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Abstract

The paper is based on Holberg's analysis of the Voyager photo-
graphs in both reflected and transparent light, combined with
occultation daca of stars seen through the rings.

Besides rapidly varying phenomena (spokes, braided ring, etc.),

o which according to Mendis are due to gravito-electromagnetic
effects, the ring consists of a bulk structure, a fine structure,
and also a hyperfine structure, showing more than 10 000 ringlets.

The large number of ringlets can be explained by the Baxter-
~Thompson "negative diffusion”. This gives the ringlets a sta-
bility which makes it possible to interprete them as "fosgsils",
which originated at cosmogonic times.

. It is shown that the bulk structure can be explained by the

5' combined "cosmogonic shadows” of the satellites Mimas, Janus
(co-orbiting satellites) and the Shepherd satellites. This struc-
ture originated at the transition frow the plasma phase to the
planetesimal phase (which probably teook place 4-5+107 years ago).

Further, Holberg has discovered that the shadows are not simple
void regions but exhibit a certain characteristic "signature”. »é
This is not yet understood theoretically.

Parts of the fine structure arz explained by Holberg as reso-
nances with the satellites. Parts are here interpreted as cos-
mogonic shadow effects. However, there arxe a numbex of ringlets
which can neither be explained by cosmogonic nor by rescnance
effects.

The most important conclusion is that an analysis of the ring data
o is likely to lead to a reconstruction of the plasma-~planetesimal
' transition with an accuracy of a few percent.

-
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1. Introduction and Clagsification

It is generally recognized that the behavior of dispersed
media in space is regulated by a combination of mechanical arnd
électromagnetic forces, often referred to as
magneto-hydrodynamics or magnetoplasma physics. A remarkable
exception to this view is the evolutionary history of the
solar system, where the generally accepted approach tales for
granted that electromagnetic effects were of negligible
importance. However, space research has, to a large extent,
consisted of a clarification of the decisive role of
electiromagnetic forces in regulating the dynamics of dispersed
media in the upper ionospheres, the magnetospheres, the solar
photosphere and corona and in the whole heliosphere. This has
\ caused or is causing a "paradigm transition", leading to a
drastically new view of the properties of dispersed media.
Moreover, awuch progress has been made in the "translation" of
phenomena between one astrophysical 'or geophysical rééion and
another, connecting also with laboratory investigations (see
‘ Alfvén, 1981a). ‘

All this is now making it possible to depict several of the
processes regulating the evolution of the salar system as
extrapolations  of more or less well-studied  phenomens.
Moreover, the studies of dusty plasmas, which are of decisive
importance in the evolutionary history, have .led +o - the neﬁ

field of ‘'gravito-slectromagnetics" (Mendis, Hill and Houpis
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1982) .

The result of all this space~research-stimulated development
is that it now is necessary +to take account of plasma
processes in all realistic theories of +the origin and
evolution of ths sclar system. The field is now xipe for a
change which is at least as drastic as the change in a number
of other fields of cosmic plasma physics. (Alfvén, 1981a,
1982). 0f paramount importance are the results of the
Pioneer/Voyager/Saturn encounters which will be analyzed in
this paper,

The conclusion is that it seems possible to reconstruct _gome
events taking place at cosmogonig times with _an acouragy of a

The encounters with Saturn have shown <that the ring system
consists of at least four different structures:

a. Trangient Phenomens

Rapidly changing structures such as +the spoles, and some
excentric rings like +the F 1ring, are likely to consist of
‘micron-sized particles. They axe shown +to be produced by
gravito~electromagnetic effects (Mendis, Hill and Houpis,
1982) .

b. The Pulk Structure

This is essentially the structure which can be observed from
the earth. This structure has a size 0f~0.1 RY¥ (A,B, and C
rings: 0.2, 0.4, 0.3; Cassini's division: 0,1). It is a
controversial question. whether this is produced by crdinary
celestial mechanical forces working today or jis. a Ffossil from
cosmogonic  fimes when it may have been produced partially by
plasma effects. The first alternative is preferred by most
people working in the field, but more than half a century of
effort has not led to any reasonable explanation of  the bulk
structure. Concerning the fossgil (plasma) theory there has not

