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Abstract 
The article demonstrates how rings disc of Saturn was created after appear-
ance of the planetary magnetic field from superconducting iced particles of 
the protoplanetary cloud moving around planet by chaotic orbits. It is based 
on the fact that Saturn has magnetic field and the temperature of its vicinity is 
low enough to have superconductivity. Electromagnetic simulation estimates 
time of rings disc formation with the thickness about few meters from a few 
thousand years up to few tens of thousands of years. A rings disk has a stable 
structure located within magnetic equator of Saturn due to quantum locking 
of the particles by planetary magnetic field. Also may happened contribution 
to the rings disc from the debris of the moons migrated inward towards Sa-
turn and particles of the frozen water coming from the geyser of the geologi-
cally active satellite (as Enceladus contributed to the E-ring). Suggested me-
chanism of the rings formation works even in case where only a small fraction 
of the particles poses superconductivity. Presented electromagnetic modeling 
of the role of superconducting iced particles of the rings disc origin, dynamics 
and evolution allow us to enrich the classical theories based on gravitational, 
mechanical, magnetohydrodynamic and plasma interactions. 
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1. Introduction 

Currently, there is no clear understanding of the origin of such a nice structure 
as Saturn’s rings [1]-[11]. As can be seen, the data of the Cassini mission once 
again confirms the correctness of the H. Alfven’s conclusion that the “solar sys-
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procedure of electromagnetic modeling already demonstrated earlier [21] [22] 
[23] [24] [25]. Let’s consider diamagnetic ball with mass m flying in a gravita-
tional and magnetic field of a planet with a given initial velocity and distance 
from the center of the planet. Find its trajectory. In the spherical coordinate sys-
tem we get: 

( ) ( )2 2 2 , arctan , arccosr x y z y x z rϕ θ= + + = =  

And the acceleration vector in this coordinate system consequently is 

( ) ( )
( )

2 2 2 2sin 2 sin cos

sin 2 sin 2 cos

r r r r r r r

r r r

θ

ϕ

θ ϕ θ θ θ ϕ θ θ

ϕ θ ϕ θ θϕ θ

= − − + + −

+ + +

a e e

e

  

  



  

 

Velocity is sinrr r rθ ϕθ ϕ θ= + +v e e e

  and rr=r e  
The magnetic induction of a planet is 

( ) 2
0

5

3
4π

r
r

µ −
=

r r
B

µ µ
 

The magnetic field is 0µ=B H , and magnetization ( )0µ= +B H M , 

mχ=M H . 
We place now a diamagnetic sphere into the uniform magnetic field and see 

what happens. 
No currents flow, then 0∇× =H , and we introduce a scalar potential 

ψ= −∇H  0div =B , then 2 0ψ∇ = . A uniform magnetic field is represented 
by its magnetic potential   
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Here b is the value for the uniform magnetic field inside the particle: 

intm mM H bχ χ= = . For a superconductor, we get 1mχ = − . 
So, finally an effective magnetic dipole moment is given 3

02πR= −m H . 
The potential energy of a magnetic dipole m is U = −mB . For a rigid dipole, 

the force then is 
( )= ∇F m B , then we obtain 3 2

0 0π R Hµ= − ∇F . 
In a simplified version, a magnetic moment for the particle in CGS units is 

3R= −M H . 
We place the origin of the coordinates at the center of a planet, and the z axis 

direct along the magnetic moment of a planet (orthogonal to equator). Then the 
magnetic energy will become as [21] [22] [23] [24] [25]: 

( )
3 2

3 2 2
6 3cos 1p

RU R H
r
µ θ= − = = +Bµ  

Here θ —the angle between the vector r and the z axis. It can be seen from 
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this expression, that the magnetic energy of the superconducting particle has a 
minimum value when the radius-vector r is in a plane of the magnetic equator 
plane, ( )cos 0θ =  [11] [24]-[35]. It means that eventually particle during an 
interaction with magnetic field of planet tries to get position within magnetic 
equator plane and then it continues move around Saturn within the rings disk in 
accordance with Kepler’s Law. 

Now going to spherical coordinates we get 

1
r

U UU
r r θθ

∂ ∂
∇ = +

∂ ∂
e e  

The Newton equation of motion is then 

2

1
r

GmM U Um
r rr θθ

∂ ∂ = − + − ∂ ∂ 
a e e  

In order to do calculations we take follow values for parameters: at equator 
60268 kmSR = , 265.6846 10 kgM = × , 11 3 1 26.67259 10 m kg sG − − −= × ⋅ ⋅  and 

the density of an ice particle 31 cmρ ≈ Γ  The Saturn magnetic field at the 
equator is 0.2 gauss. Then the Saturn magnetic moment may be calculated as  

3
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Eventually, calculations give us time for particle to change the orbit to move 
into magnetic equator plane due to additional magnetic force of Meissner phe-
nomenon is from a few thousand years up to few tens of thousands of years. So, 
during this time the additional magnetic force will modify significantly the orbit 
of the particle.  

