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Abstract
Absoluteradialposi t i ons of the main features in Sat

calculated by adapting the quantum theory of atomic spectra. Fine rings superimposed upon

1/2

broad rings are found to be covered by a harmonic serteg é6rm NUA(r)"%, whereN and

A areintegers Fourier analysis of the ring system shows that the spectral amplitude fits
response profilevhich is characteristic of a resonant system. Rings of Jupiter, Uranus and
Neptune also obey the same rulesolvement of the atomic fine structure constant
throughoutimplies the existence ofr@alquantsationforcelinking gravitation andatomic

theories

PACS Codes:96.12.Uv, 96.30.Mh, 96.30.Wr.

1. Introduction

It is not true that the ring system of Sathas now been fully explained in
classical termsseecomments by Cuzzi et H], pp2156, Espositd?2], ppl743,
17501, 1777 Gordon et &3], pp265, 281

Given the appearance of Saturn's rings (Figure 1), some broad and diffuse
others very narrow butense, it seemed reasonablepply some of the established
rules governing atomic spectiaevitably,quantum theorynust apply taeverything,
so direct application to this maesystem is sensibl@heseatomicrules have been
adapted here to fit PP$tical depth ring data, by introducing the gravitational
constant G and astronomical masses in place of equivalent electromagnetic factors. A
hierarchical systerhas therebyeen revealed, which represents a multiple link

between gravitation and atomic thes.


mailto:rwayte@googlemail.com

Figurel Composition image of Saturnés C Ring sh
superimposed by strong narrow rings. Courtesy, NASA at

http://ringmaster.arc.nasa.gov/saturn/voyager/plate_06.gif

Many aspects of the Saturnian ring struettecorded by Pioneer and Voyager
spacecraft have been published, such as the multitude of broad and narrow rings
obeying no simple laws, regions of density waves and resonance peaks or gaps caused
by moons. See Cuzzi et {]; Lissauer et a[5]; Goldreich and Tremaings];
Holberg et al[7]; Smith et al[7]; Esposito et al8]; Lane et al[8]; Cuzzi et al[9];
Borderies et al10]; Esposito[11]; Borderieq12]: Esposito et al.13]; Nicholson and
Donesg[14]; Nicholson[15]; Horn and Cuzzj16]; Fridman[17]; Nicholson[18];
Espositg[19]; Gordon et al[20]; Tiscareno et a[21]. Somerings have been
identified withdensity waves antesonanced ue t o moons, satellites

oblatenesgHowever, the vast complexity @€ryfine rings sperimposed upon broad



rings has not been covered byaeralltheory.The origin or reason for the rings
remains an outstanding probleim.addition the observed rings around Uranus,
Neptune and Jupitereed to be included insangle viable theory.
Thiswork may be compared with other interesting papers already published
on the apparent quasdtion of orbits in the Solar System; see for exampayte
[22], Nottale et al[23], Rafie[24]. |1t 1is not related to Bodeo:s
physical foundatin or accuracy to recommend Meither is it numerologyany more

than theoriginal Balmer Series published in 1885 was.

2. Quantisation

All atomic spectra are governed by the electromagnetic coupling constant

(atomic fine structure constant)
2

a= e% 0 517 , (1)
wheree is the electronic chargk,i s Pl anckds c @nadcsie di vi ded
velocity of light.If there is ever to be a quantuheory of gravity which is compatible
with electromagnetic quantum theory, then we should expect this coupling constant to
appearn all manner of astronomical contexts. Remarkaloly Sfaturn there is an
analogous coupling constaot gravity involvingthe hydrogen moleculamassmy,

and Sat uMsn 568.46x1é%g:s

4 &2 9
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The final term representsratio between gravitational and electromagnetic forces for
H,. This expressiorouldbea record of someosmogoniaguantunprocess which
helped determinthe mass of Saturn during its condensatiom the original solar
nebula We shall see that this gcular expression for Saturn contributes very well
towards explaining the ring dynamics, and could even account for the uniqueness of
Saturn's ring system.
The aimin this fction is thereforéo identify rulesthatare known to operate
within atomicsystems, whicltan be appliett o Sat urnés rings. For

