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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 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, shy owing 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 interpxete them as "fossils",
which originated at cosmogonic times.

It is shown that the bulk structure can be explained by the
combined "cosmogonic shadows" of the satellites Mimas, O'anus
(co-orbiting satellites) and the Shepherd satellites. This struc-
ture originated at the transition from the plasma phase to the
planetesimal phase (which probably tank place 4-5 . 1 0 9 years ago) .

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

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

The most important conclusion
is likely to lead to a recons
transition with an accuracy o

is that an analysis of the ring data
ruction of the plasma-planetesimal
a
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1.

It is generally recognized that the behavior of dispersed

media in space is regulated by a combination of mechanical and

electromagnetic 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 takes for

granted that electromagnetic effects were of negligible

importance. However, space research has, to a large extent,

consizted of a clarification of the decisive !ole of

electromagnetic 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, auch progress has been made in the "translation" of

phenomena between one astrophysical'or geophysical region and

another, connecting also with laboratory investigations (see

Alfv6n, 1981a).

All this is now making it possible to depict several of the
processes regulating the evolution of the solar system as

extraP_a ja ' ons ,, of more or less well.-studied nheagMena..
Moreover, the studies of dusty plasmas, which are of decisive

importance in the evolutionary history, have,led to the new

field of "gravito-electromagnetics" (Mendis, Hill. and Houpis



Page 2

1982).

The result of all this space-xeseaxchwstimulated development

is that it now is necessary to take account of plasma
processes in all realistic theories of -the origin and
evolution of the solar zystem. The field is now ripe for a

change which is at least as drastic as the change in a number

of other fields of cosmic plasma physics. (Alfv6n, 1981a,

1982). Of paramount importance are the results of the

Pioneer/Voyager/Saturn encounter; which will be analyzed in

this paper.

The conclusion is that it seems possible to -econstruct_ jgMg

cventp __tp,k.jDa, place at cosm000ni _t'

few percent.

The encounters with Saturn have shown that the rims systein

consists of at least four. d,i.ffexent `.it1:`uctures:

a.#	 kir.12!h

Rapidly changing structures such as the spokes, and some

excentric rings like the F ring, are likely to consist of

micron- sized particles. They are shown to be produced by
gravito-electromagnetic effects (Mendis, Hill and Houpis,

1982).

This is essentially the structure which can be observed from
the earth. This structure has a size of — 0.1 I7VA, B, µnd C

rings: 0.2, 0.4, 0.3; Cassini's division; 0.1a. It is a

controversial , question , whether this is produced by crdinaxy

celestial mechanical forces working today or .l	 L^sil_ xc^q
^9s1oggnic fiim-Ps when .t 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

structux.e. Concerning the fossil- (plasma) theory there has not



Page 3

yet been a serious discussion "out its merits, but this seams

essentially to be due to the fact that the cosmogonic

discussion is traditionally bound to non-plasma theoxie p (:iee

Alfv6n and Arrhenius, 1975; 1976). With the recant 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 unW ased

cosmogonic discussion (cf.

C. Fine structure

Typical scale 0.01 - 0.001 R ^ = 600 - 60 km. This is

essentially the structure which can b y seen from pha:ographs

of the rings. It includes the fine trugtre of _the nordejL* tof
the rings. The transitions are sometimes abrupt, but are often

of the order of 0.001 - 0.005 R^. Further, there are several

rggonangas with the satellites which have a bxea.lth of 0.001

R1. These are drastically different from the signatures

associated with the bulk structure. There are also a number of

unidentified structures, especially in outer parts of the C

rang, with breadth of 0.005 Rl (cf. Fig.1).

d. ljyne 	 ne Structures

Typical scale 0.0001 R ^ (-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 (a),

(b) and (c) have been more clarified.

