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INTRODUCTION 

At the IAU meeting in Moscow the new Commission 43 for Magneto-hydrodynamics and the 
Physics of Ionized Gases was constituted. Consequently no report on the development in this 
field has been given earlier to the IAU. As a symposium on 'Electromagnetic phenomena in 
cosmical physics' was organized by the IAU (in collaboration with IUPAP and IUGG) in 1956, 
the present report will make reference to the transactions of this symposium (1) and concen
trate on development after 1956. 

The essential purpose of the Commission is to study the phenomena produced by the coupling 
between hydrodynamic and electro-magnetic phenomena, especially in ionized gases. If a 
medium with mass density p and electric conductivity a is magnetized by a field H, this 
coupling is important if (2) 

/ > j o
1 ^ H - 1 f f - 1 c 2 

where / is the characteristic length of the phenomenon (e.g. wave-length, or linear dimension of 
the considered body). This inequality defines the border between magneto-hydrodynamics 
(3-9) and ordinary hydrodynamics. If it is satisfied we cannot generally treat the motion of the 
medium without taking account of electro-magnetic phenomena. If it is not satisfied, electro
magnetic phenomena on one hand, and hydrodynamic motions on the other can usually be 
treated independently. 

In the lower parts of the planetary atmospheres (below the ionosphere) the electric conductivity 
<T has an extremely low value (<T/C2 = IO- 2 4) SO that the above inequality cannot be satisfied. 
Neither does it hold in the terrestrial oceans and lakes (a/c2 = ̂ .x io_ u) and in corresponding 
formations, if any, on other planets. With these exceptions, however, it seems to be satisfied 
for large-scale phenomena everywhere in the universe (3-9, 15-19). On the other hand it is not 
always satisfied for small-scale phenomena. 

The inequality mentioned defines what we mean by 'large-scale phenomena' in this connec
tion. For example, in the ionosphere ordinary radio waves, say A = 1 m, are not coupled with 
mass motion, nor does the motion of a mass of air of the linear extension of 1 m there produce 
any noticeable electromagnetic phenomena; but oscillations of the whole ionosphere with 
periods of the order of seconds are of magneto-hydrodynamic character (10-14, x^) ' 

GENERAL STATE OF THE SUBJECT 

The field of magneto-hydrodynamics and the physics of ionized gases is a combination of 
three different fields of research which until recently have been developed independently. If we 
combine classical hydrodynamics with classical electrodynamics we obtain magneto-hydro
dynamics (synonyms: hydromagnetics, magneto-fluid dynamics), by which we can treat the 
behaviour of an electrically conducting fluid (e.g. mercury or liquid sodium) in the presence 
of a strong magnetic field. However, the astrophysical application is confined to the liquid 
cores of planets. For other astrophysical applications we must combine magneto-hydro
dynamics with the physics of ionized gases (3-9, 15-22). 
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The first development of the magneto-hydrodynamics of ionized gases was a result of a 
combination of formulae from these fields, viz. Maxwell's equations, the hydrodynamic 
equations, and the formula for the conductivity of an ionized gas. This formal procedure gave 
many important results, but led in some cases to serious difficulties. The enormous complexity 
of a field of research which is a combination of three fields, all very complex, gave rise to labor
ious mathematical problems. In order to cope with these it was necessary to include in the 
treatment only a few effects which were thought to be the most important. But as different 
authors selected these effects in different ways, this led to a number of co-existing theories, 
which were applied to astrophysics. Because of our limited ability to study the astrophysical 
phenomena in detail, a decision between the theories is often difficult. 

Fortunately in this deadlock there have come two new very important factors: 'thermo
nuclear' work (23, 24) has stimulated the experimental check of theoretical magneto-hydro-
magnetics, and space research (25-30) has given us new tools to observe astrophysical phen
omena. 

As a result of the new technique of producing hot magnetized plasmas, magneto-hydro
dynamics is entering a new phase in which the theories can be checked experimentally and new, 
and theoretically unexpected, phenomena be discovered. Space research gives us direct 
measurements of, for example, magnetic fields in inter-planetary space which could earlier 
only be the subject of speculative theories. It has also opened the possibility to carry out 
experiments on a planetary scale (e.g. 'Argus') (31). 

CONTENT OF THE PRESENT REPORT 

In cosmical physics magneto-hydrodynamics is applicable to the following subjects. 
(a) The origin of the geomagnetic field. In the liquid core of the Earth the most important 
problem is the origin of the geomagnetic field and its secular variations. This question is 
intimately associated with the origin of the magnetism of other planets or stars, and possibly 
also of inter-stellar clouds and of the galaxies. 

(b) Electromagnetic state of the exosphere and inter-planetary space. Magneto-hydro-
dynamic phenomena in the exosphere (and also in the ionosphere) are basic for the under
standing of magnetic storms and aurorae. There is an intimate connection between these 
phenomena and the radiation belts surrounding the Earth. The electromagnetic conditions 
there depend on the conditions in inter-planetary space, especially the corpuscular radiation of 
the Sun. 

(c) Solar physics. Electromagnetic phenomena are very important in the Sun, and without 
much exaggeration one may say that solar activity in general is a display of magneto-hydro-
dynamic phenomena. 

(d) Stellar physics. Special magneto-hydrodynamic phenomena occur in the magnetically 
variable stars and possibly in many other stars too. 

(e) The physics of inter-stellar matter. The dynamics of inter-stellar clouds is probably affected 
very much by magnetic fields. Whether such fields also are important for the rotation and 
translational motion of galaxies is an open question. 

To these five main fields of application one could add the following more special, but still 
very important, problems, which will not be treated in detail here. 

The origin of cosmic rays (32) is probably found in part in stellar atmospheres, in part in 
inter-planetary, inter-stellar, and possibly inter-galactic space. The time-variations (33) of the 
radiation provide an important tool for exploring the electromagnetic state of inter-planetary 
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space. The subject of cosmic rays has been discussed recently at a conference in Moscow (34). 

The cosmic radio noise is in part produced by plasma phenomena in stellar atmospheres and 
in space. (Phenomena of this kind are dealt with by Commission 40.) 

The origin of the solar system is a fascinating but necessarily speculative problem, which like 
the dynamics of inter-stellar clouds and the formation of proto-stars belongs to the field of 
magneto-hydrodynamics and the physics of ionized gases (35). 

Concerning the field of research covered by this report it should be observed that solar physics 
is covered by Commissions 10 and 12, and that there are other Commissions devoted to stellar 
constitution (35) inter-stellar matter (34) and to radio astronomy (40). Commission 43 should 
be complementary to these and include such papers from these fields as are of a more general 
interest from the point of view of magneto-hydrodynamics and the physics of ionized gases. 

This is one reason why the present report to some extent concentrates on the exosphere and 
inter-planetary space. A second reason is that this field is likely to develop very rapidly with 
the introduction of the rocket technique. It may be hoped that such studies will clarify the 
basic properties of magnetized ionized atmospheres, and inter-stellar matter, with far-reaching 
consequences for the whole field of this Commission. 

It is difficult to draw the border-line between astronomy and geophysics. In this report 
phenomena like the oscillations of the ionosphere, whistlers and the dynamo theories of magnetic 
storms have been excluded, but the origin of the geomagnetic field is included because of its 
importance to the generation of magnetic fields in celestial bodies in general. 

The attached list of references contains a large number of articles but is still far from cover
ing completely all the work done in this large and rapidly expanding field of research. 

I . THE ORIGIN OF THE GEOMAGNETIC FIELD 

Surveys of the state of this field of research in 1955 were given by Cowling (101) and by Inglis 
(IOZ). The central problem is how a poloidal field can be amplified in spite of Cowling's 
theorem, which states that this cannot be achieved by any symmetrical and stationary process. 
Two different models have been examined. 

(a) The self-exciting dynamo model 

This is a stationary but unsymmetric model in which a number of uni-polar inductors 
produce currents, each of which magnetizes the next inductor in a circular sequence. After 
Inglis' review the following contributions are of interest. 

Backus and Chandrasekhar (103) have analysed mathematically the conditions for Cowling's 
theorem about the impossibility of an axisymmetric stationary dynamo. 

Elsasser (104) has reviewed the conditions which a dynamo theory must satisfy, and pointed 
out that the feed-back from a toroidal to a poloidal field is the critical point. He has shown that 
a number of small-scale eddies can produce this feed-back, but only under the condition that 
they have rather special properties. Elsasser has suggested that sunspots may be eddies which 
are of importance for the maintenance of the general magnetic field of the Sun. 

Cowling (105) has made a closer study of the cases in which dynamo maintenance of a 
steady field is impossible. He suggests that these cases are likely to be a very restricted group. 

A review of dynamo theories is given by Colombo (106). 

Chandrasekhar (107) has discussed the decay of a magnetic field in a fluid body and con
cluded that certain patterns of fluid motion may prolong the time of decay by orders of magni-
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tude. The decay time of the Earth's magnetic field, which without internal motions is estimated 
to 14 000 years, may thus be as long as 500 000 years. 

This result was questioned by Spitzer (108) who demonstrated that the decay rate is not 
greatly affected by axisymmetric motion in a sphere. On the other hand the large-scale field 
inside the fluid is much reduced in the presence of strong convection. 

Backus (109) has also treated the same problem and his conclusions agree with Spitzer's. 
He found that axisymmetric motions cannot lengthen the decay time of the dipole moment by 
more than a factor of four. 

A remarkable investigation has been made by Herzenberg (no). Compare also Herzenberg 
and Lowes ( i n , 112), who have demonstrated that two rotating conducting spheres embedded 
in a conducting medium may act as a self-exciting dynamo under certain conditions. The 
model is reasonably simple, but it remains still to be shown by what mechanism two whirls of 
the required configuration can be produced in the Earth's interior. 

Palaeo-magnetic data indicate that reversals of the geomagnetic field may have taken place 
(113). This would make the Earth analogous in some respects to a magnetically variable star. 
A dynamo model studied mathematically by Rikitake (114) and Allan (115) also exhibits 
reversals of polarity. 

(b) The kink instability model 

This is a non-stationary model in which an initial poloidal field gets a toroidal component by 
hydrodynamic motion. The field configuration becomes unstable for kinks and produces an 
amplified poloidal field. 

In a plasma experiment Lindberg and Jacobsen (116) have found that a poloidal field is 
easily amplified in the presence of a toroidal field. The phenomenon has been studied in detail 
and it appears that the flux amplification is due to a kink instability. A phenomenon possibly 
related to this has been studied by Bickerton (117). According to Alfven (118) the same 
mechanism may magnetize the Earth (and other planets), the stars and possibly also inter
stellar clouds and galaxies. 

There is not yet any conclusive evidence of magnetic fields on other planets, but observations 
of radio noise from Jupiter has been interpreted by Franklin and Burke (119) and by Barrow 
(120, 121) as an indication of a magnetic field, and this interpretation is supported by recent 
observations by Radakrishnan and Roberts (119a) of polarization in the 31 cm radiation emitted 
by Jupiter. 

