NEWS

member of the academic council and the
senate for many years and also of s
syndicate for a time. As chairman of the
' Board of Studies o Chemistry  of
Madras Universaty, he played an impor-
tant part i improving standards of
teaching and examination in the univer-
! sity. Many of the leading universities in
 India had the povilege of receiving his
advice and help. He served as a member
of the enquiry commuttee of Calcutta
University in 1954 and also as chairman
of the Secondary Education Commission

of the West Bengal Government 1n the

same year. He was a founder-member
and president of the Bengali Association
of Madras, and also president of the
South JIndian Brahmo Sama) over a
period of many years. He was elected
president of the Indian Chemical Society
during 1943-1944 and took a keen
interest in its activities throughout his
life.

Dey passed away peacefully on the
night of 18 Janvary 1959, deeply
mourned by all who had the privilege of
knowing him. No one can deny that he
had made a profound wmpact on

chemistry in Indita. He was one of the
great pionecrs who established and
cultivated the tradition of research in
Indian universities. He ranks high

among the great builders of modern
India by his inspiring work as a teacher
and his contributions as a research
scientist of the highest calibre.

T. R. GOVINDACHARI

Drrector
Agrochemical Research Laboratory
SPIC Science Foundation

Madras 600 032
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Large atoms in interstellar space

K. R. Anantharamaiah

In intersteilar space atoms spend most
of thewr time in the ground state.
However, under suitable conditions it s
possible to find some atoms in highly
excited states with large principal
quantum numbers (n>500). Dunng
a receat visit to the Raman Research
Institute, A. A. Konovalenko des-
cribed bhis observations of carbon
atoms in intersteflar space with pnncipal
quantum numbers as large as 768! The
‘classical radius’ of such atoms 1§
~5 ym and they can be considered as
the largest atoms yet observed in cither
a terrestnal laboratory or an astrono-
mical object. These atoms are observed
through thefr characteristic absorptron
specirum when the atom jumps from
the excited state n=768 to n=769 by
absorbing radiation from a background
astronomuical source. The frequency of
this absorption line 15 near 145 MHz
(wavelength ~20 metres!) and requires,
for its measurement, a radio telescope
operating at this frequency. Such a
radio telescope, known as UTR-2, is
located near Kharkov in the USSR and
1s operated by the [nstitute of Radio
Astronomy of the Ukramian Academy
of Sciences where Konovalenko works
The first observations of an absorption
line at 26.13 MHz, in the direction of
the strong radio source Cassiopeia A,
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was made using this telescope by
Konovalenko and Sodin m 1980 (ref. 1).
This absorption line was correctly
identified by Biake, Crutcher and
Watson? as due to excited carbon
atoms with principal quantum number
of 631. The UTR-2 radio telescope used
for these observations is a “T’-shaped
array of ‘fat’ dipoles stretching about
2 km along the north—south direction
and 1km along the east-west and
operates over a frequency range of 12 to
30 MHz. In this frequency range the
telescope can be used to observe excited
carbon atoms with principal quantum
numbers ranging from 600 to 800 or so.
The ‘T’-shaped radio telescope at
Gaunbidanur near Bangalore, which
wds constructed jointly by the Raman
Research Institute and the Indian Insti-
tute of Astrophysics, is somewhat similar
to the UTR-2 telescope, but operates
over a narrow band of frequencies
around 34.5 MHz (see accompanying
article on 34 5-MHz sky survey, p. 144).
This telescope has also been used
recently to observe carbon atoms exci-
ted to n=%79 in the direction of
Cassiopera A (ref. 3).

In the decade since thetr first dis-
covery, Konovalenko and collaborators
have observed excited carbon atoms in
several regions of intecstellar space

using the UTR-2 radio telescope® In
the direction of Cassiopera A, carbon
atoms with principal quantum aumbers
ranging from 600 to 768 have been
observed These are dificult observa-
tions requinng anywhere from ten to
several hundred hours of integration per
detection since the lines are extremely
weak (~ 1077 of the sky background at
these frequencies). In additton man-
made interference is severe in these
bands, which means even langer obser-
vations to obtain the required integra-
tion after careful editing of the data.
Observations of these lines, apart from
the novelty of being the lowest frequency
spectral lines, tell us something about
the nature of the intersteilar medium.
Carbon atoms in these highly excited
states are produced through the process
of ionization and recombination. These
atoms reside tn gaseous ¢louds contain-
ing mostly neutral hydrogen There is
approximately one carbon atom for
every 2500 hydrogen atoms in these
clouds. The carbon atoms ace ionized
by the background ultraviolet photons
with energies greater than 11.26 ¢V,
which is the ionization potenhal of
carbon. Hydrogen in these clouds is
mostly neutral since there are not many
background UV photons with energies
greater than the 136eV required to
iomze hydrogen. The process of 1on1za-
tion i1s balanced by an equal number of
recombinations in which a carbon ion
captures a free electron to become
neutral again. The process of recombi-
nation can leave the electron in a hughly
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excited state. It 15 these excited atoms
that give rise to the low-frequency lines,
In radio astronomy parlance these
spectral lines are known as radio
recombtnation lines.

