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Abstract
Existence of the magnetic field of Saturn and the temperature around 70 - 100
K nearby of it bring us to the idea of diamagnetism and superconductivity of
the rings particles. The rings could emerge from the icy particles moving on
chaotic orbits around Saturn within protoplanetary cloud. After appearance
of the magnetic field of Saturn all chaotic orbits of icy particles start to shift to
the magnetic equator plane, where there is a minimum of the particles magnetic energy, due to diamagnetic force of expulsion like Meissner phenomenon. Each particle comes to the stable position preventing its own horizontal
and vertical shift. Particles are locked within three-dimensional magnetic well
due to Abrikosov quantum vortex phenomenon for superconductor. This
mechanism is valid and it works even particles have a small fraction of superconductor. Final picture is similar to the picture of iron particles forms the
same shape around a magnet on laboratory table. Any other phenomena like
gravity resonances, dusty plasma and others may bring some peculiarities to
the final picture of the rings. It follows that magnetic field of Saturn and low
temperature around of it are the main reason for the rings origin and the
rings is product of the early time of the magnetic field of Saturn appearance.
Additional matter to the rings also may come from the frozen water particles
generated from the Saturn sputniks geysers due to magnetic coupling between planet and satellites. The data of Cassini mission to Saturn rings are
conforming suggested theory of their origin and existence.
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1. Introduction
NASA had made four missions to Saturn: Pioneer, Voyager-1 and -2 and outstanding Cassini (2004-2017). But the best answer of the rings problem is given
by P. Estrada, R.H. Durisen and J.N. Cuzzi: “After the Cassini grand finale, is
there a final consensus on ring origin and age?” [1]. Since G. Galileo in 1610
discovered Saturn rings there are three version of this process. Two of them devoted to gravity defragmentation when massive object was tidally disrupted
when passing nearby Saturn [2] [3]. Cassini found no iron in the rings and to
support gravity defragmentation theory NASA scientists decided to use Titan-sized icy satellite [3]. This theory could not be considered as entirely completed. Because it could not explain why rings exist only for the planets behind
the asteroid belt; why there is a particles separation; thin, width and sharp edges
of the rings; spokes in the B ring; electromagnetic and other phenomena of the
rings.
J. C. Maxwell, 1859 proved the rings consist of an infinite number of separated
particles. Cassini found rings particles consist of 93% of ice and 7% of carbon.
Our third version of the rings origin is based on Safronov theory of planets formation and evolution of the protoplanetary cloud [4]. At the beginning of the
process of formation of the rings system all iced particles are rotating around
Saturn in accordance with Kepler’s law on chaotic orbits inside the protoplanetary cloud.
Our main thesis is the rings appeared as a result of the interaction of iced particles of the protoplanetary cloud with the magnetic field of Saturn. After appearance of the magnetic field of Saturn all particles start to interact with it. The
question is how all orbits of the particles may come to the magnetic equator
plane of Saturn. If we are able to find answer to this question so it means that the
disk of the rings particles is a product of the early days of the Saturn magnetic
field.
Low temperature near Saturn and presence of the magnetic field bring us to
idea of the importance of particles diamagnetism and superconductivity. The
high-temperature superconductivity was discovered by J. G. Bednorz and K. A.
Muller in 1986 [5]. Diamagnetism and superconductivity of ice was demonstrated by A. N. Babushkin et al. in 1986 [6] and F. Yen, T. Gao [7]. Superconductivity of C36 has been conjectured in 1998 [8]. In 2011 B. Almog from the G.
Deutscher group has demonstrated how the small size of superconductor disk
frozen with liquid nitrogen and conjugated together with exceptional large scale
diamagnetic material is trapped in a surrounding magnetic field and it can be
made to hover over a magnet in any position with any movements [9]. So, even
7% of a glassy carbon superconductor composition of Saturn rings particles
which is located within 93% of diamagnetic frozen water ice may contribute to
their behavior like a type II superconductor. It is well known fact the Meissner
effect is observed in type II superconductors even for sufficiently weak magnetic
fields.
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An interesting idea of the rings formation is coming from the general electromagnetic theory physics when we notice the similarity of the picture of the
Saturn rings to the picture when iron particles creates dense and rarefied regions
in a nonuniform magnetic field near by the magnet on laboratory table (Figure
1).
To demonstrate how rings particles disk appeared due to diamagnetism and
superconductivity of the iced particles we will follow our consideration presented in [10]-[25].