Bohr orbit of hydrogen has an integral number of de Broglie wavelengths atound

2pr = Ngeh—0 , (3a)
cmv-+



wherem is the electron mass,is its velocity, andN is the pinciple quantum
number. 8 these orbits arguantsedand may be numberdcbm the centeas:

a1l GAcoH
N = e 23.. : 3b
ai—_gvg 1, (3b)
wherec is the velocity of lightT hi s f or mul a has been applied

rings withN defined analogasly as ring number, andthering material orbital
velocity. ClearlyN cannotbe seerfrom unity becaus&aturn is in the waybut itis
observedmmediately at the inside ofie D Ringand carries on tthe F Ring. Given
Eq.(2) and Eq.(3b}the analog to Eq.(3a) for Saturn is:
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There is ndknownclassicalreason for such direeinalogybetween atomic orbits and
Saturn'sings.

In addition to this fundamentgliantsationrule, there ar@ariousharmonics
describd by:

0 (4)

whereA is alwaysan integer. Thesi# a multitude of fine ringbetween the principle
rings,with more than enough correlatiominfer thata quanisation effectis operating
around orbits t@roduceandmaintain the separate ring In atomic theory, Eq.(3a3
connected witha probabilityamplitude but Eq.(3c) for the ringsoversintensityof
the quansation andmight explainorbital clumping of material, in the form of a
standingwave. Such a standingavewould be inherently stable over a long period.
There is no reason why more rules, for particle masses other thashaould not
compete simultaneously for ring material and produce complex ring systems.
Forthe data analysisve will assunecircular Keplerian orbits (GM = V?r),

andfind it better to express Eq.(#) terms ofthemeasured ring radius:

N :Aé c? glzrl/z _ (5)
13786M ¢ £
Consequentlythe PPS optical depth data, supplied by NASA at
http://ringmaster.arc.nasa.gov/cds/VG_2801/EASYDATA/KM0bas been reduced
to (radiusy’ format. This dataifi 14,101 bins of 5 km spacing, from ring radius

72,000 knto 142,500 km]has been transformed using the formula:



x = (r3 115204)Y 2 - 287995

(6)

These calculated 14,101 nomegral values ox were rounded to the nearest integer,
whereupon duplicate values were removed, leaving 11,718 bins of dat@giral X

values, as plotted iRigure2. Integral values d¥ will then be spaced linearly along

theabscissaaligned with their correspondimags.
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Original PPS 5 km resolution data have been smoothed over 7 bins for clarity.

One aspect of great importance is tNas absolute starting fronezero at the

centre of Saturn. This means that Eq.(5) has to fit all the rings in the system

simultaneously withouthe benefit ofocaladjustments Sharp edgeand hornof

many strong rings are also found to fit, as if gu@nisationphenomenomfluences

ring structures as well as positiodsother important aspect is that every theoretical

ring position need not be occupied because the available material could have been

coerced into adjacent orbits by moons or turbulence.

When fitting some of théine rings it isalsoobservedhat Eq.(4) may be

expressed in terms afgravitational Comptornwavelengths ¢ in addition toade

Broglie wavelengtls gg . That is for molecular hydrogen participation, we have



or:
N3137L gcpp = AL gy - @)
This means that matermill accumulatein ringswhere Compton and de Broglie
wavelengths areommensurablaroundan orbit. Wheranorbit circumferencés
equal to an integral number of Compwgravitational wavelengthsjngle \alued
guantsationoccurs andnayevenencouragédocalsed clumpingof materialaround
the orbit FFom Eqs(2) and (7 we can derive an informative numerical relationship

o Ny 2
2pr °© 137%92—8 L achz - (8)
cA=+

Qo

So, theoretically, between the F Ring (N
A = 1) therearel1,264000allowedring positionsattypical separation 0.08m. This
covers the 'recordroove’ structure pervading Saturn's dense rings.
Generally, broaer or stronger ring features employ lower values of coefficient
A. In addition anyverysharp increasen opacity at a ring border a&ftenassociated
with a horn profile whiclalsofits thequantsationrule. Consequently, the
guantsationforce must bghysically real rather than being artifactof some other
influence However, the forces still relativelyweak and easily overcome by bulk
turbulence, so ringdo not form at all in some regions. Material may also be moved
by normalsatellite perturations,leading to theing patternchanging regularlyn
detail. There isevidence to indicate th#te moonsact like clumps andatisfy the
guantsationrules, as will badlemonstratedbr the Encke and Keeler gaps.
Before proceeding with the extensiapplication of Eq.(5) to the rings, it is
interesting to apply de Broglieds equation

analogous to the hydrogen atom. For the Bohr orbits of hydrogen we have:

