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NEWS AND VIEWS 

Interstellar Graphite and Silicates 
Hoyle and 'Vickramasinghe have now reacted (sec 
page 459) to the series of papers in the March issue of 
Astrophysical Journal Letters which suggested that 
interstellar dust contains an appreciable amount of 
silicates; this suggestion was based on infrared observa
tions and on calculations of the solids which are 
expected to condense out of the atmospheres of cool 
stars. Hoyle, Wickramasinghe and their collaborators, 
on the other hand, have in the past concentrated on 
the notion that grains of graphite coated with a layer 
of frozen hydrogen are the important constituents. 
Last year, Hoyle, Wickramasinghe and Reddish pub
lished an account of how grains coated with hydrogen 
are important in the evolution of the universe as a 
whole (Nature, 218, 1124; 1968). The argument is 
that clouds of interstellar material can readily contract 
into stars once hydrogen has frozen onto the grains. 
Thus star formation continues until the temperature 
becomes high enough to evaporate the frozen hydrogen. 
Star formation then ceases and the temperature drops 
until hydrogen can recondense on the grains. 

Thinking along these lines has important conse
quences. For one thing, the crucial temperature for 
the condensation of hydrogen is the same as the 
measured temperature of the microwave background 
radiation, about 3 K. This suggests that the feedback 
of energy from the stars maintains the background 
temperature. The feedback also accounts for the odd 
coincidence of the average energy density throughout 
the universe of the basic hydrogen-burning reaction 
of stars (6 x 10-13 erg em-3 ) and the energy density 
of the microwave background (4 x 10-13 erg cm-3 ). The 
reason why star formation can proceed more readily 
with the hydrogen on the grains is obscure, but it 
seems that clouds of hydrogen can more readily con
dense across interstellar magnetic fields in the form of 
grains than in the gaseous form. 

The question is not, of course, ~whether interstellar 
grains are made of silicates or of graphite, but of their 
relative proportions. In one of the March series of 
papers, Gilman showed that the atmospheres of oxygen
rich cool stars will produce chiefly silicates, while 
carbon-rich stars produce chiefly carbon (Astrophys. J. 
Lett., 155, 185; 1969). But the feeling is that there are 
not enough sufficiently carbon-rich stars for carbon to 
make a large contribution. Although Hoyle and 
vVickramasinghe cast some doubt on the infrared 
observations of silicates, they accept that both silicates 
and graphites are likely to be present from the calcula
tions on stellar atmospheres, and set out to find in 
what proportion. They say that a mixture of graphite 
grains of radius 0·065 p,m and silicate grains of radius 
0·07 ,urn fits the observations of interstellar extinction 
if the graphite contributes six times as much extinc
tion (at ,\=4500 A) as does the silicate. For this 

size of grain, however, Hoyle and Wickramasinghe say 
graphite has an extinction cross-section roughly ten 
times that of silicates, so it seems that the amounts of 
graphite and silicates must be more or less equal. 

What are the implications to the theory of star 
formation? It looks as if the cycle of hydrogen 
freezing-star formation-grain heating can still take 
place. Silicate grains seem to be inefficient at absorb
ing starlight compared with graphite, but they have 
a higher emissivity in the far infrared. According to 
Hoyle and Wickramasinghe, starlight is absorbed by 
the graphite grains, re-radiated in the infrared to the 
silicate grains and again re-radiated at longer wave
lengths. Thus the energy of the hydrogen-burning 
reaction in stars is still the origin of the microwave 
background. But the silicate grains, being cooler than 
the graphite, seem more likely to build up layers of 
frozen hydrogen for the star-forming process. 

Thus the observations still seem to fit the connexion 
between interstellar grains and star formation, as well 
as allowing the aggregation of siliceous planets out of 
interstellar material. Hoyle and Wickramasinghe point 
out a further advantage of having silicate grains. 
Graphite grains would not easily align in interstellar 
magnetic fields to produce the observed polarization 
of starlight, but silicates formed in the atmospheres 
of stars are expected to contain impurities of iron for 
an efficient interaction with the field. 

RESOURCES SATELLITES 

A Case 01 Oversell ? 
from our Geophysics Correspondent 

WHILE Houston, Texas, was staging its multi-billion 
dollar spectacular, a more mundane topic was being 
discussed at Cambridge at a NATO School organized 
by the British Interplanetary Society. It seems that 
Congressional approval of a budget of the order of 
$100 million for an Earth Resources Satellite is not 
far off, and the question of what to use it for is looming 
large. The Royal Society held a meeting earlier this 
year on the subject, and more recently has circulated 
interested parties to find their potential uses. Those 
interested could probe further at last week's meeting, 
which was a great feather in the cap of the British 
Interplanetary Society, which has not previously 
quite made a scientific impact but which possesses a 
wealth of pundits on the new science of space. 

The feeling left by this conference was that the whole 
earth resources satellite business is being oversold 
and that the salesmanship is inhibiting potential users. 
There is little doubt that the first satellite to go 
up will contain a multi-spectral scanner and a return
beam Vidicon. These devices will be sensitive just 
into the infrared, so that potential users are restricted 
to those who can find helpful a map with a scale of 
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