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The most important r esu l t  of the Voyager encounter with Saturn i s  prob- 
ably that  the importance of electromagnetic forces for  the structure of the 
solar  system has been demonstrated in a way which should convince everybody 
that  i t  i s  impossible t o  neglect plasma effects  (see Alfvgn and Arrhenius, 
1975, 1976). Recent -- in s i t u  plasma measurements in the magnetospheres and 
heliosphere have given us a much better  understanding of cosmic plasmas, 
which makes i t  possible t o  discuss cosmogonic phenomena with much more 
confidence (see A1 fv6n , 1981 ) . 

The present s t a t e  of cosmogony was recently reviewed a t  the Cospar meet- 
ing in Budapest ( ~ u l y ,  1980). The conclusions were the following: 

1. Properties of i n t e r s t e l l a r  clouds. Electromagnetic forces were of de- 
cisive importance. The clouds may have been formed o u t  of diffuse in ter-  
s t e l l a r  matter by electromagnetic a t t rac t ion ("pinch e f fec t " ) .  Their evolu- 
tion i s  t reated by the theory of highly inhomogeneous dusty plasma, pene- 
trated by a network of e l e c t r i c  currents. Contrast-enhanced pictures of 
i n t e r s t e l l a r  clouds support th i s  scenario. 

2.  Chemical d i f ferent ia t ion.  From observations of par t ic le  ejection from 
the sun, we know tha t  in plasmas of comparable densities a chemical d i f fe r -  
entiat ion takes place, resulting in regions with He or the C N O  elements or  
the heavy elements dominating (or  strongly enhanced). Similar processes 
should take place in i n t e r s t e l l a r  clouds and give similar resul ts .  This i s  
basic fo r  our understanding of chemical differences between the celes t ia l  
bodies in the solar  system. 

3. Band structure and the c r i t i c a l  velocity. Next phase in the evolution i s  
the fa l l ing  in of chemically differentiated gas clouds and dust towards the 
primeval sun. (This process i s  l a t e r  reproduced on a smaller scale around 
the giant planets. ) This leads t o  the accumulation of matter in certain 
bands, which explains the band structure of the solar  system. Laboratory ex- 
periments and the theory of the c r i t i c a l  velocity are now giving increased 
understanding of t h i s  process. 

4. Discovery of the rings of Uranus and Jupiter .  These f a l l  within the 
bands where matter should be accumulated, thus confirminq the importance of 
the band structure.  The Uranus ring was expl ic i t ly  predicted. 

5. All the s a t e l l i t e s  discovered a f t e r  the publication of the band structure 
f a l l  within the bands. 

6. Transfer of angular momentum. In s i t u  measurements of the auroral cur- 
rent system and the 10-Jupiter c i rcui tmake i t  possible t o  base the theory of 
transfer  of angular momentum on present-day phenomena, which can be extra- 
polated t o  cosmogonic conditions. The two-third f a l l  down law a t  the con- 
densation i s  supported. 

The electromagnetic ef fects  on the Saturnian rings are  of two di f ferent  
kinds : 
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A. Forces acting today. These forces produce structures which change w i t h  
a time constant of hours or  days ( the  spoke s t ructure ,  and probably also the 
braided s t ructure  of the F-ring). According to  Hill and Mendis (1980), they 
are due t o  a combination of three phenomena, each of which has been studied 
extensively in other connections: 

1. The e lec t ros ta t i c  levi ta t ion of micron-sized grains from the surfaces 
of larger bodies, in the rings. 

2. The generation of a radial e l e c t r i c  current due t o  the difference in 
angular velocity between the Saturnian ionosphere and the rings. 

3. A spoke formation in a radial e lec t r i c  current in the presence of an 
axial maanetic f i e l d  of the same kind as has been observed extensivelv in 
homopol a r  experiments. 

4. Magneto-gravitational orbi ts  of charged micron-sized grains in the 
Saturnian magnetosphere. 

B.  Cosmogonic ef fects .  The more permanent ring structure can probably be 
explained as produced by three effects :  

1. Sa t e l l i t e  resonances. These give gaps analogous to  the Kirkwood gaps 
in the asteroid belt .  They also s tab i l i ze  the ring by preventing radial 
diffusion. 

2. Negative diffusion. As shown by Baxter and Thompson (1971, 1973), 
the mass diffusion i s  expected t o  be negative. This i s  probably what pro- 
duces the large number of r ingle ts  analogous to the j e t  streams which prob- 
ably are an intermediate s t a t e  in the formation of p lanets-sa te l l i tes .  

3. The bulk distr ibution of matter can be accounted fo r  by condensation 
from a free-wheel ing (pa r t i a l l y  corotating) plasma a t  cosmogonic times. The 
fall-down r a t i o  2/3 which i s  essential fo r  the understanding of the asteroid 
distr ibution gives also the key t o  the bulk density structure of the 
Saturnian rings. 
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