass of the system My + My = 2.59(4) M

formula for calculating the pericentre precession value:

G2/3(M1 + M2)2/3

0. = 10.7(1) x (10)
w2Pb5/3 (1—e2?)
Taking into account that (27r)5/3/2 =10.697, w = c/\/g we get:
3G2/3(My + My)*?
~ (M + My) (11)

02(5—;)5/3 (1—e2?) '
The right part of the formula (11) completely coincides with the formula for the precession
of the pericentre in general relativit [4] and (in the case of My > M, or M; < Ms) — in

Gerber’s theory [24].

III. PRECESSION OF BINARY SYSTEMS BARYCENTERS

The force acting from the 1st component on the 2nd is not equal to the force acting from

the 2nd component on the 1st. As a result, a force F, acts on the system barycenter.



TABLE III. Precession of the pericentres of the binary systems

[neutron star + white dwarf] (NS+WD) and the system

[neutron star + G-type dwarf star| (NS+GDS)

Parameter NS+WD NS+GDS

PSR | J1141-6545 | B2303+46 | BI1802-07 | J0621+1002 | J1903+0327
Initial data

Data source [15] - [17] [18] [19] [20] [21], [22]

Orbital 1.708 x 10* | 1.066 x 106 | 2.26 x 10° | 7.19 x 10° 8.22 x 10°

period, Py, s

Orbital - 0.1719 0.658 0.212 0.00246 0.437

eccentricity, e

Periastron

advance, 5.3084(9) 0.0099(2) 0.058(2) 0.0116(8) | 2.400(2) x 10~*

w, °/year

Masses, M 1.27(1) 1.16(28) 1.2670 40 1701032 1.667(21)

Mg M, 1.02(1) 1.37(24) 0.367955 0.97+027 1.029(8)

Selection of the most probable mass values
Masses, M, 1.27 1.16 1.26 1.70 1.667
M, M, 1.02 1.37 0.36 0.97 1.029
Simulation results for g =3, A = 1, w = 1.2247 x 10® m/s
W, °/year | 5.306(10)[0] | 0.00992(2)[0] | 0.0578(3)[0] | 0.010(1)[0] |2.40(4) x 10~ [o]

TABLE IV. Solar system’s ’anomalous’ perihelion precession of planetary orbits

P " Planets Asteroid
Aratieter Mercury Venus ‘ Earth Mars Icarus
Initial data [23]
Orbital 6 . 7 7 7
_ 7.6005 x 10 1.9414 x 10 3.1558 x 10 5.9329 x 10" | 3.5320 x 10
period, Py, s
bital
Orbital 0.2056 0.0068 0.0167 0.0934 0.82684
eccentricity, e
Perihelion
precession, 43.14+0.5 8.4+4.8 5.0£1.2 1.14+0.3 9.8 £+0.8
w, "/century
M, | 3.2868 x 10% | 4.8107 x 10?* | 5.976 x 10%* | 6.3345 x 10% | 2.9 x 10!2
Masses, kg 0
M, 1.989 x 10
Simulation results* for =3, A = 1, w = 1.2247 x 10% m/s
&, "/century | 43.01(1)[0] | 8.623(2)[0] | 3.837(1)[0] | 1.3510(1)[o] | 10.13(5)[o]

* — the simulation used a variation of the value w = 1.2247 x 10°...1.2247 x 10% m/s




For further analysis, it is necessary to determine the reference system and set the direction
of motion of the components along their orbits. For the initial one we take a position in
which the components are in the apocenters of their orbits, the component with mass M;
is located to the right of the system barycenter, the component with mass M, on the left;
the components move counterclockwise along their orbits; the z-axis is directed from left to
right, the y-axis from bottom to top; the angle # between the z-axis and the radius vector
of the 1st component is measured from the positive direction of the z-axis.

Let’s determine the force F:

G M, M, K (v? — v3)
2 w2

Fc:F2<—1_F1<—2: 5 (12)

where r = a (1 — e2) (1 — ecosf) " (e is the system eccentricity, a is the semi-major axis of

the relative orbit of the system),

1 My [G(M, + M)
v = V14 e2 —2ecosb,
L VI= e M+ My a
Uy ! My G (M +M2)\/1+62 — 2ecosf.

:\/1—62M1+M2 a

After substitution, we get:

_ G2M1M2 (Ml — Mg) K

adw?(1 — e2)?

