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SPACE RESEARCH AND COSMIC PLASMA PHYSICS

Hanr.es Alfvén

Royal Institute of Technology, Department of Plasma Physics,

S-100 44 Stockholm, Sweden

and

University of California, San Diego, California, USA

Abstract

Scientific progress depends on the development of new

instruments. The change from Ptolemaic to Copernican cosmology

was to a large extent caused by the introduction of

telescopes. Similarly, space research has changed our

possibilities to explore our large scale environment so

drastically that a thorough revision of cosmic physics is now

talcing place.

A list is given of a large number of fields in which this

revision is in progress or is just starting. The new views are

based on in si,fr" measurements in the magnetospheres. By

extrapolating these measurements to more distant regions, also

plasma astrophysics in general has to be reconsidered. In

certain important fields the basic approach has to be changed.

This applies to cosmogony (origin and evolution of the Solar

System) and to cosmology.

New results from laboratory and magnetospheric measurements

extrapolated to cosmogonic conditions give an increased

reliability to our treatment of the origin and evolution of

the Solar System. Especially the Voyager observations of the

Saturnian rings give us the hope that we may transfer

cosmogony from a playground for more or less crazy ideas into

a respectable science.
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1-° IS hardware or theory deciding the progress of science?

The progress of science down through the centuries is usually

illustrated by describing the important new ideas which have

changed whole fields of science. The milestones on our way to

increased understanding of the macroscopic world are the

replacement of the Ptolemaic geocentric cosmology with the

Copernican heliocentric one, and the work by Kepler and

Newton, who built the foundation for celestial mechanics. More

recently we have witnessed how Einstein's theory of general

relativity has been the fundament of an at least at present

rather generally accepted cosmology (big bang).

However, there is a complementary way of describing progress,

yia,, by focussing our attention on the development of the

•hardware", the instruments which produced the data on which

the new ideas were based. According to this "materialistic"

view the scientific breakthrough during the 17th century was

due to Galileo's introduction of the telescope. This was a

more decisive factor in the "Copernican revolution" than the

heliocentric theory of Copernicus. In fact, his system had

been proposed by Aristarchu3 2000 years earlier, but in the

absence of telescopes it could not be proved. In other words,

it was primarily a new instrument, not a new idea, which

smashed the crystal spheres.

Similarly, it was the building of giant telescopes which made

the heliocentric cosmology obsolete. The use of them made it

possible to map our galaxy. It became inevitable to discover

an increasing number of foreign galaxies, thus degrading the

sun to an unimportant celestial body in a "peripheral" region

of the universe. The introduction of radio telescopes has been

another important technical achievement.

The leading role which the development of instruments plays is

of course not confined to the field of cosmology. It was the

construction of the spectroscope, the Geiger-Miiller counter

and the Wilson chamber which made it possible to understand

the shell structure of the atom; it was the accelerators which
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gave us nuclear physics. Similarly, it was the microscope

which introduced the modern era in biology and medicine. To

claim that invisibly small bacteria could kill large animals,

including nen, was ridiculous before we had instruments to

observe then.

We are now witnessing a new breakthrough of a similar nature.

We are entering a new epoch in our understanding of the world

around us. This new era was introduced by Korolev, who

launched the first spacecraft, and by van Allen, who

introduced the technique of high Quality in situ measurements

in space - a technique which has been further developed by a

large number of his brilliant students, including Krimigis,

MeIIwain, etc.. These two new types of "hardware" are changing

our views of the macroscopic world as drastically as Galileo's

telescope 350 years ago. Indeed spacecraft are now making it

possible to observe the universe not only in visual light and

at radio frequencies, but also in infrared, ultraviolet,

X-rays, and y-rays, thus trebling the number of observable

octaves. For every new octave which is added to the observable

electromagnetic spectrum we see the universe in a literally

new light. But even more important, spacecraft make in situ

measurements possible in the magnetospheres, including the

solar magnetosphere ( solar wind region). Such measurements

have shown that the properties of cosmic plasma are

drastically different from what we thought earlier.

The result is a "paradigm transition" in astrophysics. It is

not a question of modifying one or two or three old theories,

but of rewriting major chapters of cosmic plasma physics.

Certainly the in aitu measurements do not extend further than

to the outer reach of spacecraft. However, as it is probable

that the hA&XS. properties of plasmas are the same in more

distant regions, large parts of astrophysics, including the

origin and evolution of the solar system and cosmology, must

be revised.
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It seems that most people do not yet fully appreciate what a

landaark space research has made in the development of

science, especially by in situ measurements. Much of the

attention of the deep-space measurements has been focussed on

the truly beautiful pictures delivered by the spacecraft.

However, the instrument designers have good reason to be even

more proud of the fact that they have ushered in a new era in

the history of astronomy and astrophysics, including the

history of the evolution of an interstellar cloud into a solar

system of the present structure, and also of a new approach to

cosmology.