w,
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yet been a serious discussion asout its merits, but this seens
essentially to be due +o +the fact +that +the cosmogonic
discussion is traditionally bouni to non-plasma theories (see
Alfvén and Axrhenius, 1575; 1976). With the recent results of
space missions to Saturn as a background, we shall here give a
brief review of +the fossil (plasma) <theory of +the bulk
" structure, thus trying once again +to start an unbiased
cosmogonic discussion (cf. Fig.1). '

c. Eine Structure
Typical scale 0,01 - 0.001 I§7 = 600 ~ 60 km. This is

essentially +the skructure which can be seen from phoilographs
of the rings. It includes the fine stxucture of the porders of
the rings, The transitions are sometimes abrupi, but are often
of the ordexr of 0.001 - 0.005 Rﬁ. Further, there are several
resonancges with the satellites which have a breadth of 0.001
Rq. These are drastically different from the signatures
associated with the bulk structure. Thexe are also a number of
unidentified structures, especially in outer paxts of the ¢
ring, with breadth of 0.005 R% (cf. Fig.1).

d. Hypexfine Stxuctures

Typical scale 0.0001 Rﬁ (»~+6 km) can only be seen by
occultation measurements. They help to make sure
identifications of the larger features. However, there are
also other signatures which are usually identified as
gravitational waves, excited by resonances. We shall postpone
a discussion of these very interesting phenomena until (&),
{b) and (c) have been more clarified.

2. Can the Bulk Structure be a Fosgil?

The main mass of the Saturnian xinglsystem is believed to be
in +the form of particles of a size of mm - several m. This
neans that they are 1010 - 10 20 times more massive than the
micron-sized particles which are <responsible for the
agravito-electromagnetic effects. It is xreasonable that they
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obey other laws than the micron~sized particles, and hence it
is possible that they are more permanent. A discussion whether
these particles now may move in essentially the same orbits as
they were put in at cosmogonic times has been given by Alfvén
and Arrhenius (1975; 1976, Chapter 18.6.2, 5.6, 6.7). The
answer is clearly affirmative. One of the factors is that (as
shown by Baxter and Thompson, 1971; 1973) collisions between

particles in Kepler orbits produce pegative diffusion (under
cexrtain conditivns which seem to be satisfied). Thig explaing

the large number of separate ringlets in the rings. It also
makes it possible +that the bulk structure of the rings is a
fossil.

The resistance against the idea of negative diffusion seems
now to be weakening. This is shown by a recent paper by Lin
and Bodenheimer (1981), who give what 1is essentially the
hydrodynamic analog of the Baxter and Thompson approach,
without mentioning their ten-years-older work. They want to
call it "viscous instability". To associate a phenomenon which
may make the ring system stable over billions of years with
“instability" seems not +o be appropriate, so the original
term "negative diffusion" seems preferable.

3, Zossi) Theoxy of the Bulk structure

As has been shown in detail by Alfvén and Arrhenius (1975;
1976), +the bulk structure of both the asteroidal belt and the
Saturnian rings should represent an jintermediate state in the
formation of planets and satellites. It should contain
essential information which is lost when the planetesimals
aggregate to big bodies. The bulk structure of both these
regions can be explained as a regsult of the transition from
the plasma sktate to the planetesgimal stat: in the evolutionaxy
histoxry of the solar system.

The first phase of the evolution of an interstellar cloud to a
star or a solar system was strongly influenced by plasma
forces, particularly gravito~electromagnetic effr "= in a
dusty cloud (see Alfvén and Carlgqvist, 1978; Alfvén, 1981b),
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At a certain evolutionary state there was a transition fLrom
the plasma state to the planetesimal state, fxrom which latex
the present planets and satellites were formed, Thin
transition was a slow process with a time constant of 107 -
10B years (Alfvén and Arxrhenius 1975; 1976). During a period
of such a duration there was a presumably rather slow
injection of matter from distant remnante of the proio-solar
cloud. The transition resulted in a gontraction by a factoxr T
= 2:3, a factor dexived from the geometry of a riegnetic dipole
field (see Figs, 2 and 3).

Satellites moving in the coandensing plasma will w»roduce
"holes" in it by absorbtion. This produces a goumogonie shudow
effect (see Fig.4). The foxming ring itself absorbs plasma,
and thiy produces a change in the angular momentum of the ring
particles (Fig.4). The result is that the fall-down ratioc T
should be corrected downward by a few percent (from 0.67 to
0.63 - 0.65), For paxticulars, see Alfvén (1954).