To get thickness of the rings sombrero we consider a superconducting rings 
disc around a planet and evaluate a magnetic field around. Estimation of the 
sombrero rings thickness gives us about 10 meters. This result is coincident with 
experimental data. 

4. Discussion of Some Detail Related to the Estimation of the  
Rings Disc Time Formation  

For a more correct estimation of the time formation of the rings disk other im-
portant factors should be taken into account. It is clear particle’s trajectory un-
der influence of Meissner phenomenon in the azimuth-orbital direction may be 
disturbed due to additional magnetic force because magnetic field of Saturn is 
nonuniform. It may increase the orbit of particle and time to come to magnetic 
equator plane will be even more. Also, we made simulation for one particle. 
However, there is a significant amount of particles filling the protoplanetary 
cloud, and collisions between particles during the process of formation of the 
Saturn rings will increase their azimuth-orbital movements, and the time for 
particles to come together within magnetic equator plane will be much larger.  

It’s important to remember that orbital resonances, moons and the ring par-
ticles as well as mechanical, plasma and magnetohydrodynamic interactions can 
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play an important role in forming a specific structure of the rings and gaps 
please, see [2] [3] and Ref. [11]-[35]. And these factors also may contribute to 
the time of the considering process of the dynamic and evolution of the initial 
origin of existing structure of the Saturn rings.  

Also there is probability for some other mechanism to participate in the 
process of dynamic and evolution of the rings disk. During the time a contribu-
tion may happen to the matter of the rings disc of the particles from the debris 
of the moon migrated inward towards Saturn [2] [3]. Also, 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 sputnik (Figure 6).  

An important discovery was made in 2005. The Cassini spacecraft started 
multiple close flybys of Enceladus, revealing its surface and environment in 
greater detail. In particular, Cassini discovered water-rich plumes venting from 
the south polar region [42]. 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 (440 lb) per second [43]. Over 100 geysers have been identified [44]. 
Some of the water vapor falls back as “snow”; the rest escapes, and supplies most 
of the material making up Saturn’s E ring [45] [46] (Figure 7). The intensity of the 
geysers of Enceladus depends on how close or far the satellite is from Saturn [47].  

Certainly process of supplying particles to the rings disc from the geyser of the 
satellite of Saturn could not continue forever. It works only during the time of 
the geological activity of the satellite. It may happen at any moment of the long 
time existence of the Saturn system. This conclusion compels us to refer to the 
 

 
Figure 6. 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 be-
tween Saturn and Enceladus. PIA13765. April 20, 2011.  
https://saturn.jpl.nasa.gov/resources/5289/ 
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Figure 7. Image and Title Credit: NASA/JPL/JHUAPL/University of Colorado/Central 
Arizona College/SSI. Saturn rings system with E ring. Water vapor from the geysers of 
Enceladus supplies most of the particles making up an external Saturn’s E ring. This 
process goes in accordance with magnetic coupling between the Saturn and Enceladus as 
it shown on the Figure 6. https://saturn.jpl.nasa.gov/resources/ 

 
result previously obtained for the B ring by M. Hedman and P. Nicholson in 
2016 [48]. We have received a totally new understanding of what is the matter of 
the B ring of Saturn.  

After studying photos of the planet taken by the Cassini spacecraft, the experts 
came to the conclusion that the most striking B ring of Saturn’s demonstrates for 
the observer an optical illusion. The mass of the B ring is only from one-half to 
one-seventh of the previously existing assessment. Those measurements reveal 
that the B ring, which makes up 80 percent of the total ring mass, is about 0.4 
times that of Saturn’s moon Mimas. In fact, B ring of Saturn contain three times 
less matter than previously thought. “The best analogy of this situation with B 
ring of Saturn is something like a fog over the meadow may seem less transpa-
rent and empty, than a water-filled pool, which has a much higher density than 
the fog” (P. Nicholson [49]). Because of small particles size of B ring might be 
related to earliest day of the Saturn system or it also could mean that in the for-
mation of B ring at some time ago there is a possibility of participation of geysers 
of another moon of Saturn just as it does with the E ring.  

Following our electromagnetic model of the origin of Saturn rings scenario for 
B ring may be presented as follows. Initially superconducting particles of the 
protoplanetary cloud after appearance of the Saturn magnetic field went to the 
magnetic equator plane and formatted a rings disc including B ring. The mag-
netic well of the superconducting rings disk could attract inside itself additional 
particles of the debris of destroyed moon approaching to the Saturn as well as 
particles coming from the geyser of another satellite. Because particles of ice fol-
lowing from debris of the moon or the frozen water erupted with geyser also 
may poses diamagnetism and superconductivity. 