2. Electromagnetic Modeling of the Rings Formation
Origin of the Rings from the Iced Particles of the Protoplanetary Cloud.
With emergence of the Saturn magnetic field the icy particles of the protoplanetary cloud begin to demonstrate diamagnetism and all of them become involved
in an additional azimuth-orbital motion. Placing the origin of the coordinates at
the center of the planet and directing the z axis along the magnetic moment of
the planet (orthogonal to equator)—μ, the expression for magnetic energy is:

=
UH

R3 µ 2
(3cos 2 θ + 1)
r6

Here superconducting sphere of the radius R located within the protoplanetary cloud at the distance r, the angle θ between the vector r and the axis z. From
expression follows the magnetic energy of the superconducting particle has a
minimum value when the radius-vector r is in a plane of the magnetic equator
and is perpendicular to the axis z (cosθ = 0). Consider now only one particle.
Evidently its azimuth-orbital direction trajectory (orbit) can only be disturbed
by the magnetic field. However in case of a significant amount of particles
forming the protoplanetary cloud, after a transient time estimated as 1000 years
or more, collisions between particles will compensate their azimuth-orbital
movements, and as a result all orbits of the particles of the protoplanetary cloud

(a)

(b)

Figure 1. (a) https://saturn.jpl.nasa.gov/resources/ Image and Title Credit: NASA/JPL/
JHUAPL/University of Colorado/Central Arizona College/SSI. Saturn rings system; (b)
https://wadevenden.files.wordpress.com/2014/07/magnet.jpg?w=500 Iron particles create
dense and rarefied regions in nonuniform magnetic field near by the magnet on laboratory table.
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should come together to the magnetic equator plane and create highly flattening
disc around the planet. Within the disc of the rings all particles will become located on the Kepler’s orbit where there is a balance of gravity, centrifugal and
electromagnetic forces.
Repelling and Collision of Particles inside the Width of the Rings. We can
estimate an interaction of two superconducting particles for two different cases.
The first one is when two particles 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 (ρ = 0). For the particles with the
magnetic moments μ1z and μ2z located on the same plane, z = 0, we get the interaction energy as:

U=

µ1z µ2 z
ρ3

From it follows that both particles will repel each other and they will maintain
a separate distance between them. This result has been confirmed by the data of
Cassini mission: the particles are separated. If particles are located on the same
axis but on different planes, the expression for the interaction energy is:

U= −

µ1z µ2 z
z

3

Now both particles could attract each other; they could even collide or stick
together and form bigger clusters or lumps of ice. This process has an experimental conformation by the Cassini mission.

3. Electromagnetic and Quantum Phenomena Related to
Saturn Rings Origin
Thin Width and Sharp Edges of the Rings. Diamagnetic particles collapse
into the stable system of rings as a result of their exchange between the areas of
the gradient of magnetic field within the plane of the magnetic equator with the
force: F = −μdH/dz, where μ—the magnetic moment of the particle, dH/dz—the
gradient of the magnetic field along the z axis of the magnetic dipole. The force
of the diamagnetic expulsion forms sharp edges of the ring: F= −μdH/dy, where