4. Cowparison with Pre-Vovager Observation
A, Bsteroddal belt

A statistical study of the orbkits of asteroids showed +hat,
together with the resonance effects producing the Kirkwood
gaps, it is the cosmogonic shadow effect that determines the
bulk structure. There are three clear identifications of the
shadow effect. The value of _T agrees with the theoretical
value within one ox two perncent (see Alfvén, 1981b). The value

I'= 2:3 gshould not be corrected as in the Saturnian rings.

B. Saturnian rings
Concexrning +the Saturnian rings, the best texrrestrial

observations (due +to +the  French school) demonstrated that
Cassini's division sghould be identified as the cosmégonic
shadow of Mimas, and +the inner edge of the B ving as the
shadow of the outer edge of +the A ring (éee Alfvén and
Arrhenius, 1975, 1976). Cbjections to the generally accepted




Page 6

regonance interpretation were presented. As is  evident from
Holberg's curves, these objections were coxrrect, bult because
of the general reluctance +to accept the introduction of
electromagnetic effects, these arguments were uaever even
mentioned in the general discussion of the evolution of the
solax systen,

When the remarkable photographs from Voyager were obtained, it
was officially reported thalt the obsexved structure was
"contraxy to all known laws of physics"., As there were ‘three
monographs and at least 20 papers in which the general
character of the observed features were described, this was
not a completely adequate statemeht.

5. Ihe Farly Voyader Results

The preliminary Voyvager I results coanfirmed the earliery plasma
approach identifications (Alfvén, 1981b). The agreement with
the theoretical predictions was unexpectedly good (Table 1).
The +two earlier identifications were supplemented by a thixd
identification, viz,, the innexr limit of the C ring as caused
by the shadow of the outer limit of the B ring, hence bringing
up the total number of identifications from £five to six.
Further, the discovery of ‘the F-ring-Shepherd-satellite
complex made it possible to identify the edge between the B
and C ring as caused eithexr by this complex or by the outer
edge of the A ring. Table 1 shows a summary of the results,
including the +two alternatives of accounting for the inner
edge of the B ring. Both give I' values which are acceptable.

6. Present Day Plasma  Distxibution in the Saturnian
Magnetosphere

Following our principle of +trying +to geopsider cosmoqonic
phenomena as extrapolations of pyesent obsexvations, it is of
interest to see how at present the plasma is distributed in
the Saturnian magnetosphere. Observations have been made by
the Pioneer 11, Vovagexr 1, and Voyagexr 2 spacecraft, (See the
special issues of Sgience; .respectively, Vol. 207, bpp.
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400~453, Vol, 212, pp. 159-244, and Vol. 215, pp. 499-594,)
From +these observations it is clear that the satellites of
Saturn sweep holes in the plasma whercever it moves relative
to them (see, e.g9., Krimigis and Armstronyg, 1982). The
innermost region iz of createst interest to cosmogonie
studies, and in this region the only available measurements
are by the high energy particle detectors on Picner 11. The
sweeping phenomenon is conspicuous in the upper part of Figure
5, taken from Fillius and McIlwain (1980). AllL.__satellites _in
the relevant xeqion produce very pronounced minima; viz.,
Mimas, "Janus" (the co-orbital satellites S1 and S3) and the
Shepherding satellites 8526, 27.

We should expect that under cosmogonic conditions the dusty
plasma was oxders of magnitude densexr and cpders of magnitude
cooler than the particles neasuxed by Fillius and MaIlwain
{1980). Furthermore, the satellites were not in their present
state. At least +to a certain extent, their mass was
distributed as a Jet stream. $till it is reasonable that a
somewhat similarx sweeping took place. The Larmouxr radii of the
measured protons and +the cosmogonic charged grains may be
comparable,

If we assume that the TFillius-Mcilwain curves are somewhat
similax to the plasma  distribution under cosmogonic
conditions, we should expect that the prasent ulk
distribution of wmass in the Saturnian ring system should show
gome similarity with these curves reduced by the fall-down

ratio P . Figure 5 shows that such a rough similarity indeed
exists,

7. Analvsig of the Holberg diagrams

The detailed analysis of the ring structure by Holberg et. al.,
(19682) now makes it possible to check the earlier results. We
conclude from his data:
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A. ALl the satellites in the relevint regions produce clearly
identifiable stryucture (Fig.6):