2.0 Paradigm transition in cosmic plasma phvsics

As more than 99\ of the universe (by volume) consists of

plasma, the study of plasma physics is essential to our

understanding of the macroscopic world. During the 1970's the

technical development described above made it possible to make

in situ measurements in the magnetospheres. Further we have

learned how to transfer results from plasma investigations in

one region to other regions. This means that laboratory

investigations of plasmas of the size of, say, 0,1 m can be

used to achieve better understanding of cosmic plasmas of
8 9

magnetospheric dimensions; say, 10 m. By another step of 10
we can transfer laboratory and magnetospheric results to

17 9
galactic plasmas of, say, 10 m. A third jump of 10 brings us

26
up to the Hubble distance 10 m and hence to cosmological
problems (see Fig.1).

The revision of our concept of cosmic plasma, which hence is

necessary focusses the attention on some important

fl»+-hf»tif*tical errors, which even independent of space research

must be corrected.
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3.0 List of astrophvsical fields to be revised

Possible consequences of space research and space research

inspired revisions have been discussed in a monograph Cosmic

Plasma (Alfvén 1981a), referred to as CP. A summary of this

was presented at the 1982 International Conference on Plasma

Physics in Göteborg, June 1982 and at the AGU Meeting in

December 1982 (Alfvén 1982), referred to as PT. A still more

condensed summary (ef Alfvén 1983a) of the astrophysical

fields which are up for revision is given here.

#1. Electric double layers. which did not attract very much

interest until five or ten years ago. They are believed to

accelerate charged particles to kilovolt energies in the

terrestrial magnetosphere. They are likely to exi3t elsewhere

and accelerate particles to even higher energies (Alfvén and

Carlqvist 1967, Carlqvist 1969, Alfvén 1978 and Carlqvist

1982a,b,c).

#2. The transfer qf, energy in magnetized cosmic plasmas can

usually not be described by local "merging" or "reconnection"

of magnetic fields. A global electric current description is

required. This leads to the necessity of drawing the circuits

in which the current flows (CP pp.16, 29, 42; PT 2.2).

#3. In the magnetospheres, plasmas exist in an active and a

passive state. This is probably true for all cosmic plasmas

(CP p. 37).

#4. Cosmic plasmas are very often not homogeneous, but exhibit

filamentary structures which are likely to be associated with

currents parallel to the magnetic field. It is likely (but not

proved) that filamentary structures in interstellar clouds are

also produced by filamentary currents (CP pp.16; PT 2.5.1).

#5. in the magnetosphexes there are thin, rather stable

current layers which separate regions of different

magnetization, density, temperature, etc. (CP pp.40, 126; PT

2.6).
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#6. Similar phenomena must exist also in more distant regions.

This is bound to give space a general cellular structure - or

more correctly, a cell wall structure (CP pp.40. 126; PT 2.6).

#7. In the treatment of the evolution of dispersed media, the

pinch effect term (BV)B/y is very often neglected. If this

mathematical mistake is corrected, the conventional treatment

of, for example, the formation and evolution of interstellar

clouds and double radio sources must be revised (CP p. 94; PT

2.5.2).

#8. It is doubtful whether large-scale turbulence in the

proper sense is important in cosmic plasmas. (CP p. 84).

#9. In the case where a current flows in a partially ionized

plasma, a chemical separation may take place. Due to this and

other effects, space plasmas have a general tendency to be

separated into regions of different chemical composition (CP

p.82).

#10. In "dusty plasmas" the action of electromagnetic and

gravitational effects may combine to produce

"qravito-electrodvnamic" effeqt3 (Mendis et a,l. 1982).

#11. The critical velocity, discovered from the band structure

of the solar system, may be important to many other problems

of interaction between a neutral gas and a magnetized plasma

(CP pp.91, 110).

#12. The 2/3 fall-down and the cosmogonic shadow effect, which

is the signature of the transition from a plasma to a

planetesimal state, are likely to be decisive for the

evolutionary history of the solar system (CP pp.52, 53; Alfven

and Arrhenius 1975, 1976; Alfvén 1981b).

#13. The usual arguments for the non-existence of antimatter

in the cosmos are not valid (Roger and Thompson 1980). On the

other hand, there are sound arguments for the existence of

antimatter, which means that annihilation should be considered



Page 7

an important source of energy. In fact, annihilation seems to

be the only reasonable energy source for those celestial

objects which emit very large amounts of energy (e.g.,

quasars).

#14. A new approach to cosmology is called for, especially in

view of 5, 6, and 13 above.

It is not very likely that in the future this list will be

found to be completely correct, but no important objections

seem to have been published yet. It is likely that still a few

fields should be added. A complete list may include some 20

items.

