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lwo families of X-ray variables 
ONE of the most important develop
ments in astronomy in 1971 was the 
discovery, both by satellite and by 
rocket-borne detectors, of several pul
sating X-ray sources. Previously, 
only NP0532 in the Crab was known 
as an X-ray pulsar; this caused some 
embarrassment among high energy 
astrophysicists, because theory pre
dicted that other sources of the same 
kind should also exist. The dis
covery of other pulsating X-ray 
sources did not immediately alleviate 
this embarrassment, however, because 
they did not neatly fit into the pre
conceived categories. It now seems, 
however, from the work reported by 
G . R. Blumenthal and W. H. Tucker 
on page 97 of this issue of Nature, 
that one class of X-ray pulsation
that typified by the activity of Cyg 
X-1 and Cir X-1-might be explained 
in terms of oscillations associated with 
a high magnetic field and produced 
by giant flare-like events. 

large fluctuations of intensity on time 
scales of 50 ms to 10 s or longer, in 
which individual pulses can at times 
account for half of the observed 
power. Pulse trains with periods of 
0.3 to 10 s, each lasting for up to 
several tens of seconds, are also ob
served, and these contain 10 to 25 per 
cent of the observed power. But no 
single period is consistently observed. 
In this respect, the X-ray fluctuations 
of Cyg X-1 show a superficial simi
larity to the optical fluctuations of 
Seo X-1, which may be associated 
with optical flares. In 1971, H. 
Kestenbaum et al. compared rocket 
X-ray data with simultaneous optical 
observations by W. J. Cocke and 
found that optical fluctuations of this 
kind were also associated with X-ray 
fluctuations, although on this occa
sion they did not find evidence for any 
preceding flare , perhaps because of 
the incompleteness of the observa
tions (Astroph ys. J. Lett., 169, L49 ; 
1971). 

At present, then, it seems that there 
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are at least two classes of X-ray star 
which produce radiation containing 
periodic structure. First, there is the 
conventional pulsar, in which some 
kind of "whole star" effect produces 
extremely regular and continuous 
pulses. Second, there is the Seo X-1 
and Cyg X-1 family in which local 
effects in the star's magnetic field and 
atmosphere may produce short-lived 
periodicities. The edges of this 
classification may, of course, be some
what blurred, and there may be other 
categories. But probably most kinds 
of X-ray star can be explained in 
terms of some combination of the 
properties of these two archetypes. 

Blumenthal and Tucker offer an 
interesting explanation of the second 
category of X-ray periodic variables. 
Pulsations in trains lasting_ for a few 
minutes with periods of a few seconds 
have been seen in solar flares, and 
they suggest that a "ringing" of the 
magnetic field structure could explain 
both this effect and the periodicities 
seen in Cyg X-1. 

The first report of periodic varia
tions in the X-ray flux from Cyg X-1 
came from R. Giacconi, describing 
observations carried out by the Ex
plorer 42 satellite. These showed a 
variation at fifteen pulses a second, a 
figure which really put the cat among 
the pigeons because of the lack of any 
similar pulses at optical or radio fre
quencies. Pulsar theories now re
garded as conventional could not ex
plain this discrepancy. If a pulsar 
were young enough to be rotating 
fifteen times a second and to be pro
ducing X-ray pulses, it should be 
producing optical and radio emission, 
and be surrounded by the debris left 
by the supernova in which it formed. 
In spite of excited talk of black 
holes, the suspicion remained that 
pulsar theories might have to be com
pletely revised. 

Maffei 2, an Sb Spiral Galaxy 

In the light of further observations, 
however, it became clear that the 
problem is more concerned with the 
diversity of natural phenomena. The 
rotating neutron star model of pul
sars is probably fine as far as it goes ; 
the mistake lay in believing that one 
simple model could describe all 
pulsars and related phenomena. Only 
a few weeks after Giacconi's an
nouncement, S. Holt et al. produced 
evidence pointing to a much more 
complicated structure in the fluctua
tions of Cyg X-1, and in the second 
part of 1971 the picture which has 
emerged is that of a source producing 

Two partly obscured objects reported by 
P . Maffei in 1968 have been attracting 
a deal of attention in the past year as 
possible undiscovered galaxies near the 
fringe of the Local Group of galaxies. 
In next Monday's Nature Physical 
Science (January 17), R. Love of the 
Cambridge radio astronomy group de
scribes detailed radio mapping of Maffei 
2 with the half-mile interferometer. The 
illustration reproduced here shows the 
continuous emission from Maffei 2 at 
1421.6 MHz, and several distinct com
ponents can be recognized: a central 
core C and several lesser centres of 
emission. 

From this work, which also includes 
an examination of the appearance of 
Maffei 2 in the 21 cm emission from 
neutral hydrogen, Love is able to deduce 
several important parameters. For 
example, Maffei 2 appears to be an Sb 
galaxy (a class of spiral galaxies to 
which the Milky Way .galaxy probably 
belongs), the rotation axis of which is in
clined to the line of sight by an angle 
of probably about 55°, and which is 
at a distance of 4 Mpc. This makes the 
linear diameter of the core about 680 pc. 

It is interesting that Love finds no 
evidence of distortion of the distribution 
of neutral hydrogen in Maffei 2 that can 
be attributed to Maffei 1, which is prob
ably an elliptical galaxy of type E3 or 
E4. The two Maffei objects seem to be 
unrelated . 

Finally, the 4 Mpc distance of Maffei 
2 places it beyond the Local Group of 
galaxies, and, as others have done, Love 
suggests that it is in the Ursa Major 
Camelopardalis cloud of galaxies. A 
group at the Observatoire de Meudon 
who have estimated a distance of 2.7 
Mpc for Maffei 2 have placed it in the 
M81 subgroup of the cloud; Love, 
having estimated a distance of 4 Mpc, 
thinks it more likely that Maffei 2 is in 
an obscured subgroup of the cloud 
which also contains IC 342, IC 356, 
NGC 1560 and NGC 1569. 
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A map of the continuous emission 
from Maffei 2. 
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