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Abstract. Taking into consideration the current knowledge about planetary structure of the Solar system it was noticed that both
planets groups could be formed by one physical process similar to the phenomenon of standing waves with length A, = 1/2 (here:
A = cPy, ¢ is the speed of light and P, = 160 min is a certain period). The principle of the ordering for outer planets and dwarf plan-
ets is represented in the wave form as a = nA/2 or a = (2n + 1)A/4 (where a is a semi-major axis and n is a whole number) ar-
ranged these planets at distances from the Sun proportional to a quarter and a half of the wavelength (Jupiter — A/4, Saturn — 4/2, Ura-
nium — 24/2, Neptune — 34/2, Pluto — 44/2, Eris — 74/2). This algorithm also satisfies the conditions of the location of the most major
transneptunian objects including comet families. The principle of the orbit ordering for inner planets is expressed as 2ma = mAy,,
with the step A5, = (1/12)A,,, and m = 3, 6, 8, 12 for orbit lengths from Mercury to Mars that is commensurable with the length of
standing wave Ag,, = 4/2 and its harmonics. The spatial organization of the Solar planetary system is described by two related kine-
matic algorithms of the single wave mechanism.These results are quite accurate and can be considered as empirical. It is important
that the wave principles of structuring of the planets do not support the idea of the formation of the Solar planetary system in the
form of power law including the law of Titius-Bode. Also it was revealed an explicit resonance of proper oscillations of the Sun and
planets. Their global periods are virtually multiples of kPy/2, where k = 1, 2, 3. This result is showing signs of a quantization of the
gravitational interaction of these objects and is associated with the length of the standing wave Ag,, = 1/2 as with the ordering factor
in the Solar planetary system.

In whole, these interconnected findings should be considered as essential on the background of the current knowledge about the
laws of structuring the planets in the Solar and exoplanet systems.
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Introduction Standing waves and principles of the ordering of main
The list of discovered exoplanets reached one thou-  objects in the Solar system
sand. Several hundred well-studied exoplanets and tens Since L, — scale has the dimension of a wave with the

their systems promoted a research of scenarios of their  length A = ¢P, = 19.24 AU both principles of L, — reso-
dynamical evolution. The first investigations of exoplanet  nance can be transformed into a wave form.
systems (Lovis et al. 2010; Flores-Guttierrez and Garsia- For orbits of outer planets the principle of the L, —
Guerra 2011) showed that the principles of the ordering of  resonance 2a = nL, can be represented as a = nd/2.
semi-major axes of planets differ substantially. In some  Then the distances of the outer planets from the Sun are
cases these orderings are similar to power laws or the  multiple of a quarter or half wave: Jupiter — 1/2, Saturn —
Titius-Bode law. One important conclusion is that there  1/2, Uranus — 21/2, Neptune — 31/2. The distances of
are no rules for ordering of planets by a scientifically  well-known dwarf planets are: Pluto — 41/2 and more
proved physical mechanism. distant Eris — 71/2. This corresponds to the determination
At the same time, for the Solar system were revealed  of standing waves which arise by interference between
other principles the ordering of planets on the basis the  direct and reflected waves in the same body.
program of magnetic field registration of the Sun as a star. Their standing wave is A, = 1/2, the linear dimen-
This program led to discovery of “enigmatic” pulsations  sjon of this body is multiple to 1/4, the wave nodes and
of the Sun with a period P, =160 min (Severny et al.  antinodes with the zero amplitude and double amplitude
1976) and the ordering of planets in the Solar system (Ko-  respectively are distributed along the body with this mul-
tov and Kuchmi 1985, Kotov and Khanejchuk 2011). It tiplicity — see Fig. 1.
was shown that in the Solar system there exists a common Numbers of 1/2 and 1/4 one can find from the Table 1
“Lo-resonance” of the planets with the “scale” L, =  which contains certain characteristics of the Solar system:
cPy = 19.24 AU, where c is the velocity of light. The  planet masses, semi-major axes of the planet orbits and
positions of planets in the Solar system were determined  periods of the planet oscillations (for more details see the
by two simple principles: 2ma = Ly/n for orbits of inner  text).
planets and 2a = nL, for orbits of outer planets (where a This algorithm satisfies also the conditions of the loca-
is semi-major axis of an orbit and n is a natural number).  tion of the well-known major transneptunian objects (TNO)
For the inner planets (Mercury, Venus, Earth and Mars)  with determined kinematic parameters of their orbits in-
the numbers are n = 8,4, 3, 2 and for asteroids n = 1. For  cluding comet families. Semi-major axes of the majority of
the outer planets (Saturn, Uranus, Neptune) and dwarf  these TNO are multiple of A, = 1/2 or of even numbers
planets (Pluto and Eris) these numbers are respectively  of 1/4. For example, for Pluto, Orcus and Ixion they are
n=1,2,3 and n = 4,7. But for Jupiter such number is  equal to 4.11/2 i.e. these objects are arranged in the 4-th
fractional n = 1/2. node from the Sun; for 2002 AW semi-major axis is equal
The physical nature such ordering of planets are not  to 4.91/2 i.e. this object is in the 5-th node; for GK147,
explained. However, in connection with the detection of  SM331, VK305, XR190, YW134 semi-major axes are
extrasolar systems it becomes necessary to study these equal to 61/2 or they are in the 6-th node. Semi-major axes
principles more carefully. Considering the planets posi-  of Eris and 2007 ORy, are close to 7.01/2 i.e. these objects
tion in accordance with the principles of the L, — reso-  are in the 7-th node from the Sun. Semi-major axes of the