1, Mimas produces Cassini's division. Taking 1,984 as the
center of the Cassini division we obtain I = 1.984/3,07% =
0.646,

2. "Janus" (co-orbital satellites) produces a very strong
minimum in “he B ring, which Holberg has discovexed. 7This
gives a gevepnth identificetion with I' = 1,58/2,51 = 0.63,

3, In Section 5 it was said  that  either the
F~ring~-Shepherding~satellite complex or the outer limit of
the A ring produces the innexr edge of the B ring. Fiom the
following discussion it will appeaxr that ‘the f£irst
alternative seems to be preferable. With +the average of
the Shephexrds we obtain T = 1.525:2.330 = (.655, The outer
Shepherd a.one gives T = 0,650, the innex T = Q,660.

Furthermore, the earlier identification of the inner edge
of the ¢ 1xing as the shadow of the outer edge of the B
ring is confirmed. Holberg gives for the inner limit of C
the figure 1.235. Hence T = 1,235:1.945 = 0,635, Table 2
gives the I values from Holberg's data. They agree with
the values of Table 1 but are probably more accurate,

It is important to discuss whether the agreements between
the T values could be falsified by an arbitrary and
biassed choice of the values. This is possible only o a
very small extent., For example in Fig. 1 the transitiow g
between A and Cassini occurs in two steps. At the present
state of the analysis we could choose either step (and

also an intermediate value). However, the digtance between
the steps is only 0.005 which is 0.2%, It producss a
similar change in the TI''value. As we have never claimed
the accuracy +to be better than 1 or 2% an uncertaiﬁty of
0.2% is negligible.
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Hence the Holbersg material confiyrms the earlier conclugion
that the +transition from the plagma to the planetesimal
was associated with a contraction by a factor ~ 2:3. The
remarkably good agresment between the fall-down xatios in
four different cases and the  agreement with  the
theoretical prediction I o 0,63-0.65% indieate that the
transition was a regular and reproducible process. Thin
result ig izreconcilable with the gunexrally accepted view
that the solax system originated through highly turbulent
processes, However, it fitg well inro the gzeenarion of a
formation through a slow process, lasting 10-100 willion
yeaxs, during which there was a falling in of matter from
the surrounding of a newly formed central body (planet or
sun) (dlfivén and Arrhenius 1975, 1976).

In this connection it shoutd be obgerved that there doesu
not exist any decisive support for the gcneral wview that
cosmic plasmas usua’ly are highly turbulent (see Cosnic
Plasma, Chaptexr I4..4,

8. Signatures of the Shadows

Holberg (1983) has pointed out that the cosmogonic shadows are
not simple void regions but show detailed "signatures”. Figure
7(a) shows the details of the transition from the B 1ing to
the ¢ xring, which we have identified as the shadow of the
Shephaxds, Figure 7(b) shows also the transition between the A
ring and ‘the Cassini, which similarly is identified with the
shadow of Mimas.

As Holberg pointed out the A Cassini transition region shows a
detailed structure which is remarkably similar to that of the
B~C transition region, This 1is evident already from Figure 1
where the outermost part of the C ring shows maxima at 1.49
and 1.50 which are analogous to the maxima at 1.992 and 2,009
in the outermost part of Cassini's division.




Bage 10

This similarity is moxe c¢leaxrly shown in Figure 7a and b,
which show Holberg's records with a nigher xesolution. Since
according to Holbexry, the double peak at 1,495 should be
identified with the Mimas 3:1 resonance and +the S§26 2:1
resonance, we sheuld take away this in ordexr to find what we
may call the "cosmogonic signature". This is remarxkably
similar to the signature of the Mimas' shadow, as shown in
Fig. 7(b). Indeed at about the same distances from the steep
B~C ring and the A-Cassini transitions, there arxe two maxima
(at 1,488 and 1.500 and at 1.990 and 2.00%), The main
difference is that the B~C <transition is steeper than the
A~Cassini +transition, which haes a more marked plateau. The
similarity of the patterns remainé down to 1,478, where the ¢
ring shows a maximum which is absent in the Cassini division.

