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Chapter 11
Origin of the Saturn Rings: Electromagnetic Model of the Sombrero Rings Formation
Vladimir V. Tchernyi* (Cherny)

Abstract

For the first time the role of superconductivity of the space objects within the Solar system located behind a belt of asteroids is considered. Observation of experimental data for the Saturn’s rings shows that the rings particles may have superconductivity. Theoretical electromagnetic modeling demonstrates that superconductivity can be the physical reason of the origin of the rings of Saturn from the frozen particles of the protoplanetary cloud. The rings appear during some time after magnetic field of planet appears. It happened as a result of interaction of the superconducting iced particles of the protoplanetary cloud with the nonuniform magnetic field of Saturn. Finally, all the Kepler’s orbits of the superconducting particles are localizing as a sombrero disk of rings in the magnetic equator plane, where the energy of particles in the magnetic field of Saturn has a minimum value. Within the sombrero disc all iced particles redistributing by the rings (strips) like it is happened for the iron particles nearby the magnet. Electromagnetism and superconductivity allow us to understand why planetary rings in the solar system appear only for the planet with the magnetic field after the belt of asteroids where the temperature is low enough and why there are no rings for the Earth, and many other phenomena.

1. Introduction
There is no yet clear picture of the origin of Saturn’s rings. There are two versions of the rings origin. The most common version saying that the rings originated when an asteroid type body approached Saturn and was destroyed by the gravity and centrifugal forces and then from the debris the rings were created. It looks like this version contains a mysterious fact. Another idea relates to the origin of rings from the particles of the protoplanetary cloud around Saturn, and this problem has not been resolved yet. This paper compensates the lack of this knowledge, demonstrating how rings could originate and form from the frozen particles of the protoplanetary cloud after the appearance of the magnetic field of Saturn due to electromagnetic interaction of icy particles with the planetary magnetic field.

The founder of the theory of electromagnetic waves J.K. Maxwell in his award winning paper on the subject “On the stability of the motion of Saturn’s rings” (1859), deduces that the rings of Saturn cannot be solid and the rings could be stable only if they consist of “an indefinite number of unconnected particles orbiting Saturn in much the same way as our Moon orbits the Earth” [1]. Otherwise gravitational forces would destroy them. Ground-based experiments and the data of the Pioneer, Voyager 1, 2 and Cassini-Huygens space missions have revealed the rings to be composed of icy particles, and icy particles with impurities.

After G. Galileo (1610) many researchers have studied the nature of the rings [for example, 1-16]. From the consideration of the gravity and celestial movements it follows that different ring systems are morphologically quite distinct and are all shaped by a few common processes. This is the outward transport of angular momentum by rings particles and by gravitational interactions between satellites, moons and ring material. Orbital resonances between satellites, moons and ring particles play an important role in enhancing the influence of satellites and forming specific structure of the rings and gaps. At the same time, extensive experimental data confirmed the importance of magnetohydrodynamic plasma phenomena and, particularly, electromagnetism of the rings structure origin.

Despite the rich available database, there is no yet physically satisfactory model of the Saturn rings and the mystery of many experimental data has no explanation: origin, evolution and dynamics of the rings; why particles are separated and at the same time they could stick together; considerable flattening and the sharp edges of the rings; thin periodic structure of the rings; deformation of the magnetic field lines nearby ring F; formation of “spokes” in the ring B; high radio-wave reflectivity and low brightness of the rings; anomalous reflection of circularly polarized microwaves (like from magnetic mirror); strong pulse electromagnetic radiation of the rings in the 20.4 kHz - 40.2 MHz range; spectral anomalies of the thermal radiation of the rings; why substance of the rings does not mix, but preserves its small-scale color differences; existence of an atmosphere of unknown origin nearby the rings; why there is existence of the waves of density and bending waves within the rings; why the planetary rings in the solar system appear for the planets which are located only outside the belt of asteroids and why the Earth has no rings, etc.

The superconductivity of the ring particles may follow from the fact that the ring particles are relics of the early days of the Solar system and particles were never subject to coalescence and heating. Indeed, the Sun heats the rings weakly, because temperature in the area of the rings is about 70-110 K. It makes possible the existence of the superconducting substance in the space behind the belt of asteroids. The superconductive particles cannot stick together because the magnetic field emanates from them and pushes the particles apart. In 1933 W. Meissner and R. Ochsenfeld found that a superconducting material will repel a magnetic field. The high-temperature superconductivity was discovered by Bednortz and Muller in 1986 [17]. In 1986 superconductivity of ice was experimentally demonstrated by A.N. Babushkin
 et al [18].