dH/dy—the gradient of the magnetic field along the radius of the ring. The accidental break in the ring will be stabilized by the force of the diamagnetic expulsion F = −μdH/dx, where dH/dx—gradient of the magnetic field in the tangential direction. The magnetic field in the plane of the rings disc is nonuniform
because each superconducting particle is push out magnetic field of its own volume. Magnetic field lines will strive to go through the region with the highest
magnetic permeability. It is known that the superconducting powders gather in
areas with low density of the magnetic field. Density gradient flow of the magnetic field repels superconducting particles of each other, and also cleans the
gaps within the rings system and forms a rigid thin structure of the separated
rings. The density of the magnetic flow inside each ring will be lower than within
DOI: 10.4236/jamp.2019.78110
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surrounding its space. The difference of density of the flow will cause directed
inward magnetic pressure on the each ring, therefore, the rings have sharp edges.
During interaction of the diamagnetic-superconducting iced particles of the
protoplanetary cloud with magnetic field of Saturn all their chaotic orbits start to
shift to magnetic equator plane of Saturn and protoplanetary cloud finally is collapsing into the rings disk (Figure 2).
Radial Dust Flow. Superconducting material is characterized by the London’s
penetration depth λL of the magnetic field. Smaller particles do not couple to the
planetary magnetic field because they lose their superconductivity due to their
small size. The dynamics of these particles is different from the dynamics of the
particles with larger size, >2λL. Small particles will fall down to the planet due to
gravity. Thus, existence of a radial planetary dust flux composed of submicron’s
size particles is related to a lack of superconductivity of the ring particles due to
their small size. It is also possible for the particles to lose their superconductivity
by collisions and by magnetic field fluctuations.
The Azimuth Brightness of the Saturn A Ring. Present understanding of
this phenomenon is based on: 1) an assumption of a synchronous rotation of the
ring’s particles with their asymmetrical form as extended ellipsoids directed under a small angle to the orbit; 2) existence of an asymmetrical albedo of the surface. Consider now our model for this phenomenon. If the superconductor is
placed in the magnetic field, a magnetic moment directed oppositely to the external field is induced. The matter is magnetized not along the external magnetic
field but in the opposite direction. A superconductive rings particle in the form
of the rod attempts to align itself perpendicularly to the magnetic field lines. It is
a known fact from science of ice [26] that growing snowflakes at the temperature
below −22˚C take the form of prisms. Thus, the prism of the superconducting
ice particle will be oriented perpendicularly to the field lines of the poloidal and
toroidal components of the magnetic fields of the Saturn. It becomes now clear
that the variable azimuth brightness of the Saturn’s rings system A is related to
the orientation of the elongated ellipsoid of the superconducting particles versus
the direction of the planetary magnetic field.
Spokes in the B Rings System. M. Hedman and P. Nicholson [27] have received understanding the matter of the B ring of Saturn’s demonstrates for the
observer an optical illusion. B ring of Saturn contain three times less matter than
previously thought. “The best analogy is something like a fog over the meadow

Figure 2. Transformation of protoplanetary cloud into rings disk after appearance of the
magnetic field of Saturn due to interaction of iced particles with it within cloud. From (a)
to (c).
DOI: 10.4236/jamp.2019.78110
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may seem less transparent and empty, than a water-filled pool, which has a
much higher density than the fog” (P. Nicholson). The spokes of the B ring are
aligned almost radially. The size of the spokes is about 104 km along the radius
and about 103 km along the orbit of the rings. The spectral radiation power of
spokes provides a specific periodicity about 640.6 ± 3.5 min which almost coincides with the period of rotation of the magnetic field of Saturn (639.4 min).
There is a strong correlation of maxima and minima of activity of spokes with
the spectral magnetic longitudes which is connected to presence or absence of
the radiation of Saturn’s Kilometric Radiation. When the particles enter into
anomalous region the diamagnetic expulsion force that is applied to the particles
changes its value. The particles then begin to change their orbit. For the significant number of participating particles, for the external observer, this process
appears as the turbulent cloud stretched along the radius in the form of spokes.
After passing anomaly, particles return to their prior orbit and the common appearance of the rings is recovered.
Wide Band Pulse Radiation of the Rings. Data of Voyager have shown that
the rings radiate intrinsic wide band pulse radiation within the 20 KHz - 40.2
MHz. When superconducting particles approaching distance about 10−8 m or if
they have a point contact, a superconducting transition can occur, as electrons
can be tunneled through the gap. Consequently, this type of superconducting
weak link begins to generate electromagnetic radiation—a non-stationary Josephson phenomenon for superconductors. The radiation frequency is proportional to the junction voltage, ν = 2 eV/h, where 2e/h = 483, 6 MHz/µV, e is the
charge of electron, h is the Plank constant.
Frequency Anomalies of Thermal Radiation of the Rings. Cassini Composite Infrared Spectrometer (CIRS) spatially resolved Saturn’s main rings in the
far-infrared, measuring the spectrum between 25 μm and 0.5 mm. A spectral
roll-off below 200 μm for each of the A, B and C rings was found (Figure 3(a))
[28]. From these data temperatures and emissivities for each ring were derived.
Interpretation of Cassini CIRS spectral roll-off in Saturn’s rings has encountered
difficulties.