nance was offered a wave algorithm for explaining of the  minority of these TNO are multiple of odd numbers of /4.
ordering of planets in the Solar system.
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Fig. 1. The schematic ordering of outer planets in the phenomenon of standing waves

Table 1. The Solar system characteristics

Planet M a a,A/2 2rta, A/4 T, min T, Py cT,A/2
Mercury 0.055 0.387 0.040 0.50 - 1/2 85 0.5 1
Venus 0.815 0.723 0.076 095 -1 90 0.5 1
Earth 1.000 1.000 0.104 1.31 - 4/3 84 0.5 1
Mars 0.107 1.524 0.158 199 - 2 100 0.5 1
Jupiter 317.9 5.203 0.54-1/2 6.80 172 1 2
Saturn 95.16 9.509 0.99-1 12.42 236 1.5 3
Uranus 14.54 19.25 2.00-2 25.14 177 1 2
Neptune 17.14 30.19 3.13-3 39.43 158 1 2
Pluto 0.022 39.50 410-4 51.59
Eris 0.029 67.67 7.03-7 88.39
Sun 167 1 2

Distances from the Sun are equal to 4.54/2 for
Haumea, Quaoar and Varuna and respectively equal to 7.5
and 8.5 1/2 for 2007 UK126 and CP105.

Distances from the Sun of transneptunian comet fami-
lies with very eccentric orbits and direct motion near the
plane of the ecliptic are also commensurable to the stand-
ing wave length Ay, = 4/2 as a parameter of their posi-
tion. In the range of 15-200 AU from the Sun three fami-
lies of such comets were revealed (Kozlov 2011). They
are located at the average distances 56, 86 and 106 AU,
which correspond to 2.91, 4.47 and 5.514 or in standing
waves their distances are 6, 9 and 111/2, i. e. these comet
families are concentrated at the nodes of the standing
waves.

Thus, the distance from the Sun to outer planets (ex-
cepting Jupiter) and to the majority of transneptunian ob-
jects including a families of comets are represented by
simple equation in the wave form a = 2nA/4, where
n=1,2,3,..11. The distances from the Sun to the mi-
nority of transneptunian objects and Jupiter are represent-
ed as a = (2n + 1)A/4 (for Jupiter n = 0 and a = 1/4).
From the foregoing it follows that Jupiter is located at the
shortest distance from the Sun.

