
Deep in the southern sky, not far from Alpha and Beta 
Centauri - the two bright stars that point to the Southern 
Cross - is the small and little-known constellation of 
Circinus, the compass. 
Unlike the Southern Cross, Circinus is not 
an arrangement of bright stars likely to 
aurae! the aucntion of anybody casuaUy 
gazing up al lhe nigh! sky. In fact. it 
comprises three rather dim stars and not 
much else that you can see. But , although 
visually undistinguished, this area of the 
sky holds some intriguing objects, including 
a pulsating source of X-rays. 

Because X-rays are absorbed by the 
atmosphere, astronomical objects that give 
them off remained unknown to astronom­
ers until the advent of bigh-Oying rockets. 
The Circinus X-ray source, dubbed Cir­
cinus X- L, was ftrst detected in 1977 by a 
satellite operated by the J et Propulsion 
Laboratory in California, and is one of the 
brightest X-ray objects in the sky. 

In the same year, Or Jim Caswell of the 
CSIRO Division of Radiophysics and Or 
David Clark of the Uni.versity of Sydney 
suggested that a point source of radio 
emiMion on one o{ \heir 111<y maps oould 
perhaps be associated with the newly 
discovered X-ray object. About a year 
later, Circinus X-1 was aga in observed by 
radio-astronomers on the ground. but 
radiating in another waveband. Together 
with Or Caswell, Or Raymond Haynes and 
Or Lloyd Simons. also of the Division of 
Radiophysics, were mapping the galaxy. 
using the Parkes radio-telescope in New 
South Wales. 

1l1ey were looking for the fain I remnants 
of !hose cataclysmic events ca lled super­
novae. when, for a brief lime, one star can 
shine as brightly as a whole galaxy as it 
'kills itself in a gigantic explosion. Follow­
ing this burst of activity and the loss of 

much of its mass, the remainder of the 
original star is thought to continue as a very 
compact. dense object - a pulsating 
neutron star, or pu lsar , which radiates at 
radio wavelengths as well as optically. 

The CSlRO scientists' work involved 
thorough and methodica l searching 
throughout the southern sky. Dy chance, 
two rad io pictures taken only a day apart 

Where to find the X-ray star 

If you don't have access to a radio-telescope 
or an X-ray satellite, you're unlikely to be 

able to 'see' Circinus X-J clearly. However. 
this little star map should show you where 
it is. 

Possibly a very good optical telescope 
(with an aperture of at least 25 cm) may 
enable dedicated amateur astronomers 10 

glimpse Circinus X-I with their eyes. (Of 
course the radto nebula will be invistble.) 
Bu\ don' \ expect much; a\thoup,h \ne 
primary star is large and bright , it and its 
small companion are unbelievably far away 
- at least 25 000 light years. 

The puir appear ns a single dull req star 
of magnitude about 15, which brightens to 
14·5 when it Oarcs on cue every 16 days or 
so. (Magnitude is a logarithmic measure o( 

brightn~; the brightest stars and planets 
may have 0 or negative magmtudcs, while 
the faintest the human eye can sec under 
the hest conditions is masnitudc 6.) 
Because the object's radiation only reaches 
the red end of the visible spectrum, it may 
still not be visible without an infra-red 
detector And you thought Halley's wru. a 
tricky proposition! 

showed an object that had increased in 
radio brightness fivefold in that short time. 
Intrigued, Or Haynes considered that 
further detailed observations were in order. 
Over time, he noticed th:a this object, 
which later turned out to be Circinus X-I, 
didn't shine steadily as a radio sour<.:e; 
instead, the energy it emitted fluctuated, 
increasing dramatically every 16·59 days. 
and it was this sudden burst that the team 
bad fortuitously observed originally. 

Further work showed that, as well as 
producing X-rays and radio waves, Circinus 
X-1 was also radiating, and pulsating, at 
optical and infra-red wavelengths. Or 
Haynes and his colleagues. Or Ian Lcrchc 
of the Division and Dr Paul Murdin of the 
Anglo-Australian Telescope. have con­
strUcted the following theoretical model to 
account for its behaviour. 

A double star system must be involved, 
with the two Stars very different. O ne, the 
primary star , must be large both in its 
physical dimensions and in its mass. which 
should be about 10-20 times the mass of 
our sun . 111e secondary object must be very 
small - perhaps only 10-20 kilometres 
across - but nonetheless about three times 
more massive than our suo. Such a vast 
quantity of matter compressed into such a 
small volume will give rise to an immensely 
dense object -either a neutron star or a 
black hole . 

Where il ls 



An artist's iropres!fion of mas.~ transfer 
taking place between two interacti ng ~tars 
in a binary system, like Circinus X-I. 