(a)

(b)

Figure 3. (a) Brightness temperatures of the A, B and C rings as a function of spectra are
shown; (b) Absorption spectrum of the superconductor. M. Dressel. Electrodynamics of
Metallic superconductor. Advances in Condensed Matter Physics. Vol. 2013.
https://www.hindawi.com/journals/acmp/2013/104379/.
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From the comparison of Figure 3(a) and Figure 3(b) we see the same behavior of the spectral dependence for Saturn’s rings and for the superconductor. It
follows the Saturn rings particles could possess superconducting matter.
Quantum Phenomenon of the Saturn Rings Particles. Recently was demonstrated an important fact that even small amount of superconducting matter
may hold more than 70,000 times its own weight [9]. The experimental set up of
how high temperature superconductivity is working on the best way B. Almog
presented in Chicago at the ASTC Conference in 2011. It is based on theoretical
discovery of A. Abrikosov of the vortex structure as a quantum nature of the superconductor [29]. In case of Saturn rings we do have similar situation to the
case shown above. The rings particles contain 93% of ice and only 7% of carbon.
It means that superconductivity will be responsible for the rings particles disk
formation due to contain only 7% of carbon.
An interaction of type II superconductor with external magnetic field is a
quantum physics phenomenon. The magnetic field inside superconductor behaves like a quantum particle, like a quantum object. And as a fact magnetic field
is magnetized inside superconductor and strands of lines of the magnetic field
remain inside superconductor, they get trapped inside superconductor (Figure
4). Some of the flux line becomes to be pin, and they never could take move. The
reason for that is that superconductor doesn’t like magnetic fields lines moving
around. What it actually does, it locks them in place. By doing that it blocks itself. The action of locking prevents superconducting particles of the rings from
moving within the disc. It is quantum trapping, quantum locking and quantum
levitation. Also the action of trapping prevents the disc itself from moving in
space.
For the Saturn disk of rings the problem of stability of the pinning structure of
the superconducting iced particles is important. An exact mathematical solution
of it was presented by I.M. Sigal, T. Tzaneteas in 2013 [30] and in 2015 [31] on
the bases of Ginzburg-Landau equations which play a key role in superconductivity and particle physics.
Consequently superconducting iced particles will be locked within the rings
disc of the magnetic equator plane by the Saturn magnetic field due to phenomena of quantum locking, quantum trapping and quantum levitation. The rings
disk itself will be suppressed by the magnetic pressure from both sides along the
z axis, because along a meridian the magnetic energy becomes to be bigger on
the distance from the minimum value at the magnetic equator. Finally we have a
magnetic well of the rings disc which is sufficiently disturbing picture of Saturn
magnetic field lines in the area of magnetic equator, Figure 5.
As a result each particle of the rings disk of Saturn is locked strong enough
within three-dimensional magnetic well. Thus it means we have a stable enough
structure of the rings disk which is stabilized by the magnetic force on the vertical direction due to the gradient of magnetic flux and on the horizontal direction by the quantum trapping and quantum pinning of the Abrikosov vortex
structure for each particle.
DOI: 10.4236/jamp.2019.78110
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(a)

(b)

(c)