2 . ELECTROMAGNETIC STATE OF THE EXOSPHERE AND 
INTER-PLANETARY SPACE 

General state of the theories 

Before rockets were sent out into inter-planetary space the conclusions about the electro
magnetic state there were based on studies of the following subjects: 

(a) The outer parts of the solar corona. 
(b) Geomagnetic storms. 
(c) Cosmic radiation. 

In the hands of different investigators these studies have resulted in two completely different 
pictures: 

A. In the environment of the Sun out to at least one astronomical unit there are no magnetic 
fields (201-3), either because there is no solar or galactic field, or because the fields are swept 
away by the ejection from the Sun of non-magnetized ionized matter. 
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B. Inter-planetary matter is magnetized (204-11) and the Sun emits beams or clouds with 
frozen-in fields which, when the plasma reaches the Earth's orbit, are of the order io~4 to io- 6 

gauss. 

Picture A is intimately connected with the Chapman-Ferraro theory of magnetic storms 
(201, 212-15), according to which the storms are produced by non-magnetized beams emitted 
from the Sun. Against picture A some general objections have been raised: 

There seems to be no reason why non-magnetized clouds should influence the cosmic 
radiation. The Forbush decreases (216) and the 27-day variation (217) of cosmic radiation are 
difficult to reconcile with this picture. The possibility that they are local events in the immediate 
vicinity of the Earth (218) suggested by Chapman (201) long ago and later taken up again by 
Parker (218), is definitely ruled out by rocket measurements (320, 321) which show that a 
Forbush decrease affects a very large region around the Earth. 

Picture B implies that the Sun emits ionized gas clouds or beams which are magnetized 
either by the Sun's general magnetic field or by local sunspot fields at their origin in the solar 
atmosphere (204-211). As they move with a velocity of vx io8 cm/sec they are also electrically 
polarized (seen from a fixed co-ordinate system), the electric field being of the order E = 1 to 100 
ju. volt/cm if H= io-6 to io- 4 gauss. With a characteristic breadth of io13 cm near the Earth's 
orbit this means a voltage of io7 to io9 volts, which is sufficient to influence cosmic rays. The 
electric field is also thought to be of decisive importance for the understanding of magnetic 
storms and aurorae (3). 

There is no general agreement about the density and temperature of inter-planetary matter. 
The density is usually supposed to be about io3 particles/cm3, a value which is essentially 
based on Siedentopf's (219) measurements of the polarization of the zodiacal light. It may be 
much smaller, and a value of 1 particle/cm3 or less is indicated by some phenomena (208). 
Compare also van de Hulst's (220), Blackwell's (221), Redman's (222) and Nikolsky's (222a) 
discussions of zodiacal light. 

The scarcity of empirical data leaves the field open to speculations, and the foundations of 
many theoretical investigations are rather poor. 

The physics of the exosphere has been discussed at a recent symposium (223). 

In the theoretical treatment of the phenomena occurring when the solar plasma reaches the 
terrestrial exosphere, two different approaches have been employed: 

(a) A hydrodynamic or magneto-hydrodynamic treatment has been used in a number of 
papers (related to picture A) by, among others, Chapman-Ferraro (201, 212-15), Piddington 
(224), Dessler and Parker (225) and Akasofu-Chapman (226). 
(b) Investigations starting from the motions of individual particles have been carried out by 
Alfven (3, 205, 227), Block (228, 229) and Singer (230, 231) (all essentially based on picture 
B above). 

The former group of theories run into well-known difficulties concerning the inability of 
the cloud to penetrate into the geomagnetic field, and the difficulty of understanding how the 
ring-current and the aurorae are produced. These difficulties do not exist in the latter approach. 
Experiments (228) show that a low-density plasma behaves as it should according to the latter 
view, and there are indications that also a high-density plasma does so, although a proof of this 
is not yet given. 

In principle it should be possible to treat the phenomenon either from the hydrodynamic 
or the particle view, and both methods should give the same result. When comparing the two 
groups of theories more closely one finds that according to the particle treatment some essential 
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phenomena—such as the formation of a ring-current and the occurrence of aurorae—are due 
to the finite temperature of the injected solar plasma. In fact if the temperature is put equal 
to zero, the particle theory gives neither ring-current nor aurora. 

This indicates that one of the reasons why many present theories fail to describe essential 
phenomena is that they neglect the temperature of the plasma and hence the vigorous spiralling 
of the particles. 

From what is said can be concluded that for future theoretical work the following points 
should be observed: 

(a) it is essential to take account of the fact, recently established by rocket experiments, 
that the solar plasma is magnetized; 

(b) the temperature of the plasma must not be neglected; 

(c) further theories should be developed in close contact with plasma experiments; 

(d) a consequent particle-description of the whole complex of phenomena is preferable to 
a hydromagnetic treatment, which in any case must be combined with a particle-description 
of the aurora and the radiation belts. 

We shall now turn our attention to a number of special subjects in the field of exospheric 
and inter-planetary physics. 

Rotation of the exosphere 

The state of rotation of the matter in, and above, the ionosphere is discussed by Maeda (232, 
233), Gold (234) and Hines (235). According to Ferraro's theorem of iso-rotation there should 
be a coupling between the ionosphere and the inter-planetary gas. On the other hand, as the 
atmosphere is a very good insulator there is no electromagnetic coupling between the ionosphere 
and the Earth's crust. Gold and Hines conclude that the ionosphere and the matter above it 
may rotate with an angular velocity different from that of the Earth. There are no conclusive 
observational results related to these theoretical predictions (236). 

Auroral mechanisms 

A review of auroral theories has been given by Chamberlain (237). Compare also the contri
butions by Vegard (238), Bennett (239) and Reid (240). Recently Akasofu and Chapman (226) 
have tried to develop the Chapman-Ferraro theory to include also the aurora. They assume 
that 'neutral lines' are formed in the Earth's magnetic field and that the aurora should be associ
ated with such lines. There is no observational evidence that neutral lines exist, and from what 
is known about plasmas there is little reason to suppose that, even if there were neutral lines, 
their existence should produce a phenomenon like the aurora. 

Propagation of geomagnetic disturbances through the exosphere 

A problem of great interest is the transmission of sudden commencements of magnetic storms 
through the exosphere. Dessler (241) has given a theory of this propagation, but observations 
by Gerard (242) show that the delay times are much shorter than predicted by this theory and, 
according to Gerard, agree better with Singer's (230, 231) shock-wave theory. Dessler's theory 
has later been modified and developed (243, 244). Williams (245) has observed that sudden 
commencements begin preferably in high latitudes which is in agreement with Singer's picture. 

The ring-current hypothesis for the explanation of the main phase of geomagnetic storms 
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was criticized by Parker (246), who argued that the disturbance field could not penetrate the 
highly-conductive exosphere in a reasonable short time. This view was refuted by Hines and 
Storey in the discussion that followed (247-52). Recent papers by Dessler and Parker (225), 
Akasofu (253), Dvoryashin (254), and Dvoryashin and Pikelner (255) on magnetic storm theory 
should be mentioned in this connection. 

With a somewhat different approach Piddington (256, 224) has given a detailed theory of the 
propagation of a disturbance through the exosphere. 

Inter-planetary space 

The state of inter-planetary matter has been treated as an extrapolation of the solar corona by 
Chapman (257) and by Pottash (258). The calculations hold only if the inter-planetary magnetic 
field is negligible ('picture A'), and a magnetic field would affect the thermal conductivity very 
much. Some problems concerning the inter-planetary medium have also been discussed by 
Shklovsky (259). In the inter-planetary space there are obviously regions ('beams' or 'streams' 
or 'winds') with a rapid outflow of plasma. The properties of such beams are discussed by 
several authors (260-64IJ). Even outside the beams there may be a general outflow in all direc
tions, a 'corpuscular radiation' as supposed by Biermann (265-71), but it is also possible that 
outside the beams there is a slow inflow of matter to the Sun (208, 273). 

Different models have been proposed for the inter-planetary magnetic field. A number of 
authors (208-10, 273-6) assume that it derives from the solar field, which is blown up by beams 
ejected from the sun-spot zones. The field near the equatorial plane should have a predomin
antly radial direction. Obviously the field cannot be very regular. Dorman (277) has investi
gated the onset of turbulence in solar streams carrying frozen-in fields, and Parker (278) has 
discussed some instabilities of a tenous ionized gas in a magnetic field. 

The conclusions about the inter-planetary magnetic field are mainly based on cosmic ray 
research. The cosmic radiation emitted during solar flares travels to the Earth along paths 
which are determined by the inter-planetary magnetic field (276, 279-81). The Forbush 
decreases, the 27-day variation and the diurnal variation reveal other properties of the magnetic 
and also electric field around us (282-9, 319). These problems will be discussed at a cosmic ray 
conference in Tokyo 1961. 

The phenomena occurring when the beams reach the Earth's magnetic field have been 
discussed theoretically in a number of papers (290-98). Compare also the section on Auroral 
mechanisms above. There are indications that certain types of radio bursts from Jupiter may be 
the effects of solar beams incident on that planet (299). 

Observational results on the relations between solar activity and geomagnetic disturbances 
have been presented in a number of papers (300-304!}). 

Rocket measurements 
Recently the development of artificial Earth satellites and cosmic rockets has provided an 

extremely powerful source of information about the exosphere and inter-planetary space. 

One of the first major accomplishments was the discovery of a very intense radiation of high-
energy particles (305), which was found to occupy two different regions, the radiation belts 
(van Allen belts) (306, 307). These belts have been interpreted in different ways. Singer 
(308, 309) had concluded that, besides trapped solar particles, the Earth's field should contain 
trapped particles secondary to cosmic radiation. The observation of the belts might be a 
confirmation of his theory, but there are also a number of other views. The particles of solar 
origin may be accelerated by some mechanism near the Earth, perhaps the same mechanism 
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that in other regions of space produces the cosmic radiation (310, 311). A bibliography of the 
work on trapped radiation up to October i960 has been given by van Allen (312). 

The study of the radiation belts may shed light on which conditions in space are essential 
for the production of high-energy particles, and the knowledge thus obtained may be applicable 
to the generation of cosmic radiation and also to the production of high-energy particles in 
supernova explosions etc. 

Rocket measurements of magnetic fields are very important, but the interpretation of 
measurements which refer only to the component perpendicular to the spinning axis of the 
space vehicle requires care. In the geomagnetic field considerable deviations from a dipole 
field have been observed (313-17), which seem to be correlated with magnetic storms, as 
expected. There is apparently a smooth transition between the geomagnetic field and the inter
planetary magnetic field. So far no indication has been found of the marked transition between 
the geomagnetic field and a non-magnetized plasma invading from outside, that is required by 
the Chapman-Ferraro theory. The inter-planetary field reported by Coleman, Davis and 
Sonett (318) is normally about 25 fj, gauss, but increases at intervals by one power of ten. 
These values are consistent with the field strength deduced by Venkatesan (319) from studies 
of Forbush decreases in cosmic radiation. 