How the rings formed remains a mystery. The best guess of L. Esposito is that 
a single moon about half the mass of Mimas was ripped up around 200 million 
years ago [49]. Using all the measurements from Cassini’s dust-counting in-
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strument since the spacecraft arrived at Saturn in 2004, Kempf and colleagues 
showed that the still-bright rings collect too much dust pollution to have main-
tained their youthful shine for billions of years [4] [49]. 

At the same time, following last two facts we can conclude that it does not 
mean that most of the rings disc particles are not relicts of the earliest day of Sa-
turn system formation. The best description of the situation with the ring origin 
and age is given by the title of the paper written by P. Estrada, R. H. Durisen and 
J.N. Cuzzi: “After the Cassini grand finale, is there a final consensus on ring ori-
gin and age?” [50] 

All experimental data of Cassini we discussed above it is confirmation that 
most particles of the Saturn rings are relicts of the earliest day of Saturn system 
formation. Certainly, the ring we see today is not the same completely at the be-
ginning of it appearance. Formation of the rings disc it is not a one-off event. 
The process of existence of the rings disk has a long history started from it dy-
namics of the initial origin from the particles of the protoplanetary cloud and it 
continuing up today. The Saturn system might go through cycles of moons and 
rings and data from Cassini spacecraft show that the gas giant didn’t always have 
its iconic icy band [49].  

5. Conclusions 

Recently, we coined the hypotheses that the ice matter of the Saturn rings par-
ticles or part of it may be superconducting. The above consideration has demon-
strated once again how Saturn’s rings initially could have formed from the su-
perconducting icy particles of the protoplanetary cloud and in addition also with 
some other mechanisms of the observing phenomena. The most intriguing part 
of this process of the Saturn rings origin is electromagnetic interaction of super-
conducting iced particles with magnetic field of Saturn. 

Saturn rings particles are relicts of the earliest day of the Saturn system forma-
tion. And rings disc was formatted after appearance of the magnetic field of pla-
net in accordance with presented above scenario. Due to the action of the addi-
tional magnetic force of the Meissner phenomenon, all chaotic orbits of the par-
ticles eventually moved from the protoplanetary cloud to magnetic equator 
plane where there is a minimum of magnetic energy. Nearby Saturn, the sphere 
has a uniform magnetization. Particles within the rings disc become to be 
blocked by quantum locking and suppressed by external magnetic field. Mag-
netic well of the rings disc is sufficiently disturbing picture of Saturn magnetic 
field in the area of equator. If some other superconducting particle is flying 
nearby the rings disc, then the magnetic well will eventually attract the particle 
within the disc and trapped them inside.  

So, the time of initial formation of the rings disc system with thickness of a 
few meters due to electromagnetic interaction of superconducting iced particles 
of the protoplanetary cloud with magnetic field of Saturn may be estimated as 
from a few thousand of years up to few tens of thousands of years. And this is 
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the time of the origin, dynamics and formation of the initial state of the system 
of Saturn rings after appearance of the magnetic field of Saturn. During this time, 
the chaotic orbits of the superconducting iced particles of the protoplanetary 
cloud which are moving around Saturn will collapse into the disc of rings.  

At the same time, due to a long time existence of the Saturn rings, the other 
processes also need to be considered which could contribute to the dynamics 
and evolution of the rings disk. It is necessary to underline that some other sud-
den event like moon coming to the Saturn and becoming to be destroyed to the 
debris or water eruption by the geyser of the satellite of Saturn, all of them could 
contribute to the dynamic and evolution of the existing structure of the rings 
disc matter. For example, some of the water vapor by the geyser of Enceladus 
falls back as “snow”; the rest escapes, and supplies most of the material making 
up Saturn’s E ring. We can imagine the same situation could happen earlier with 
another satellite and B ring. 

It is interesting feature that suggested mechanism of the initial formation of 
the rings due to electromagnetic interaction works even in case when only small 
fraction of the iced particles poses superconductivity. This conclusion is based 
on result of laboratory experiment when the small scale frozen superconductor 
located on the big enough size of substrate is trapped in the surrounding mag-
netic field and it is able to hold much more times its weight. Magnetic field is 
magnetized inside the superconductor. Some of the flux line becomes to be pin, 
they don’t move. And superconductor blocks itself within magnetic field. It 
happened because superconductivity has quantum nature.  

In fact, orbital resonances between satellites, moons and ring particles play an 
important role in forming a specific structure of the rings system gaps and en-
hancing the influence of the satellites as well as the gravitational, mechanical, 
magnetohydrodynamic, dusty plasma and gas-plasma, interactions.  

It is a pleasing surprise, how many features of the Saturn rings our model can 
explain. If applied to other systems, it has the potential to enrich our under-
standing of the space natural laboratory in general. 
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