4.0 Recent development in some of these fields

As it of course is impossible to discuss all these fields in

depth in this paper, we shall confine ourselves to a few

fields, viz. ##1,2,11, which will be discussed in this

paragraph. Further # 2 and #7 will be treated in 4.1 and 4.2

and #12 in 5.

#1 Electric double layers. This was the first field where a

definite break-through took place. This break-through is

illustrated by the fact that a symposium at Ris0 in June 1982

was exclusively devoted to double layers. It demonstrated how

the interest in double layers is accelerating. The

transactions (eds. Michelsen and Juul Rasmussen 1982) include

a survey of the theory by Senamel and of the experiments by N.

Sato. Relations between solitons, shock waves and double

layers are discussed. Experiments showing very large voltage

jumps have inspired theoretical treatments of relativistic

double layers. Carlqvist (1982b,c) gives a survey of double

layers in space and discusses relativistic double layers which

can accelerate charged particles to extremely high energies.
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In conclusi >n, the field seems now ripe for wide application

to astroph 'sics - in spite of the fact that the theory of

double laye s is far from satisfactory.

Among the new results should be mentioned laboratory

experiments which demonstrate the existence of double layer

voltage drops much larger than kT/e (Sato et al. 1981, Torvén

1982).

#2 Transfer of energy. An AGU Chapman Conference on

Magnetospheric Currents was organised by Potemra from the

Johns Hopkins University in April 1983. This was appropriate

because this university has lead the discovery and mapping of

electric circuits; Armstrong and Zmuda were the first to map

the magnetospheric current system and this effort has been

successfully followed up by Potemra, Boström and several

others. This settled the half a century old dispute between

the Birkeland school and the Chapman school to Birkeland's

favour, (Dessler has appropriately called the field aligned

currents "Birkeland currents".)

One of the issues which were clarified at this symposium was

the relation between the electric current (particle) formalism

of energy transfer and the "magnetic merging" formalism. The

present state seems to be:

(a) When currents in a plasma change and hence the magnetic

fields associated with them vary, magnetic field lines merge

(reconnect). There is no objection to using "merging" and

"reconnection" as a purely geometrical description.

(b) The merging theories cannot be used generally for energy

transfer calculations in cosmical physics because they do not

take adequate account of boundary conditions. See 4.1.

(c) Further, as double layers are electrostatic phenomena,

usually produced when the electric current density exceeds a

certain value, the description of all phenomena associated

with double layers require a current description. The magnetic
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merging formalisa is useless.

#11 Critical velocity. A -third field where a break-through is

talcing place is concerned with the "critical velocity". This

is largely due to the active experiments in space by the

Munich school. In October 1982 Haerendel organized a symposium

on "Alfven's critical velocity" where the present state of

laboratory experiments and theory were reviewed and plans for

space experiments outlined (Transactions edited by £. Höbius

1983). In a survey of the numerous attempts to explain the

critical velocity M.A. Raadu concludes that there is not yet

any satisfactory theoretical explanation of it in spite of the

fact that it is very well established both in laboratory

(Höbius, Axnäs, Brenning, Venkataramani and Papadopoulis) and

in space. Haerendel gives a review of critical velocity

experiments in space, both those already made and - especially

- those which are planned. Finally Petelski discusses its

possible importance in interstellar clouds, e.g. planetary

nebulae and supernova remnants. This is an interesting new

attempt to extrapolate laboratory and magnetospheric results

to more distant regions.

Besides the Munich experiments there are also experiments

planned at University of California, San Diego.

Because the critical velocity was discovered through a

cosmogonic phenomenon (band structure of the solar system) it

is likely that research in this field will be very important

for cosmogony (see Section 5).
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4.1 Repacks concerning #2

It seems not to be generally understood that the "frozen-in"

field line concept is not generally applicable. According to

Alfven and FäIthammar (1963) "in low-density plasmas the

concept of frozen-in lines of force is questionable". It "may

be grossly misleading if applied to the magnetosphere of the

earth". This is further discussed in CP 11:3, where it is

pointed out that in a stationary magnetosphere "there is no

field line reconnection that can transfer energy* (p. 16). In

CP 11:5 it is shown that there are the following general

restrictions on the use of the magnetic merging concept.

Consider a plasma tube (Fig 2b) which is energized from a

battery V connected through a resistor R and an inductance L.

Even if we know the properties of the plasma (degree of

ionization, magnetization, density, pressure, etc) at every

point we cannot predict its behaviour. The reason is that this

is determined bv the whole circuit in which the plasma current

I flows. Hence a local theory which takes account only of the

properties in ^he plasma ir> inadequate because boundary

conditions cannot be correctly determined unless we know the

whole circuit.