2. Can tbg BuIll Structure.	 .€ I^ 3_

The main maps of the Saturnian ring sy

in the form of particles of a size

means that they are 10 10 10 20 times

micron-sized particles which are

gra,vito-electromagnetic effects., It is

stem is believed to be

of mm -- several m. This
more massive than the

responsible for the

reasonable that they
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obey other laws than the micron-sized particles, and )fence it

is possible that they are more permanent. A discussion whether

these particles now may move in essentially the name orbits as

they were put in at cosmogonic times has been given by Alfv6n

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 	 (under

certain conditions which, seem to be sati:-fied) . Thjo _	 s

the laqenumbtr _Q.E„ aake _ ,j 	 g in the rings. it also

makes it nossible tha	 esilk atrwature!,A
LQA 5. l

The resistance against the idea of negative diffusion seems

now to be weakening. This is shown b y a recent paper by bin

and Bodenheimer (1981), who give what is essentially the

hydrodynamic analog of the Baxter and Thompson approach,

without mentioning their ten-years-olde.s 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 to be appropriate, so the; original

term "negative diffusion" seems preferable.

3. yossil Theory Q,f the Rum Structure

As has been shown in detail by Alfv6n and Arrhenius (1975;

1976), the bulk structure of both the asteroidal belt and the

Saturnian rings should represent an 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 result of the rangitign from

the RI ma stat^the p,^^netesimal	 C. in the evolutionary

history 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--electromagneti c effr '- in a

dusty cloud (see Alfv6n and Carl.gvist, 1978; Alfv6n, 1981b).
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At a certain evolutionary state there was a transition from

the plasma state to the planetesimal state, from which later
the present planets and satelliter, more formed. This

tranaition was a slow process with a time constant of 10 7 -

10 8 
 years (Alfvdn and Arxhenius 1975; ',^976), During a period

of such a duxation there was -a pxesumably rather slow 
O _ ,injection of matter fror, distant remnants of the pro %A. . 17 0 1,,,Vr

cloud. The transl Lion resulted in a	 lm. i.Ya. facto,  r

a factor derived from the geometry of a magnetic dipole

field (see Figs. 2 and 3).

Satellites moving in the r cndonndng plasma will, produce-

"holes" in it by absor^)tion. This produces a g

.Qffggt (see rig .4). The f.orming zing 
itself 

absorbs plasma,

and thl .̂  produces a change in tho angular momentum of the ring

particl.ab (Fig.4). The result is that the tall -down ratio r
should be corrected downward by a few percent (from 0.67 to
0.63 - 0,65). For particulars, see Alfv6n (1954).

4.

A . a s t e r c iA sLaj_ _. .±

A statistical study of the orbits of asteroids showed that,

together with the resonance effects producing the XJrhwood

gaps, it is the cosmogonic shadow effect that determinez the
bulk structure. There are jt;hreg clegag AgDt'	 ns of tht
shadow 9!J_Q.C_t. The value of 	 r Aq.	 with the t	 r_ a

yalMe within one on twg_2g_rQ(! (*Lt (see Alfv6n, 1981b). The value
r = 2:3 should not be corrected as in the Saturnian rings.

IB. 5aturnian x1nas

Concerning the Saturnia
observations (due to t

Cassini's division should
shadow of Mimas, and

shadow of the outer edge

Arrhenius, 1975, 1976).

xings, the best terrestrial
e- French school) demonstrated that

be identified as the cosmogonic
he inner edge of the B ring as the
of the A ring (see Alfv6n and

objections to the generally accepted
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resonance interpretation were presented. As is evident from

Holberg's curves, these objections were correct, but because;
of the general reluctance to accept the introduction of
electromagnetic affects, these argument were never Even

mentioned in the general discussion of the evolution of the
scalar system.

When the remarkable photographs from Voyager were obtained, it

was officially reported that:, the observed structure was

"contrary 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 statement.

5. The LAX L Y Vgvdaer Results

R L 	 .y tue	 •1 s.h y 1M	 I7CIMMThe preliminary Voyager i realilts conf irmed t.49 `c'c. ^ + a .:	 r?...^.....

approach identifications (Alfv6n, 1981b). The agreement with

the theoretical predictions was unexpectedly good (Table 1).

The two earlier identifications were supplemented by a third

identification, viz,, the inner limit of the C zing 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- p ing- Shepherd-eate;llite
complex made it possible to identify the edge between the B

and C ring as caused either 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 T values which are acceptable.