The inner planets cannot obey the wave algorithm for
the outer planets because their distances from the Sun are
smaller than A/4. However, they are represented by their
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own principle of the L,-resonance 2ma = Ly/n. This
principle transforming to the form 2ma =mal, is the
equation of standing waves for orbits of inner planets.
Here, AL, = (1/12)4,, is a “daughter" standing wave and
the numbers m = 3,6, 8, 12 “quantize” the orbit lengthes
of the inner planets from Mercury to Mars respectively.
The equation of standing waves for inner planet orbits
follows from simple resonant relations of orbit lengths for
the planets Mercury—Venus, Venus—Earth, Earth—Mars.
They arecloseto1:2, 3:4, 2:3. The number 12 as the
least common multiple of these resonances points to a
discrete set of daughter standing waves 1%, = A, /12 =
A/24 that is contained in the fundamental standing wave
Agw = A/2.

The structural architecture of inner planets on the basis
of the relation of lengths of planet orbits from Mercury to
Mars can be represented in standing waves as (1/4)(1/
2):(1/2)(A/2):(2/3)(1/2): (A4/2) or as A/8:1/4:1/
3:1/2 — see Fig. 2. The length of the Mars orbit is direct-
ly equal to the length of the standing wave A, = 1/2 as
to the fundamental harmonic. Its first and third harmonics
are strictly contained in the length of the orbits of Venus
and Mercury and its two second harmonics are contained
in the orbit length of Earth (see the fifth column of Ta-
ble 1).
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Fig. 2. Fragments of schematic orbits of the inner planets are shown in the wavelengths. Distances to the planets are
normalized to the semi-major axis of Earth's orbit.

Analyzing equation 2ma = mAa%,0ne can ascertain that
there is a limited number of integers m which determine
the number of standing waves with the length A%, =
Asw/12 contained in possible “stationary” orbits. In their
quantity the resonance of orbit lengths for inner planets
plays a key role. The extended set of resonant relations of
the orbit lengths for the inner planets could be presented
in the following form: 1/24: 1/12:1/8: 1/4: A/3: A1/2: A.

It is logically to expect the existence of planet with the
orbit length equal to A. The absence of such a planet be-
hind Mars (in place of the asteroid belt) can be explained
not only by the “pumping out” of planetesimals by Jupiter
but also by negative role of a powerful resonance 1 : 1
which can arise because of the equality of the wave with
the length A and the orbit length of this hypothetical plan-
et. The absence of the planets with the minimum length of
their orbits (m = 1, 2) between the Sun and Mercury can
be explained similarly. In particular, for m = 1 the dis-
tance of such hypothetical planet from the Sun would be
equal to 0.127AU. Meanwhile, in the exoplanet systems
as a rule there are several planets at such distances from a
central star (Lovis et al. 2010). In this sense the Solar sys-
tem is unique.

Thus, all main objects in the Solar system are arranged
on the basis of two algorithms of the standing waves of
one length Ay, = A/2. Their equations are identical to
those of standing waves in many physical processes.

Phenomenon of standing waves and the resonance of
the global oscillations of the Sun and planets

The phenomenon of standing waves initiates the calcu-
lation periods of “global* oscillations of planets because it
is known about amazing proximity the “enigmatic” P,-
pulsations of the Sun that is equal to 160 min and the
global oscillation of the Sun as a star with the period
167.3 min.

The formula which is used to estimate periods of such
oscillations of the Sun and the planets of mass M and ra-
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dius R is known as T = 2m(R3/GM)'/?, where G is the
gravitational constant. It is valid for spherical objects with
the symmetric distribution of mass and the homogeneous
gravitational field. Such eigenmodes can be considered as
global oscillations of these objects (without considering
their internal structure). The calculated global T-periods
(see Table 1) for the inner planets from Mercury to Mars
are equal to 85, 90, 84 and 100 min respectively, i.e. they

are in a close relation 0.5 : 1 to the P,-period of the Sun.
For the outer planets from Jupiter to Neptune they are
equal to 172, 236, 177 and 158 min, i.e. the T-periods of
the Sun and outer giant planets are in relation 1 : 1 to the

P,-period of the Sun (only for Saturn it is 1.5 : 1, but this
result is perfectly correspond to low averaged density of
Saturn in comparison with other giant planets). This can
be described by simple equation T = kP, /2. It obeys the
rules of integers k = 1,2,3 and here P,/2 as the first

harmonic of P, -pulsations of the Sun is the least common

multiple for these T -periods (with an average relative
error in 5%). It is recognized that there is a common reso-
nance of global oscillations of planets and Sun. It is the
first unusual result: the whole “planetary orchestra” is
tuned to the frequency of global pulsations of the Sun.
Table 1 shows also for all of these objects that there is the
second simple equation, cT =~ kA/2 where k =1,2,3.
Consequently, global oscillations of planets are deter-

mined of the standing wave with the length A, = 1/2 =

cT. There is the second unusual result: periods of global
oscillations of planets and the Sun are directly associated

with the standing wave 4, = 4/2 as with the structural
factor in the Solar system.