Consider a cosmic plasma cloud located inside an arbitrary

surface S (see Figure 2a). It can be treated independently of

its environment only if the component of curl B perpendicular

to S is zero at every point of the surface. If the current

density i = (curl fi), * 0 at any point of S, a current is

flowing out of and into the cloud, which means that energy may

be supplied to or extracted from the cloud. The amount of

energy depends on the whole region in which the current flows.

Hence a global theory is necessary. Any local theory makes the

mistake of not accounting for the boundary conditions in an

adequate way.
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These conclusions are independent of how the currents flow

outside S. They hold even if R and L are distributed

non-linear circuit elements (as they usually are).

Hence, magnetic merging theories are erroneous in all cases

where boundary conditions are not adequately considered. In

some infinite models where the boundaries are pushed away to

infinity, and in some toroidal models (e.g. in certain

Tokomaks) there are no objections to them but such models are

very seldom applicable to realistic cosmic problems. In most

cases in cosmic physics where they are used, boundary

condition mistakes make them unapplicable to energy transfer.

This holds for most theories of energy transfer from solar

wind to the magnetospheres.

4.2 The neglected pjnch effect

The simple formula for calculating the pressure gradient p in

a stationary plasma is

2 (BV)B
V (p+B^/2»' ) - -=*-— = 0

O y
0

Under certain assumptions (for example, if all magnetic field

lines are parallel) the right hand term is zero and we have

p + B /2y = const.

The general belief that a magnetic field counteracts the

contraction of a cloud is essentially based on this formula,

which is valid only in a special case.

For reasons which are difficult to understand - and still more

difficult to defend - the third term is almost always

neglected in the astrophysical literature. The result is that

the pinch effect - or more generally the electromagnetic

attraction - is systematically neglected.
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This means that for example the generally accepted theories of

the evolutionarv history of interstellar clouds, the formation

of stars and solar systems are based on a, misunderstanding. An

example of the importance of the pinch effect term is given in

CP Fig. IV:7 and PT Fig.13.

5.0 Evolutionarv history of the solar system

In two fields of astrophysics the space research induced

revision is of special interest because of the general aspects

of these fields. One is cosmogony, the origin and evolution of

solar systems, and the other is cosmology. It would carry us

too far (literally!) to discuss cosmology in this paper, but

we shall devote some space to cosmogony. (More details are

given in H. Alfven 1983b). There are several reasons for this.

(I) Because of #7 the theory of the evolution of interstellar

clouds, including star formation must be revised.

(II) The increased interest for the critical velocity (#11)

may cause a renewed interest in this field.

(III) In situ measurements, and especially the Vovaaer

observations of the Saturnian rings, have given us a very

large material, which can be "translated" to cosmogrnic

problems. Cf. Fig. 3. This gives us a fascinating possibility

to transfer cosmogony from being a playground for wild ideas

into a respectable science. As we shall see the quoted results

indicate that some phenomena occurring 4-5 billion years ago

may be reconstructed with an accuracy of a few per cent. We

shall base our discussion on the Voyager results, especially

Holberg's analysis of them. (Holberg et al. 1982) See also

Alfvén 1983b for references.

(IV) The Saturnian ring results should be compared with

certain results concerning the structure of the asterpidal

belt. This will be briefly discussed in 5.9. |
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5.1 Structure of the Safoirnian rings

The Voyager encounters with Saturn have shown that the ring

system consists of at least four different structures:

a. Transient Structures

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 et al. 1982).

b. The Bulk Structure

This is essentially the structure which can be observed from

the earth. This structure has a size of-''0.1 R£ (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 ordinary

celestial mechanical forces working today or is a fossil from

cosmoctonic t^mes 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 fossil (plasma) theory there has not

yet been a serious discussion about its merits, but this seems

essentially to be due to the fact that the cosmogonic

discussion is traditionally bound to non-plasma theories (see

Alfven and Arrhenius, 1975; 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.4).

c. Fine Structure

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

essentially the structure which can be seen from photographs

of the rings. It includes the fine structure of the borders of

the rings. The transitions are sometimes abrupt, but are often
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of the order of 0.001 - 0.005 R*. Further, there are several

resonances with the satellites which have a breadth of 0.001

R"5. 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

ring, with breadth of 0 005 R^ (cf. Fig.4).

d. Hvperfine Structures

This will not be discussed here. See Alfven 1983b.

5.2 Can the Bu3,k Structure be a Fossil?

The main mass of the Saturnian ring system is believed to be

in the form of particles of a size of mm - several m. This
10 2C

means that they are 10 - 10 times more massive than the

micron-sized particles which are responsible for the

gravito-electromagnetic effects. It is reasonable that they

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, 6.6, 6.7). One of

the factors in favour of this is that (as shown by Baxter and

Thompson, 1971; 1973) collisions between particles in Kepler

orbits produce "negative diffusion" (under certain conditions

which seem to be satisfied). Tft,i3 explains the large number of

separate ringlets in the rings. It also makes it possible that

the bulk structure of the rings xs 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 ia 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 year» with

"instability" seems not to be appropriate, so the original
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tern "negative diffusion" seems preferable.