6. Present ,DAY 	 Digtribixt.f.on %,n the Sabi ^	 1

Magnetnsp ere

Following our principle of trying to 0 nsi.der osi)

Phenomena	 s ext̂ ranol bons_. of ..Pr;' seKyakiona, 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, Voyager 1, and Voyager 2 spacecraft, (See the

special	 issues of	 .respectively, Vol. 207, pp
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440-453, Vol. 212, App. 159--214, and Vol, 215, rip. 599-t1i94.)
Fromthese observations it 1r, clear that thFr a atoll.iteu of
Saturn sweep holes in the plasma whereevor it moves relative

to them ( see, e.g., Kximigis and Armstrong, 1902) . The
i.nnexmost region is of c;reatest interest to coMztnogonic
studies, and in this region the only available mea ► suremento
are by the high energy particle detectors on pioner 11. The

sweeping phenomenon is conspicuous in the upper part of Figure

5, taken from Fillius and Mcllwain (1980). .&.. :.e..]d.1^ugg— 111
thgr,P av Ot rggioU produce very pronounced minima; viz.,
Mi.mas, " Janus" (the co-oa:bital. satellites S1 and S3) and the
Shepherding satellites S26, 27.

We should expect that under cosmogoni.c conditions the dusty

plasma was orders of magnitude denser and Qr#U exs of magnitude
cooler than the particles measured by Fi.11ius and McIl.wain

}.	 ur1.11Vcult/LG, L11C: ac`,tp r.la,-c	 iriciC zloc J. ttle:a^ pa%5i^i1^

state. At least to a certain extent, their mass waz

distributed as a jet stream. Still it, is reasonable that a

somewhat similar sweeping took place. The Larmour radii of the

measured protons and the coimogon;ic charged grains may be

comparable,

It we assume that the Fil.lius -Mcllwain curves are somewhat

similar	 to the plasma distribution tinder cosmogonica
conditions, we should expect that the present bulk

distribution of mass in the Saturnian ring system should show

some similarity with these curves reduced by the fall.-down

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

exists.

7. Analygis of jjig Ho	 d'	 4ms

The detailed analysis of the ring structure by Holberg e t _I,.
(1982) now makes it possible to check the earlier results. We

conclude from his data:
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A.	 the satellites in the xel.ev" yet regions produce clearly
identifiable structure (Fig.6):

1. Mimas produces Cassi.ni's division. Taking 1.994 as the

center of the Cas:sini division we oiakain r - 1.984/3.075
0.646,

2. "O'anus" (co--orbital satellites) produces a very strong

minimum in 'ahe B ring, which Holberg has discovered. This

gives a	 .v 3 ..,i.denG3 t c .,t, S with r w 1,58/2,51  = 0.62,

3. In Section 5	 it

F-ring-Shepherding-sate

the A ring produces the

following discussion

alternative seems to be

the Shepherds we obtain

Shepherd a.Lone gives r

was said that either the

Llite complex or the outer limit of
inner edge of the H ring. Vi om the
it will appear that the first

preferable. With the average of
r r. 1.525:2.330 = 0.655. The outer
0.650, the inner r A 0.560.

Furthermore, the earlier identification of the inner edge

of the C ring 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 r = 1.235:1.945 = 0.635. Table 2
gives the r 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 r values could be falsified by an arbitrary and

biassed choice of the values. This is possible only to a

very small extent. For example in Fig. 1 the transition,

between A and Cassini occurs in two steps. At the present

state of the analysis we could choose either step (aad
also an intermediate value). However, the distance between

the steps is only 0.005 which is 0.2%. It produces a

similar change in the r • value. As we have never c:>t,rimed

the accuracy to be better than 1 or 2% an uncertainty of

0.2% is negligible.
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Hence the I ol.bei.0 material con:U mr the ea bier +concluolon

that the transition from the plaoma to the pl.anetzesima,l,

was associated with •a contraction by a factor %-2-3.  The

remarkably good agreement between the fall-down ratios in

Pour different cases and the agreement with the

theoretical prediction r 	 0.63-0. 6$a	 that thti

transition was a regular and reproducible j, r00000 . Thin

result is irreconc Ll.ahl e the ge n(_%:ral 2 y ar,cept.ecl v° t'w

that t:he oolax ssyui.em originated through highly turbuieill.

processoo, However, it f.i.tz io ell into the zvent-Arica of it

:formation through. a slaw proems, lasting 10-100 million

years, during which there was a falling in of matter tram

the surrounding of a newly formed central beady (planet or

sun) (Alfv6n and Arrhonius 1975, 1976) .

