COSMIC MAGNETISM

Exploring the nature
of galactic fields

Galactic magnetic fields
appear to have a dynamie
rather than primordial origin

by Dietrick E. Thomsen

Magnetic fields are a common charac-
teristic of astronomical bodies. The
earth possesses one. So do other planets,
the sun and other stars. A very weak
field, a few microgauss or about a
thousandth of the earth’s, pervades the
Milky Way galaxy, and a galactic mag-
netic field also appears to pervade the
Magellanic Clouds (SN: 5/16, p. 477).

Geophysicists have long believed
that the earth’s field is generated by
circular motions of an electrically con-
ducting fluid in the core. Astronomers,
when asked about the galactic field,
have usually replied that it was probably
primordial, a remnant of magnetism
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generated at the beginning of the gal-
axy’s history.

Recent observations have determined
the direction of the Milky Way’s mag-
netic field. This supplied Dr. Eugene
Parker of the University of Chicago
with the basis for a suggestion that it
may not be primordial but continually
generated by motions of the interstellar
gas. Thus, he says, the galactic field
could be produced in a manner similar
to the way the earth’s field is generated.

Furthermore, Dr. Parker believes
that the magnetic field plays an impor-
tant part in the constitution of the inter-
stellar medium. The cosmic rays and
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The Milky Way, as seen from the Southern Hemisphere: The disk of gas is flatter than the disk of stars.
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Parker: System like a leaky balloon.

the interstellar gas, he says, are all
bound together by the forces they exert
on each other in a system that he de-
scribes as “like a leaky balloon, into
which air is continually being pumped.”

In shape the Milky Way galaxy is a
very flat disk. The disk of gas is in fact
somewhat flatter than the disk of stars.
The gas is about 1,000 light years thick
and 100,000 light years long. The disk
of stars is about 15,000 light years
thick at the center and slopes more or
less to a point at the edges.

The magnetic field lies within the disk
of gas, and the recent measurements
have shown it to be directed in curved
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lines that follow the shape of the disk.

The direction was determined by
measuring the polarization of starlight
that had been reflected by interstellar
dust. The dust grains have a slight elec-
tric charge and because of this are ori-
ented by the magnetic field. When star-
light is reflected off their faces, it is
polarized. That is, the electric waves in
the light all vibrate in one direction and
the magnetic waves all vibrate in a
direction perpendicular to the electric
waves. In ordinary light the waves vi-
brate in random directions. The direc-
tion of polarization tells the orientation
of the dust grains and that tells the
direction of the field.

A field formed in curves of this kind,
says Dr. Parker, is what geophysicists
envision in the center of the earth. The
liquid core of the earth does not rotate

Supernova and
pulsar in the
Crab (top) both
make it prime
cosmic-ray
source. Spiral
cosmic-ray paths
(center) follow
galactic magnetic
field lines.
Eddies in the
earth’s core
(right) generate
its magnetic field.
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uniformly; parts of it go faster than
others. This difference in speed pro-
duces convection cells or giant eddies.
These eddies generate looping magnetic
fields, and some of the loops escape
from the core to form the curved lines
of force that run from the North Pole
to the South Pole.

Conditions in the galaxy are analo-
gous to those in the earth, says Dr.
Parker. The interstellar gas is an electri-
cally conducting fluid since much of it
is ionized, and its motions therefore
form electric currents. The gas rotates
with the galaxy and at different dis-
tances from the center of the galaxy it
rotates at different speeds. This differ-
ence produces eddies, and these circular
currents generate the galactic magnetic
field.

The distribution of the interstellar
gas is not uniform. It is found in clumps
or clouds. Between these clouds loops
of field lines rise abov: the surface of
the galaxy, says Dr. Parker. But instead
of having only one entrance and one
exit, like the earth’s North and South
Poles, the galactic field has many and
the pattern of loops is quite compli-
cated.

Since the cosmic rays are electrically
charged, they and the magnetic field
should exert forces on each other. The
question for both theoretical and ob-
servational calculation and determina-
tion is whether the forces are large or
small; the mutual influence negligible
or considerable. Dr. Parker believes
that the mutual influence is consider-
able, and there is some observational
evidence in support of that view.

Dr. J. A. Earl of the University of
Maryland reports that studies of the
numbers of cosmic-ray electrons that
arrive at the earth with different
amounts of energy lead to the conclu-
sion that the electrons at least are con-
strained to move in spiral paths around
the magnetic field lines and that they
drift back and forth through the galaxy
in such spirals. If the electrons are so
bound then it is likely that the protons
and atomic nuclei in the cosmic rays
are similarly affected.

There is also a terrestrial analogy to
the magnetic binding of the cosmic
rays. The Van Allen belts are regions
near the earth where the terrestrial
magnetic field traps particles coming
from the cosmic rays and the solar
wind. These particles also move in
spirals around the field lines.