2pr = ngeh—8: nlg , (9
gmv+

wheren is an integea n dg = [ /) is the electronic de Broglie wavelength. For

Saturnés rings there is a direct gravitati
éo ~ 2 ~1/2ﬂ
e hoan Q <
pr=siell Ge 0 U_g (10
g ot



wheres cgp Is the effectivggravitational de Broglievavelength of protons (mass,)
in ring material. Here&Sis expected to be integral where the ring material
accumulates most strongly, as confirmed in FigyratBoughthe selfgravitation
forceof the material has causétling between rings. The resonarg@enomenon

causing the Cassinivdsion hasoveriddentheaccumulation force.

2.5+

1.5

optical depth

0.5

0

1 1001 2001 3001 4001 5001 6001 7001 8001 9001 10001 11001
X (radius)*12 arbitrary units
Figure 3 Fundamental griodicity in the ring systemgvealed by smoothing over 500 bins.

The vertical markers represent integral values of S from 24 to 33, derived from Eq.(10).

3.AnalysisofSatur nés C Ri ng

In order toview the lowlevel broad diffuse rings, all strong narrow rings were
compressed in optical depth as showfRigure4. A moving boxcar smooth over 15
bins was then performed to clarify the lds@quency fit ofqguantsationrule E.(5).
Periodicity is illustrated in the good fit of rings for A =1, 2, 4, 8, as marked at the
bottom. The fit for A =3, 6, 9, 12, is marked at the tophere some of tha = 3
markersmustcorrespond with values for A = Only eght values of Aare neessary
to describe 32 major rings, not counting this overlHpe way that the rings in the
central region change from A = 1,t8 A = 1, 3 implies that these two quisation
schemes are competing for material and "beating" in thekmal/n mannerln each

set, thedwest possible A valuis markedThis excellenfit of Eq.(5) to data is



critical, given thatA is absolute and therefoheghly sensitiveto observed and Ms

values.
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Figure 4 Optical depth profile of the C Ring fror= 1 to J00, after attenuating the very
strong narrow rings. Lower markers are situated for coefficient A= 1, 2, 4, 8, in alignment
with diffuse and narrow rings. Upper markers are for A = 3, 6, 9, 12. Data have been

smoothed over 15 bins for clarity.

Fouriertransformation of theompleteC Ringdata was found to be dominated
by the strong narrow rings, so these were truncdteel.subsequentansform was
still not veryusefulbecause periodicity in & broken by thenanyvacantN values.
Consequently, inmaler to revealocal A values, the C Ring was Fourier transformed
in 12 sections of 256 bins each. Pairs of these transforms wersutnered to
reduce errors, giving 6 spectra for 6 adjacent regions in the C Ringigsee5.
Although these differ frm region to region, theverall mearspectrum is relatively
smooth and has the characteristic form of a mechanical resonant system (see
Stephensor[25]). The low frequency ceff is due to the Fourier sampling of only
256 bins, but the decay at highezduencies is inherent in the data. A calculated

resonance response profile is shown dotted, and given by:

& . 2512
py 2aA AOO\
= €L+ 2. _2gU , 11
y yOQg Q%O AQH (12)



where y=1.25, A =1, and Q = 0.75 is a measure of stored energy relative to energy
losses. In tlsi context, the losses are significant and may be interpreted as viscous due
to turbulence, which impedes the quantisation process. Evidently, this good overall fit
shows that the ring quantisation phenomenon is not random, and has features

analogous to et#ro-mechanical systems.
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Figure 5 Fourier spectra of 6 adjacent regions in the C Ring. Considerable variation is
apparent between spectra but tieanspectrum approximates to a resonance response
profile.