Instruments carried by the space probes Pioneer V and Explorer VI have recorded Forbush 
decreases in cosmic ray intensity at great distances from the Earth (more than 1 000 Earth 
radii in the case of Explorer VI) (320-21). This definitely rules out the geocentric theories of 
Forbush decreases. The measurements give support to picture B above and seem to be very 
difficult to reconcile with the Chapman-Ferraro theory of magnetic storms. 

In addition to the study of naturally-occurring phenomena, the rocket technique can be used 
for producing related phenomena artificially under controlled conditions (31). Thus in 'project 
Argus' an atomic bomb exploding beyond the atmosphere produced an artificial shell of elec
trons between the two naturally occurring radiation belts (322, 323, 312). The experiment gave 
valuable information about the exosphere and especially about the dynamics of the natural 
radiation belts. Artificial aurora was observed in connection with 'Argus' and has also been 
produced by high-altitude thermo-nuclear weapons tests (324-6, 312). 

Rocket measurements of the magnetic field of the Moon indicate that the surface field should 
be less than 600 fj. gauss (327). The interpretation of this measurement has been discussed by 
Neugebauer (328). 

3 . SOLAR PHYSICS 

The whole Sun is a magneto-hydrodynamic plasma (401, 402), but as Commissions 10 
and 12 cover solar physics in general, we shall here only report a few phenomena of special 
interest. 

The general magnetic field and sunspots 

The remarkable technique developed by Babcock and others has made it possible to measure 
very small Zeeman effect displacements (403). If these displacements are interpreted as a 
measure of the average magnetic field, one obtains a field with remarkable properties; it is 
very far from a dipole field and it changes sign with time, apparently connected with the sun-
spot cycle (404-6). An interpretation based on a magneto-hydrodynamic model has been 
given by Babcock (406). 

Concerning sunspots, it seems now to be geneially agreed that the cause of a sunspot is a 
strong magnetic field in the photosphere, but there is no general agreement on the primary 
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cause of the spot-producing fields. Bjerknes' old theory that sunspots are products of the 
non-uniform rotation of the Sun has been revived in a hydromagnetic version by Babcock (406) 
in connection with his theory of the variation of the general magnetic field. A somewhat similar 
model has been suggested by Allen (407). 

Some objections have been raised against this general picture. As there does not exist any 
detailed theory of the Zeeman effect in a turbulent atmosphere, the measured Zeeman effect 
cannot immediately be interpreted as a measure of the average field (408, 409). In this connec
tion it is interesting to note that Leighton (410) finds that the Zeeman effect of the calcium-
line A 6102'8 gives unexpectedly high values in extensive areas. Further it is not quite clear 
from where the sunspots draw their energy. The total energy stored in the non-uniform 
rotation of the Sun will suffice to produce the magneto-static energy of sunspots only during 
1 000—10000 years (411). Hence we require a mechanism which constantly pours energy 
into the non-uniform rotation, or else we must conclude that sunspots and presumably all 
solar activity represent a rapidly passing state in the history of the Sun. 

The opinion about the Sun's general magnetic field has changed many times already from 
Hale's initial report of a 50-gauss field to the present views. As the problem is very difficult, 
there may still be new drastic changes of the views in the future. 

Solar flares 

Severny (412, 413) and Bumba (414) have reported that solar flares usually occur in 'neutral 
points', i.e. in regions where the magnetic field in the solar atmosphere is zero. Severny also 
outlines a theory of flare production in neutral points (412, 415-18). A discussion of related 
problems has also been given by Dungey (6). Another theory of solar flares has been proposed 
by Gold and Hoyle (419). 

Streamers in the corona 
The relation between the observed polar rays and the general magnetic field is discussed by 

Shimoda (420), Saito (421), Bachmann (422), Dzyubenko (423), and Bugoslavskaya (424). 
Their results seem to be that the shape of the polar rays is in a reasonably good agreement 
with magnetic field lines from a dipole field. 

Streamers or filamentary structure very far out in the corona have been investigated by 
Vitkevitch (425, 426), Hewish (427) and Hogbom (428) who measure the scattering of radio 
star radiation when it passes the outer corona. They conclude that there are filaments ('super-
corona') as far out as 10—30 solar radii, and one may ask whether filamentary structure is a 
general property of inter-planetary substance. The production of such a filamentary structure 
may be related to the condensations in prominences, a problem which is discussed by Lust 
and Zirin (429), Jensen (430), Brown (431) and Kippenhahn and Schluter (432). 

4 . STELLAR PHYSICS 

Magnetic stars and their variations have been further studied by Babcock (501, 502). He has 
observed an A-type star with a field of as much as 34 000 gauss (503). As the magneto-static 
pressure of this field is H2/8TTX$OX IO6 dynes/cm2 or about 50 atmospheres, this demonstrates 
how very important magnetic forces may be for the equilibrium and motions in stellar atmo
spheres. A review of observations and theories of stellar magnetic fields has been given by 
Deutsch (503a). 

The equilibrium of magnetic stars and their oscillations is treated by many authors. The 
equilibrium of magnetic stars is treated by Wenzel (503b) and by Prendergast (504), who finds 
that the simplified model he uses gets unstable when the magnetic energy exceeds two-fifths of 
the gravitational energy. According to Cowling (505), however, Prendergast's model is always 
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unstable, and the instability will lead to a re-adjustment of the field but not to an explosion. 
Ledoux and his associates have treated the oscillations of cylindrical and spherical bodies under 
the influence of their own gravity and a magnetic field (506-n). Chopra (512), Agostinelli (513), 
De (514), Rikitake (515), Talwar (516), Oki (517), Ramamoorty and Chakraborty (518), Tandon 
(518a) and Woltjer (519) also discuss a number of theoretical problems of importance for 
magnetic stars. A critical review of the calculation of the electric conductivity (which is im
portant in this connection) is given by Oster (520). The Eighth International Astrophysical 
Colloquium on stars with emission lines (521) contains much information of interest in con
nection with magnetic stars. 

Runcorn (522) and Ferraro (523) discuss different ways of explaining the magnetically 
variable stars. The variation may in special cases either be due to magneto-hydrodynamic 
oscillations of the star or to the effect of an 'oblique rotor'. However, Babcock (502), raises 
serious doubts against the oblique rotor model. 

5 . THE PHYSICS OF INTER-STELLAR MATTER 

For the understanding of the magneto-hydrodynamic properties of inter-stellar space it is 
essential to know the strength and direction of inter-stellar magnetic fields. Unfortunately 
there is still no reliable method of measuring the strength of the fields and the usual estimates 
(Hxo-i to 10 IJ. gauss) are obtained by indirect methods which are not very certain (601). 
Conclusions about the direction of the magnetic fields may be drawn if it is assumed that the 
galactic polarization is caused by the directive effect of a magnetic field on rotating dust grains. 
This problem has been studied by Spitzer and Tukey (602) and by Davis and Greenstein (603). 

Summaries of the present state of observations and theories are given by Hiltner (604) and 
by Davis (605). Davis (606) and Henry (607) have also made more detailed calculations of the 
alignment of particles by weak magnetic fields. 

An attempt to measure a galactic magnetic field by Zeeman splitting of the hydrogen line is 
reported by Davies, Slater, Shuter and Wild (608), who find no magnetic field in excess of the 
error of measurements, which is in one case 7 p gauss. As this refers to the average field 
component in the line of sight, however, much stronger local fields are not excluded. 

In this connection it is of interest to note that filamentary structure may be important also for 
inter-stellar matter. As has been mentioned earlier the filamentary structure of the solar corona 
is traced very far out. The filamentary structure of gas nebulae is a related phenomenon which 
has been studied by Pikelner and Gershberg (609). 

An interesting and far-reaching problem is how galactic motion affects the structure of 
galactic magnetic fields, and also whether magnetic fields play an important role for the structure 
of the galaxy. Especially in the galactic halo magnetic fields may be important. These problems 
are discussed by Pikelner and Shklovsky (6io), Biermann and Davis (611), Razin (612), 
Korchak (613) and Hoyle and Ireland (614, 615). The formation of spiral arms by magneto-
gravitational instability is investigated by Pacholczyk and Stodolkiewicz (616-621). 

When two magnetized gas clouds collide, a number of interesting phenomena are likely to 
occur, including generation of strong magnetic fields, acceleration of charged particles and 
emission of radio noise. These problems have been studied by Kahn (622), Kaplan (623-6), 
Harris (627), Pikelner (628), Piddington (629). They have also been discussed at a symposium 
in Cambridge, Massachusetts in 1957 (630). 

Of special interest are the phenomena which take place when the gaseous shell of a nova 
or super-nova pentrates the inter-stellar gas, a problem which has been treated by Sedov (631). 
For the studies of the Crab nebula, the production of radiation by electromagnetic effects, the 
connection between magnetic fields and filaments, and a number of other problems are im-
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portant, and these have been investigated by Piddington (632), Savedoff (633), Marshall (634), 
Munch (635), Mayer, McCullough and Sloanaker (637), Thiessen (638) and Burbidge (639-40), 
Gurzadian (641-4), Gordon and Pichakhchi (645), Serkowski (646), and Parker (648) (with a 
number of valuable references). 

As a summary one may state that the theories of colliding plasmas are still in a rather specula
tive state. It may be hoped that laboratory experiments will soon give a clearer picture of 
what is actually happening when magnetized plasmas collide and this may give a firmer basis 
for further advance in this field. 

A mechanism for the generation of relativistic electrons in cosmic space is proposed by 
Veksler (649); Erickson (650) suggests that swiftly rotating dust grains may emit appreciably 
at radio frequencies. 

Attention should be paid to a number of investigations on force-free magnetic fields (651-9). 
Such fields are of interest for the understanding of inter-stellar magnetism, and also for stellar 
magnetic fields. Further, the general properties of the inter-stellar plasma (660-61) are of 
basic importance also in this connection. 

Star formation may be influenced in a decisive way by magnetic fields. The influence of 
large-scale magnetic fields on the formation and dynamics of stars in a galaxy has been investi
gated by Elvius and Lindblad (662) and by Elvius and Herlofson (663). Magneto-gravitational 
instability has been treated in a number of papers by Pacholczyk and collaborators (616-21), 
by Debye (664, 665) and by Oganesian (666). The gravitational condensation leading to star 
formation is influenced by a magnetic field (Mestel and Spitzer (667), Mestel (668-671), 
Meadows (672)). The magnetic field tends on the one hand to counteract the contraction of 
a protostar, but on the other hand it facilitates the dissipation of angular momentum through a 
hydromagnetic transfer to the surroundings. 

The preparation of this report would not have been possible without the efficient and 
competent help of Mr C-G. Falthammar. 

H. ALFVEN 
President of the Commission 

REFERENCES 

i . Electromagnetic Phenomena in Cosmical Physics, IAU Symposium no. 6, Editor B. Lehnert, 
Cambridge Univ. Press, 1958. 

