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and B. Paczynski (Polish Academy of 
Sciences, Warsaw) discussed how the 
systems might arise. Both required at 
an earlier stage that rapid mass trans
fer should produce a system with a 
neutron star orbiting the core of a dis
tended giant star inside a common 
envelope. Ostriker envisaged an accre
tion wake to the neutron star inducing 
a gravitational drag on its orbit 
(reminiscent of Chandrasekhar's 
"dynamical friction"); concomitant 
heating blew away the envelope. 
Paczynski imagined the neutron star, 
through entrainment, acting as a 
giant paddle, transferring angular 
momentum from the motion to the 
common envelope. Both thought the 
system might at some stage resemble 
a planetary nebula surrounding a late
type star; whether these remarks were 
prompted solely by the presence of 
such puzzles in the literature was un
clear. While obviously preliminary and 
exploratory, these suggestions stimula
ted much subsequent discussion. 

B. Warner (University of Cape 
Town) presented an outstanding paper 
on observations of dwarf novae. While 
covering the many timescales exhibited 
by these objects, he emphasised the 
rapid periodicities (P-16-34s mainly) 
found by himself and colleagues. 
Warner and E. L. Robinson (University 
of Texas, Austin) had previously shown 
that the pulsations occurred only at 
or after outburst maxima, a result 
which everyone agreed placed severe 
constraints on outburst models (no-one 
being quite clear however just what 
the constraints were!) Warner now 
seems to have found one case of pul
sation on the rising branch; it is ques
tionable whether this will be the pre
cursor of similar discoveries or the one 
exception that seems to exist to every 
generalisation in this field. Warner 
announced the discovery of three new 
types of periodicity in these variables 
(including one which, as Virginia 
Trimble remarked, is called "drifting 
subpulses" in pulsars), thus retaining 
for these systems the record for the 
largest number of interesting Fourier 
components. Almost everyone present 
now seems prepared to jump on the 
bandwagon of accretion disk instabili
ties to explain the quasi-periodic out
bursts of these stars; the sceptic might 
remark that the defects of this ex
planation have yet to be as thoroughly 
explored as those of competing 
mr'chanisms. 

Martin Rees (Cambridge University) 
gave a typically complete and ultima
tely sceptical review of accretion disk 
lore largely in the context of compact 
X-ray sources, ending with at least six 
criticisms of generally accepted as
sumptions as he ran out of time. 
X-ray emission processes, mass trans
fer dynamics, evolution and possible 

tests of gravitational theories were all 
crying for attention and getting it in 
this trendy subject. 

The classical topic of contact binaries 
provided the opportunity for two young 
workers to impress the audience with 
their computational skill in following 
cooperative (or even sometimes un
cooperative) evolution of two stars. 
Both R. Webbink (Cambridge Univer
sity) and B. Flannery (Institute of 
Advanced Study, Princeton) have de
veloped modified forms of the evolu
tionary code of P. P. Eggleton whose 
method seems uniquely suited to this 
kind of problem. Webbink studied un
steady mass transfer in close binaries 
and produced an example in which a 
catastrophic runaway developed. Flan
nery showed how contact stars of 
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almost equal mass evolved to a stage 
of essentially cyclic thermal instability 
and mass exchange with mass fraction 
oscillating between -0.56 and -0.62 
in periods of - 107 yr. Such systems 

seem a very satisfactory explanation for 
a number of the WUMa "main se
quence contact binaries". 

All in all, the symposium was a fine 
blend of observational facts, theoretical 
explanations and sheer unbridled specu
lation (at one point Warner remarking 
that the quality of the arguments led 
him to conclude that the cow lowing 
at 2-s intervals in an adjacent field had 
a density of -I o• gem-'). Commissars 
Mitton and Whelan marshalled the 
resources of the Institute splendidly 
for a meeting that will long be remem
bered. 'D 

Comets may conceal chemicals 
from John Gribbin 
Two of the more speculative of recent 
suggestions about the place of comets 
in the Galaxy have now been investi
gated in some detail by Fred Whipple 
(Ast. J., 80, 525; 1975). The ideas are 
that enough material may be locked 
up in comets to have a significant 
effect on the evolving chemistry of 
the Galaxy, and that y-ray bursts may 
be produced by the impact of comets 
on to neutron stars. The score now 
seems to stand at Whipple 1, comets I, 
wi.th the first possibility still tenable 
but the second speculation now ruled 
out of order. 

The gamma-ray burst hypothesis 
always did look a trifle implausible 
and seemed to require the presence of 
interstellar comets, since the violent 
events in which neutron stars are 
believed to form would be highly 
likely to disrupt any bound system of 
comets possessed by the original star. 
Even though a few comets with 
hyperbolic orbits have been seen, 
Whipple's calculations show that for 
four candidates-the only ones, in a 
sample of 89 comets with well de·ter
mined parameters-the chance of 
any one having arrived on such an 
orbit from interstellar space is less 
than 1 in IO', so that for the whole 
"family" to be interstellar they would 
be running against odds of 1 in 1016• 

It is far more likely that the orbits 
were slightly hyperbolic because "of 
velocities imparted to solar system 
comets by the perturbation of passing 
stars, because of nongravitational 
effects induced by comet rotation and 
jet action, because of chance observa
tional errors, or because of systematic 
displacements of ·the centre of the 
observed coma from the direction of 
the nucleus." But even without wan
dering through interstellar space free 
from their parent stars, comets can 

play a part in the chemical evolution 
of the Galaxy. As any galaxy ages, 
the proportion of metals (by which 
astronomers mean anything except 
hydrogen and helium) in its stars in
creases through nucleosynthesis. 
Newly forming stars in an old galaxy 
contain the debris from previous 
stellar explosions, and do not have the 
same composition as newly forming 
stars in a young galaxy. But according 
to some calculations (B. M. Tinsley 
and A. G. W. Cameron, Astrophys. 
Space Sci., 31, 31; 1974) the mean 
metal abundance of disk population 
stars has grown more slowly than ex
pected on the seemingly reasonable 
assumption that some 2% of the mass 
from one generation of stars is re
cycled in the next generation of star 
formation. Comets could provide a 
sink for the missing heavy metals 
(if any really are missing, of course), 
but Tinsley and Cameron need so 
many comets that their mass would be 
25% of the total mass of gas in the 
interstellar medium of our Galaxy 
today-about 1 % of the mass locked 
up in stars. 

Rather surprisingly, perhaps, 
Whipple is able to show that a great 
mass of comets-more than 1% of the 
solar mass-could be gravitationally 
bound to the Sun in a symmetric 
shell just beyond the radius of the 
periodic comets and remain com
pletely undetected by present techni
ques. This provides a lot of leeway for 
those theorists who wish to, to invoke 
the presence of such comets t(l explain 
discrepancies between their theories 
and observation, but will not please 
the more spartan souls who prefer to 
have well-defined limits on the para
meters of the real Universe and who 
take great pains to fit their models 
within those rigid limits. 
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