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Abstract

The existing laws that describe planetary motion fail to predict
and explain the presence of rotational plane inclination and the
angle of inclination of this plane. These laws also fail to explain
planetary rotation in one plane and how planetary motion in the
direction of planetary system movement affects orbital
parameters. It has been found that planetary motion in the
direction of planetary system motion under the effect of the star's
attraction gravitational component occurs as cyclic oscillations
(motion with cyclically changing speed). A planet's cyclic
oscillations form the visible declination observed in the system of
coordinates of the planetary system, the rotational plane
inclination and the inclination angle. The results obtained
demonstrate the new understanding of the mechanisms that form
the orbits of planets, and show the decisive role in this process of
the star's attraction gravitational component, which acts in the
direction of planetary system motion. The results are new and are
the complete law of motion of objects within planetary type
systems.
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1. Introduction
The laws of planetary motion discovered by J. Kepler [1, 2] and
developed by I. Newton [3] today (being classical ones) are the same as
they were during I. Newton’s time.
During this time, improvements were made only to the methods
and techniques of solving equations expressing I. Newton’s laws.
By describing the visible motion of planets from an observer’s
position in the solar system of coordinates, these laws fail to explain the
following:
- why do all planets revolve in one plane,
- why is the rotation plane inclined to the celestial equator plane,
- why is the inclination angle such as it is, and not otherwise, and
- several other parameters.
These laws fail to reflect and do not account for the role of
planetary motion in the direction of planetary system movement in
forming the parameters of planetary orbits.
Failing to reflect the hidden physical interactions that form the
motion observed, and describing only the resulting motion from an
observer’s position in the Solar system of coordinates, J. Kepler’s and I.
Newton’s laws cannot be considered comprehensive.
Of course, all the above physical parameters are the result of
some hidden (implicit) physical interactions whose total effect determines
the observed planetary motion and the state of planetary systems.
The subject of this study is to reveal these physical interactions
and determine their role in forming planetary orbit parameters.

Fig. 1. Imaginary planetary system immobile in space, in which two
forces act:
- force F1 of the star's gravitation
- force F2 – the centrifugal force balancing the action of force F 1
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2. Imaginary experiment
The problem of planetary motion in the planetary system, which
interacts according to I. Newton’s law, with account of planetary system
movement per se in the galactic gravitational field is a challenging one.
Due to this, analysis of hidden mechanisms that form planetary motion
has been conducted using an imaginary experiment with an idealized
planetary system isolated from external gravitational action, which
consists of a star and planet, Fig. 1.
If we suppose that a star has started travelling in a direction
perpendicular to the plane of planet's rotation, then for the planet to
follow the star in the given planetary system isolated from external
gravitational action, a force is required whose action would coincide with
the direction of star's motion. This force – the gravitational component F
of star's gravity - will appear when the star will be displaced relative to the
initial position of the planet's plane of rotation, Fig. 2.

Fig. 2. A star's displacement relative to the planet's plane of rotation gives
rise to the gravitational component F of the star's gravitation whose
action coincides with the star's direction of motion.
The value of force F is
M 1 m2
Fn  
Sin n ,
r2
where
M1 is star mass, m2 is planet mass
F1 is star's gravitational force
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F is gravitational component of star's gravity acting in the direction
of star's motion (in the direction of planetary system motion)
Under the effect of gravitational component F, the planet will
acquire acceleration in the direction of action of the force (in the
direction of the star's motion) and will overtake the star. After this, the
action of gravitational component F will change to an opposite one and
start decelerating the planet. Then this cycle will be repeated.
The planet’s motion in the direction of movement of the
planetary system (star) will be an oscillatory one.
The physical model of a planet’s motion in the planetary system
obtained with the imaginary experiment shows that the planet movement
following the star (along the star orbit) occurs due to gravitational
component F, acting in the direction of star movement. And this motion
– following the star – can take place only as cyclic oscillations.

3. The analysis of the actual motion of the
Earth in the direction of motion of the Solar
system.
Fig. 3 shows the actual diagram of Earth’s movement along the
solar orbit. The reference scale is the solar path between two
astronomical dates – the section between winter-summer solstice points
and the section between the summer-winter solstice points. This diagram
shows a superimposed path of the Earth during these time intervals.
The diagram shows that, in the direction of solar system
movement, Earth travels over different distances during the same time
intervals (moves with variable velocity). These velocity variations are
cyclic and oscillatory. Earth periodically overtakes the Sun and
periodically lags behind it.
On the interval from the winter to summer solstices, the average
velocity of Earth's motion on Sun's orbit is 212.383 km/sec. At the
summer-to-winter solstice section, the average Earth’s velocity is 227.544
km/sec. (The results of all calculations in the paper are not final ones.)
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Fig. 3. Actual graph of Earth's motion in Sun's orbital direction Earth's
motion against Sun's uniform motion occurs with a cyclically changing
velocity. Earth periodically overtakes the Sun and lags behind it. Earth's
motion is a cyclically changing oscillation in the direction of Sun's motion
relative to the Sun.