Figure 4. (a) Magnetic field is magnetized inside superconductor. Some of the flux line
becomes to be pin, they don’t move. This type superconductor allows only partial expulsion of a magnetic field. The volume of it is permeated with a kind of strands inside (dark
lines), “Abrikosov vortex” (a fluxon), where the superconductor becomes a normal conductor. But the whole sample behaves like a superconductor
(http://makeitquantum.ru/superconductor-in-magnetic-field/); (b) This is a real photo of
the surface of a 200-nm-thick YBCO superconducting film with flux pinning structure
taking by scanning SQUID microscopy. Huge amount of magnetic field lines penetrating
sample of superconductor (vortices) and hold it against any perpendicular horizontal
movements (Imaged by Wells, F. S., Pan, A. V., Wang, R., Fedoseev, S. A. and Hilgenkamp, H. (2015). Analysis of low-field isotropic vortex glass containing vortex groups in
YBa2Cu3O7-x thin films visualized by scanning SQUID microscopy. Scientific Reports, 5,
8677 (https://www.nature.com/articles/srep08677); (c) Natural superconducting iced particle of the rings which is located along the horizontal equator plane is interacting with
vertical Saturn’s magnetic field lines. We can see that some of magnetic lines will be expelled outside of the sample of superconductor of the second group. And at the same time
some of them will remain inside the sample and superconductor locks this magnetic field
flux lines inside itself (https://en.wikipedia.org/wiki/Flux_pinning).

(a)

(b)

Figure 5. (a) Thus particles within the rings disc become to be locked by the quantum
locking along the horizontal line; (b) Saturn axis is tilted with respect to its orbit around
the Sun, which is similar to Earth’s tilt. The Saturn rings are located in the magnetic
equator plane. The Earth has no rings because of enough heating by the Sun.

Also there is a probability of contribution to the matter of the rings disc from
the debris of the asteroids, moons and satellites migrated inward towards Saturn
and coming superconducting meteorites. Another situation may happen when
particles of the frozen water coming from the geyser of the geologically active
satellite go to the rings disc due to magnetic coupling between Saturn and its satellite (Figure 6).
DOI: 10.4236/jamp.2019.78110

1632

Journal of Applied Mathematics and Physics

V. V. Tchernyi (Cherny) et al.

Figure 6. https://saturn.jpl.nasa.gov/resources/5289/PIA13765. April 20, 2011. Image and
Title Credit: NASA/JPL/JHUAPL/University of Colorado/Central Arizona College/SSI.
Electrical circuits between Saturn and Enceladus. The magnetic field also provides a path
for electrons to flow as illustrated in the graphic above. There is a magnetic coupling between Saturn and Enceladus.

An important discovery was made in 2005. The Cassini spacecraft started
multiple close flybys of Enceladus and discovered water-rich plumes venting
from the south polar region [32]. Cryovolcanoes near the south pole shoot geyser-like jets of water vapor up to 500 km, molecular hydrogen, other volatiles, and
solid material, including sodium chloride crystals and ice particles, into space,
totaling about 200 kg per second [33]. Over 100 geysers have been identified
[34]. Some of the water vapor falls back as “snow”; the rest escapes, and supplies
most of the material making up Saturn’s E ring [35] [36] (Figure 6). I may hint
at an interaction between Saturn’s magnetosphere and the torrent of particles
issuing from Enceladus.

4. Conclusions
Surprisingly, assuming the presence of magnetic properties of diamagnetism and
superconductivity in the ice particles of Saturn’s rings, we can easily explain the
origin of Saturn’s rings, their stable existence, as well as such problems as:
− Origin, evolution, dynamics and stability of the rings.
− Why rings of Saturn located within magnetic equator plane.
− Considerable flattening and the sharp edges of the ring system.
− Why particles of the rings are separated and could collide.
− Change of the azimuth brightness of the Saturn A ring particles.
− Formation of spokes in the ring B.
− High radio-wave reflectivity and low brightness of the rings.
− Anomalous reflection of circularly polarized microwaves.
− Spectral anomalies of thermal radiation of the rings.
DOI: 10.4236/jamp.2019.78110
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− Why planetary rings in the solar system appear only after asteroid belt.
− Why the Earth has no rings, etc.
We have demonstrated the magnetic field of Saturn, diamagnetism and superconductivity of the iced particles of the protoplanetary cloud are the most
important reason of the Saturn rings origin and it existence. Also it follows that
it is necessary to study matter of the space ice, natural diamagnetism and superconductivity of the space matter behind the asteroid belt.
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