Unul the discovery by Konovalenko
and Sodm!, recombination lines at
radio frequencies were observed only
from objccts known as HII regions,
which are hot clouds of ionized gas
surrounding young bright stars in the
Galaxy. These stars can emit UV
photons with energies sufficient to
compiletely 10nize hydrogen and to some
extent helium, and heat the HII regions
to temperatures of about 10,000 K.
Radio recombination lines from HII
regions are observed from much lower
principal quantum numbers (1= 70-200)
and are always found mn emission. On
the other hand, recombination lines of
carbon with high principal quantum
numbers {(n> 500) described above are
observed in absorption and come from
cold clouds with temperatures of about
100 K. Since there are no stars in them,
the 10nizing and heating sources for
these clouds are the background UV
radiation and cosmic rays in the
Galaxy. Such cold clouds are more
numerous than HII regions in the
Galaxy and they constitute an important
component of the interstellar mediom.
Observation of excited carbon atoms 1n
these clouds can lead to a determination
of their density and temperature, which
are important parameters for an overall
understanding of the interstellar medium,

Whether a recombination line s
observed in emission or absorption
depends on the relative population of
atoms tn the adjacent quantum levels
between which the transition takes
place. This relative population can be
characterized by the excitation tempera-
ture (T, ) of the quantum levels using
the Boltzmann equation

N, ¢,
FJ; = ; cxXp (—h't‘"m/kTﬂ}

where N is the number of aloms with
electrons 1 the upper quantum level n
and g, s the statisticul weight of the
level, and v, 15 the frequency corres-
pending Lo the energy difference bet-
ween the fevels 7 and m. In gencral, at
very high quantom levels, upper levels
are less populated than the lower levels,
leading to 4 positive excitalion tempera-

ture which 1s ncarly equal to the kinetic
temperature of the clouds (20100 K).
This happens because collision-induced
transitions (mamnly due to free electrons
mn the cloud) between the high quantum
levels dominate over radiative transi-
tions and the populations in these levels
approach thermodynamic equilibrium
values. At frequencies corresponding to
the transitions belween these high quan-
tum levels (<100 MHz or so), the
brightness temperature of astronomical
radio sources 1s extremely high. For
example, at 26 MHz, the brightness
temperature of Cas A is ~10°K. In
other words at 26 MHz, Cas A emits
as much radiation per umt solid angle
as a black body heated 10 10° K. The
brightness temperature of the synchro-
tron radiation, which s scen every-
where 1n the Gadlactic plane, 1s ~10° K
at 26 MHz. It is therefore to be expected
that the recombination lines from high
quantum levels of carbon 1in the cold
clouds appear in absorption against the
‘hot” radiation from the background
sources at these frequencies. However,
at lower quantum levels, collision-
induced transitions are less rmportant
than radiative transitions, which tend
to make upper levels more populated
than lower levels, resulting 1n a negative
excitation temperature or tnverted popu-
lation as in the case of a maser. The
recombination lines from these levels
will therefore always appear in emission
regardless of the brightness temperature
of the background source. The back-
ground radiation will then enhance the
line strength through stimulated emiss-
ton. This reversal from absorption to
emnission of recombination lines from
high quantum numbers of carbon has in
fact been observed to occur near a
frequency of 150 MHz (or quantum
number n~ 380) in the direction of Cas
A (ref §). The frequency at which this
reversal occurs, as well as the variation
of the line strength and line width with
quantum number, is an indicator of the
density and temperature of the clouds,
The observations have indicated that
the product of density and temperature
(which is an indicator of the pressure
#AT) in these clouds s about 20,00 K
cm 2, whereas the value for the gencral
interstellar medium i behieved to be
about 00K em 3, Thereloe, unless
the clouds that contan highly eacited
carbon atoms  are not o pressuie
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equilibnium with the interstellar medium,
the observations of these large atoms
suggest a need to revise the generally
believed value for interstellar pressure.
It has bcen possible to observe these
highly excited carbon atoms because
they reside in cold (100 K} interstellar
clouds with very low é&lectron densities
(n,~0.1 cm™?). Although hydrogen atoms
with such high principal quantum num-
bers may exist i hot HII regions, 1t is
not possible to observe them because
the electron density in these regions 1s
relatively large (n ~10-10%cm™’). At
such densities, and also the high tem-
perature (10,000 K} characteristic of
regions where hydrogen is completely
1onized, recombination lmes from atoms
with high prncipal quantum numbers
become extremely weak and are un-
detectable with present-day radio teles-
copes. The highest principal quantum
number at which hydrogen atoms have
been observed 1 HII regions is ~ 355
(ref. 6). The radio telescope at Ooty
operated by the Tata Institute of Fun-
damental Research is capable of obsery-
ing hvdrogen and carbon atorns in
interstellar space excited to principal
quantum numbers of ~272. Such obser-
vations have tn fact been carned out in
a number of directions 1n the Galaxy’,
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