
europhysics
newsBULLETIN OF THE EUROPEAN PHYSICAL SOCIETY

J.A. Volume 7 Number 10 October 1976

Infrared Astronomy
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The major advances in our under
standing of the universe have, in the 
past decade, almost all come about 
through the increased width of the 
electromagnetic spectrum open to the 
astronomers’ scrutiny. Within the past 
ten years, the γ-ray, X-ray, far ultra
violet, infrared and millimeter wave
length parts of the spectrum have 
been added to the more traditional 
domains of optical and radio astro
nomy. Although the first celestial in
frared observations date from Her- 
schel in the eighteenth century, they 
were limited until recently to compa
ratively short-wavelength observations 
of solar system objects and bright 
stars. The development of new detec
tion systems in the 1960’s and the 
discovery of some unexpectedly 
bright celestial infrared sources led 
to a blossoming of interest in the 
subject both in the United States and 
in Europe. Several countries are now 
engaged in designing and building 
major new infrared facilities for use 
both at ground level and in space. 
Much of this activity is attributable to 
the well-founded hope that infrared ob
servations will help to clarify two of 
the most interesting problems in mo
dern astronomy, namely the interplay 
between the stars and the interstellar 
medium, and the origin of the power
ful radiation emitted from the nuclei 
of certain galaxies.
Technical Developments

The Earth’s atmosphere places se
vere restrictions on the types of ter
restrial infrared astronomy possible. 
Between wavelengths of 1 µm and 40 
pm there are several “windows” in the 
atmosphere through which infrared

rays may pass without severe attenua
tion ; two of the most frequently used 
windows are those between 2.0 and 
2.4 µm and between 8 and 13 µm. 
At these wavelengths, astronomers 
usually employ large ground-based 
reflecting telescopes and cryogeni- 
cally-cooled solid-state photon detec
tors such as gallium-doped germa
nium bolometers or indium antimo- 
nide photovoltaic devices. A problem 
inherent to terrestrial infrared astro
nomy is the fact that any body at a 
temperature of about 300 K radiates 
very strongly at wavelengths of 
around 10 pm. Infrared telescopes 
therefore have to be specially desi
gned to prevent radiation from their 
structure reaching the detector. A 
great deal of infrared astronomy how
ever, has until now, been done using 
modified large optical instruments 
such as the Palomar 200-inch tele
scope.

Over the wavelength 40 pm - 300pm 
the Earth’s atmosphere is almost to
tally opaque. To overcome this pro
blem it is necessary to employ re
mote controlled balloon-borne tele
scopes or airborne observatories. An 
example of the latter is the gyro-sta
bilized 91-cm diameter infrared tele
scope which is fitted inside a C-141 
jet transport aircraft and operated by 
NASA. Flights of eight hours duration 
at 41,000 feet enable astronomers to 
study infrared sources from above 
all but 0.1 % of the water vapour in 
the atmosphere which is the agent 
responsible for most of the absorp
tion at these wavelengths.

At the longest infrared wavelengths, 
between 0.3 and 1.5 mm, infrared as
tronomy merges into radioastronomy;

ground-based observations are again 
possible (from high, dry sites at least) 
and bolometers gradually give way to 
coherent radio receivers. Essentially 
the whole of the infrared spectrum, 
therefore, from radio to visible, has 
become accessible to astronomers 
during the past few years.
Infrared Sky

There is, at the moment, a severe 
shortage of adequate surveys of the 
infrared sky. The only unbiased cata
logue is that of the Caltech group 
who, in 1969, listed the brightest 5000 
sources in the Northern Hemisphere. 
This survey was performed at the 
comparatively short wavelength of 2.2 
pm. There also exists a survey of 
much of the sky at 4 µm, 11 pm and 
18 pm made by the U.S. Air Force us
ing a rocket-borne telescope, but the 
reliability of this survey is difficult to
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assess because the technical details 
are still classified. A major revolution 
in infrared astronomy will hopefully 
take place in 1981, with the launching 
of a joint U.S./Netherlands/UK satel
lite named IRAS. This instrument is 
expected to detect about a million in
frared sources at wavelengths bet
ween 8 µm and 300 µm.