F. (1 —ecosf)’ (1+¢* —2ecosh). (13)

Let’s find the average value of F, for the P, period of the system (assuming no precession

of the pericentre):

P, L dl
_ 1 1
F.=— | F.dt=— | F.—, 14
Pb/ Pb/ v (14)
0 0

where L is the perimeter of the relative elliptical orbit, dl is the elementary path along the

relative orbit,

1 G (M + M)
Viia
\/1—|—e2_26C059d0_ a:i),/Gsz(Ml—{—Mg)

(1 —ecosh)? ’ 42
d P, (1-e)*?

v 27 (1 — ecosb)’?

V1+e2 — 2ecosb,

V=] + Uy =

dl:a(l—eQ)

de.



Average (time-based) value of the projection of the force F,. on the z-axis (assuming no

precession of the pericentre):

2w
2k GM My My — M, 2
F.x = cos@(l—l—e —260059)d9:
_e2)3/2 P2w? M, + M /
(1—e?) b 1 2 (15)

i 471'2/16 GM1M2 M2 — Ml
Ty Rt Mt n

Average (time-based) value of the projection of the force F, on the y-axis (assuming no

precession of the pericentre):
27
/sin9(1+62—2ecosﬁ) df = 0. (16)

0

B 2k GM, My M, — M,
y = (1 62)3/2 P2w® M + M,

%

As a result, we have:

Adn%ke  GMMy My — M,
F.=F.x = ) 17
. (1—62)3/2 P2w? M, + M, (17)

The force F, acting on the system barycenter is directed from the pericentre of the
heavy component orbit to the pericentre of the light component orbit. Precession of orbit
pericentres makes the force F, rotate in the direction of rotation of the components (i.e.,
counterclockwise in the selected reference frame). As a result, the binary system barycenter
will move along a cycloidal trajectory with a periodically changing velocity. The equation of
barycenter motion in the parametric form (we accept the rate of precession w is constant):

x(t) = % (1 — cos (wt)),
% (18)
y(0) = 25 (@t —sin @1))

where
Ar’ke  GM{M, M, — M,
(1—e2)*? Plw? (M + My)*

Figure 1 shows the trajectories of some binary systems barycenters.

As can be seen, they are cycloids. Data on the height and step of these cycloids are given

in table V.

max

max and average (time-based) velocity .. of the barycenter

Velocity v., maximum velocity v

motion are defined as follows:

2 2 4h
Ve = —\/,_h\/l — cos (wt); v = fh; Vo = — (19)
w w

Tw
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FIG. 1. Motion trajectories of binary systems barycenters for 160 years, x10'? m
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TABLE V. Parameters of cycloidal trajectories of binary systems barycenters, x10'? m

PSR height base PSR height base
B1913+16 11.24 35.36 J0737-3039 0.797 2.51
B2127+11C 0.952 3.00 J1756-2251 9.48 29.82
J1906+0746 0.516 1.62 J1141-6545 12.49 39.29

The detection of a periodic change in the barycenter velocity of the system will be an

additional confirmation of the dependence of gravity on the velocity of the source and the

“recipient” described in this article.

The smallest period of change in the velocity of motion of barycenter (from the number
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of systems, for which there are reliable data on the masses of the components, table VI) has
the system PSR J0737-3039. The period P. of change in the velocity of the mass centre of

this system is 21.3 years, maximum velocity — 1.854 km /s, average velocity — 1.18 km/s.

TABLE VI. Precession of some binary systems barycenters

PSR | Parameter P. =27/w, years vlex km /s Ue, km/s
B1913-+16 85.2 6.553 4.172
JO737-3039 21.3 1.854 1.180
B2127+11C 80.6 0.323 0.206
J1756-2251 1394 3.370 2.146
J1906-+0746 47.5 0.539 0.343
J1141-6545 67.8 9.053 5.763

The accuracy of measuring the velocity of binary systems barycenters is currently low.
According to [25], the velocity of the centre of mass of the PSR J0737-3039 system in the
plane of the system is 96.0 £3.7 km/s. The error in determining this velocity, as we can see,
is 2 times greater than the maximum velocity of the periodic motion of the barycenter.