By analogy we should expect 7o f£ind a similar signature at the
nus

"Holberg minimum" produce. Ly Jan he whole minimum is not

included in Figure 1, but the diagram of Figure 6 seems to
show a similarity viz. a double maximum around 1.60, a little
outside the ¢entrxe of the Holberg minimum. To try +to make a
cuaparison with cuxves of higher resolution is not very
rewarding because these cuxves are highly disturbed by violent

small~scale oscillations,

Ags a summary we may state that there is c¢lear indication that
the cosmogonic shadows are not simply void regions as
anticipated but have a more complex structure. They exhibit a
"Holberg signature" consisting of two maxima at some distance
to the left of the outer edge of the shadow. A study of such
signatures will no doubt be oF basic importance for an
understanding of the cosmogonic <transition from the plasma
phase tn the planetesimal phase.
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9., Conglugilonsg about the bulk. . struclure

It is evident that <the cosmogonic shadow eoffect explains
essential parts of the bulk structure, It is also evident that
it does not explain the structure completely,

We expect the B ring to be brighter than the A ring Dbecauvse
the particles forming the A ring must pass the orbit of Mimas
at the 2:3 contraction. However we do not expect it to bhe s0
massive as shown in Figure 1 and most cleaxrly in Figure 6.
This must be due to the existence of amother population. Thas
is also indicated by the fact that the Holberg minimum does
not go down to zero,

Mendis (1983) has suggested that this B ring populatinn may be
due to gravito-electrodynamic effects at cosnogonic times,
Such an effect can be expected to concentrate graino in  the
neighborhood of the synchronous orbit which ic locatea at 1.8
37. It is premature to discuss this possibility in this paper.

It has earlier been claimed (by Franklin and Colombo 1970 and
many others) that the bulk stiucture could be explained as a
result of resonances, Strong objections against this
interpretation was raised again and again (see e.g. Alfvén and
Arrhenius 1975, 1976). This criticism wasg never answered, not
even mentioned in the discussion of the Saturniasn rinys,

In the asteroidal belt, Jupiter resonanceg produce the
Kirkwood gaps. For example the 2:1 resonance produces a very
pronounced gap. However, a similaxr phenomenon ghould nod: be
expected in the Saturnian ring, because the Mimas-Saturn mass
ratic is'only 10"4 of the Jupiter-—-Sun mass ratio., (See Alfvén
and Arrhenius 1976, Chapter 18.6.1.)

From Holberg's diagrams it is evident that the criticism was
correct. The Mimas 2:1 resonance is identified with & small
narrow peak at 1.948. It is unreasonable to c«¢laim that this
could explain the whole Cassini's division which has a breadth

almost two orders of magnitude as large as the peak. 7The
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resonance seems to make the Cassini-B transition a4 little moxe
complicated, but whether it steepens it ox makes it softer is
not quite clear.

The Mimas 3:1 resonance gives a somewhat similar sharp maximum
at 1.495, also not at al)l affecting the bulk structure. The
~only resonance which may affect the bulk structure seems to be
the 1980-51:7:6 resonance, which coincides with the outex
limit of the A ring. It may sharpen this limit, perhaps also
affect its location, but only by very small amount,

An noticable feature of the ring system is that ‘the B-C
transition is so much sharper than the A Casszsini transition,
which has a much larger plateau, There are two interesting
theories by T. Northrup (1962) and by Ip (1982), which suggest
processes which should make the B~C transition very sharp. It
is quite possible that either or both mechanisms may explain
the sharpness.

10. Conclugions about the fine skructure

We have already discussed the resonance effrcts, The general
impression is that resonances are responsible for some clearly
recognisible fine structure signatures, but remarxkably few,
only about 10. Cosmogonic shadow effect - including the
flolberg signatures - explain about the same number. However
nost of the fine structure remains unexplained.

The Encke ond the Keeler divisions ar~ not vyet explained,
Further there are at least nine maxima in the outermost C ring
(from 1.40 to 1.48) in Figure 1 which have not yet any
explanation. According to Holberyg they cannot be identified
with resonance. We may ask whether +they might. be due to

cosmogonic shadow effects. If so, the shadow-producing region
should be located beteeen 1.10:0.64 = 2,19 and 1.48:0.64 =
2.31.