4. General conclusion
Based on the results of the imaginary experiment and those
obtained while considering the actual diagram of Earth’s movement
along the solar orbit, one can conclude that the physical model of planets'
motion in the direction of motion of the planetary system obtained
during the imaginary experiment has a general character and is universal.
The general motion of planets in the planetary system moving in
space is oscillatory in two planes– in the plane of planet’s rotation about
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the star (in the celestial equator plane) and in the plane of planetary
system movement, Fig.4.

Fig. 4. A planet's motion in a planetary system moving in space is in the
form of oscillations in two planes (similar to a pendulum)

5. Hypothesis on the mechanism of
formation of the declination angle (orbital
inclination) and other parameters of planets'
motion
The imaginary experiment allowed formulating a hypothesis,
according to which the distance of a planet from a star in the aphelion
and perihelion is formed by the oscillatory movement of the planet along
the star’s orbit, i.e. under the effect of gravitational component F acting
along the line of planetary system movement. Angle δ, corresponding to
each planet’s position and formed by the planet’s oscillatory movement
in the direction of planetary system movement under the effect of
gravitational component F is the observed declination angle.
The hypothesis has been validated by calculating Earth’s
movement in the direction of solar movement under the effect of
gravitational component F only.
The influence of the planet’s orbital movement and that of
external interaction was not accounted for.
Fig. 5 shows a fragment of calculating Earth's cyclic motion
under the effect of gravitational component F acting in the direction of
planetary system motion. Calculation results give an idea on the velocity
of Earth's motion in the direction of planetary system motion at each
time point (Vn), its distance from celestial equator plane (B n) and the
declination angle at each time point (δ).
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Fig. 5. Fragment of calculating Earth's motion under the effect of
gravitational component F of Sun's gravity. Earth's position is shown
conventionally on one side of the Sun. The reference point is Earth's
position in the winter solstice point on 21.12.2013. The right-hand
column (before the dates) shows declination angle values from the
literature (4) for comparison. The calculation has been performed in
discrete 21600-sec steps, during which the motion parameters have been
taken to be invariable.
The calculated values of the declination angle formed by Earth's
oscillatory motion in the direction of Solar system motion and the
dynamics of their change are practically close to a perfect match with the
data in the literature (4), Fig. 6.
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Fig. 6. The declination graph, formed by Earth's oscillatory motion under
the effect of the Sun's gravitational component (line 1), and the
declination graph by data from the literature (line 2).The maximum and
minimal declination values correspond to the angle of inclination of
Earth's plane of rotation.
Calculations have also shown that Earth's maximum velocity of
motion on Sun's orbit is 231.71 km/sec in the autumnal equinox. The
minimum Earth’s velocity along the solar orbit is 208.28 km/sec in the
spring equinox point. In solstice points, Earth’s velocity is equal to that
of the Sun – 220 km/sec., Fig.7.
The computational results confirm the hypotheses suggested,
allowing accepting them as the laws of planetary (objects) motion in
planetary type systems moving in space.
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Fig. 7. Earth's minimum velocity in the direction of planetary system
motion is 208.28 km/sec in the spring equinox position on 21 March.
Earth's maximum velocity in the direction of planetary system motion is
231.71 km/sec in the autumnal equinox position on 21 October. In
winter and summer solstice positions, Earth's velocity in the direction of
planetary system motion is 220 km/sec (Sun's motion velocity).

6. Comprehensive law of motion of planets in
planetary type systems moving in space
The motion of planets in planetary type systems moving in space
occurs as oscillations in two planes:
- in the plane of rotation about the star (in the celestial equator plane),
- in the motion plane (in the direction of movement) of the planetary
system.
Oscillations in the direction of planetary system movement take
place under the effect of the gravitational component of star’s gravitation
occurring with relative displacement of the planet away from the celestial
equator plane, and acting in the direction of planetary system movement.
Oscillatory motion of the planet in the direction of planetary
system movement forms the observable declination and the character of
its change.
The superposition of planet oscillations in two planes forms the
following:
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- observable inclination of the planet’s rotational plane with respect to
the celestial equator in the planetary system coordinate system,
- observable orbit form, and
- planet velocity on each orbit section.
The angle of inclination of the planet’s rotational plane is
determined by the amplitude of oscillations in the direction of planetary
system movement.
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