All binary stars rotate abou t their com­
mon centre of gravity . In this case that 
would be located near the centre of the 
more massive star, wh ich means , in effect, 
that the dense star swings around that one. 

A false colour map of the Circinus X-1 
region (made with Sydney University's 
Molonglo Obscn •atory Synthesis 
Radio-telescope) . Circinus X-1 it, elf - the 
presumed binary star - is the bright obj ect 
at top. "llte o ther bright regions form the 
roughly spherical shell of a supernova 
remnant. 
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Or Haynes and his colleagues have 
suggested that the orbit is very e lliptical or, 
to use the technical term, eccentric. The 
small dense star's orbit swings it in towards 
its large partner every 16 days. When this 
happens , it pulls off some of the outer gas 
of the primary star. The materia l is then 
sucked in by the huge gravity of the neutron 
star or black hole. These violent events 
result in a burst of X-ray and other 
radiation, which we detect. 

New findings 

In 1986, using the Molonglo Observa tory 
Synthesis Radio-telescope (run by the 
University of Sydney) , Or Haynes and his 
eo-workers made an exciting new discov­
ery: Circinus X-1 is part of something much 
larger. 1t is embedded in a radio nebu la. 
Nebulae are large bu t tenuous clouds of 
dust and gas tha t often radiate light and 
heat, e ither due to their own gravitational 
contraction (in which case they may be on 
the way to forming stars). or because 
somewhere within them lie one or more 
stars or protostars, whose emitted energy 
ma kes the nebula shine. 

Nebu lae are common in our galaxy (and 
are visible in other nearby galaxies such as 
the Magell anic C louds). An example well 
known to amateur astronomers is the 
nebula in the ·sword' of the constella ti on 
Orion. Another famous example is the 
Crab nebula in Taurus, which is the 
expanding gaseous remnant of a colossal 
supernova explosion in our own galaxy that 
was seen in the Midd le Ages. 

13ut well-known nebulae shine predomin­
antly in visible ligh t; the nebula Dr Haynes 
has found 'broadcasts' steadily at a radio 
frequency of 843 MHz. It is a vast region. 
extending over tens of light years, and its 
centre , as determined by the strength of its 
emission, coincides closely with Circinus 
X-1. The possibility of such an alignment 
being due to chance is about 1 in 3000, so 
it's most likely that the nebula is physically 
associated with the binary system. 

The next question is, where did the 
nebu la come from? And what is. o r was. 
its source of energy? Or Hayncs and his 
team suggest that it formed from an 
accumulation of the hjghly energetic parti­
cles given off during the naring of the 
primary star when the compact object rips 
off its out er material. These particles are 
losing some ortheir energy as radio waves. 
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However, it could be that a s upernova 
spawned the mighty cloud. The remnants 
of one lie a shon distance - as: we see it 
- 10 the sou th . Astronomers thi nk that , if 
this is so , the explosion rook place about 
I 00 000 years ago. '111e ~peed of movement 
o f the matter thrown ou t of the explosion 
in the relevant direction would have to be 
about 500 km per second, which is greater 
than that of any other supe rnovae remnants 
so far studied. Furthermore, the nebula's 
brightness is rather low for a typical 
remnant. Another possibi lity is that the 
binary system itself. rather th<mthe nebula, 
was ejected r rorn a supernova. 

H a supernova really were the source of 
the nebula. we might expect to sec some 
continued expansion - that is, movement 
of the cloud away from the supernova 
remnant. (This is the case with the Crab 
nebula.) Also, a bright edge around a 
nebula is common. 

Or Haynes hopes to answer some of 
these questions by looking at the nebula in 
greater detai l. using a larger radio-tele­
scope. To do this he will link the dishes ;u 
the Australian National Radio Astronomy 
Observatory operated by CStRO at Parkcs, 
N.S. W., with the one at the NASA tracking 
station in TidbinbiUa. A.C.T. IE(fectively 
he is then creating one enormous telescope 
equal in size to the distance between the 
stations- about 270 km. This set-up wil l 
e nable him to 'see' down to .I arc-second. 
(One degree of arc in the sky comprises 
3600 seconds: the moo n's diameuer is about 
hal f of one degree.) 

Another goal is to get some idea of the 
binary system's age. We can estimate that 
by careful measurement of the slight 
slow-down in the period of variation. This 
is caused by the compact object's irregular 
orbit steadily being ' tamed' by the primary's 
gravitational attraction , and slowly becom­
ing circular. Extrapolation of the process 
backwards and forwards in time would give 
an approximate age, and an estimate of 
how long the flaring will contin1.1e. 

In fact Ci rcinus X-1 may no longer be 
fl aring. We can't know the situation there 
at present. All the informat ion we receive 
from it - radiating ou twards at about 
300 000 km per second - is aboui 25 000 
years out of date! 

Roger 8eckmam1 
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