2. Lundquist, S. Studies in Magneto-Hydrodynamics, Ark. Fys. 5, 297, 1952. 
3. Alfven, H. Cosmical Electro-dynamics, Clarendon Press, Oxford, 1950. 
4. Cowling, T. G. Magneto-hydrodynamics, Interscience Publishers, Inc., N.Y., 1957. 
5. Baum, A., Kaplan, S. A. and Staniukovitch, K. P. Introduction to Cosmical Hydro

dynamics, State publishing house of physics and mathematics, Moscow, 1958. 
6. Dungey, J. W. Cosmic Electro-dynamics, Cambridge Univ. Press, London, 1958. 
7. Piddington, J. H. Cosmical Electro-dynamics, Proc. Inst. Radio Engrs., N. Y. 46, 349, 

1958. 
8. Cosmical Magneto-hydrodynamics, Editor G. Burbidge, and Solar, Planetary and Inter

planetary Magneto-hydrodynamics, Editor E, N. Parker. Symposium of Plasma Dynamics, 
General Editor F. H. Clauser, Addison-Wesley i960, pages 233-63 and 264-86. 

9. Pikelner, S. B. Foundations of Cosmical Electro-dynamics, Moscow, 1961. 
10. Maple, E. Geomagnetic Oscillations at Middle Latitudes. II . Sources of the Oscillations. 

J. geophys. Res. 64, 1405, 1959. 
11. Benioff, H. Observations of Geomagnetic Fluctuations in the Period Range 0-3 to 120 

Seconds, J. geophys. Res. 65, 1413, i960. 
12. Akasofu, S. Magneto-Hydrodynamic Waves in the Ionosphere, J. atmos. terr. Phys. 15, 

156, 1959-

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


510 C O M M I S S I O N 43 

13. Watanabe, T. Hydromagnetic Oscillation of the Outer Ionosphere and Geomagnetic 
Pulsation, X Geomagn. Geoelect., Kyoto 10, 195, 1959. 

14. Lehnert, B. Magneto-hydrodynamic Waves in the Ionosphere and their Application to 
Giant Pulsations, Tellus 8, 241, 1956. 

15. Schatzman, E. Les plasmas en astrophysique, The Theory of Neutral and Ionized Gases. 
Editors De Witt and Detoeuf. Hermann, Paris, and Wiley, New York, 1959, pages 375-
469. 

16. Spitzer, L. Physics of Fully Ionized Gases, Interscience, New York, 1956. 
17. Staniukovitch, K. P. Theory of Non-stationary Gas flow, Moscow, 1959. 
18. Lehnert, B. Plasma Physics on Cosmical and Laboratory Scale, Nuovo Cim. Suppl. 13, 

59, I9S9- Compare also Lehnert, B. Energy Balance and Confinement of a Magnetized 
Plasma. Rev. mod. Phys. 32, 1012, i960. 

19. Biermann, L. Relations between Plasma Physics and Astrophysics. Rev. mod. Phys. 32, 
1008, i960. 

20. Biermann, L. and Schliiter, A. Magneto-hydrodynamic Dissipation. Rev. mod. Phys. 
30, 975, 1958. 

20a. Gershman, B. N. On the Problem of Propagation of Magneto-hydrodynamic Waves in 
Cosmic Conditions, Soviet Astronomy, A.J., 3, 193, 1959. 

21. Lust, R. Uber die Ausbreitung von Wellen in einem Plasma. Fortschr. Phys. 7, 503, 
1959-

22. Knorr, G. Uber den Ionisationszustand und die Ausstrahlung von Fremdgasen in einem 
Wasserstoffplasma, Z. Naturf. 13a, 941, 1958. 

23. Longmire, C , Tuck, J. L. and Thompson, W. B. Plasma Physics and Thermonuclear 
Research, Pergamon Press, 1959. 

24. Glasstone, S. and Lovberg, H. Controlled Thermonuclear Reactions. Van Nostrand i960. 
25. A Discussion on Space Research, Proc. roy. Soc. A. 253, 450, 1959. 
26. Symposium on the Exploration of Space, J. geophys. Res. 64, 1647, 1959. 
27. The N.A.S.A. Space Sciences program, Proc. Inst. Radio Engrs., N.Y. 48, 438, i960. 
28. Space Research. First International Space Science Symposium, Nice i960. Editor H. Kall

mann, North-Holland Publ. Co., Amsterdam, i960. 
29. Boyd, R. L. F. Space Science, Nature, Lond. 186, 749, i960. 
30. Proceedings of the Xlth International Astronautical Congress, Stockholm i960. Springer 

Verlag, Wien, Stockholm 1961. 
31. Symposium on the Scientific Effects of Artificially Introduced Radiations at High Altitudes. 

Editor R. W. Porter, J. geophys. Res. 64, 865, 1959. 
32. Ginzburg, V. L. The Origin of Cosmic Radiation. Progress in Elementary Particle and 

Cosmic Ray Physics 4. p. 339-421. Editors J. G. Wilson and S. A. Wouthousen. North 
Holland Publ. Co., Amsterdam, 1958. 

33. Singer, S. F. The Primary Cosmic Radiation and its Time Variation. Progress in Elemen
tary Particle and Cosmic Ray Physics 4. p. 296-338. Editors J. G. Wilson and S. A. Wouth
ousen. North Holland Publ. Co., Amsterdam, 1958. 

34. Proceedings of the Moscow Cosmic Ray Conference. Academy of Sciences, U.S.S.R., 
Moscow, i960. 

35. Alfven, H. On the Origin of the Solar System, Clarendon Press, Oxford, 1954. 

1. The origin of the geomagnetic field 
101. Cowling, T. G. Dynamo Theories of Cosmic Magnetic Fields. Vistas in Astronomy 1, 

313, Pergamon Press, 1955. 
See also reference 4 of the present report. 

102. Inglis, D. R. Theories of the Earth's Magnetism, Rev. mod. Phys. 27, 212, 1955. 
103. Backus, G. E. and Chandrasekhar, S. On Cowling's Theorem on the Impossibility of 

Self-maintained Axisymmetric Homogeneous Magnetic Fields, Proc. nat. Acad. Sci. 
Wash. 42, 105, 1956. 

104. Elsasser, W. M. Hydromagnetic Dynamo Theory, Rev. mod. Phys. 28, 135, 1956. 
105. Cowling, T. G. The Dynamo Maintenance of Steady Magnetic Fields, Quart. J. Mech. 

10, 129, 1957. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


M A G N E T O - H Y D R O D Y N A M I Q U E 511 

106. Colombo, M. S. Effect dynamo en theorie magneto-hydrodynamique, Rev. gin. Elect. 
66, 325, 1957-

107. Chandrasekhar, S. Effect of Internal Motions on the Decay of a Magnetic Field in a 
Fluid Conductor, Astrophys. J. 124, 244, 1956. 

108. Spitzer, L., Jr. Influence of Fluid Motions on the Decay of an External Magnetic Field, 
Astrophys. J. 125, 525, 1957. 

109. Backus, G. The Axisymmetric Self-excited Fluid Dynamo, Astrophys. J. 125, 500, 1957. 
n o . Herzenberg, A. Geomagnetic Dynamos, Phil. Trans. A. 250, 543, 1958, and Geo

magnetic Dynamos, Ann. Giophys. 14, 522, 1958. See also Cowling, T. G. Nature, Lond. 
183, 937. 1959-

i n . Herzenberg, A. and Lowes, F. J. Electro-magnetic Induction in Rotating Conductors, 
Phil. Trans. A. 249, 507, 1957. 

112. Herzenberg, A. and Lowes, F. J. The 'Eddy Model' of the Non-Dipole Field and the 
Secular Variation. Ann. Giophys. 14, 526, 1958. 

113. Runcorn, S. K. Handb. Phys. 47, 470, Springer 1956. See also Runcorn, S. K. Rock 
Magnetism, Science 129, 1002, 1959. 

114. Rikitake, T . Proc. Camb. phil. Soc. 54, 89, 1958. 
115. Allan, D. W. Reversals of the Earth's Magnetic Field, Nature, Lond. 182, 469, 1958. 
116. Lindberg, L. and Jacobsen, C. On the Amplification of the Poloidal Magnetic Flux in a 

Plasma, Astrophys. J. 133, 1043, 1961. 
117. Bickerton, R. J. The Amplification of a Magnetic Field by a High Current Discharge, 

Proc. phys. Soc. Lond. 72, 618, 1958. 
118. Alfv6n, H. On the Origin of Cosmic Magnetic Fields, Astrophys. J. 133, 1049, 1961. 
119. Franklin, K. L. and Burke, B. F. Radio Observations of the Planet Jupiter, J. geophys. 

Res. 63, 807, 1958. 
119a. Radakrishnan, V. and Roberts, J. A. Polarization and Angular Extent of the 960-

Mc/sec Radiation from Jupiter, Phys. Rev. Letters, 4, 493, i960. 
120. Barrow, C. H. J. Brit. astr. Ass. 69, 211, 1959. 
121. Barrow, C. H. Magnetic Field of Jupiter, Nature, Lond. 188, 924, i960. 

2. Electro-magnetic state of the exosphere and inter-planetary space 

General state of the theories 

201. Chapman, S. and Ferraro, V. C. A. Terr. Magn. 36, 77 and 171, 1931, 37, 147 and 421, 
1932, 38, 79. 1933, 45. 245, 1940. Nature, Lond. 140, 423, 1937-

202. Davis, L. Interplanetary Magnetic Fields and Cosmic Rays, Phys. Rev. 100, 1440, 1955. 
203. Meyer, P., Parker, E. N. and Simpson, J. A. Solar Cosmic Rays of February 1956 and 

Their Propagation through Interplanetary Space, Phys. Rev. 104, 768, 1956. 
204. Hoyle, F. Some Recent Researches in Solar Physics, pp. 102-104 and 129. Cambridge 

Univ. Pr^ss, London and N.Y., 1949. 
205. Alfv6n, H. On the Electric Field Theory of Magnetic Storms and Aurorae, Tellus 7, 

5°, I9S5-
206. Hoyle, F. Suggestion Concerning the Nature of the Cosmic-Ray Cut-off at Sunspot 

Minimum, Phys. Rev. 104, 269, 1956. 
207. Alfven, H. Interplanetary Magnetic Field. Electro-magnetic Phenomena in Cosmical 

Physics, IAU Symposium no. 6. Editor B. Lehnert, Cambridge Univ. Press, 1958, p. 284. 
208. Block, L. On the Interplanetary Gas and its Magnetic Field. Ark.—Fys. 14, 179, 1958. 
209. Piddington, J. H. Interplanetary Magnetic Field and its Control of Cosmic-Ray 

Variations, Phys. Rev. 112, 589, 1958. 
210. Gold, T. Plasma and Magnetic Fields in the Solar System, J. geophys. Res. 64, 1665, 

I9S9-
211. Dvoryashin, A. Publ. Crim. Aph. Obs. 26 (in press). 
212. Chapman, S. Theories of the Aurora Borealis. Ann. Geophys. 8, 205, 1952. 
213. Ferraro, V. C. A. On the Theory of the First Phase of a Geomagnetic Storm, J. geophys. 