It is assumed that superconducting matter of the particles of the rings of Saturn allows extending classical theories of the planetary rings (gravitational, mechanical, magnetohydrodynamic and plasma interactions) by non-conflicting superconducting model [20-44].

An interesting fact of this paper is that even though its subject concerns problem related to astronomy, the solution may come from the general electromagnetic theory.

2. An Experimental Data Observation
Thin Structure and Sharp Edges of the Rings

Similar to magnetic particles creating dense and rarefied areas in a nonuniform magnetic field, the superconductive ice particles also form their groups, which from outside look like a system of rings. Superconducting particles will collapse into a system of rings as the result of their replacement in the area with the less density of the magnetic flow, within plane of magnetic equator, with the force: F = - mdH/dz, where m – magnetic moment of a particle, dH/dz – gradient of intensity of a magnetic field along an axis z of the magnetic dipole. The force of diamagnetic push-out is forming the sharp edges of the ring: F= -mdH/dy, where dH/dy - gradient of intensity of a magnetic field along the radius of the ring. The casual break in the ring will be stabilized by the force of diamagnetic push-out F = - mdH/dx, where dH/dx - gradient of intensity of a magnetic field in tangential direction. Measurements of the magnetic field nearby the rings F  by the Pioneer mission [5, 6, 12] have registered deformation (distortion) of the magnetic field lines like it is happened for the superconducting disc in laboratory  under Meissner - Ochsenfeld state [17].

Planetcentrical Dust Flow

For superconducting particles there is London’s depth (L of penetration of the magnetic field inside superconductor [17]. Influence of penetration of the magnetic flow becomes appreciable for particles with the size comparable with London’s depth of penetration. Smaller particles are not cooperating with the planetary magnetic field, because they lost their superconductivity by size. Dynamics of these particles is different from dynamics of particles with bigger size which is >2(L. These particles will fall down to the planet due to the gravity. Thus, existence of the planetcentrical dust flows of submicron’s size particles related to disappearance of superconductivity of the matter of the rings particles due to reducing their size. It is also possible for the particles to loose their superconductivity by influence of collisions and by fluctuations of magnetic field.

Change of the Azimuth Brightness of the A Ring of Saturn
There is a number of theories explaining this fact, based on assumptions of a synchronous rotation of the ring’s particles with their asymmetrical form as extended ellipsoids directed under a small angle to the orbit, or with asymmetrical albedo of the surface [5, 6, 12]. Let’s go to superconducting model. If superconductor is placed in the magnetic field, additional moment directed opposite to the external field arises. The matter is magnetized, not along the external magnetic field but in the opposite direction. The rod of superdiamagnetic substance of the ring particle tries to locate itself perpendicularly to the magnetic field lines. From the science that studies ice [19] it is a known fact that at the temperature below – 22 0C growing snowflakes take the form of prisms. Thus, the prism of the superconducting iced particle will be oriented perpendicularly to the field lines of the polhoidal and toroidal constituents of the magnetic fields of Saturn. So, it’s clear that variable azimuth brightness of the Saturn’s rings system A relates to orientation of the elongated ellipsoid of superconducting particles to the normal direction to the magnetic field of the planet.
Spokes in the Ring B of Saturn
As well as the spokes of any wheel, are located almost along radiuses. According to the laws of Kepler any radial formation should be distorted and washed out for a few tens of minutes. However, experimental data show that lifetime of separated spoke 103 - 104sec though Kepler washing outs in them are nevertheless proven. The size of spokes themselves is about 104km along the radius and about 103km along the orbit of the ring. The matter of the spokes consists of micron and submicron size particles [11]. There were many attempts to explain the nature of the spokes. Mostly all theories are based on the action of the force of gravity. At the same time, there were some ideas that registration of rotating spokes somehow related to electromagnetic interaction because of its rotation synchronously going along with the magnetosphere of the Saturn [5, 6, 12]. The analysis of spectral radiant power of spokes provides specific periodicity about 640.6±3.5 min, which is almost coincident to the period of rotation of the magnetic field of Saturn, which is 639.4 min. Moreover, the strong correlation of maxima and minima of activity of spokes with the spectral magnetic longitudes is connected to presence or absence of the radiation of Saturn’s Kilometric Radiation (SKR). It confirms the assumption of the dependence of the spokes dynamics on the magnetic field of Saturn and testifies to the presence of large-scale anomalies in the magnetic field of Saturn. Superconducting iced particles of the rings matter are rotating in accordance with Kepler’s law, and at the same time magnetic field is rotating along with the planet and has anomalies itself. Superconducting particles coming to anomalies of the magnetic field positions and the balance of the three forces acting with each particle will change due to change of the electromagnetic force. Then within the anomaly of the planetary magnetic field all particles will try to get another position and observer can see all these chaotic movements of the particles on the picture of the rings as a spokes. After passing position of the planetary magnetic field anomaly all particles will get positions in accordance with Kepler law.
High Reflection and Low Brightness of the Rings 