In general, these simple calculations gave unexpected
results about the unusual aspects of gravitational interac-
tions between the Sun and the planets. These findings can
be also considered as to a certain extent the confirmation

of the existence of global “enigmatic” Pj-pulsations of
the Sun.
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Conclusions: phenomenon of standing waves and the
Solar system structure

The results of the wave investigation of the Solar sys-
tem structure could be explained by existence of a physi-
cal mechanism similar to the phenomenon of standing
waves presented in two variants but with the same length
of the standing wave. In the first of them, the lengths of
"stationary" orbits of the inner planets agree with the first,
second, third and fundamental harmonics of the standing
wave. In case of outer planets and main transneptunian
objects including the families of comets, their distances
from the Sun are multiple of the length or half length of
the standing wave. The ordering of all planets obeys the
rules of integers according to distinct resonance relations.
These results can be considered as empirical and are quite
accurate. Their average deviations from the calculated
positions are within 3-5% which could be explained as a
result of long-term evolution of the Solar system. It is
reasonable to suppose that the formation of both groups of
planets in the Solar system could be realized by means of
a specific wave process. And their movements in a circle
on the orbits corresponded to these wave processes. These
wave principles of the orbit ordering for planets do not
support the idea of the formation of the Solar system
structure in the form of power law including the Titius-
Bode law and its modifications. Also it was revealed an
explicit resonance of proper oscillations of the Sun and
planets.

The analysis of the standing waves phenomenon
evinced the common resonance of global oscillations of
the Sun and planets. This resonance irrespective of the
inner structure of these objects showed the definite con-
nection between gravitational and waves processes.

The phenomenon of standing waves proved itself as a
factor of structuring the planets in the Solar system and as
a new aspect in the scientific investigations.

Brief remarks on the nature of the phenomenon of the
standing waves

In the mechanism of standing waves the discrete struc-
ture of the Solar system looks as a quite nonrandom phe-
nomenon. One can draw a conclusion that the wave algo-
rithm of the structure of the Solar planetary system is the
accomplished fact. This puts a question about the origin
and nature of this phenomenon.

Empiric data offer a suggestion that global P;-

pulsations of the Sun, regardless of reason and time of
their origin, were able to synchronize and save the wave
structure of the Solar system in the process of its evolu-
tion up to the present tense, although now these pulsations
can be observed in relict form. Indeed, according to esti-
mates made by Molchanov (1969) the probability of casu-
al formation of the planetary system with properties of the
Solar system is about 10°~10™. Then, in the terms of the
current knowledge, it is not difficult to represent the sce-
nario of forming of the Solar system by the mechanism of
interference of coherent waves within a protoplanetary
disk but without considering the physical nature of these
waves (Skulsky 2013). These waves have the velocity of
light, but it is difficult to study them with the help of hy-
potheses of the electromagnetic or gravitational nature.
The energy of electromagnetic waves with 1 = 19.24 AU
is very small. Nevertheless, it would be interesting to
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model the formation of planets in the protoplanetary disk
taking into account the influence of the Schumann-like
resonances (Schuman 1952) in the cavity between the
surface of the young Sun and ionized gravitational shafts.
A possibility of origin and interference of coherent waves
from spherical objects interacting gravitationally is prob-
lematic because this is forbidden in the general theory of
relativity. However, there are other possible interpreta-
tions of gravitation. For example, the gravitational field
can have not only the tensor component (as in the general
relativity) but also the scalar one. The scalar component
may be emitted in spherically symmetric oscillations of
any source of gravitation, including the Sun (Sokolov
1992). The phenomenon of wave structurization of the
Solar system can be represented as a relativistic delay of
scalar part of the gravitational field or a disturbance on
the Newtonian potential. In any case, the hypothesis of
the possible existence of gravitational waves (including
those with length 4 = cP, = 19.24 AU) and their interac-
tion can have the right to existence although it is not easy
to interpret in terms of the accepted modern concepts.