At wavelengths shorter than 5 µm, 
most of the bright infrared sources 
are stars, mainly those with surface 
temperatures in the range 1500-3000 
K, i.e. rather cooler than the 6000 K 
of the Sun. At wavelengths longer 
than 5 µm, the emission from normal 
stars becomes progressively fainter 
and other, quite different objects, do
minate the sky. Some of these are 
old stars which are ejecting matter 
from their surfaces into interstellar 
space, but most lie in the spiral arms 
of our Galaxy, in the regions where 
new stars are believed to be condens
ing out of the interstellar medium. 
Extragalactic objects such as qua
sars, and the nuclei of certain gala
xies are seen all over the sky but, 
in contrast to the situation at radio 
wavelengths, are considerably less 
prominent than the brightest galactic 
sources. Their intrinsic luminosity is, 
however, very much greater.
Interstellar Dust

There is no single emission mecha
nism responsible for celestial infrared 
sources. Some objects emit infrared 
radiation by virtue of the same pro
cesses as those responsible for other 
wavelengths. For example, the 1 µm- 
5 µm spectrum of most nearby visible 
stars is an extrapolation of their ap
proximately Planckian energy distri
butions which generally peak in the 
visible range whereas the infrared 
emission from the Crab Nebula is 
mainly synchrotron radiation, as at 
radio, optical and X-ray wavelengths. 
The brightest and the most interesting 
infrared sources, however, depend on 
a different emission mechanism, na
mely thermal radiation from heated 
dust particles. The existence of inter
stellar dust grains was deduced many 
years ago from studies of the atte
nuation and reddening of the light 
from distant stars. The composition 
of these grains is still very uncertain, 
but several lines of evidence suggest 
that they consist of a core of refrac
tory minerals such as magnesium sili
cate, covered by a mantle of solid 
methane, ammonia and ice. Graphite 
particles may also be present. The 
sizes and shapes of the particles are 
also uncertain, although it is thought 
that at least some have diameters of 
the order of 0.1 µm .  Both the chemical

composition and the size distribution 
of the particles may vary from one 
point in the Galaxy to another.

In most parts of the Galaxy the 
number density and the temperature 
of the interstellar grains is very low — 
of the order of one particle per 105 
m3 at a temperature of 10 K. The infra
red emission from this source is too 
diffuse to have been detected yet. If 
the dust grains lie close enough to a 
star, however, they can be heated to 
temperatures of several hundred K. 
They then emit more strongly, espe
cially at the more easily observable 
shorter infrared wavelengths. In some 
cases the hot dust is recognizable as 
an infrared “excess” in the energy 
distribution of the star, while at other 
times a region of extended emission, 
an infrared nebula, is seen.

For a cloud of dust to become a 
detectable infrared source it must not 
only be hotter than the average inter
stellar region, but also have a con
siderably higher space density of 
grains. Infrared sources therefore in 
general require some kind of asso
ciation between a star and a dense 
region of the interstellar medium. Gas 
dynamical calculations show that sim
ple gravitational accretion of the inter
stellar medium by a star is unable to 
account for such associations, so we 
must conclude that there is a generic 
connection between the star and the 
dust. Such a connection can arise in 
two ways ; either the star produces 
the dust or the star is produced out 
of the cloud which contains the dust. 
Both situations are, in fact, observed.
Mass Loss from Stars

It has been known for some time, 
from optical spectroscopy of stellar 
atmospheric gas velocities, that a 
wide range of different types of stars 
expel large quantities of matter into 
interstellar space. This material has 
an approximately cosmic elemental 
composition of about 70 % hydrogen, 
30 % helium and 1 % for all the rest 
of the elements. As the material flows 
outwards, often driven by radiation 
pressure from the star itself, it cools, 
allowing solid particles to condense 
out. Under interstellar conditions the 
hydrogen and helium do not solidify, 
but most of the rest of the elements 
do. Dust grains, therefore, comprise 
about 1 % of the mass of the ejected 
gaseous material, as they do in the 
general interstellar medium. Although 
some hot, young stars are undergoing 
mass loss, the effect is much more 
important for stars in the late stages 
of stellar evolution. The loss may hap
pen slowly, in the form of a steady 
wind from the surface of large cool

stars, or suddenly, as in the explo
sions which give rise to novae and 
planetary nebulae. The return of mass 
from stars to the interstellar medium 
is of great importance for the evolu
tion of the Galaxy since the matter 
that has passed through the thermo
nuclear processing in stellar interiors 
will have been enriched in heavy ele
ments.
Birth of Stars

Stars are formed by the gravitatio
nal collapse of interstellar clouds. 
Broadly speaking, if the self-gravita
tional potential energy of a cloud of 
interstellar gas exceeds its thermal 
energy, the cloud will contract. The 
gravitational energy liberated by the 
collapse is at first radiated into space, 
but as the density increases, radiation 
is trapped in the cloud, causing its 
temperature to rise. The cloud is un
stable and forms one or more hot 
dense cores which become the nuclei 
of future stars. As matter continues to 
accrete on to these cores, their tem
peratures and densities rise until ther
monuclear reactions can start and the 
cores become fully operative stars. 
Objects in the intermediate stage bet
ween an interstellar cloud and a star 
are sometimes called “protostars”.