In conclusion^ independant >i any theory, the existence of more

than 10 000 ringlets shows that the diffusion must be

negative. A structure of the observed kind can very well be a

fossil.

5.3 Fossil Theory of the Bulk Structure

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

1976), the bulk structure of both the asteroidal beji; and the

Saturnian rings should represent an intermediate g^a^e 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 transition from

the plasma s^ate to the Planetesimal Syaf;e 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-electromagnetic effects in a

dusty cloud ($ee Alfvén and Carlqvist, 1978; Alfvén, 1981b).

At a certain evolutionary state there was a transition from

the plasma state to the planetesimal state, from which later

the present planets and satellites were formed. This
7 8

transition was a slow process on a time 3cale of 10 - 10

years (Alfvén and Arrhenius 1975; 1976). During a period of

such a duration there was a presumably rather slow injection

of matter from distant remnants of the proto-solar cloud. The

transition resulted in a contraction by a factor r = 2; 3. a

factor derived from the geometry of a magnetic dipole field

(see Figs. 5 and 6).

Satellites moving in the condensing plasma will produce

"holes" (empty toroids) in it by absorbtion. This produces a

cograoaonic shadow effect (see Fig.7). The forming ring itself

absorbs plasma, and this produces a change in the angular
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momentum of the ring particles (Fig.7). The result is that the

fall-down ratio should be corrected downward by a few

percent (from 0.67 to 0.63 - 0.65). For particulars, see

Alfven (1954).

Very often the magnetic fields of celestial bodies are highly

perturbed. Hence it may seem unreasonable that the geometrical

factor 2:3 assoicated with a dipole field should be of

cosmogonic importance. There are three reasons (a), (b) and

(c) why this objection is not necessarily valid.

(a) As shown by Bonnevier (1983) the r value is not very

sensitive to derivations from a strict dipole field.

Further we discuss here the I* value only in two cases - the

Saturnian ring and the asteroidal belt. For our purpose it is

not necessary to discuss possible derivations of r = 2:3 in

other systems. In both these cases we have the following

reasons to believe that in average the magnetic field was

close to a dipole field.

(b) In absence of perturbing currents outside a celestial

body, its magnetic field is a dipole field superimposed by

quadrapole and higher terms. Over the long periods which are

relevant here the quadrapole and higher terms are likely to

average out so that the average field is a dipole field.

(c) At cosmogonic times the Saturnian field must have been

strong enough to put in orbit at least all the mass now

contained in the giant satellite Titan. A3 the ring is located

at about 10% of the distance of Titan, the magnetic field

there would be so strong that currents in the surrounding do

not cause large perturbation. Similarly the solar magnetic

field which was able to put all the giant planets in orbit,

cannot have deviated very much from a dipole field in the

asteroidal region.
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A quantitative analysis of (a),

desirable. Probably there exist

study rewarding.

(b), and (c) is highly

data which can make such a

5.4 Earlv Voyager results

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. In fact already the

preliminary Voyager I results confirmed the earlier plasma

approach identifications (Alfvén, 1981b). Moreover, the spoJce

structure was easily explained by the combined effect of

gravity and electromagnetipm {Mendis et al. 1932). The

agreement with the theoretical predictions was unexpectedly

good. We shall not discuss these here, but instead concentrate

the attention to the Holberg results (cf 5.6).

5.5 Present Dav Plasma Distribution the Saturnian

Magnetosphere

Following our principle of trying to cQn,sid.er cosmogonic

phenomena as extrapolations of present observations. 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. From

these observations it is clear that the satellites of Saturn

often sweep "hole3n in the plasma. This is particularly clear

in the Pioneer data by Fillius and Mcllwain 1980. Very

pronounced minima are produced by all satellites inside

Enceladus, viz. Mimas, "Janus" (S1 and S3) and the Shepherding

satellites S26, 27.
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We should expect that under cosmogonic conditions the dusty

piabma was orders of magnitude denser and orders of magnitude

cooler than the particles measured by Fillius and Mcllwain.

Furthermore, the satellites were not in their present state.

At least to a certain extent, their mass was distributed as

jet streams. 5til3 it is reasonable that a somewhat similar

sweeping took place. The Lairaour radii of the measured protons

and of the cosmogonic charged grains may be comparable. The

fact that present-day low energy protons do not show a similar

sweeping effect may be explained by thexr smaller Larmour

radii and the fact that solar wind gives them rapid

inward-outward drifts.

If we assume that the Filliur-Mcllwain curves are somewhat

similar to the plasma distribution under cosmogonic

conditions, we should expect that the present bulk

distribution of irass in the Saturnian ring system should show

some similarity with these curves reduced by the fall-down

ratio r . Figure 8 shows chat such a rough similarity indeed

exists.