The next aspect of the problem consists in that the
wave algorithm in the structure of the Solar system con-

firms existence of P,-pulsations of the Sun, while theoret-
ical studies of internal structure of the Sun do not confirm
the existence of these pulsations (Appourchaux and Palle
2013). They note the fast damping of low-frequency g-
modes at their transfer to surface of the Sun. Howerer, it
should be noted that one of possible variants in searches
of an answer can consist in consideration of the interac-
tion of gravitational and magnetodynamic processes. In-

deed, the surface P,-pulsations of the Sun (Severny et al.
1976, Kotov and Khanejchuk 2011) were revealed by the
method of registration the magnetic field of the Sun as a
star. It is known that tachocline region which is responsi-
ble for the enhancement of the magnetic field of the Sun
and plays a key role in nature solar cycle lies on the bot-
tom of the convection zone. The global g-modes should
reach this zone without significant damping. It allows to
suppose the modulation of general magnetic field by g-
modes and their transfer together with this field to surface
of the Sun. Then the impact on the structure of planets
will be carried out the magnetic field of the Sun which is
modulated by the low-frequency oscillations of global g-
modes. In this aspect, such observation method is a prom-
ising in the study of the internal structure of the Sun and
solar-planetary interactions. In particular, one can expect

to detect the variability of the P,-pulsations of the Sun
within the 22-year cycle.

Henceforth, we should take into account that the gravi-
tational interactions between the planets and the Sun as a
star can be characterized without considering their de-
tailed internal structure (the formula T = 2 (R3/GM)/?
for the global period reflects the averaged densities for all
objects). Their interactions are described by certain quan-
tized parameters. But there are the saltatory variations in
the interaction between the Sun and the terrestrial planets
and between the Sun and the giant planets. For the inner
planets there is relation T = P,/2 while for the massive
outer planets it grew twice T = P, but for the Saturn it
grew three times T = 3P, /2. It is not surprisingly because
these estimations concern to very low density of Saturn in
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comp_adrison tfr)] Othfif OIUteEiplaSeti) but tgeredi_s an fargazing Solar P,-pulsations and the mechanism of generation of
coincidence the calculated and observed radius of Saturn. ; .
It should be considered as an accomplished fact the good waves of the Iengtlj A = cPy including the phenomenon
incid f offective radii of all obiects according to of standing waves in the structure of the Sqlar planetary
coincidence o . ) ding t system remains still inexplicable. Such studies should be
the equation T =kP,/2 and their observed radii. It. IS continued because they raise questions about the for-
obvious that the Sun as a star and the planets are showing mation of Solar and exoplanet systems. For example, the
signs a quantization of their gravitational interaction and phenomenon of standing waves could.explain the k;asic
this is associated with the length 9f the standing wave questions of the planetary cosmogony: why the planet
Agw = 4/2 as the structural factor in the Solar planetary  orpits in the Solar system are nearly circular and coplanar
system. These results are unusual but are interconnected  and why there are two groups of planets which are located

on the basis of the simple physical equations. from the Sun according to two algorithms of one wave
In general, the discovered findings of this research are  mechanism.
related to the basic foundations of our worldview and Thus, it is worth pay"']g attention to the need for a