Particles in the Radiofrequency Range 

We can explain also using superconducting model. The discovery of strong radar-tracking reflection from the rings of Saturn in 1973 was surprising [5, 6, 12]. It turned out that the rings of Saturn actually have the greatest radar-tracking section among all bodies of the Solar system. It was explained by the metallic nature of the particles. The data of the Voyager excludes this possibility. The disk of superconducting particles completely reflects radiation with frequencies below 1011Hz and poorly reflects radiation with higher frequencies, as in the case of superconductor. The superconductors have practically no resistance up to frequencies of 100MHz. At frequencies about 100GHz there comes a limit, above which the frequent quantum phenomena cause a fast increase of resistance, as it is shown on figure 1. Hence a specific picture of the dependence of brightness.
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Figure 1. Top diagram is the dependence of the brightness temperature of the rings on the wavelength: transition from the radiation of the almost black body to practically complete reflection is observed [5, 6, 12]. Bottom diagram is the dependence of the surface resistance of the superconductor on frequency for Nb at T=4,2K [17].

Own Wide Band Pulse Radiation of the Rings
Data from the Voyager have shown that the rings radiate own wide band pulse radiation within the 20 KHz-40,2MHz [5, 6, 12]. These waves, probably, are a result of interaction of charged particles with the particles of ice or destruction and friction of iced particles when co-striking occur. These incidental radio discharges are named as Saturn’s Electrostatic Discharges (SED). The average period SED is well determined and was established as 10 hour 10±5 min and 10 hour 11±5 min by Voyager-1, -2. If the ring has a source of SED, the area of this source can be located at the distance of 107,990 – 109,000km from the planet according to measured periodicity. Data of the experiments can help specify electrodynamics coupling between the planetary ring system and the magnetosphere, in which SKR, SED and activity of spokes are subordinated to longitude regulation. In accordance with superconducting model, approaching of superconducting rings’ particles up to distance of about 10-8m, or, the existence of narrowing or dot contact will result in the formation of a weak link (superconducting transition) through which superconducting electrons can be tunneled. When the difference of phases between superconductors under action of the electrical or magnetic field occurs, the weak link will generate electromagnetic radiation with frequency proportional to power failure on this transition (nonstationary Josephson phenomenon) [17, 20-36]. The radiation frequency is proportional to the voltage in the transition, ν=2eV/h, where 2e/h= 483,6 MHz/µV, e is a charge of electron, h is Plank constant. 

Frequency Anomalies of Thermal Radiation of the 

Rings in the 100µm - 1cm Range

The measured brightness temperature on the short waves is less than true brightness temperature of the rings, and on the longer waves the rings look much colder than in the case when the radiation corresponds to their physical temperature [5, 6, 12]. On the range 100µm - 1mm brightness temperature of the ring (figure 2) sharply falls to the meanings smaller than those ones characteristic of an absolutely black body. On the wavelengths longer than 1cm a ring behaves as the diffusion screen, reflecting planetary and cold space radiation. The central part of the spectral range 100µm – 1cm is the most sensitive to the parameter of refraction, and may contain the important determining information of fundamental properties of the substance. In accordance with the model, under the superconducting condition the electrons do not interact with a crystal lattice and do not exchange energy with it, therefore they cannot transfer heat from one part of the body into another. Hence, when the substance passes into a superconducting condition, its heat conductivity is lowered. This effect can be obvious under temperatures much less critical, when there are very few conventional electrons capable of transferring heat [20-36].
Color Difference of Rings in a Small Scale

The balance of three forces determines the position of the superconducting particles in the gravitational and magnetic planetary fields: gravitational force, centrifugal one and magnetic levitation (diamagnetic push out), figure 1. Going along with our model let’s consider the distribution of three particles (a, b, c) with equal weights on close orbits. Let a particle a be wholly superconducting, b – have an impurity clathrate-hydrates of ammonia or methane (NH3; CH4 H2O), c - has an impurity of sulphur and Ferro containing silicates (H2S). Each impurity will give the contribution to reduction of the volume of superconducting phase and will determine the color of the particle. Force of diamagnetic push out - FL depends on the volume of the superconducting phase, therefore for each of considered particles the balance of three forces will be carried out in the orbits with different radiuses [20-36].