5 - 6 Analysis of the Holbt»rg diagrams

The detailed analysis of the ring structure by Holberg et al,

(1982) now makes it possible to check the earlier results. We

conclude from his data (for details see Alfvén 1981b, 1983b

and c) -.

A. All the satellites in the relevant regions produce clearly

identifiable shadows (Fig.9):

1. Mimas produces Caasini's division. Taking 1.984 as the

center of the Cassini division we obtain r = 1.984/3.075 -

0.646.
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2. "Janus" (co-orbital satellites) prcduces a very strong

minimum .̂n the B ring, which Holberg has discovered. In

addition to the earlier six identifications (three in the

Saturnian rings and three in the asteroidal belt, this

gives a seventh identification with f = 1.58/2.51 = 0.63.

3. The F-ring-Shepherding-satellite complex, backed up by

the A ring, produce the inner edge of the B ring. With the

average of the Shepherds we obtain r = 1.525:2.330 -

0.655. The outer Shepherd alone gives r = 0.650, the inner

= 0.660.

B. 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 1

gives the r values from Holberg's data.

C. It is important to discuss whether the agreements

between the theoretical and observed 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. 4 the transition 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). The distance between the steps is only 0.005 which

is C.2V It produces a similar change in the r value. As

we have never claimed the accuracy to be better than 1 or

2% an uncertainty of 0.2*» is negligible.

Hence the Holberg material confirms the earlier conclusion

that the transition from the plasma to the planetesimal

was associated with a contraction by a factor — 2:3. The

remarkably good agreement between the fall-down ratios in

four different cases and the agreement with the

theoretical prediction r = 0.63-0.65 indicate that the

transition was a regular and reproducible process. This

result is irreconcilable with the generally accepted view

that the solar syr>ten\ originated through highly turbulent
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processes. It fits well into the scenario of a formation

through a slow process, lasting 10-100 million years,

during which there was a falling m of matter from the

surrounding of a newly formed central body (planet or sun)

(Alfvén and Arrhenius 1975, 1976).

In this connection it should be observed that there does

not exist any decisive support for the general view that

cosmic plasmas usually are highly turbulent (CP IV:4).

5.7 Conclusions about the bulk structure

It is evident that the co3mogonic 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 because

the particles forming the A ring must pass the orbit of Mimas

at the 2:3 contraction. However we do not expect the B ring to

be so massive as shown in Figure 4 and most clearly in Figure

9. This must be due to the existence of another population

This is also indicated by the fact that the Holberg minimum

does not go down to zero.

Mendis (1983) has suggested that this B ring population may be

due to gravito-electrodynamic effects at cosmogonic times.

Such an effect can be expected to concentrate grains in the

neighborhood of the synchronous orbit which is located at 1.8

R V It i3 premature to discuss this possibility in this paper.

It has earlier been claimed (by Franklin and Colombo 1970 and

many others) that the bulk structure could be explained as a

result of resonances. Strong objections against this

interpretation were raised again and again (see e.g. Alfvén

and Arrhenius 1975, 1976). This criticism was never answered,

not even mentioned in the discuasion of the Saturnian rings.
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In the asteroidal belt, Jupiter resonances produce the

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

pronounced gap. Fcwever, a similar phenomenon should not be

expected in the Saturnian ring, because the Mimas-Saturn mass
-4

ratio is only 10 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 a small

narrow peak at 1.948 (cf Fig. 4). It is unreasonable to claim

that this could explain the whole Cassini's division whxch has

a breadth almost two orders of magnitude as large as the peak.

The resonance seems to make the Cassini-B 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 n>av 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.

A noticable feature of the ring system is that the B-C

transition is so much sharper than the A Ca3sini transition,

which has a much larger plateau. There is an interesting

theory by T. Northrop (1982), which suggests a process which

should make the B-C transition very sharp. It is quite

possible that the Northrop mechanisms may explain the

sharpness.
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5.8 Conclusions about the fine structure

We have already discussed the resonance effects, The general

impression is that resonances are responsible for some clearly

recognisable fine structure signatures, but remarkably few,

only about 10. Cosmogonic shadow effect - including the

Holberg signatures (see Alfvén 1983b) - explain about the same

number. However much of the fine structure remains

unexplained.

The Encke and the Keeler divisions are not yet explained.

Further there are at least runs maxima in the outermost C ring

(from 1.40 to 1.48} in Figure 4 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 1.40-0.64 - 2.19 and 1.46:0.64 =

2.31.