In this connection it shouA be observe-.4 that there does

not exist any decisive support for the r,;eneral view that

cosmic plasmas usua l ly are highly turbulent (see Cosmic

Plasma, Chapter

Holberg (1983) has pointed out that the cosmogoni,c shadows are

not simple void regions but show detailed "signatures". Vigure

7(a) shows the details of the transition from the 8 zing to

the C rang, which we have identified as the shadow of that

Shephards. Figure 7(b) shows also the transition between the A

rang and the Cassini, which similarly is identified with the

shadow of Mamas.

As Holberg pointed out the A Cassini transition recji.on shows a

detailed structure which is remarkably similar to that of the

$-C transition region, This is 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 2.001

in the outermost part of Cassini`s division.
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This similarity is more cloaxly shown in Figure 7a and b,
which show Holbery's records with a higher resolution. Since

according to Holberg, the double peak at 1.495 should be

identified with the Mimas 3:1 resonance and the S26 2:1

resonance, we should take away this in order to find what we
may call the "cosmogonic signature". This is remarkably

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 transi %-, ions, there are two maxima

(at 1.488 and 1.500 and at 1.990 and 2.001). The main
difference is that the B-C transition is steeper than the

A-Cassini transition, which has a more marked plateau. The

similarity of the patterns remains down to 1.478, where the C

ring shows a maximum which is absent in the Cassini division,

By analogy we should expect 'o find a similar signature at the
"HolbE.;xcr minimum" produce ..' Ijy Uanus. The 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 centre of the Holberg minimum. To try to make a
cu.iparison with curves of higher resolution is not very

rewarding because these curves are highly disturbed by violent

small-scale oscillations,

As a summary we may state that there is clear indication that
the cosmogonic shadows are not simply void regions as

anticipated but have a more com plex 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 te-) the planetesimal phase.
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It is evident that the coomogoni.c shadow effect 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 becauac
the particles forming the A rind must pans the orbit of Mimas
at the 2:3  contraction . However we do not expect it to be 5o
massive as shown in Figure 1 and most clearly in Figure 6.

This must be due to the existence of another population. This
is also indicated by the fact that the Holbexg minimum d=3
not coo down to zero. 

Mendis (1963) has suquested that this D rind population may be
due to gravitro-eleQtrodynamic effects at cosmogonic times,

Such an effect: can be expected to concentrate g,^ ai.nn in the
neighborhood of -the synchronous orbit which io locat:ea at 1 . P
Ry. It is premature to dY.scusra this possibility in this paper

It has earlier been claimers (by Franklin and Colombo 1970 and
many others) that the bulk Muc:ture could be enplained as .>
result of resonances,	 Strong objections agaillst this

interpretation was raised again and again (see e.g. hlfv6n and

Arrheni_us 1975, 1976) . This criticism was never anzwered, riot:
even mentioned in the discussion of the Saturni^n rings.

in the asteroidal belt, Jupiter resonances produce the

Kirkwood gaps. For example the 2:1 resonance producer a very

pronounced gap. However, a similar phenomenon should — - bg

aNRoQkgd in the Saturnian ring, because the limas-Saturn mars

ratio is only 10-4 of the Jupiter -Sun :bass ratio. ( See MUM
and Arrhenius 1976, Chapter

From Holberg's diagrams it is evident that the criticism was

correct. The Mimas 2:1 resonance is identified with a small
narrow pear at 1.948. It is unreasonable to claim that, this

could explain the whole Ca.ssini's division which has a breadth

almost two Girders of magnitude a5 large as the peak. The
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resonance seems to make. the Cassini -H transition a little more

complicated, but whether it steepens it or makes it softer is
not quite clear.