Res. 57, i s , 1952. See also Rev. mod. Phys. 32, 934, i960. 
214. Ferraro, V. C. A. The Origin of Magnetic Storms and Aurorae, Ann. Geophys. n , 

284, 1955-

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


512 COMMISSION 43 

215. Ferraro, V. C. A. The Present State of the Corpuscular Theory of Magnetic Storms. 
Electro-magnetic Phenomena in Cosmical Physics, IAU Symposium no. 6. Editor B. 
Lehnert, Cambridge Univ. Press, 1958, p. 295. 

216. Forbush, S. E. World-Wide Cosmic-Ray Variations, 1937-52, jf. geophys. Res. 59, 525, 
1954-

217. Forbush, S. E. The 27-Day Variation in Cosmic-Ray Intensity and in Geomagnetic 
Activity. Electro-magnetic Phenomena in Cosmical Physics, IAU Symposium no. 6. Editor 
B. Lehnert, Cambridge Univ. Press, 1958, p. 332. 

218. Parker, E. N. On the Variations of the Primary Cosmic-Ray Intensity. Electro-magnetic 
Phenomena in Cosmical Physics. IAU Symposium no. 6. Editor B. Lehnert, Cambridge 
Univ. Press, 1958, p. 420. See also Parker, E. N. Cosmic-Ray Modulation by Solar Wind, 
Phys. Rev. n o , 1445, 1958. 

219. Behr, A. and Siedentopf, H. Untersuchungen iiber Zodiakallicht und Gegenschein 
nach lichtelektrischen Messungen auf dem Jungfraujoch, Z. Astrophys. 32, 19, 1953. 

220. van de Hulst, H. C. The Zodiacal Light, Vistas in Astronomy 2, 998, Pergamon Press, 
London and New York, 1955. 

221. Blackwell, D. E. The Zodiacal Light and the Nature of the Interplanetary Gas, Observa
tory 77, 187, 1957. 

222. Redman, R. O. Dust and Gas between the Earth and the Sun. Observatory 79,172,1959. 
222a. Nikolsky, G. M. Solar Corpuscular Radiation and the Zodiacal Light, Voprosy 

Cosmogony (The questions of Cosmogony), no. 7, 181, i960. 
223. Symposium on the Exosphere and Upper F-Region. Editor C. O. Hines, jf. geophys. Res. 

65, 2563, i960. 
224. Piddington, J. H. Geomagnetic Storm Theory, jf. geophys. Res. 65, 93, i960. 
225. Dessler, A. J. and Parker, E. N. Hydromagnetic Theory of Geomagnetic Storms. 

J. geophys. Res. 64, 2239, 1959. 
226. Akasofu. S. J. and Chapman, S. A Neutral Line Discharge Theory of the Aurora 

Polaris, Phil. Trans. Roy. Soc. London, Ser A. 253, 359, 1961. 
227. Alfven, H. On the Theory of Magnetic Storms and Aurorae. Tellus 10, 104, 1958. 
228. Block, L. Model Experiments on Aurorae and Magnetic Storms, Tellus 7, 65, 1955. 
229. Block, L. The Present State of the Electric Field Theory of Magnetic Storms and 

Aurorae. Electro-magnetic Phenomena in Cosmical Physics, IAU Symposium no. 6. 
Editor B. Lehnert, Cambridge Univ. Press, 1958, p. 312. 

230. Singer, S. F. A New Model of Magnetic Storms and Aurorae. Trans. Amer. geophys. 
Un. 38, 175. 1957-

231. Singer, S. F. A New Model of Magnetic Storms and Aurorae. Electro-magnetic Phen
omena in Cosmical Physics, IAU Symposium no. 6. Editor B. Lehnert, Cambridge Univ. 
Press, 1958, p. 329. 

Rotation of the Exosphere 

232. Maeda, K. Distortion of the Magnetic Field in the Outer Atmosphere Due to the 
Rotation of the Earth, Rep. lonosph. Res. Japan I I , 116, 1957. 

233. Maeda, K. Distortion of the Magnetic Field in the Outer Atmosphere Due to the 
Rotation of the Earth, Ann. Geophys. 14, 154, 1958. 

234. Gold, T. Motions in the Magneto-sphere of the Earth, jf. geophys. Res. 64, 1219, 1959. 
235. Hines, C. O. On the Rotation of the Polar Ionospheric Regions, J. geophys. Res. 65, 

141, i960. 
236. Kim, J. S. and Currie, B. W. Horizontal Movements of Aurora, Canad. jf. Phys. 36, 

160, 1958. 

Auroral mechanisms 

237. Chamberlain, J. W. Theories of the Aurora. Advances in Geophysics, Ed. Landsberg and 
Van Mieghem, Academic Press, N.Y., 1958. 

238. Vegard, L. Recent Progress Relating to the Study of Aurorae and Kindred Phenomena, 
Geofys. Publ. 20, 16, 1958. 

239. Bennett, W. H. Auroral and Magnetic-Storm Theory, Astrophys. jf. 127, 731, 1958. 
240. Reid, G. C. Electric Field Theory of Aurorae, Nature, Lond. 182, 1791, 1958. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


M A G N E T O - H Y D R O D Y N A M I Q U E 513 

Propagation of geomagnetic disturbances through the exosphere 

241. Dessler, A. J. The Propagation Velocity of World-Wide Sudden Commencements of 
Magnetic Storms, J. geophys. Res. 63, 405, 1958. 

242. Gerard, V. B. The Propagation of World-Wide Sudden Commencements of Magnetic 
Storms, J. geophys. Res. 64, 593, 1959. f 

243. Francis, W. E., Green, M. I. and Dessler, A. J. Hydromagnetic Propagation of Sudden 
Commencements of Magnetic Storms, J. geophys. Res. 64, 1643, 1959. 

244. Dessler, A. J., Francis, W. E. and Parker, E. N. Geomagnetic Storm Sudden-Com
mencements Rise Times, J. geophys. Res. 65, 2715, i960. 

245. Williams, V. L. The Simultaneity of Sudden Commencements of Magnetic Storms, 
J. geophys. Res. 65, 85, i960. 

246. Parker, E. N. On the Geomagnetic Storm Effect, J. geophys. Res. 61, 625, 1956. 
247. Hines, C. O. On the Geomagnetic Storm Effect, J. geophys. Res. 62, 491, 1957. 
248. Parker, E. N. Electrical Conductivity in the Geomagnetic Storm Effect, J. geophys. Res. 

63, 437. I9S8. 
249. Hines, C. O. and Storey, L. R. O. Time Constants in the Geomagnetic Storm Effect, 

J.geophys. Res. 63, 671, 1958. 
250. Parker, E. N. Inadequacy of Ring-Current Theory for the Main Phase of a Geomagnetic 

Storm, J. geophys. Res. 63, 683, 1958. 
251. Hines, C. O. and Parker, E. N. Statement of Differences Regarding the Ring-Current 

Effect, J. geophys. Res. 63, 691, 1958. 
252. Hines, C. O. and Parker, E. N. Statement of Agreement Regarding the Ring-Current 

Effect, jf. geophys. Res. 65, 1299, i960. 
253. Akasofu, S. J. The Ring-Current and the Outer Atmosphere, y. geophys. Res. 65, 535, 

i960. 
254. Dvoryashin, A. Publ. Crim. Aph. Obs. 21, 198, 1959. 
255. Dvoryashin, A. and Pikelner, S. B. Publ. Crim. Aph. Obs. 22, 144, i960. 
256. Piddington, J. H. The Transmission of Geomagnetic Disturbances Through the 

Atmosphere and Interplanetary Space, Geophys. y. 2, 173, 1959. 

Interplanetary Space 

257. Chapman, S. Interplanetary Space and the Earth's Outermost Atmosphere, Proc. roy. 
Soc. A. 253, 462, 1959. See also Blackwell, D. E. The Transition from the Ionosphere 
to Interplanetary Space, Nature, Lond. 181, 1237, 1958. 

258. Pottash, S. R., use of the Equation of Hydrostatic Equilibrium in determining the 
Temperature Distribution in the Outer Solar Atmosphere, Astrophys. y. 131, 68, i960. 

259. Shklovsky, I. S. Interplanetary Medium and some Problems of Physics of the Upper 
Atmosphere, Astr. y., Moscow 35, 557, 1958. 

260. Mustel, E. R. Corpuscular Streams during the Years of Minimum Solar Activity and 
their Properties, Astr.y., Moscow 35, 351, 1958. 

261. Mustel, E. R. and Mitropolskaya, O. N. On Certain Statistical Effects in the Problem of the 
Origin of Geomagnetic Disturbances, Observatory 79, 15-18, 1959. 

262. Mustel, E. R. The Principal Source of Solar Corpuscular Streams, C.R. Acad. Sci. 
U.R.S.S. 128, 265, 1959. 

263. Saito, K. Equatorial Coronal Streamers of the Sun, Publ. astr. Soc. yapan 11, 234, 1959. 
264. Block, J. L., Dorman, L. Y. et al., Proc. Moscow Cosmic Ray Conf., Moscow, i960. See 

also Variations of Cosmic Rays. Acad. Sci. U.S.S.R. Moscow, 1959. 
264a. Zhigulev, V. N. and Romishevskii, E. A. Dokl. Akad. Nauk. U.R.S.S. 127, 1001, 

1959-
264b. Zhigulev, V. N . Dokl. Akad. Nauk., U.R.S.S. 135, 1364, i960. 
265. Biermann, L. Solar Corpuscular Radiation and the Interplanetary Gas, Observatory 77, 

109, 1957. 
266. Biermann, L. and Liist, R. Radiation and Particle Precipitation upon the Earth from 

Solar Flares, Proc. Inst. Radio Engrs., N.Y. 47, 209, 1959. 
S 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


514 COMMISSION 43 

267. Chamberlain, J. W. Interplanetary Gas. II . Expansion of a Model Solar Corona, 
Astrophys. J. 131, 47, i960. 

268. Parker, E. N. Dynamics of the Interplanetary Gas and Magnetic Fields, Astrophys. J. 
128, 664, 1958. 

269. Parker, E. Extension of the Solar Corona into Interplanetary Space, J. geophys. Res. 
64, 1675, 1959-

270. Parker, E. N. The Hydrodynamic Treatment of the Expanding Solar Corona, Astrophys. 
J. 132, 175, i960. See also Astrophys. J. 132, 821, i960. 

271. Ponomarev, E. A. Corpuscular Solar Radiation and the Distribution of Ions in the 
Solar Corona, Astr. Papers of Lvov University, no. 3-4, 12, i960. 