The complex inner C Ring data, fmobin 481 to 1141, was sjgletedin more
detailto thequantsationrule Eq.(5) Figure6 illustrates the fit of 40 ring positions
for only 10 chosen values of A, fromt8 48. Coefficient Acan changeasily,
because thguantsationforce decreases gnslowly as A increasesccording to
Eqg.(11) Rings would have then formed from chaotic material via the eresgy
efficient route, allowing for perturbations due to moons and other 1@gy$ain
values of A clearlyeveal harmonic periodicity. For ample, the three narrow rings
at (x =293, A=8) k=306, A=12)x= 318, A = 24) are equally spaced and could
all be grouped into (A = 24Y.heneighbairing strong ringat x = 350 cover$ equally
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spaced ringsatisfying(A=12, 16, 24, 48) or equalfyA = 48) for all, which have
been filled by selgravity. Thelow noise level for the data is shown at the left end.
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Figure 6 Upper tracelnner C Ring data smoothed over 3 bins and analyzed to discover the
values of A listed on the right. The noiseel is indicated at the left end of the datawer
trace:Smoothing over 13 bins is also included to show how the fings are undetected at

lower spatial resolution.

There is one particularly narrow strong ring at radius 90,193xkr8435in
Eq.(6)) associated with the Mimas 3:1 resonance, which has been studied by Lane et
al.[10] because of its pronounced superimposed fine ringlets of radial width 2 km.
For these ringlets, there is an observed transition from Eq.(4) to a finer form:

N=B(c/v) . (129)
Here,B is an integer, so this confirms another tightoluteconnection between the
Compton and de Broglie gravitational wavelengths around each ring, analogous to
Eq.(7), namely:

NLgc =BLgg - (12b
Equation (12) has been applied to this feature and describesttelute positionef
the ringlets remarkably well, as shown in Figure 7. The ring data has 1 kmimsolut
and was supplied by NASA at
http://ringmaster.arc.nasa.gov&tdG_2801/EASYDATA/KM001/PS1P0109.TAB.



11

W omwwwmw

WO WN P

L]
L]
L ]
m
1
ay
N

optical depth
N
S
—
—
_—

/NV\J\/\/\/\\/\/U\/ u/\/\/

2 *‘/\NV’\’J\/\/J Ny %

N\

1] //
AT~ -
/ N e
/ \,\__\_/..4

— \
——
0 ; — e A - S E1— ¥

1 11 21 31 41 51 61 71 81 91 101 111 121

X (radius) 12 arbitrary units

Figure 7 Upper trace: Te feature at radius 90193 km analyzed at high resolution (1 km)
Increased resolution would probably separate these fine rings furtieeB values from

Eq.(12a) are given at tafght. Lower trace: The same feature at lower resolution (5km).

Even higher resolution would be advantageous in future work because these ringlets
appear not fully resolved. Inder to make the ringlet spacitigear as previously,

this higher resolutin raw data batch was transformed using the formula:

X =(r3 360,000)1/2 - 179999 . (13

Figure 7covers the short range from bin 101 to 228, with high values of B describing
the finest rigs upon broader rings. Again, fittgdlues of B aredund to be multiples
of 2 and 3jmplying resonance couplings between ringlets.

In the outer part of the C Ring«(= 24063600 in Figure 4 ) there are some
very strong narrow rings with exceptionally rapidrigse in opacity at their edges,
see Figuré. Horns indicate a controlling implementation of the quantisation force
due to resonance, which encourages material to stay within the Theyigure
illustrates the fit of quantisation rule Eq.(5) to these sharp edges and horns. Values of
coefficiert A (marked at the top) appear to be grouped into multiples of 6, 9 or 16,

with ringsalwaysbordered by two markers from the same group. For example, rings
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(U, b, o2, d) lie in the 6 group, whereas (|
16 group. Thismpliescollaboration betweeeachringd sdgesresulting in 20 ring

edges being described by only 11 valuesoRA.ngs U, d, and & have ¢
width. The A values formeanring positions(as given irFigure4), are shown at the

bottom by the heavy marker lines.
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Figure 8 The very strong rings in the outer C Ring=(24013520) have abrupt sides and

horns which fit Eq.(5) accurately. Horns indicate that material is encouraged to stay within

these rings by resonance inhdrienthe quantisation phenomenon. It is interesting that the
strongest rings ( U, d, ) havevalesfameariing t he s ame

positions(using Eq.(5) stilllare shown at the bottom by the heavy black markers.