The Mimas 3:1 resonance gives a somewhat similar sharp maximum

at 1.495, Also not at all affecting the bulk structure. The

only resonance which my affect the bulk structure seems to be

the 1980-51:7:6 resonance, which coincides with the outer,

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 Cassini transition,
which has a much larder plateau. There are two interesting

theories by T. Northrup (1982) 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. QnClusions about the fine structure

We have already discussed the resonance effects, The general

impression is that resonances are responsible for some clearly

recognisible tine structure signatures, but remarkably few,

only about 10. Cosmogonic shadow effect - including the
11olberg signatures - explain about the same number. However
host of the fine structure remains unexplained.

The Encke ond the Keeler divisions arp not yet 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 Holberg 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.
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This is the outermost region of t)je a ring out. to the Shepherd
satellites and the r. zing. it includes the Encke and Xeeler
gaps and the Roche limit. vie should expect -4hat not only both

the Shepherd satellites but also the F ring should produce
shadow effects. The own shadow of the A ring entero also,
producing alone the shadow which keeps the intensity of the
main part of the C ring so low. This combination of four
different shadows makes this region the mort complicatea one
of the whole ring system. its evolutioniary history can be
expected to be of key importance to the problem of
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.

Co.. n 	- h h astne.—Ari gon Ygit te

The other region in the solar system where the products formed
at the plasma-planetesimal traxisition have not accreted to
large bodies is the asteroidal belt. Hence we may expect to
find information front the plasma-planotesimal transition
stored in this region. As has been shown by Alfv6n-Arrhenius
(1975,1976) and more recently summarized by Alfv6n (1981L) the
fall-down ratio 2:3 is found in at ].east three cases. The
value should not be corrected in the same way 

as in the

Saturnian r! ags, so we e.xpect - and actually f J--Ind a

fall-down ratio of r v--t O.667 (see Table 1 ^ .

The Holberg diagrams show a certain simA larity to the

spectrograms which a hundred years ago were puzzling the

physicists. It turned out that the deciphering 
of 

these gave

the solution to one of the great problems of s+.:- once: the
structure of the atom. The present "spectrograms" show a

similar bewildering multitude of "lines" (or ringlets), 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 as

fundamental in astrophysics, geology and paloobiology 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 from Voyager
2 UVS ring occultation data. Below is the brightness of the

rings in transparent light (Solberg. (1982, 1983).

Figure 2 Charged particles (chatge:d dust., or perhaps also

plasma elements) in an axisymmetric magnetic dipole field

around a gravitating rotahing body. if their motion is

magnetic-field dominated, a. quasi-stationary motion

requires that the projections of gravitation and

centrifugal force on the magnetic field line are equal. As

shown by Alfvdn and Arrhenius (1975, 1976), this means
Ve(

.2
Y) vK , where v  is the rotational, velocity and v  the

Kepler velocity.

Fiaure 3 Vanishing _magnetic forces rri.va a transfer into

elliptic orbits If the magnetic field or the particle
charge suddenly disappears, the particles at the central
distance a  will orb.;t; in ellipse; with semi-major axis
a = A ao , and eccentricity e = 1/3. They will collide
mututally when they reach the nodes in the equatorial. Mane
with a - 3ao , and after collisions move in a circle at
a = r ao with r = 2: 3.

Figure 4 Correction of the	 fall-down ratio. The upper
Line, marked "Before Condensation", shows the plasma
density in the equatorial plane of Saturn, the center of
which is at the left end. Next line, marked "Intermediate
State", represents the density of the grains produced by
condensation of the gas. As these move at 2.3 of the
distance of the gas out of which they are produced, tho,
density distribution is obtained by a geometrical
construction reducing the central distances to 23. The
lower line, marked "Present State", represents the density
distribution into which the "lAtermediate State" is
transformed by the "shadow reaction", or "shadow load", Sae
Alfcv6n 1954.
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Figure 5 Comparison between present 	 plaonia

distribution	 and	 mas.q 	distribution	 -in	 the ringa,
Present-day charged particle distribution in the saturnian
v-io—Itosphere	 o:f teri	 ^jhows	 void , reqj, ,̂ nv pro4uced by

absco otion by the sate3lites. The, upper ourvo is obtained
by Fillius and McIlwain (1980).