Anomalous Inversion Reflection of Microwaves 

with Circular Polarization Above 1 Cm

The research of reflection of radiowaves above 1 cm from the rings was carried out with the use of ground based radio-locators and by the space probes [5, 6, 12]. The reflection appeared rather large, and the geometrical albedo is equal approximately to 0.34 and has no strong functional dependence on the wavelength or on the angle of the inclination of ring’s pitch. The rings are strong depolarizers. Therefore, in order to get any information from the reflection it is necessary to measure separately the intensity of two orthogonal polarized reflected signals. It provides information of the factor of the ring’s polarization, which carries information about properties of particles. For the majority of single objects of the Solar system, for example the planets, factor of reflection unobserved polarization (orthogonal to observable) is rather small. As to the rings, the supervision in some range of wavelengths and angles of inclination give reflection factor of unobserved polarization between 0.4 – 1.0 . Let’s go to our superconducting model [20-36]. The superconductors have an essential difference from ideal conductors; besides almost infinite conductivity they also demonstrate an ideal diamagnetism. The falling electromagnetic wave will induce circular currents in superconductor, which will completely compensate action of the magnetic field of the incident wave. So that the absence of the magnetic field in the volume of the superconductor should be carried out. Superconductor will be acting as a magnetic mirror. Thus, if the falling on superconductor electromagnetic wave has a determined direction of a circular polarization (the spirality), the direction of circular polarization (spirality) will be kept in the reflected wave.
An Atmosphere of “Unknown” Origin at the Rings

The atmosphere of Saturn’s rings can exist as a result of thin balance of forces of gravitational attraction and diamagnetic push-out of gas molecules. The levitation of gas molecules comes true at the expense of forces of diamagnetic push-out induced in superconducting particles by molecular magnetic moment of gas [20-36]. The similar situation can be observed under laboratory conditions when atmospheric water steam is precipitated on substance as white-frost at the transition moment of substance from a superconducting into a conventional one.
Existence of Wave of Density and Bending Waves within the Rings

The existence of waves of density and bending waves in the Saturn’s rings has no complete explanation based only on gravitation phenomena. Let’s use the superconducting model. It is possible to note that the external magnetic field is directed along the free surface of diamagnetic liquid which represents a disk of the rings. In case of periodic deformation of a free surface a normal field under a hollow decreased, and it increased under chamber. Consequently, the ponderomotive force works on the side of restoration of the flat form of the free surface. Thus, the field increases a rigidity of a free surface. The change of rigidity of the free surface in a field gives a chance to excite its parametrical fluctuations. When the quantity of the amplitude of intensity of a variable field is larger than the critical one, the standing wave is occurring on a free surface of superconducting liquid. The constant phase lines of this wave are transverse to the vector of intensity of the field. The wavelength is determined by the condition of the parametric resonance. The constant phase lines begin to be bent when intensity of the field increases, and the excited ripple becomes casual [20-36].

3. Theoretical Solution of the Saturn’s Rings Origin
Following from the solution of the electromagnetic problem we will demonstrate how rings of Saturn could be originated from the iced particles located within the protoplanetary cloud. Before appearance of the magnetic field of Saturn all particles within the protoplanetary cloud are located on such an orbit as Kepler’s, where there is a balance of the force of gravity and the centrifugal force. With the occurrence of the magnetic field of the Saturn the superconducting particles of the protoplanetary cloud begin to demonstrate an ideal diamagnetism (Meissner-Ochsenfeld phenomenon). Particles start to interact with the magnetic field and all particles become to be involved in additional azimuth-orbital movement. Let’s estimate the result of this movement [37-38].