The extraordinargtrength regularity,and narrowness of these rings implies
that a second law is operating in addition to Eq.(5). A search for thisdawevealed
a good fit analogous to Eq.(10), based on the proton gravitational de Broglie

wavelength:

Ah 0ae 0

2pr=Na’e —®a&e~ _Q 14
0 20

gMpv2 GEm=2

Here, the rings are well fitted by N values{ 2 €426, 7) , k(268), z(269),

and second harmonies( 2 6 h ( 26 B e 6 e e mthafe isaarstdong narrow
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ring at N = 265.5(A = 12 from Eq.(5) Jocated within a cleadring, probablyswept
by a moon.

4. Analysis of Saturndés B Ring

The B Ring is full of fine rings superimposed on a high continuum level, but
without the regular undulations and straragrowringsfoundin the C Ring. First of
all, the PPS data was smoothed in order to reveal the low frequency profiles of
broader rings.These rings were then fitted satisfactorily to quantisation rule Eq.(5),
but were not considered interesting enough to occupy figure space here. Many fine
rings were classified as for the C Ring, and it was found that the distribution of A
values appeamimost random throughout the B Ring. Altogether, 206 significant
rings were well fitted with only 21 values of A.

optical depth
N

U e e ge an e ao e
X (radius)*12 arbitrary units
Figure 9 Upper trace:The innermost B Ring region analyzed at 5km resolutioidentify
numerous fine rings. Lower trace: Dataoothed over 9 bins are included to reveal how the
clustered fine ringshown abovenay either sit upon broader features or actually constitute
them.Some of théroader features become a little shaipehe upper tracbut do not
resolve significanthfurther.

As a typical example, the innrenost part of the B Ring was analyzed at 5 km

resolution, see Figure 9. Many of the significant rings have been identified, with 14
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values of A fitting 47 rings. The underlying continuum level persists, duater izl

self-gravity filling in between rings, instead of fragmenting into separate fine rings.
The whole B Ring was Fourier transformed in 16 sections of 256 bins each,

and revealed some local clumping of A values. Howevenyg@noverall spectrum

is qute similar to that in the C Ring, see Figure 10. Equation (11) is shown dotted

and employs (y= 1.4, A, =1, and Q = 0.6), which indicate that viscous losses are

higher in the B Ring, than in the C Ring.

Amplitude, arbitrary units.
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Figure 10 Fourier spectra of 1&dacent regions in the B Ringummed to produce a mean
spectrum which approximates to a resonance response profile. The real amplitude scale is
actually 15 times greater than that for the C Ring of Figure 5, so the quantisation is much

stronger.

5,Analys s of Saturnés Cassini division
The Cassini division has several ldevel broad rings which may be fitted to

Eq.(5), as shown in Figure 11: these are generally located by the (A=12) bold-marker

lines. Narrow gaps of zero material density exist betwieemings, as if possible

moons are sweepingut these orbits, while they also obey Eq.(5). THinhge rings

in total have been identified with 15 values of A, where coefficient A=12 is the most

common, implying that resonance coupling exists betweenrite.
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Figure 11 Cassini division analyzed at high resolution (5 km). Periodicity for (A=12) is
shown by the bold marker lines which align with the lo¥estel rings. Possiblenoon
positions(the black spotsalso fit (A=12).

6.AnalysisofSat ur nés A Ring
The A Ring has few bold features compared \thignC and B Rings. After

somesmoothing, these are shownHFigure12, with markers for the fit to Eq.{5
Coefficient A as a power of 3 is particularly common, indicating resonance between
many rings. A very weak ring within the Enckmp fits A = 6, accurately. The steep
walls of the Enckegap, where main ring material is restored, lie where A =4 and 12.
The Keelergap also fits A = 4. Altogether, 21 rings or edges have been described by
only 9 values of A, which appear intdependent.

Part of this range, (from= 8601 to 9100 in Figure 2) was analyzed at high
resolution to reveal that the many weak fine rings sit upon a large continuum level
without cutting into it very much. Coeffiai¢ A = 27 was strongly preferred.

The A Ring has been Fourier transformed after truncating its strongest
features. Eight sections, 256 bins wide were transformed then summed, as illustrated
in Figure 13 Equation (11) has again been applied to the meaairsin (for y = 1,
Ao=1, Q=0.75).
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Figure 12 The A Ring analyzed for its main ring features, after 3 bin and 25 bin smoothing.
The Cassini division has been included just to illustrate its low frequency periodicity. Note
how the sharp risingdges of gaps and boundariéscefit the quantisation rule. Resonance

between rings is indicated becauseficient A as a power of 3 in Eq.(5 common