It is argued that the plasina diz;tribution was qualit y ti,vely
the same in cosmogonic times, The contraction by a factor I'
= 2:3 at the transitioii from plasma to Planetesimal should

result in a somewhat slmilai: mass distribution, at a

Saturnian distance of 2i3 of the plasma distribution.

The lower curve shows -the p.reoent mass distribution in the

Saturniati rings (Holberg, 1983). It is COMP,3red WIth the

Fillius-Mcilwain curve reaucea by a factor r ;.t 0.64. The

"CO5M1O-1jOniC sahadows" of All-irinies, Janus (co-criblit ♦ lal and the
shepherds are identified with Cas , ini l s division, the
deepest minimum in the B ring, and the inner limit of the B
ring.

Figure 6	 Shadow ptoduction by Mimaz;, Jar) uci t	 aiid	 the
Shepherds, The preaent o*,-bitd! distancen of Kimas, Janus,

and the Shepherds  re.,ducea by a tactor r 0.61 axe

supposed to produce thc,- ca;oini divis, :Lon, the deepest
minimum in the B ring, and the border between the B and C
rin l4s, The inner limit of the C ring is' identified as the

sh4,,dow of the outer edge of the B ring (cf. Alfv4n, 1901b).

Figure 7 Density diagrams according to Holberg. 7(a)

Transistion between B- and C ring. The sharp double peak is

identified by Holberg as resonances Mimas 3;1 and S26 2:1,

7(b) Lower curve; Txansition between A and Cassini. Upper
curve: The same as 7(a), but with the resonance peak

eliminated. The curves are remarkably similar. However, the

B-C transition is steeper and the plateau less well-marked

than the A-Cassini transition.



TABLE 1

"V44ft,

Shadow offect In Saturnian_.E,4.nc
I
 s f rorki ca.yly__y2yaqer results

a

Mimas	 3.10-_
p 0,63

Cassini center	 1 .96

F-ring
	

2,33,--
0.63

Roche	 2.26--,
0.05

Border B-C
	

1 .4

B outer.
0.64

C inner

Theoretical value
	 0.63 - 0.65

Shadow effects in the asteroidal belt

a r

Jupiter
0*676

Main belt
outer limit 3.50

0.674
High density
outer limit 3.22

0.683
High density
inner limit 2.3

Main belt
inner limit 2.20

Theoretical value 0.667

(Alfv6n 1981b)



Mimas

Janus

Shepherds

Cassini Center

Outer B

Holberg min

Inner B

Inner C

3.07r,

2.5

2.3

2.3

1.9

1.9

1.5

1.5

1 .2 3 5- ------"'u-^

.646

.63

.655 (0.650 - 0.66C)

.635

TA13LE 2

Identifications from Holberg's Data

I'

A^,rerage 0.642	 2%
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TRITA-EPP-83--04
	 IS S14 011 4 8- 7 -539

Royal Institute of Technology, Department of Plasma Physics,
5-100 44 Stockholm, Sweden

SOLAR SYSTEM HISTORY AS RECORDED IN THE SATURNIAN RING STRUCTURE

The paper is based on Holberg's analysis of the Vo A'r agor 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 gray.to-electromagnetic
effects, the ring consists of a bulk structure, a fine :structure,
and also a hyperfine structure, showing more than 70 000 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 interpre4e -them as "fossils"
which originated at cosmogonic times.

It is shown that the bulk structure can be explained by the
combined "c^ismogonic shadows" of the satellites 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 9--5 , 10 9 years ago).

Further, Holberg 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 Holberg 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 not by resonance
effects.

The most important conclusion is that an analysis of the ring dates
is likely to lead to a reconstruction of the ^lasma:alanete^ imal
transition with an accuracy of a fewpercent.	 r"^	

_...._,•__

Key words: Saturnian ring, Negative diffusion, Gravito--electro-
magneties, Cosmogony, Origin of Solar System, Solar system },plasma,
Planetesimals, Cosmogonic shadow
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