5 . 9 §J&n. ,. - belt

As has been mentioned in 5.G there is also another region in

the solar system where the products formed at the

plasma-planetesiraal transition have not accreted to large

bodies, viz, the asteroiflal belt (ef. Alfvén and Arrhenius

1975, 1976). Hence we may expect to find information from the

plasraa-planetesimal transition stored in this region. As has

been shown in the quoted monographs and more recently

summarized by Alfvén (1981b) the fall-down ratio 2:3 is found

in at least three cases. The value should not be corrected in

the same way as in the Satuxnian rings, so we expect - and

actually find - a fall-down ratio of F = 0.667 (see Table 2 ) .

A more recent discussion of the cosmogony of the asteroidal

belt has been given by Alfvén (1983c).
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5.10 Cosmogony: General considerations

The Holbexg diagrams show a certain similarity 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 science: 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 no - or in any case a better understanding of

another of the great problems in science: the origin and

evolution of the solar system. Indeed, this problem is as

fundamental in astrophysics, geology and paleobiology as the

structure of the atom is in physics, chemistry and biology.

6.0 Hardware an<3 Theory: Conclusions

As stated in the introduction it was essentially Galileo's use

of the telescope which transferred the beautiful Ptoleraeian

cosmology from astronomy to astrology. Similarly, it is today

the spacecraft and in situ measurements which necessitate a

revision of the at present generally accepted views.

It is interesting to try to analyze in some detail the

character of the revisions in different fields of cosmic

physics. To do this is a raajor enterprise; indeed it must be

an analysis of the general character of astrophysics. A

preliminary attempt to clarify the situation would perhaps

result in Table 3.

Besides correcting elementary mathematical mistakes which

unmask two large fields as pseudo-sciences, such an analysis

gives a depressing indication of how sterile the classical

Chapman-Cowling theory i3. Conclusions drawn from it have

repeatedly turned out to be in contradiction with

observations. In many or most of the fields the revision is

caused by discoveries of new plasma phenomena, which were not
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predicted by the classical formalism. Still worse, in many

cases it is even now - post facturo - not very easy to account

for then by the classical formalism.

From a theoretical point of view this means that we must

develop a number of serai-empirical theories. Of course we

should try to base these theories in a rigid way on the

classical formalism, but in many cases thi3 looks at present

as mostly a pious hope.

A natural interpretation is that we have discovered that the

plasma has a number of "syndromes" (double layers, cellular

walls, critical velocity, etc) which have characteristic

signatures. If we have discovered such a syndrome in a certain

plasma region it is often possible to "translate" it to

another region and to identify the same syndrome in this

field. It seems that we can do that even if the syndrome is

"unexplainable" according to the classical formalism.

Our criticism of the classical formalism does not mean that

this is of no value. It Ås a very powerful tool in the hands

of competent scientists, who have enough feeling for the

physical realities to use it when it is useful but not to

regard it as sacrosanct when a semi-empirical formalism is

better suited.

The Ptolemaic cosmology was based on the fascinating

philosophy of the Pythagoreans and of Plato-Aristotelians.

They understand the world by pure logical reasoning. They

looked down on observations and experiments. The first one who

dared to oppose this claim seems to have been Ibn Khaldun

(1379) who in his monumental Muqaddimah III pp 246-256 says

"Logical deductions frequently do not agree with the empirical

world of individual things, which becomes known by

observations alone. That we can reach Truth by merely applying

the rules of Logic, is a vain imagination.". A first

break-through of this view occurred around 1600 when it was

established that science i,s basically empirical. Today we have

in certain respects fallen back into a pre-Galileian thinking:
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in several fields theory is running amok, as it always has a

tendency to do when it looses contact with experiments

Space age discoveries remind us once again that, basically,

science is empirical.
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FIGURE CAPTIONS

Figure 1 Plasmas in laboratory and in cosmos. The diagram

gives a survey of the size of the regions which are of

interest. It also indicates the limit between the regions

which can be explored by high-quality diagnostics and those

which cannot. Hence, the latter must necessarily be

regarded as speculative. Their exploration should be based

on the results gained in the laboratory and magnetosphere,

extrapolated to larger regions.

Figure 2 Circuit in the laboratory (2b) and in interstellar

space (2a)

Figure 3 Flow of information for clarifying evolution of

Solar System

Whjte arrows; Approaches based on guesses and on erroneous

formulae, e.g. neglect of (BV)3 term in

pressure equation.

There are no decisive arguments for the view

that large scale turbulence was of major

importance.

Black arrows; Approaches based on in situ measurements in

the magnetospheres, extrapolated laboratory

results, and the use of correct formulae.

This survey of plasma physics regions illustrates that in the

laboratory and in the magnetospheres (including solar wind
12

region) out to 10 m, hjqh gualj-fry diagnostics is

possible. This means that it is possible to acchieve

scientific results of permanent value.
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Outside the reach of spacecrafts astrophysical theories are

necessarily more speculative. Studies of these regions

should to a large extent be based on extrapolations from

the accessible regions.