Page 13

This ig the outzrmost region of the A ring out Lo the Shephexd
sutellites and the F rxing. It includes the Encke and Xeelex
gaps and the Roche limit. We should expect that not only bhoth
the Shepherd satellites but also the F ring should produce
shdadow effects. The own shadow of the A ring enters also,
producing alone the shadow which keeps the intensity of the
main part of the ¢ xring so low. This combination o¢f four
different shadows makes this region the most complicated one
of the whole ring system. Its evolutionary histery c¢an be
expected +to he of key importance to the problem of formation
of secondary bodies. The complicated and so far unexplained
fine structure in +the 1.40 ~ 1.48 region, and the origin of
the Encke and Keeler gaps are certainly great challenges.

11. Compaxison with the asteroid helt

The other region in the solar system where the products formed
at the plasma-planetesimal +transition have not acoreted to
large bodies is the asteroidal belt, Hence we may expect to
£ind information from the plasma-planetesimal transition
stored in this region. As has been shown by Aalfvén-Arrhenius
(1975,1976) and more recently summarized by Alfvén (1981%L) the
fall-down ratic 2:3 is found in at least three cases., The
value should not be corrected in the same way as in the
Saturnian rings, so we expect -~ and actually find - a
fall-down ratio of T =#0.667 (see Table 1),

12. general considexations

The Holberg diagrams show a certain similarxity to the
spectrograms which a hundred years ago were puzzling the
physicists. It turned out that the deciphering of these gave
the solution o one of +the great problems of su.cnce: the
structure of the atom, 7The present "spectrograms“ show a
similar bewildering multitude of “lines" (or ringlehs), of
which only a few have yet been identified. It is possible that
a detailed analysis of this very rich material will give us
the solution to ~ or in any case a better understanding of -
another of the great problems in science: the origin and

.
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evolution of the solar system. Indeed, +this problem is ag
fundamental in astrophysics, geology and paleobiology as the
structure of the atom is in physics, chemistry and biology.
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FIGURE CAPTIONS

Figure 1 The normal optical depth of the rings fxom Voyager
2 UVS ring occultation data. Below is the brightness of the
rings in transparent light (Holberg gt _al. (1982, 1983),

Figure 2 Charged particles (chaxged dust, or porhaps also
plasma elements) 1in an axisymmetric magnetic dipole field
axound a gravitating rotating body. If <their moiion is
magnetic-field dominated, 8. quasi~gtationaxy motion
requires that the projections of gravitation and
centrifugal force on the magnetic field line are equal. As
sho%p&by Alfvén and Arrhenius (1975, 1976), +this means
ve<§ Vier where v
Kepler velocity.

0 is the rotational velocity and Vg the

Figure 3 Vanishing nagietice forces oaive a +tranafer into
elliptic oxbits, If +the magnetic field or the particle
charge suddenly disappears, the particles at <+the central
distance a, will orxbit in ellipses with semi~major axis
a = Tag, and eccentricity e = 1/3, They will collide
mututally when they reach the nodes in the equatorial plane
with a = Fa and after collisions move in a circle at

a = Pao with T' = 2:3,

Figure 4 Correction of the fall-down ratio. The upper
line, marked "Before Condenrnsation", shows the plasma
density in the eduatorial plane of Saturn, the center of
which 1is at the left end. Next line, marked "Intermediate
State", represents the density of the grainz produced by
condensation of the gas. As these move at 2:3 of the
distance of the gas out of whicb they are produced, the
density distribution is obtained by a geometrical
congstruction reducing the central distances to 2:3. The
lower line, marked "Present State", repregents the density
distribution into which +the ‘“Tatermediate State" is

transformed by the "shadow reaction®, or "shadow lcad". See.
Alfvén 1954,
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Figure 5 Conparison between present nmpagnetospheric plasna
distribution and mass distribution in  the rings,
’ Present-day chaxgcd particle distribution in the Saturnian
wagretpsphere often shows void regions produced by
abse vtion by the satellites. The upper curve is obtained

by Fillius and Mcllwain £1980).

It is argued that the plasma distribution was qualitatively /
the same in cosmogonic times, The contraction by a factor [ [
= 2:3 at the transition from plasma t¢ planetesimal should

result in a gomewhat similaxr mass distribution at a
Saturnian distance of 2:3 of the plasma distribution,

The lower cuxve shows ‘the present mass distribution in  the
Saturniat rings (FHolberg, 1983)., It is compared with the
Fillius-McIlwain curve reduvoed hy a facikor T =« (0.64. The
"eosmogonic shadows" of Mimas, Janus {(co-orbitals) and the
Shephexrds are identified with Cas-ini's division, +the
deepest minimum in the B rxing, and the inner limit of the B

ring.