273. Alfven, H. Electro-Magnetic State of Interplanetary Space, Nuovo Cim. (10) 8, Suppl., 
209, 1958. 

274. Gold, T . Magnetic Field in the Solar System, Nuovo Cim. Suppl. 13, 318, 1959. 
276. Dvoryashin, A. Publ. Crim. Aph. Obs. 26 (in press). 
277. Dorman, L. I. On the Structure of Solar Corpuscular Streams and the Interplanetary 

Medium. Cosmic-Ray Conference, Moscow, 1959. English Edition 4, 149. 
278. Parker, E. N. Dynamical Instability in an Anisotropic Ionized Gas of Low Density, 

Phys. Rev. 109, 1874, 1958. 
279. Eckhardt, D. The Magnetic Storm Effect and the Interplanetary Electromagnetic State, 

Tellus 9, 209, 1957-
280. Eckhardt, D . Changes in Amplitude of the 27-Day Variation in Cosmic Ray Intensity 

during the Solar Cycle of Activity, Tellus io, 117, 1958. 
281. Sakurai, K. Propagation of Low Energy Cosmic-Ray Particles Associated with Solar 

Flares, .7. Geomagn. Geoelect., Kyoto 11, 152, i960. 
282. Kitamura, M. On the Cosmic Ray Storms Due to the Solar Corpuscular Streams, 

Cosmic-Ray Conference, Moscow, 1959 4, 128. 
282a. Obayashi, T . and Hakura, Y. Propagation of Solar Cosmic Rays through Inter

planetary Magnetic Field, J. geophys. Res. 65, 3143, i960. 
283. Murakami, K. and Kudo, S. The Onset Times of Cosmic-Ray Storms, Sci. Pap. Inst. 

phys. chem. Res. Tokyo 54, 155, i960. 
284. Simpson, J. A. Variations of Solar Origin in the Primary Cosmic Radiation, Astrophys. J. 

Suppl. no. 44, June i960. 
285. Mc.Cracken, K. G. and Palmeira, R. A. R. Comparison of Solar Cosmic Rays Injection 

including 17 July 1959 and 4 May i960, J. geophys. Res. 65, 2673, i960. 
286. Winckler, J. R. and Bhasvar, P. D. Low-Energy Solar Cosmic Rays and the Geomagnetic 

Storm of 12 May 1959, j . geophys. Res. 65, 2637, i960. 
287. Anderson, K. A. and Enemark, D. C. Observations of Solar Cosmic Rays Near the 

North Magnetic Pole, J. geophys. Res. 65, 2657, i960. 
288. Arnoldy, R. L., Hoffman, R. A. and Winckler, J. R. Solar Cosmic Rays and Soft 

Radiation Observed at 5 000 000 Kilometers from Earth, J. geophys. Res. 65, 3004, i960. 
289. Elliot, H. Cosmic-Ray Intensity Variations and the Interplanetary Magnetic Field, 

Phil. Mag. 5, 601, i960. 
290. Parker, E. N. Interaction of the Solar Wind with the Geomagnetic Field, Phys. of 

Fluids 1, 171, 1958. 
291. Parker, E. N. Suprathermal Particles. III . Electrons. Phys. Rev. 112, 1459, 1958. 
292. Bagariatskii, B. A. The Velocity Dispersion of a Solar Corpuscular Stream near the 

Earth, Astr. J., Moscow 35, 227, 1958. 
293. Obayashi, T. Entry of High Energy Particles into the Polar Ionosphere, Rep. Ionosph. 

Res. Japan 13, 201, 1959. 
294. Tamao, T. Hydro-magnetics in the Earth's Outer Atmosphere, J. Geomagn. Geoelect, 

Kyoto 10, 143, 1959. 
295. Zhigulev, V. N. and Romishevskii, E. A. On the Interaction of Conductive Particle 

Streams with the Earth's Magnetic Fields, C.R. Acad. Sci. U.R.S.S. 127, 1001, 1959. 
296. Beard, D. B. Interaction of the Solar Plasma with the Earth's Magnetic Field, Phys. 

Rev. Letters 5, 89, i960. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


M A G N E T O - H Y D R O D Y N A M I Q U E 515 

297. Beard, D. B. The Interaction of the Terrestrial Magnetic Field with the Solar 
Corpuscular Radiation, J. geophys. Res. 65, 3559, i960. 

298. Johnson, F. S. The Gross Character of the Geomagnetic Field in the Solar Wind. 
J. geophys. Res. 65, 3049, i960. 

299. Carr, T. D., Smith, A. G. and Bollhagen, H. Evidence for the Solar Corpuscular 
Origin of the Decameter-wavelength Radiation from Jupiter, Phys. Rev. Letters 5, 418, 
i960. See also Warwich, J. W., Science, 132, 1250, i960. 

300. Sinno, K. On the Origin of the Long-Lived Solar Corpuscular Streams which appeared 
Last Solar Cycle 1950 to 53, 3- Radio. Res. Lab. Tokyo 4, 2,5, 1957. 

301. Ozdogan, I. The Relations between Solar Radio Activity and Sudden Commencement 
Magnetic Storms, Rev. Fac. Sci. Univ. Istanbul C 23, 155, 1958. 

302. Dodson, H. W. and Hedeman, E. R. Geomagnetic Disturbances Associated with Solar 
Flares with Major Premaximum Bursts at Radio Frequencies 200 Mc/s., 3- geophys. Res. 
63, 77, 1958. 

303. Bell, B. and Glazer, H. Geomagnetism and the Emission-Line Corona, 1950-53, 
Smithson. Cont. Astrophys. 2, 51, 1957. 

304. Sinno, K. On the Origin of the Long-Lived Solar Corpuscular Streams which appeared 
During the Last Solar Cycle 1950-53, 3- atmos. terr. Phys. 158, 151, 1959. 

304a. Bobrov, M. S. A Study of Solar Corpuscular Streams based on World-Wide Geo
magnetic Disturbances Observed during the IGY, Astr. 3- Moscow 36, 1028, 1959. 

304b. Afanaseva, V. J. Solar Corpuscular Streams and Families of Geomagnetic Storms, 
Dokl. Akad. Nauk, U.R.S.S. 135, 1120, i960. 

Rocket measurements 
305. Vernov, S. N. Artificial Satellite Measurements of Cosmic Radiation, C.R. Acad. Sci. 

U.R.S.S. 120, 1231, 1958. 
306. Van Allen, J. A. and Frank, A. Radiation around the Earth to a Radial Distance of 

107 400 km, Nature, Land. 183, 430, 1959. 
307. Vernov, S. N., Chudakov, A. E., Vakulov, P. V. and Logachev, Yu. I. A Study of 

Terrestrial Corpuscular Radiation and Cosmic Rays by the Flight of a Cosmic Rocket, 
C.R. Acad. Set. U.R.S.S. 125, 304, 1959. (English translation: Sov. Phys. Doklady 4, 
338» I959-) 

308. Singer, S. F. Effects of Environment on Space Vehicles, Chapter IV in Symposium on 
Space-Physics and Medicine, San Antonio, Nov. 1958, John Wiley, New York, i960. 

309. Singer, S. F. Advances in Astronautical Science, Vol. IV, p. 335 (Proc. 5th Annual 
Meeting Am. Astronautical Soc. Washington D.C., Dec. 1958). Plenum Press New York, 
1959-

310. Gold, T . Origin of the Radiation Near the Earth Discovered by Means of Satellites, 
Nature, Lond. 183, 355, 1959. 

311. Alfv6n, H. Momentum Spectrum of the Van Allen Radiation, Phys. Rev. Letters 3, 459, 
I959-

312. Van Allen, J. A. A Bibliography concerning Geomagnetically trapped Corpuscular 
Radiation and Related Topics. SUI-60-18. Department of Physics and Astronomy, State 
University of Iowa. 
See also the following recent papers: 
Kellogg, P. J. Van Allen Radiation of Solar Origin, Nature, Lond. 183, 1295, 1959. 
Obayashi, T . Physical State of Outer Atmosphere and the Origin of Radiation Belts, 
3- Geomagn. Geoelect., Kyoto 11, 80, i960. 
Herlofson, N. Diffusion of Particles in the Earth's Radiation Belts, Phys. Rev. 
Letters 5, 414, i960. 
Gringauz, I., Kurt, V. G., Moroz, U. I. and Shklovsky, I. S. The Results of Observa
tions of Charged Particles up to i ? = i o o o o o k m by Means of Charged Particles Traps 
on Soviet Rockets. Astr. 3-, Moscow 37, 716, i960. 
Singer, S. F. Trapped Radiation in the Earth's Magnetic Field. Proc. 4-th Conference 
on Ionization Phenomena in Gases, Uppsala, 1959. North Holland Publ. Co., i960. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


516 C O M M I S S I O N 43 

313. Coleman, P. J., Judge, D. L., Smith, E. J. and Sonett, C. P. Current Systems in the 
Vestigial Geomagnetic Field: Explorer VI, Phys. Rev. Letters 4, 161, i960. 

314. Sonett, C. P., Judge, D. L., Sims, A. R. and Kelso, J. M. A Radial Rocket Survey of the 
Distant Geomagnetic Field, J. geophys. Res. 65, 55, i960. 

315. Krassovsky, V. J. Results of Scientific Investigations made by Soviet Sputniks and 
Cosmic Rockets, Astronautica Acta 6, 32, i960. 

316. Heppner, J. P., Stolarik, I. R., Shapiro, I. R. and Cain, J. C. Project Vanguard Magnetic 
Field Instrumentation and Measurement. First International Space Science Symposium, 
Nice i960. North Holland Publ. Co. p. 982. 

317. Smith, E. J., et al. Characteristics of the Extra-terrestrial Current System: Explorer VI 
and Pioneer V, jf. geophys. Res. 65, i960. 

318. Coleman, P. Y., Davis, L. and Sonett, C. P. Steady Component of the Interplanetary 
Magnetic Field: Pioneer V, Phys. Rev. Letters 5, 43, i960. 

319. Venkatesan, D. The Magnetic Storm Effects and the Interplanetary Electro-magnetic 
State, Tellus 9, 209, 1957. 

320. Fan, C. Y., Meyer, P. and Simpson, J. A. Cosmic Radiation Intensity Decreases 
Observed at the Earth and in the Nearby Planetary Medium, Phys. Rev. Letters 4, 421, 1960. 
Compare also Fan, C. Y., Meyer, P. and Simpson, J. A. Preliminary Results from the 
Space Probe Pioneer V. J. geophys. Res. 65, 1862, i960. 

321. Fan, C. Y., Meyer, P. and Simpson, J. A. Rapid Reduction of Cosmic-Radiation 
Intensity Measured in Interplanetary Space, Phys. Rev. Letters 5, 269, i960. 

322. Christofilos, N. C. The Argus Experiment, J. geophys. Res. 64, 869, 1959. 
323. Van Allen, J. A. The Geomagnetically-trapped Corpuscular Radiation, jf. geophys. Res. 