Dr. Parker sees the gas, the field and
the cosmic rays as bound together in a
self-regulating, unstable balance. The
field, he says, tends to expand as any
magnetic field will do if it can. In any
magnetic field the lines of force will
move as far apart from each other as
possible. The cohesion of the source
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of the field sets a limit to this
expansion. In a bar magnet it is the
strength of the metal; in the galactic
case it is the gravitational forces be-
tween the gas molecules.

The field and the gas thus exist in a
balance. If the field could somehow
come loose from the gas, it would ex-
pand indefinitely. If there were no field,
gravity would collapse the gas into a
very small volume.

To this balance, says Dr. Parker, the
cosmic rays add a disturbing and regu-
lating element. The cosmic rays abet the
expansive tendencies of the field. When
they are more numerous, the disk will
be larger; when they are less numerous,
the disk will be smaller.

Since cosmic rays can both leave and
enter the system, the size of the disk is
not stable, and Dr. Parker expresses this
instability with his image of a leaky bal-
loon being constantly pumped.

The field lines that loop out of the
galactic disk are the leaks. Cosmic rays
may spiral along these lines, and once
they get outside of the disk they can
get lost there. Dr. Parker says there is
observational evidence for cosmic rays
at large distances from the disk, and
these are presumably escapees from the
disk.

To maintain a relatively uniform size
for the disk, cosmic rays must be added
to replace those lost by escape and by
absorption by other matter in the
galaxy. It is now generally agreed that
the sources of nearly all cosmic rays
are within the galaxy. Dr. Parker says
observational evidence shows there are
not enough particles in intergalactic
space to account for a large intergalac-
tic exchange of cosmic rays.

The prime candidates for cosmic-
ray sources are supernova explosions
and pulsars, but proving that they are
the sources is difficult. The supposed
sources are “discrete events in space and
time,” says Dr. Reuven Ramaty of the
Goddard Spaceflight Center in Green-
belt, Md., but the way in which the
cosmic rays drift along the magnetic
field smooths them out. Among those
that arrive at the earth, no one has yet
found evidence of origin in bursts.

Dr. Ramaty is looking for such evi-
dence among the lowest energy cosmic
rays. Since cosmic rays lose energy as
they travel, those that start with low
energy will not last as long as those that
start out with high energy. Among the
lowest energy cosmic rays recorded at
the earth, Dr. Ramaty reasons, should
be some from fairly near sources. These
may not have been drifting long enough
to be completely smoothed out. If Dr.
Ramaty can find evidence of bursts
among them, he will have identified the
pumps that, in Dr. Parker’s hypothesis,
keep the galactic balloon in shape. O
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. . . man’s oldest curiosity,
and newest adventure

The American Association for the
Advancement of Science devoted the
30 January issue of Science to lunar
information available up to time of
publication. The issue included 144
reports presented at the Lunar Sci-
ence Conference in Houston, 5 to 8
January 1970.

Because of the immediacy of moon
data and the eagerness with which
they are awaited, the AAAS has pub-
lished all lunar reports appearing in
the 30 January issue of Science in a
clothbound volume, complete with
subject and author indexes entitled:

Apollo 11
Lunar Science Conference
ISBN 087168-091-2

A limited edition of this volume
has just come off the press, and
prompt delivery can be guaranteed on
orders received while the supply lasts.
Retail price: $14. Special price to
AAAS members, when payment is
sent with order; $12.50.

(Copies of the 30 January “Moon Issue”
of Science may be ordered separately
at $3 each)

Send your order today to

AAAS Publications

Suite 105
1515 Massachusetts Ave., NW
Washington, D.C. 20005

more than just a telescope more than just a microscope

actllmmit(m‘a -
vestpocke
oplical system (R

Shown actual size

We went to Wetzlar, Germany (world capital
of fine optics) to find such perfection at such
a price. Remove the EMOSKOP from its fitted
leather case and it is a 30X microscope.
A twist of the wrist converts it to a 3x tele-
scope (ideal for theater, field or sky) or
a unique 3x telescope-loupe. Another change
and you have your choice of 5x, 10x or 15x
magnifying glasses. The perfect vest-pocket
companion for exacting professionals and
scientists and all those who wish to observe
anything closely and clearly. A most dis-
creet opera glass. If you make a fetish of
quality, the EMOSKOP will do you proud.
Coated lenses, fully achromatic,” absolutely
flat field. Modern Photography Magazine calls
the EMOSKOP “. .. the only magnitier worthy
of the name.”

O Send me the EMOSKOP. | enclose $17.95
($16.95 plus $1 postage and insurance).
Calif. residents add 5% tax. Refund with-
in 2 weeks if not delighted.
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