Figure 6 Shadow production by Mimas, Janus, and the
Shepherds. The present ovbital distances of Mimas, Janus,
and the Shepherds, redueced by a factor ' = 0.64 are
suppoged to produce the Cagsina division, +the deepest
minimum in the B ring, and the border between the B and C
rings, The inner limit of the ¢ ring is' identified as the
shidow of the outer edge of the B ring (c¢f. Alfvén, 1981b).

Figure 7 Density diagramg according %o Holberg. 7a
Trangistion bektween B- and C ring. The sharp double peak is
identified by Holberg as resonances Mimas 3:;1 and 826 2:1,

7(b) Lower curve: Transition between A and Cassini, Uppex
curve: The same as 7(a), but with +the resonance peak
eliminated. The curves are remarkably similar. Howevai, the
B-C transition iy steeper and the plateau less well-marked
than the A-Cassini tramsition.




TABLE 1

Ca
ta
.
1

}
Shadow caffect in Saturnian ring%vfrom carly Voyvager results

a I
Mim 3.10
aS \\”‘?:‘30‘63
Cassini center 1 496"
F-ring 2,38
e 0,63
Roche 2 ¢ 26, '
0,05
Border B-C 1,485~
B outer 1093,
>0,64
¢ inner 1,23
Theoretical value f0.63 - 0.65

Shadow effects in the asteroidal belt

a I

Jupiter 5,18~
TT~.0.676

Main belt
outer limit 3,50
0.674

High density

outer limit 3.22
0.683
High density
inner limit 2.36
Main belt
inher limit 2.20
Theoretical value 0.667

(Alfvén 1981Db)




TADLE 2

Identifications f£rom Holberg's Data

Il

Mimas 3.075.,
Janus 2.51
Shepherds 2.349 0.646
::::> 330
2.310

Cassini Centexr 1.984

Outer B 1,945 €3
Holberg min 1.58—"

Inner B {5 g .655 (0.650 - 0.66()
Inner C 1'2354~,,ww,,w¢~~ﬂw~'0.635

Average 0.642 & 2%
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TRITA-EPP-83-04 I58N 0348-7539
Royal Institute of Techrology, Department of Plasma Physics,
S~-100 44 Stockholm, Swaden

SOLAR SYSTEM HISTORY AS RECORDED IN THE SATURNIAN RING STRUCTURE

The paper is based on Holberg's analysis of the Vovager photo-
graphs in both reflected and transparent light, combined with
occultation data of stars seen through the rings.

Besides rapidly varying phenomena (spokes, braided ring, etc.),
which according to Mendis are due to gravito-electromagnetic
effects, the ring consists of a bulk structure, a fine structure,
and also a hyperfine structure, showing more than 10 000 ringlets.

The larxge number of ringlets can be explained by the Baxter-
~-Thompson "negative diffusion”. This gives the ringlets a sta-
bility which makes it possible to interprete them as "fosslls",
which originated at cosmogonic times.

It is shown that the bulk structure can be explained by the
combined "cosmogonic shadows" of the satallites Mimas, Janus
(co~orbiting satellites) and the Shepherd satellites. This struc~
ture originated at the transition from the plasma phase to the
planetesimal phase (which probably took place 4~5-10% years ago).

Further, Holberyg has discovered that the shadows are not simple
void regions but exhibit a certain characteristic "signature®.
This is not yet understood theoretically.

Parts of the fine structure are explained by Helberg as reso-
nances with the satellites. Parts are here interpreted as cos-
mogonic shadow effects. However, there are a number of ringlets
which can neither be explained by cosmogonic noxr by resonance
effects.

The most important conclusion is that an analysis of the ring data
is likely to lead to a recvonstruction of the plasma-planetesimal
transition with an accuracy of a few percent.

Key words: Saturnilan ring, Negative diffusion, Gravito-electro-

magnetics, Cosmogony, Origin of Solar System, Solar system plasma,
Planetesimals, Cosmogonic shadow
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