
waves directed along the magnetic poles,
which appear to an observer as pulses of radi-
ation as the star rotates, like the light from a
lighthouse. The magnetic field also slows the
pulsar down through magnetic braking, an
effect caused by the radiation carrying away
the star’s angular momentum. Ordinary pul-
sars stay radio ‘loud’ for about 10 million
years, the time it takes for them to slow down
to a spin rate at which particle creation stops.

Over the past five years, considerable
interest has focused on objects that appear to
be even more highly magnetized than typi-
cal radio pulsars. These are the so-called
magnetars with magnetic fields that range
from a few times 1013 to nearly 1015 gauss. 
A few have been identified in X-ray and 
g-ray observations (Fig. 1). They spin down
much more rapidly than radio pulsars, on
timescales of about 10,000 years. Two sub-
classes of magnetars have been identified:
soft-g-ray repeaters (SGRs) and anomalous
X-ray pulsars (AXPs).

The first three SGRs were discovered in
1979: two in the plane of our Galaxy, the
third as a spectacular burst of g-rays from an
object associated with a supernova remnant
in a satellite galaxy of the Milky Way. The 
g-ray burst was followed by a fainter oscilla-
tion indicative of a slowly spinning object,

now interpreted as a rotating neutron star
that has undergone severe magnetic braking.
Since 1979, one more SGR has been found,
also in the plane of the Milky Way2. 

The AXPs are anomalous in that their
spin properties differ from the much larger
class of X-ray pulsars found in binary sys-
tems. The AXPs also differ from the SGRs in
that they do not show the same ‘bursting’
behaviour. Binary X-ray pulsars tend to spin
faster as they gravitationally attract material
from their companion star. At present, none
of the magnetars is known to be in a binary
system, and their evolution is towards longer
spin periods — more like that of radio pul-
sars. Unlike radio pulsars, however, AXPs
appear to radiate more X-ray energy than
they need to lose as they slow down. It is
thought that some of this anomalous X-ray
emission comes from decay of the strong
magnetic field. 

When first identified, magnetars
appeared to be a minority class of neutron
star, with properties distinct from those of
most radio pulsars3,4. But the short lifetimes
of magnetars means they are probably under-
represented in observed samples, suggesting
that their descendants litter our Galaxy.
Nonetheless, there is no consensus about the
conditions that determine whether a super-
nova explosion will leave behind an ordinary
radio pulsar or a magnetar. One possibility 
is that the spin rate of the neutron star at 
birth governs the strength of additional mag-
netic fields generated through any dynamo
effects5.

It has also been suggested that magnetars
differ from radio pulsars, as far as processes
in the magnetosphere are concerned. In a
regular pulsar, some of the relativistic par-
ticles are electron–positron pairs generated
from high-energy photons. The pairs gener-
ate, in turn, more high-energy photons, thus
creating a cascade. The cascade subsides
when a pulsar’s spin slows down. But these
cascades may also be suppressed in magnetic
fields larger than the so-called critical quan-
tum field of 4.421013 gauss (ref. 6). In such
intense fields a competing process — photon
splitting — can degrade the photon energies
to below the requirement for pair produc-
tion. For a short while, the magnetars and
known radio pulsars were thought to fall on
opposite sides of this divide.

X-ray emission from the new pulsar
found by Gotthelf et al., PSR J1846-0258, is
not unlike that seen from other radio pulsars,
suggesting that it originates from electron–
positron pairs, despite having a magnetic
field greater than the critical quantum field.
There are now several radio pulsars that are
close to this limit7 (Fig. 1). Such objects seem
to indicate that photon-splitting is not a
dominant process in the magnetospheres of
neutron stars.  But our calculations of mag-
netic field strengths make several assump-
tions that may not hold for all neutron stars,

news and views

NATURE | VOL 409 | 18 JANUARY 2001 | www.nature.com 297

100 YEARS AGO
Mr. Hovenden has set himself the modest
task of overthrowing, in the space of about
300 pages, all existing physical tenets, and
substituting in their place a remarkable
theory of his own. In this effort he has not
succeeded, except, apparently, to his own
complete satisfaction. In the first part of the
book the author quotes freely from Maxwell
and others, and endeavours to prove that
their reasoning is fallacious. His arguments
only show that he does not understand what
he quotes, and that he has not appreciated
the most elementary principles of the
subject, such, for example, as the difference
between mass and weight. Having, as he
considers, sufficiently disposed of the views
held by modern men of science, Mr.
Hovenden proceeds to the elucidation of his
own theory. It is impossible to regard this
part of the book seriously, Mr. Hovenden’s
deductions from experiments being
altogether too extravagantly absurd. It is
interesting to note that his treatment of the
subject is throughout entirely qualitative; we
venture to think that in no single instance
would Mr. Hovenden’s explanations stand
the test of quantitative examination.
From Nature 17 January 1901.

50 YEARS AGO
In a recent review of Prof. Soddy’s book,
“The Story of Atomic Energy” (London,
1949), Prof. Paneth directs attention to a part
of the book in which “credit is given not to
John Dalton but to William Higgins for being
the first to proclaim the modern atomic
theory, a statement supported by detailed
references to two books of this ‘almost
forgotten investigator’ ”. Prof. Paneth adds
that “Dalton’s astonishing limitations as a
scientific thinker — as revealed in his notes
about the constitution of gases and his
stubborn fight against Gay-Lussac’s results
which was the consequence — seem to
justify the more modest position allotted to
him here. In any event, writers of chemical
text-books will now have to re-examine this
question.” Prof. Soddy had “hoped that
future historians of the atomic theory may
give more attention to these two books of
William Higgins. They certainly serve to
establish the writer’s view that, once
Lavoisier’s Theory of Combustion was
accepted, the next natural step was the
modern atomic theory, and that Higgins
definitely took this step 15 years before
Dalton.”
From Nature 20 January 1951.
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Figure 1 The distribution of magnetic field
strengths and spin periods for ordinary radio
pulsars (white dots) and magnetars (blue
circles). Magnetars, which comprise both the
soft-g-ray repeater sources and the anomalous
X-ray pulsars, have magnetic field strengths
above the so-called quantum critical field. The
new X-ray pulsar found by Gotthelf et al.1 (PSR
J1846-0258) has a magnetic field comparable to
three recently discovered radio pulsars7 (orange
circles). PSR J1846-0258 is not known to be
emitting radio waves, although this may mean
that the rotating radio beam is simply not
directed towards Earth. The lack of known
objects in the upper left corner is partly due to
the fact that objects born there rapidly lose
rotational energy and move to the right as they
age. But it is conceivable that many neutron stars
start their lives there.
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