64, 1683, 1959. 
324. Matsushita, S. On Artificial Geomagnetic and Ionospheric Storms Associated with 

High-Altitude Explosions, J. geophys. Res. 64, 1149, 1959. 
325. Elliot, H. and Quenby, J. J. The Samoan Artificial Aurora, Nature, Lond. 183, 810, 

1959-
326. Obayashi, T., Coroniti, S. C. and Pierce, E. T. Geophysical Effects of High-Altitude 

Nuclear Explosions, Nature, Lond. 183, 1476, 1959. 
327. Preliminary Results of Data Processing from the Second Soviet Cosmic Rocket. Jet Propul

sion Laboratory, Pasadena, California, 23 Oct. 1959, JPLAI/Translation no. 12 (trans
lated by J. L. Zygielbaum from Pravda and Isvestia, 18-23 Sept. 1959). 

328. Neugebauer, M. Question of the Existence of a Lunar Magnetic Field, Phys. Rev. 
Letters 4, 6, i960. 

3. Solar Physics 

401. Biermann, L. Stellar Atmospheres as a Plasma, Nuovo Cim. 13, Suppl., 189, 1959. 
402. Schatzman, L. Le plasma stellaire, Nuovo Cim. 13, Suppl., 166, 1959. 
403. Babcock, H. W. The Solar Magnetograph, Astrophys. J. 118, 387, 1953. 
404. Babcock, H. W. and Babcock, H. D. The Sun's Magnetic Field, Astrophys. J. 121, 349, 

1955-
405. Babcock, H. D. The Sun's Polar Magnetic Field, Astrophys. jf. 130, 364, 1959. 
406. Babcock, H. W. Topology of the Sun's Magnetic Field and the 22-Year Cycle, Astrophys. 

3- i33> 572, 1961. 
407. Allen, C. W. A Sunspot Cycle Model, Observatory 80, 94, i960. 
408. Alfven, H. The Sun's General Magnetic Field, Tellus 8, 1, 1956. 
409. Alfven, H. and Lehnert, B. The Sun's General Magnetic Field, Nature, Lond. 178, 

1339. 1956. 
410. Leighton, R. B. Observations of Solar Magnetic Fields in Plage Regions. Astrophys. J. 

130, 366, 1959. 
411. Alfven, H. On the Theory of Sunspots, Tellus 8, 274, 1956. 
412. Severny, A. Publ. Crim. Aph. Obs. 22, 12, i960. 
413. Severny, A. Publ. Crim. Aph. Obs. 24, 281, i960. 
414. Bumba, V. Publ. Crim. Aph. Obs. 19, 105, 1958. 
415. Severny, A. Publ. Crim. Aph. Obs. 20, 22, 1958. 
416. Severny, A. Astr.jf. Moscow 35, 335, 1958. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


M A G N E T O - H Y D R O D Y N A M I Q U E 517 

417. Severny, A. and Shabansky, V. Astr. J. Moscow 37, 609, i960. 
418. Severny, A. and Shaposhnikova, E. Publ. Crim. Aph. Obs. 24, 238, i960. 
419. Gold, T. and Hoyle, F. On the Origin of Solar Flares, Mon. Not. R. astr. Soc. 120, 89, 

i960. 
420. Shimooda, H. Solar and Interplanetary Magnetic Field. II . Polar Rays and the General 

Magnetic Field, Publ. astr. Soc. Japan 10, 107, 1958. 
421. Saito, K. Polar Rays of the Solar Corona, Publ. astr. Soc. Japan 10, 49, 1958. 
422. Bachmann, H. An Explanation of the Coronal Polar Streamers as Lines of Magnetic 

Force, Z. Astrophys. 44, 56, 1957. 
423. Dzyubenko, N. I. The Distribution of Matter in Polar Rays of the Solar Corona, 

Astr. J. Moscow 34, 379, 1957. 
424. Bugoslavskaya, E. Ya. Coronal Streamers, Astr. J., Moscow 34, 233, 1957. 
425. Vitkevitch, V. V. On the Investigation of the Solar Supercorona by the Reception of 

Radio Emission from Jupiter, Astr. J., Moscow 34, 217, 1957. 
426. Vitkevitch, V. V. New Data on the Solar Supercorona, Astr. J., Moscow 35, 52, 1958. 
426a. Vitkevitch, V. V. and Panovkin, B. N. On the Structure of Non-Uniformities of the 

Solar Supercorona, Astr. J. Moscow 36, 544, 1959. 
426b. Vitkevitch, V. V. The Solar Supercorona from Observations of 1951-58, Astr. J. 

Moscow, 37, 32, i960. 
427. Hewish, A. The Scattering of Radio Waves in the Solar Corona, Mon. Not. R. astr. 

Soc. 118, 534, 1958. 
428. Hogbom, J. A. The Structure and Magnetic Field of the Solar Corona. Mon. Not. R. 

astr. Soc. 120, 530, i960. 
429. Lust, R. and Zirin, H. Condensation of Prominences from the Corona, Z. Astrophys. 

49. 8, i960. 
430. Jensen, E. On the Dynamics of Prominences and Coronal Condensations, Astrophys. 

Norveg. 6, 93, 1959. 
431. Brown, A. On the Stability of a Hydromagnetic Prominence Model, Astrophys. J. 128, 

646, 1958. 
432. Kippenhahn, R. and Schluter, A. A Theory of Solar Prominences, Z. Astrophys. 43, 

36, 1957-
4. Stellar physics 

SOi. Babcock, H. W. A Catalogue of Magnetic Stars, Astrophys. J. Suppl. 3, 441, 1958. 
502. Babcock, H. W. Magnetic Fields of the A-type Stars, Astrophys. J. 128, 228, 1958. 
503. Babcock, H. W. The 34-Kilogauss Magnetic Field of HD 215441, Astrophys. J. 132, 

521, i960. 
503a. Deutsch, A. J. Magnetic Fields of Stars, Encyclopedia of Physics, Vol. LI, p. 689, 

Springer Verlag, 1958. 
503b. Wenzel, D. G. Hydromagnetic Equilibria, Astrophys. J. Suppl. V, 187, i960 (Abstract 

in Astrophys. J. 132, 913, i960. 
504. Prendergast, K. H. The Equilibrium of a Self-gravitating Incompressible Fluid Sphere 

with a Magnetic Field. II . Astrophys. J. 128, 361, 1958. 
505. Cowling, T . G. Note on Magnetic Instabilities in Stellar Structure. Mon. Not. R. astr. 

Soc. i s i , 393, i960. 
506. Ledoux, P. and Simon, R. On the Oscillations of a Gaseous Star Possessing a Weak 

Magnetic Field, Ann. Astrophys. 20, 185, 1957. 
507. Simon, R. The Hydromagnetic Oscillations of an Incompressible Cylinder, Astrophys. J. 

128, 375, 1958. 
508. Dricot, G. and Ledoux, P. Note on the Theory of Oscillations of an Incompressible 

Fluid Mass in the Presence of a Magnetic Field, Bull. Soc. Sci. Liege 28, 115, 1959. 
509. Simon, R. The Hydromagnetic Oscillations of an Incompressible Cylinder, Ann. 

Astrophys. 22, 712, 1959. 
510. Pinte, R. and Simon, R. On the Radial Oscillations and the Stability of a Cylindrical 

Plasma, Bull. Acad. Belg. CI. Sci. 45, 595, 1959. 
511. Simon, R. Bull. Acad. Belg. CI. Sci. (in press). 
512. Chopra, K. P. Magnetic Fields in a Conducting Fluid Sphere with Volume Currents, 

J. geophys. Res. 62, 573, 1957. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


518 COMMISSION 43 

513. Agostinelli, C. On the Magnetodynamic and Adiabatic Equilibrium of a Gaseous Mass 
with a Uniform Rotational and Gravitational Motion. Rev. mod. Phys. 32, 941, i960. 

514. De, J. Stellar Configuration with a Toroidal Magnetic Field. Z. Astrophys. 44, 249, 
1958. 

515. Rikitake, T . Magneto-Hydrodynamic Oscillations of a Perfectly Conducting Fluid 
Sphere placed in a Uniform Magnetic Field, J. Phys. Soc. Japan 13, 1224, 1958. 

516. Talwar, S. P. On the Equilibrium Configurations of Prolate Fluid Spheroids under 
the Influence of a Uniform External Magnetic Field, Z. Astrophys. 42, 42, 1957; Stability 

of Magnetic Stars in a Decay Field, Indian J. Phys. 32, 230, 1958. 
517. Oki, T. On the Magneto-hydrodynamic Instability of a Gaseous Cylinder, Set. Rep. 

Tohoku Univ., Ser. I, XLII I , 113, 1959. 
518. Ramamoorthy, P. and Chakraborty, D. B. A Note on Force-Free Fields, Proc. Nat. 

Inst. Sci. India, A 25, 388, 1959. 
518a. Tandon, J. N. Oscillations of Rotating Cosmical Bodies in the Presence of a Magnetic 

Field, Indian Jf. Phys. 34, 107, i960. 
519. Woltjer, L. A Magnetostatic Model for a Compressible Star, Astrophys. jf. 131,227, i960. 
520. Oster, L. Viscosity, Electrical and Thermal Conductivity of Stellar Material, Z. 

Astrophys. 42, 228, 1957. 
521. Eighth International Astrophysical Colloquium on 'Stars with Emission Lines', Mem. Soc. 

Sci. Liege 205, 18 pp., 1958. 
522. Runcorn, S. K. On the Interpretation of Stellar Magnetic Fields, Vistas in Astronomy 1, 

323, Pergamon Press, 1955. 
523. Ferraro, V. C. A. Theories of Variable Stellar Magnetic Fields, Vistas in Astronomy 1, 

330, Pergamon Press, 1955. 

5. The physics of interstellar matter 

601. Chandrasekhar, S. and Fermi, E. Magnetic Fields in Spiral Arms, Astrophys. jf. 118, 
113, 1953-

602. Spitzer, L. and Tukey, J. W. A Theory of Interstellar Polarization, Astrophys. J. 114, 
187, 1951. 

603. Davis, L. and Greenstein, J. L. The Polarization of Starlight by Aligned Dust Grains, 
Astrophys. J. 114, 206, 1951. See also Burbidge, G. R., Interstellar Polarization and 
Magnetic Fields, Astrophys. jf. 118, 575, 1953. 

604. Hiltner, W. A. Interstellar Polarization, Vistas in Astronomy 2, 1080, 1956. 
605. Davis, L., Jr. Theories of Interstellar Polarization, Vistas in Astronomy 1, 336, 1955. 
606. Davis, L., Jr. Polarization of Starlight: The Torque on a Nutating Grain, Astrophys. jf. 