Theories of the origin of the solar system have so far

largely been based on guesses about the state some billion

years ago. Hundred different theories have originated from

hundred different guesses.

The progress of space research makes it now possible to

treat the cosmogonic problems through extrapolations from

phenomena studied with high quality diagnostics. This will

transfer cosmogony from a play ground of wild ideas into a

respectable science.

Figure 4 Saturnian Rings The normal optical depth of the

rings from Voyager 2 UVS ring occultation data. Below is

the brightness of the rings in transparent light (Holberg

(1982, 1983).

Figure 5 Charged particles (charged dust, or perhaps also

plasma elements) in an axisymmetric magnetic dipole field

arouni a gravitating rotating 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 Alfvén and Arrhenius (1975, 1976), this means v ~
1/2

(2/3)

Kepler velocity.

vvl where v is the rotational velocity and vv the
A ft

Figure 6 Vanishing magnetic forces give a transfer into

elliptic orbits. If the magnetic field or the particle

charge suddenly disappears, the particles at the central

distance r will orbit in ellipses with semi-major axisc
a - 3 r /4 and eccentricity e = 1/3. They will collide

mututally when they reach the nodes in the equatorial plane

N and N and after collisions move in a circle at r = Fro o no
with I1 = 2;*<.
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Figure 7 Correction of the r 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, the

density distribution is obtained by a geometrical

construction reducing the central distances to 2:3. The

lower line, marked "Present State", represents the density

distribution into which the "Intermediate State" is

transformed by the "shadow reaction", or "shadow load". See

Alfvén 1954.

Figure 8 Comparison between present magnetospheric plasma

distribution and mass distribution in the rings.

Present-day charged particle distribution in the Saturnian

magnetosphere often shows void regions produced by

absorption by the satellites. The upper curves are obtained

by Fillius and Mcllwain (1980).

It is argued that the plasma distribution was qualitatively

the same in co3mogonic times. The contraction by a factor r

= 2:3 at the transition from plasma to planetesimal should

result in a somewhat similar mass distribution at a

Saturnian distance of 2:3 of the plasma distribution.

The lower curve shows the present mass distribution in the

Saturnian rings (Holberg, 1983). It is compared with the

Fillius-Mcllwain curve reduced by a factor r = 0.64. The

"cosmogonic shadows" of Mimas, Janus (co-orbitals) and the

Shepherds axe identified with Cassini's division, the

deepest minimum in the 8 ring, and the inner limit of the B

ring.
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Figure 9 Shadow production by Mimas, Janus, and the

Shepherds. The present orbital distances of Mimas, Janus,

and the Shepherds, reduced by a factor r = 0.64 are

supposed to produce the Cassini division, the deepest

minimum in the B ring, and the border between the B and C

rings. The inner limit of the C ring is identified as the

shadow of the outer edge of the B ring (ef. Alfvén, 1981b).



TABLE

Contraction ratio T in the Saturnian rings

(Identifications frora Holberg's data)

Mimas

Janus

Shepherds

Cassini Center

Outer B

Holbarg min

Inner B

Inner C

3.075

2.510

2*310

1.984

1.945

1.58-

1.525

1.235

.646

.655 (0.650 - 0.660)

.635

Theoretical value 0.63 - 0.65

TABLE 2

Contraction ratio V in the astcroidal belt

Jupiter

Main belt
outer limit

High density
outer limit

High density
inner limit

Main belt
inner limit

0.683

Thaoretical value 0.667



TABLE 3

Paradigm change

(a) due to correction of mathematical mistakes

(b) derived from classical formalism

(c) empirically found

id) post factum derivable from classical formalism

(e) even post factum very difficult to derive from
Chapman-Cowling

1

X

•p

2
X

X

L

X

X

5

X

X

6

X

X

7
X

8 9

o

X

10

X

X

11

X

X

12

X

?

13 14

X
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Scientific progress depends on the development of new

instruments. The change fron Ptolemaic to Copernican cosmology

was to a large extent caused by the introduction of

telescopes. Similarly, apace research has changed our

possibilities to explore our large scale environment so

drastically that a thorough revision of cosmic physics is now

taking place.

A list is giver, or a large number of fields in which this

revision is in progress or is just starting. The new views are

based on in siru measurements in the magnetospheres. By

extrapolating these measurements to more distant regions, also

plasma astrophysics in general has to be reconsidered. In

certain important fields the basic approach has to be changed.

This applies to cosmogony (origin and evolution of the Solar

System) and to cosmology.

New results from laboratory and magnetospheric measurements

extrapolated to cosmogonic conditions give an increased

reliability to our treatment of the origin and evolution of

the Solar System. Especially the Voyager observations of the

Satuznian rings give us the hope that we may transfer

cosmogony from a playground for more or less crazy ideas into

a respectable science.
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