
TABLE I. Parameters of the galactic magnetic field.

Direction:

Method

Polarization of galactic

radio emission

Polarization of starlight

Orientation of very old

nearby supernova rem-

nants

Field direction

Z=*50°

Z<*39°.1

I c 36°

Distance

from Sun

? 500 pc

Rotation measures of ex-

tragalactic radio sources I - 94°

Rotation measures of

pulsars I ~ 94°

kiloparsecs

Strength of the regular component =* 2χ 10"* gauss

Strength of the random component - 2 χ 10"* gauss

Scale of the variations of the random component =* 50 parsec

9. CONCLUDING REMARKS

It is evident that the longitudinal model described in
this paper is not the first one and will not be the last
one. As the amount and quality of the observational
material increases the parameters of the models may
change. For the first time it has been tried to com-
bine all observational data which contain enough infor -
mation to derive insight in the overall galactic magnetic
field. For small parts of the sky additional data are
available: i. e., polarization of line emission in dense
clouds (Zeeman effect). But at present this is insuf-
ficient for a study of the large scale properties. On
the other hand the existing longitudinal models do fit in
the present results while models of a helical kind (e.g.,
magnetic field lines sound around the spiral arms) do
conflict with various observations00· η · 1 3 > 1 9 ] and can
therefore be excluded from further analysis.

The difference in the direction of the galactic mag-

netic field for the local region and the more distant
regions will be studied further. It is not excluded that
the galactic magnetic field running along the spiral
arms is deformed by the occurrence of nearby super-
nova explosions of which the remnants are seen as
large loops (Sec. 6, Fig. 3 ) . i m
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The magnetic field undoubtedly plays a most impor-
tant role in phenomena that take place in the Galaxy.
It suffices to mention the problem of containment of
cosmic rays113 and the formation of stars. t 2 ] Although
the very existence of the Galaxy's magnetic field is uni-
versally accepted, real observational proof that makes
it possible to assess the magnitude and the geometry
of the field appeared only 10-15 years ago. Recently
the number and depth of the investigations of the Gal-
axy's magnetic field has greatly increased because of

the great advances in radioastronomy. Foremost
among them are polarization investigations of nonther-
mal (synchrotron) radio emission of the Galaxy, a great
contribution to the understanding of which was made by
Soviet scientists. °'" The most valuable information
on the magnetic field is obtained by studying the Fara-
day rotation of the emission of extragalactic radio
sources and quasars. Finally, pulsars turned out to be
a splendid magnetometric tool. The ratio of the mea-
sure of the Faraday rotation of a pulsar, which is pro-
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portional to the integral /BunedX and to its dispersion
measure ined\ yields directly the intensity of the aver-
aged magnetic field of the medium in the path from the
pulsar to the observer. The analysis of these methods
and of the results obtained with them concerning the
magnitude and geometry of the Galaxy's large-scale
magnetic field is in fact the subject of the preceding re-
view by the Dutch radio-astronomer T. A. Th. Spoelstra,
who is actively engaged in this field.

It must be emphasized, above all, that we are dealing
here with the large-scale magnetic field. The study of
fields connected with individual galactic objects such
as stars or gas clouds, to which other methods can be
applied (say the Zeeman effect), is beyond the scope of
this review. On the other hand, the term "large-scale"
calls for a quantitative definition. Observations have
shown (see Spoelstra's article) that the field is regular
enough if averaged over scales £ 50 parsec. At smaller
scales, appreciable deviations from regularity are noted,
with a relative field-fluctuation amplitude 6B/B ^ 1 .

It is important to obtain a comparative assessment of
the methods used to determine the magnetic field of the
Galaxy as given by pulsars and extragalactic radio
sources. Although the measure of the Faraday rotation
is used in both cases, the interpretation of the results
may be entirely different. First, extragalactic sources,
in contrast to pulsars, frequently have their own large
measures of rotation (up to several hundred rad/m2).
Second, the pulsars are in the Galaxy, but radiation
from extragalactic sources negotiates a long path through
intergalactic space, where a magnetic field may be
present. For a correct interpretation of the contribu-
tion of the extragalactic radio sources it is necessary
also to take their evolution into account. Pulsars are
by the same token convenient in all respects. Unfor-
tunately, however, rotation measures have been ob-
tained so far for approximately three dozen pulsars.
The material on the extragalactic sources is incom-
parably more abundant (several hundred). A ^convenient
and simple method of interpreting the Faraday rotation
of extragalactic radio sources is proposed in t s : .

Since optical-astronomy data are also used in the re-
view, mention should be made of an interesting method
of investigating the geometry of the Galaxy's magnetic
field, based on the study of the shapes of galactic
nebulae and proposed by the founder of Jiie Crimean
Astrophysical Observatory, G. A. Shain.183 Shaih has
shown that almost all the large diffuse nebulae and most
dust nebulae are very strongly elongated in the direc-
tion parallel to the galactic plane along the large-scale
magnetic field. He furthermore called attention to the

magnetic-field fluctuations several hundred parsec in
scale.

Thus, the observation data demonstrate quite definite-
ly that a large-scale magnetic field exists in the Gal-
axy, with an intensity on the order of 3x10"* G, ori-
ented predominantly along the spiral arms. This raises
the question of the origin of this field, a question not
considered at all in the preceding review, which is de-
voted to observational data. It is not a simple task to
determine the origin of a magnetic field of such a tre-
mendous scale (several kiloparsec).

The naive approach proposed long ago, in which it is
assumed that the observed field of the Galaxy is the
compressed part of a very large (or even infinite) com-
mon metagalactic field, meets with very serious diffi-
culties. The turbulent ionized-gas motions observed
presently and existing in the earlier stage of the evolu-
tion of the Galaxy lead inevitably to entanglement and
dissipation of the magnetic field within characteristic
times shorter than the lifetime of the Galaxy. On the
other hand, it seems that the small-scale turbulent mo-
tions are incapable of generating a magnetic field of
very large scale. However, turbulence in an inhomoge-
neous rotating galactic disk is not homogeneous and
isotropic, but acquires a nonzero spirality (predomi-
nance of vortices with definite sign of rotation). In the
presence of such a turbulence, as first demonstrated
by the German scientists M. Steinbeck, F. Krause, and
K. Roedler, the mechanism of the hydromagnetic dy-
namo of large-scale magnetic fields should be operative.
An important role is played also by the differential ro-
tation. That the hydrogmagnetic dynamo operates ef-
fectively as applied to the Galaxy was demonstrated in
Refs. 7 and 8. For a general review of the problem of
the magnetic dynamo as applied to astrophysics see1 9 3.
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