128, 508, 1958. 
607. Henry, J. Polarization of Starlight by Ferromagnetic Particles, Astrophys. jf. 128, 497, 

1958. 
608. Davies, R. D., Slater, C. H., Shuter, L. H. and Wild, P. A. T . A New Limit to the 

Galactic Magnetic Field Set by Measurements of the Zeeman Splitting of the Hydrogen 
Line, Nature, Lond. 187, 1088, i960. See also Mon. Not. R. astr. Soc. 120, 187, i960. 

609. Pikelner, S. B. and Gershberg, A. On the Possibility of the Formation of Filamentary 
Structure by Twisting. Astr. jf., Moscow 36, 785, 1959. 

610. Pikelner, S. B. and Shklovsky, I. S. On the Nature of the Galactic Halo, Rev. mod. 
Phys. 30, 935. 1958. 

611. Biermann, L. and Davis, L. Z. Astrophys. 51, 19, i960. 
612. Razin, V. A. On the Galactic Halo, Astr. jf., Moscow 35, 829, 1958. 
613. Korchak, A. A. The Electro-magnetic Emission by Cosmic Particles in the Galaxy, 

Astr. jf., Moscow 34, 365, 1957. 
614. Hoyle, F. and Ireland, J. G. On the Magnetic Field of the Galaxy. Mon. Not. R. astr. 

Soc. 120, 173, i960. 
615. Hoyle, F. and Ireland, J. G. Note on the Transference of Angular Momentum within 

the Galaxy through the Agency of a Magnetic Field. Mon. Not. R. astr. Soc. 121, 253, i960. 
616. Pacholczyk, A. G. and Stodolkiewicz, J. S. The Magneto-gravitational Instability of an 

Infinite Homogeneous Medium when a Coriolis Force is Acting and Viscosity is taken into 
Account, Bull. Acad. Polon. Sci. 7, 429, 1959. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


M A G N E T O - H Y D R O D Y N A M I Q U E 519 

617. Pacholczyk, A. G. and Stodolkiewicz, J. S. The Magneto-gravitational Instability of a 
Medium in Nonuniform Rotation, Bull. Acad. Polon. Sci. 7, 503, 1959. 

618. Pacholczyk, A. G. and Stodolkiewicz, J. S. The Magneto-gravitational Instability of the 
Medium of Finite Electrical Conductivity, Bull. Acad. Polon. Sci. 7, 681, 1959. 

619. Pacholczyk, A. and Stodolkiewicz, J. On the Gravitational Instability of Some Magneto-
hydrodynamical Systems of Astrophysical Interest, Acta astr., Cracoviae 10, 1, i960. 

620. Pacholczyk, A. G., et al. Sulla instabilita magneto gravitazionale di un mezzo com-
pressibile non uniforme con rotazione anche non uniforme, Atti Accad. Naz. Lincei, 
ser. 8 28, 357, 1960. 

621. Pacholczyk, A. G. The Magneto-gravitational Instability of an Infinite Compressible 
Cylinder. The Formulation of the Local Instability Condition, Atti Accad. Torino 46, 
521, i960. 

622. Kahn, F. D. Collision of Two Highly Ionized Clouds of Gas, Rev. mod. Phys. 30, 
1069, 1958. 

623. Kaplan, S. A. On the Formation of Interstellar Gas Clouds, Rev. mod. Phys. 30, 943, 
1958. 

624. Kaplan, S. A. Shock Waves in Magneto-gasdynamic Turbulence, Rev. mod. Phys. 30, 
1089, 1958. 

625. Kaplan, S. A. Shock Waves in Interstellar Space. III . Gasomagnetic Discontinuities, 
Astr. J., Moscow 34, 321, 1957. 

626. Kaplan, S. A. Interstellar Gas Dynamics, Moscow, 1958. 
627. Harris, E. G. Collision of Ionized Gas Clouds, The Univ. of Tennessee and Oak Ridge 

Nat. Lab. Bull. Amer. phys. Soc. 4, 388, 1959. 
628. Pikelner, S. B. The Energy Dissipation, Heating and Ionization of Interstellar Gas by 

Shock Waves, Astr. J., Moscow 34, 314, 1957. 
629. Piddington, J. H. Galactic Turbulence and the Origins of Cosmic Rays and the Galactic 

Magnetic Field, Aust.J. Phys. 10, 515, 1957. 
630. Proceedings of the Third Symposium on Cosmical Gas Dynamics, Editors J. M. Burgers and 

R. N. Thomas. Rev. mod. Phys. 30, 905, 1958. 
631. Sedov, L. I. Examples of Gas Motion and Certain Hypotheses on the Mechanism of 

Stellar Outbursts, Rev. mod. Phys. 30, 1077, 1958. 
632. Piddington, J. H. The Crab Nebula and the Origin of Interstellar Magnetic Fields, 

Aust. J. Phys. 10, 530, 1957. 
633. Savedoff, M. P. The Crab and Cygnus A as Gamma Ray Sources, Nuovo dm. 13, 12, 

1959-
634. Marshall, L. Production of the Magnetic Field of the Crab Nebula, Nuovo Cim. 12, 

477, I9S9-
635. Munch, G. Kinematics of the Filaments in the Crab Nebula, Rev. mod. Phys. 30, 1042, 

1958. 
637. Mayer, C. H., McCullough, T . P. and Sloanaker, R. M. Evidence for Polarized Radio 

Radiation from the Crab Nebula, Astrophys. J. 126, 468, 1957. 
638. Thiessen, G. Synchrotron Radiation from the Crab Nebula, Naturwissenschaften 44, 

26, 1957. 
639. Burbidge, G. R. On Synchrotron Radiation from Messier 87. Astrophys. J. 124, 416, 

1956. 
640. Burbidge, G. R. The Evolution of Extra-galactic Nebulae and the Origin of Meta-

galactic Radio Emission, Phil. Mag. 3, 1327, 1958. 
641. Gurzadian, G. A. Magnetic Fields in Planetary Nebulae, C.R. Acad. Sci. U.R.S.S. 

113, 1231. 1957-
642. Gurzadyan, G. A. Magnetic Dipole Fields in Planetary Nebulae, C.R. Acad. Sci. 

U.R.S.S. 120, 734, 1958. 
643. Gurzadyan, G. A. Synchrotron Radiation in Cometary Nebulae, C.R. Acad. Sci. 

U.R.S.S. 130, 47, i960. 
644. Gurzadyan, G. A. The Electron Temperature of a Medium Subject to Synchrotron 

Radiation, C.R. Acad. Sci. U.R.S.S. 130, 287, i960. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094


520 COMMISSION 43 

645. Gordon, I . M. and Pichakhchi, L. D. On the Polarized Light in the Emission Lines 
Excited by the Synchrotron Radiation of Relativistic Electrons in Variable Stars, 
C.R. Acad. Sci. U.R.S.S. 120, 55, 1958. 

646. Serkowski, K. Microstructure of the Galactic Magnetic Field, Rev. mod. Phys. 30, 
952, 1958. 

648. Parker, E. N. Gross Dynamics of the Interstellar Medium, Rev. mod. Phys. 30, 955, 
I9S8. 

649. Veksler, V. I. On a New Mechanism for the Generation of Relativistic Electrons in 
Cosmic Space, C.R. Acad. Sci. U.R.S.S. 118, 263, 1958. 

650. Erickson, W. C. A Mechanism of Non-Thermal Radio-Noise Origin, Astrophys. J. 
126, 480, 1957. 

651. Trehan, S. K. On the Stability of Force-Free Magnetic Fields, Astrophys. J. 126, 429, 
1957-

652. Schliiter, A. Force-Free Magnetic Fields. II . Z. Naturf. 12a, 855, 1957. 
653. Trehan, S. K. The Stability of an Infinitely long Cylinder with a Prevalent Force-Free 

Magnetic Field, Astrophys. J. 127, 436, 1958. 
654. Woltjer, L. The Stability of Force-Free Magnetic Fields, Astrophys. J. 128, 384, 1958. 

Compare also Chakraborty, B. B. and Bhatnagar, F . N . I. The Stability of Force Free 
Magnetic Fields, Proc. nat. Inst. Sci. India 26, 592, i960. 

654a. Chandrasekhar, S. and Woltjer, L. On Force-Free Magnetic Fields, Proc. Nat. Acad. 
Sci. (Washington) 44, 285, 1958. See also Proc. Nat. Acad. Sci. (Washington) 44, 489, 
1958. 

655. Akasofu, S. The Helicoidal Structures in the Cosmical Electrodynamics, Tellus 10, 
409, 1958. 

655a. Sweet, P. A. The Topology of Force-Free Magnetic Fields, Observatory 78, 30, 1958. 
656. Carstolu, J. On Force-Free Magnetic Fields, C.R. Acad. Sci., Paris 248, 73, 1959. 
657. Majumdar, S. K. A Note on Force-Free Fields, Z. Astrophys. 47, 44, 1959. 
658. Rozis-Saulgeot, A. M. On Force-Free Magnetic Fields, C.R. Acad. Sci., Paris 248, 2555, 

1959-
659. Kaplan, S. A. Astr. J., Moscow 36, 800, 1959. 
660. van de Hulst, H. C. Density and Velocity Distribution of the Interstellar Gas, Rev. mod. 

Phys. 30, 913, 1958. 
661. van de Hulst, H. C. The Interstellar Plasma, Nuovo Cim. Suppl. 13, 205, 1959. 
662. Elvius, A. and Lindblad, P. O. Numerical Computations on the Ejection of Stars into 

Spiral Arms from Gas Rings Containing Magnetic Fields, Ark. Astr. 2, 393, 1959. 
663. Elvius, A. and Herlofson, N. On the Dynamics of Galaxies with Large-Scale Magnetic 

Fields, Astrophys. J. 131, 304, i960. 
664. Debye, E. A. The Gravitational Instability of a Gas Filament, Astr. J., Moscow 34, 954, 

1957-
665. Debye, F. A. The Magneto-gravitational Instability of an Infinite Cylinder, Astr. J., 

Moscow 35, 253, 1958. 
666. Oganesian, R. S. On the Predominent Orientation of Fragments formed as a result of 

Stratification of a Homogeneous Gravitating Medium in the presence of a Magnetic Field, 
Astr. J., Moscow 37, 665, i960. 

667. Mestel, L. and Spitzer, L. Star Formation in Magnetic Dust Clouds, Mon. Not. R. astr. 
Soc. 116, 503, 1956. 

668. Mestel, L. Magnetic Field of a Contracting Proto-star, Rev. mod. Phys. 30, 1020, 1958. 
669. Mestel, L. The Magnetic and Dynamical Fields outside a Proto-Star, Mon. Not. R. 

astr. Soc. 119, 223, 1959. 
670. Mestel, L. A Note on the Magnetic Braking of a rotating Star, Mon. Not. R. astr. Soc. 

119, 249, 1959-
671. Mestel, L. Star Formation and the Galactic Magnetic Field, Vistas in Astronomy, 

Pergamon Press, i960. 
672. Meadows, A. J. A contracting Polytrope in a Magnetic Field, Observatory 78, 30, 1958. 

https://doi.org/10.1017/S0251107X00022094 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00022094