represent problem in their interpretation. The nature of  more complete analysis of this physical problem.
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Ckyabckuii FO.M.
O BOJIHOBOIi CTPYKTYpe B IPOCTPAHCTBeHHOM opranu3anuu Co/IHeYHOMH IJIaHeTAPHOI CHCTeMbI
AHHOTAIMsI. AHAIN3UPYST COBPEMEHHBIE IPEJICTABICHUSI O IPOCTPAHCTBEHHOM CTpyKType COJHEYHOI IUIaHETHON CHCTEMBI, OBUIO
3aMe4eHo, YTOo 00e IPYIIIBI ITaHET MOIM OBl OBITH CHOPMHUPOBAHBI B €IUHOM (PH3HYECKOM HpOIEcce, YIOI00ICHHOMY SIBICHUIO
CTOSIYUX BOJIH C JUIMHOH Ay, = A/2 (3necs A = cPy, ¢ — ckopocts cBeta u nepuo Py = 160 min). [puHnun ynopsimoueHus st
BHEIIHUX ¥ KapJMKOBbIX IUIAHET, IPEICTABICHHBIA B BOIHOBOHN (opMe, nMeeT BUA ypaBHeHud a = nA/2 wmm a = (2n + 1)1/4 (tae
a — OoJbIIast MOTyoCh M N — IeJIble YHCIIa), COTJIACHO KOTOPBIM STH IUIAHETHI PacIoiararoTcst OTHOcHTeNIbHO COJTHIIA Ha PAacCTOSHH-
SIX, KPaTHBIX YCTBEPTH WIIH TOJIOBKHE JUTMHBI BosHbI (FOmurep — A/4, Carypu A2, Ypau — 21/2, Henrryn — 3A/4, Tlnyron — 414, Dpu-
na — 7A/14). DToT aIropuT™ yI0BIETBOPSIET TAKOTO POJIa PACIIONIOKEHHAM HAHOO0JIee KPYITHBIX TPAHCHENITYHOBBIX OOBEKTOB, BKITIOUAst
cemelicTBa KoMeT. [IpHHIIUIT yIOpsII0YeH!s: OPOUT BHYTPEHHKX IUIAHET BHIpaXeH B opMme 2ma = mAy,, ¢ marom Ay, = (1/12)Ay,
um=3,6,8, 12 m1a anuH opouT rtanet oT Mepkypust 1o Mapca, 4To COM3MEpHMO C JUTMHOM cTosiuel BONHBI Ay, = A/2 u ee rap-
MoHHK. [IpocTpancTBeHHas opranu3aiys COITHEYHOH ITaHETHOW CHCTEMBI Y€TKO OMHCHIBAETCS ABYMS POJICTBEHHBIMU KHHEMAaTHIe-
CKIMH aJTOPUTMaMH €IMHOTO BOJHOBOTO MEXaHU3Ma. DTH Pe3yIbTaThl SBISIOTCS AOCTATOYHO TOYHBIMH M MOTYT PAacCMaTPHUBAThCS
Kak sMmuprdeckue. BakHo, 9TO BOIHOBBIE IPUHIUIIBI CTPYKTYPHPOBAHUS IUIAHET HE MOANEPKHUBAIOT Haelo obpa3oBanus ComHed-
HOM TUIAHETHOHM CHCTEMBI B BHJE CTEIEHHOro 3aKoHa, BKJouas 3akoH Tummyca-bone. OOHapykeH Takxke sSBHBI pe30HaHC cOO-
cTBeHHBIX Konebanuit ConHia u mianeT. VX riobanbHble MEepUOAbI IpakTHdecku KpatHbl kPy/2, rne kK = 1, 2, 3. D1oT yKa3biBaeT Ha
MIPU3HAKH KBaHTOBAHUS TPAaBUTAMOHHOTO B3aWMOJAEHCTBHUS STHX OOBEKTOB B WX CBS3H C JJIMHOW CTOSTYECH BOJHHI Ay, = A/2 Kak ¢
(axtopom ynopsaouenus mianeT B ColHeYHO cucteme.

Pe3ynpTaThl 3TOr0 MCCIeIOBaHUS B3aUMOYBS3aHbl I MOTYT PacCMaTpUBAThCS KaK CYIIECTBEHHBIC Ha ()OHE COBPEMEHHBIX Mpe.-
CTaBJICHHI 0 3aKOHAX CTPYKTYpHpoBaHus ruiaHeT B CONHEYHON M K30IIAHETHBIX CUCTEMaX.

Kniouesvie cnosa: Conneunas cucmema, IK30n1aHemsl, NPUHYUNbL YROPAOOUeHUs NAAHem, CIosadue 80IHbl
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