If the magnetic field of the planet is equal H, and the planetary magnetic moment is equal
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Then the superconducting ball with the radius R, which is located within the protoplanetary cloud, gets the magnetic moment equal:
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That energy of a superconductor in a magnetic field gets the following value:
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(3.3)
If the beginning of coordinates to place in the center of a planet, and an axis z to direct along the magnetic moment of a planet (orthogonal to equator) magnetic energy thus will be equal:
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Here 
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 - an angle between a vector 
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 and an axis Z. We can see from the expression (3.4), that magnetic energy of the superconducting particle has a minimum value when the radius-vector 
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 (position of the superconducting particle) appears in a plane of magnetic equator, a perpendicular to the axis Z 
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. It is clear, that for one particle its trajectory (orbit) in the azimuth-orbital movement will be only disturbed by the magnetic field. However, in case of a huge amount of particles, like its happened within the protoplanetary cloud, after some time, collisions between particles will compensate their azimuth-orbital movements, and, as a result, eventually, during some time, all orbits of the particles of the protoplanetary cloud should come together to magnetic equator plane and create highly flattening disc around planet. Within the disc of rings all particles will be located on such an orbit as Kepler’s, where there is a balance of the force of gravity, the centrifugal and electromagnetic forces. At the same time, orbital resonances (due to gravity force) between satellites, moons and the rings particles play an important role in forming specific structure of the rings and gaps.
4. Separation and Collision of the 

Particles within the Sombrero of Rings
We can define the energy of the interaction of two superconducting particles with magnetic moment (1 и (2 if they are located on the distance r1 и r2, respectively as:
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Where magnetic field H2 is produced by the magnetic moment (2 it can be presented as
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If we place the particles with magnetic moment (2 at the beginning of coordinate (r2=0) then the expression for the energy of the interaction of two particles (4.1) will be the following:


[image: image14.wmf]3

5

1

2

1

1

)

)(

(

3

1

2

1

1

r

μ

μ

r

r

μ

r

μ

+

-

=

U

 . 





(4.3)

In the plane of the rings of Saturn the magnetic field of the planet coincides with the rotation axis of the planet. If the axis Z is directed along with the rotation axis of the planet then magnetic moment of the particles also will be directed along the axis Z. Using the cylindrical system of coordinate 
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 we can represent expression (4.3) as:
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(4.4)

Let us use the expression (4.4) to estimate how two superconducting particles will be interacting in two different cases. The first one is when two particles are located in the same plane within the sombrero of the rings (Z=0), and the second situation is when two particles are located on the different planes but on the same axis 
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From the expression (4.4) follows that for the particles with magnetic moment 
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 which are located on the same plane, Z=0, we can get that energy of their interaction is equal:
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From the expression (4.5) follows that in this situation both particles will be pushing each other and they will be holding separation distance in between them. This result has been confirmed by the data of Cassini mission: the particles are separated
.

Then for another situation both particles are located on the same axis but on the different planes, and, as it follows from (4.4) the expression for the interaction energy is:
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We can see that in this case both particles will be attracting each other, they could even collide or stick together and form bigger pieces or lumps of ice. This fact has an experimental conformation by Cassini mission. As we know from the data of Cassini mission it was registered that particles within the sombrero of the rings can collide or even stick together and form bigger pieces of ice
. Then later the particles with 50 meters or more in diameter can be destroyed into smaller pieces by the common action of gravity and centrifugal force.

4. Conclusion

Theoretical electromagnetic model of the origin of the rings of Saturn from superconducting particles of the protoplanetary cloud, which is presented in this paper, is a direct continuation of the paper by J.K. Maxwell (1859). Unfortunately, at his time there was no knowledge about superconductivity (1911) and force of diamagnetic push-out of superconductor (1933). Superconductivity of ice and high temperature superconductivity was discovered just recently, in 1986 [17, 18]. As it follows from above consideration, observation of experimental data and electromagnetic modeling confirmed the suggested model.
The model considered here makes possible a “magnetic coupling” between protosun and superconducting particles of its protoplanetary cloud, that in the process of formation of the solar system at an early stage of its development, when the temperature was low enough to have superconductivity, lead to the carrying of the moment of momentum from the Sun to other planets by the electromagnetic means of the superconducting substance of the space environment. Following this we can conclude that the idea of H. Alfen [10-11] that “solar system history as recorded in the Saturn rings structure” becomes to be a physical reality.

From the approach presented above, with the possibility of an electromagnetic origin for the rings, it follows as important for the space physics to take into account the natural space superconductivity for the space substance after the belt of asteroids. It may have a fundamental importance for analyzing the data of the Cassini-Huygens probe, and striking parallels to those that occur in more remote disc systems such as galactic discs and accretion discs around stars and black holes. The force of diamagnetic push-out of superconductor in the magnetic field may be a driving force for propagation of organic molecules within the interstellar space by electromagnetic means, and organic molecules can also be contained within the rings of Saturn, as it is presented in [45-47].
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