The motion of binary systems barycenters can be revealed by observing the long-period
oscillations of the heavy component radial velocity of the binary system (i.e., the observed
velocity of approaching or moving away of the heavy component from the observer minus
the constant component associated with the inertial motion of the system barycenter). The
choice of the heavy component is because its velocity is lower; therefore, the amplitude of
the relative velocity fluctuations is higher.

To determine the current velocity of the heavy component, we determine the values of
the orbital velocity (v, v1,) projections on the x and y axes and the variable velocity of
the barycenter (veg, Uey).

Let us first determine the projection of the orbital velocity of the heavy component:

vz = vcos (u—0) = v (cosucosf + sinusinf) = vy sin b; 20
vy = vsin (u —0) = v (sinucosf — cosusing) = vy (cosd — e), 20
where 6 is the angle between the radius vector of the heavy component and the x-axis; u is

the angle between the radius vector of the heavy component and the orbital velocity:

esin 6 ) 1 —ecosf

cosu = . sinu = :
V1+e2 —2ecosf V1+e2 —2ecosf
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FIG. 2. Long-period oscillations of the minimum radial velocity of the heavy component,%

1 M, G (M + M,)

:\/1—62M1+M2 a ’

where Ms is the mass of the light component.

Vo

Values of projections of the variable velocity of the barycenter:
Vey = Hsing; vy, = H (1 —cosyp), (21)

where H = h/w.

Total velocity of the heavy component of the binary system:

v = \/(Uo sin @ 4+ H sin )* + (vg (cos 6 — e) + H (1 — cos ¢))*. (22)

We determine the values of the angle 6y at which (for a given value of ¢) the velocity

function v has extremes:
dv Hsingp
— =0= 0y = —arct . 23
do 0 are an(Hcosnp—voe—H) (23)

Let us now determine the values of the angle ¢ at which (for 6 = ;) the velocity function

v has extremes:

—=0= =0, T (24)
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As a result we have:
Umax (p =7) =vg (1 —€) + 2H; vnin (p=0) =wvo (1 —¢). (25)

The relative amplitude of oscillations of the minimum values of heavy component’s ve-

locity (equal to the amplitude relative oscillations of its radial velocity):

max ~ Ymin H
Ay = 4 Jmax — Vmin .
Umax + Umin Vo (1 - 6) + H

(26)

Calculation by formula (26) gives the following values:

PSR Av, % PSR Av, % PSR Av, %
B1913+16 +3.03 B2127+11C +0.31 J1906+-0746 +0.11
JO0737-3039 +0.33 J1756-2251 +0.98 J1141-6545 +2.45

Obtained values are confirmed by the simulation results (see Fig. 2).

IV. CONCLUSION

The coincidence of the precession values with the reality of the pericentres of the orbits,
obtained as a result of numerical simulation, is a powerful argument in favour of the pro-
posed dependence of gravity on the velocity of interacting bodies (see (9)). The indicated
coincidence of the simulation results with reality is observed in all binary systems, in which
other factors that affect the precession of the pericentre of the orbit (mass loss, tidal effects,
etc.) do not appear substantially.

According to the dependence (9) confirmed in this article, with the gravitational inter-
action of bodies, in the general case, the force of gravitational action on the 2nd body from
the 1st is not equal to the force of the gravitational action on the 1st body from the 2nd.
Taking into account Newton’s third law, the indicated difference of forces is possible only in
the case when the gravitational interaction is carried out not directly between bodies, but
through some intermediary, for example, a medium (“physical vacuum”, “aether”, etc.). In
this case, the observance of Newton’s third law is ensured in the interactions of the 1st body
with the medium and the 2nd body with the medium.

For the final confirmation of the dependence of the gravitational interaction force on the
velocity of motion-defined in this article, it is necessary to detect the motions of binary

systems barycenters along the calculated cycloidal trajectories. Currently, there is no such
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confirmation yet. As the results of measurements of the radial velocities of binary systems

accumulate, the ability to detect the expected effect will steadily increase.
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