The birth of stars is difficult to 
observe at visible wavelengths be
cause the dust grains within the cloud 
obscure its central regions. Infrared 
observations are therefore valuable 
for two reasons. Firstly, infrared ra
diation penetrates dusty regions with 
much less attenuation than light, allo
wing us to study newly formed stars 
while they are still enveloped in the 
cloud in which they were born. Se
condly, by searching for hot, dense 
regions in the cloud we may find the 
location of protostars which are still 
at an early stage in their formation.

Fig. 1 shows one such region of 
star formation, namely that associated 
with the Orion Nebula. The optically 
brightest part of the nebula is com
prised of gas which is ionized by a 
cluster of hot stars that was formed 
some 105 years ago. Some infrared 
emission comes from the dust asso
ciated with the ionized gas, but most 
comes from a separate cloud which is 
behind the visible nebula, but cannot 
be seen at optical wavelengths. At the 
comparatively long infrared wave
length at which this map was made 
(λ = 100 µm )  the emission is predo
minantly from the extended, cooler 
areas of dust. Maps at shorter wave
lengths (around 10 µm )  show that the 
centre of this extended cloud contains 
a compact cluster of hotter protostars. 
The temperatures and luminosities of
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Fig. 1 The Orion Nebula by visible and 
infrared radiation. Contours of equal sur
face brightness of 100 µm emission are 
superimposed on a photograph of the 
Orion Nebula taken in red light. The infra
red emission comes mainly from a warm 
cloud of gas behind the visible nebula. At 
the centre of the infrared cloud several 
young optically invisible protostars have 
been detected. Figure adapted from Wer
ner et al. Astrophys. J., 204 (1976) 420.

these protostars indicate that they 
will probably evolve into stars similar 
to those which are ionizing the visible 
nebula in Fig. 1.

Several sites of star formation have 
been discovered and studied in the 
past few years by a combination of 
infrared, millimeter-wave and radio 
techniques. As yet, however, most stu
dies have been of regions where 
large, very luminous stars are forming. 
Our understanding of the formation of 
small stars like the sun is still far from 
complete.
Nuclei of Galaxies

One of the most luminous infrared 
sources in our Galaxy is located at 
its nucleus. This source bears some 
resemblances to the star formation 
regions in the spiral arms, but may 
well be powered by a quite different 
mechanism. One speculation is that 
the luminosity is provided by the 
energy released as stars fall into the 
gravitational potential well of a mas
sive black hole.

There exists in the universe a signi
ficant number of galaxies, perhaps 
1 % of the total, which have infrared 
emitting nuclei at least 105 times 
more powerful than the nucleus of 
our Galaxy. Some of these galactic 
nuclei may be explicable by dust 
emission, but in some cases there 
appears to be another mechanism at 
work as well ; synchrotron radiation 
by electrons in a strong magnetic field 
is the most plausible explanation.

Infrared-emitting galaxies appear to 
be related generically to quasars and 
radio galaxies. A better understanding 
of how they work will therefore contri
bute not only to our understanding of 
large-scale physical processes, but 
also to the wider problems of cosmo
logy and the origin of galaxies.

L’Université de Genève
ouvre une inscription pour un poste de

PROFESSEUR EXTRAORDINAIRE DE PHYSIQUE CORPUSCULAIRE
au département de physique nucléaire et corpusculaire de la faculté des 
sciences.

Les candidats doivent avoir plusieurs années d’expérience dans la 
conception et la réalisation d’expériences en physique des hautes 
énergies. Ils devraient accepter de collaborer avec l’équipe scientifique 
existante à des expériences au CERN, et participer à l’enseignement de 
la physique générale et spécialisée.
Il s’agit d’un poste à temps complet.
Entrée en fonction : 1er octobre 1977 ou date à convenir.
Les candidats sont priés de faire valoir leurs titres avant le 15 novembre 
1976 au : Secrétariat de la Faculté des Sciences

Quai Ernest-Ansermet 20 
1211 Genève 4

auprès duquel ils peuvent obtenir le cahier des charges.
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