dwazf stage. Stats in advanced stages of evolution such as
giant ot super giant stage ate unlikely to exhibit obsetved
phenomena associated with nonradial oscillations. In such
stars nonradial oscillations if excited will be shott lived.
These will either get damped out ot will lead to the explo-
sions of the star itself.

In this context it may be mentioned that Chandra-
sekhar and Lebovitz (4p.].,136, 1105, 1962) had consi-
deted the possibility of explaining the variability of Beta
Canis Majoris type stars on the basis of tesonance between
the tadial and nonradial modes of oscillations. Theoreti-
cal investigation of this possibility had also lead them to
conclude that if the variability of Beta Canis Majoris type
stars is to be explained on the basis of resonance between
the radial and nonradial modes of oscillations, then these
stats must be having low central condensations and be the
young stats in eatly stages of evolution.

The tecent observations of the Sun by Sevetny, Kotoz
and Tsap (Nature, 259, 87, 1976) and Brooks, Isaak and
Van der Raay (Nature, 259, 92, 1976) have also some re-
levance in the present context. The obsetvations of these
two independent groups of observers have lead astrono-
mets to conclude that perhaps Sun is performing global

oscillations with a mean period of 21 40M, Michalitsano®
(Bull. Astron. Soc. India, 4, 14, 1976) has discussed the im-
plications of these global oscillations. Jfit is assumed that
these oscillations are radial, then theotetical considerations
lead one to a sphetically homogeneous model of the Sun.
But if it is assumed that Sun is a homogenous sphete,

then the temperatures and pressures near the centre of

the Sun cannot beso high that the nuclear reactions of
the pp chain may be taking place. Tt will then require
some fundamental changesin the present day concepts
of the theoty of stellar structute to account for the
huge amouats of enetgy being released by the Sun. The
other alternative to account for the observed global
oscillations of the Sun as suggested by Dalsgaard and
‘Gough (Nature, 259, 87, 1976) is that these oscillations
might correspond to nonradial pulsations of the solar
sphere. Such nonradial pulsations ate consistent with a
nuclear butning pp chain core and are thus not at va-
riance with curtent theories of stellar structure. The
second alternative if confirmed by subsequent investi-
gations will lend further support to the idea that young
stats in eatly stages of evolution are more suited to
exhibit phenomena associated with nonradial oscilla-
tions as we know that Sun is still a young main
sequence Staf.

C. Mohan

Department of Mathematics,
‘Roorkee University, Roorkse, (U.P.)
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REPORT ON A SYMPOSIUM ON INFRARED
AND SUBMILLIMETRE ASTRONOMY

This symposium was jointly sponsoted by COSPAR/
TAU/URSI and was held at University of Pennsylvania,
Philadelphia between June 8-10, 1976. It was attended
by more than 75 delegates representing all patts of the
world and was mainly devoted to presentation of obset-
vational data in the field of Infrated Astronomy obtained
using telescopes both ground based as well as those flown
on aeroplanes, balloons, tockets and satellites.. The
major part of the symposium time had been allotted for
presentation of invited papers. .As part of the symposium
a panel discussion on the Infrared Astronomy Satellite
(IRAS), to be launched in 1981 had been arranged under
the Chairmanship of G. Neugebauer.

F. Low teviewed the petformance of inftared tele-
scope systems cartied aloft in aircraft, on balloons, and
sounding rockets and pointed out that they fall far shozt of
the performance to be expected from insttuments now
being developed fot satellite and space shuttle programs.
He dlassified the infrated objects so far observed using a
wide range of techniques into 8 categories viz: stats,
planetary nebulae, H II regions, molecular clouds, diffuse
emission, galactic nucleus, galactic nuclei and QSO’.
The brightness of these objects was reported to range

from 0.04 Jy to 10° Jy.

~ S.D. Price presented information on survey catried
out for IR soutces at 4 pm, 11 ymand 19 pm using a
cryogenically cooled telescope flown on rockets launched
from Woomera in Australia. The number of unassociated
soutces detected  incteases with wavelength and was
attributed to the intetaction of cosmic rays in the detector

- matetial. S.G. Kleinmann reported ground based searches

at 4 ym and 11 ym using nartow beams and raster scann-
ing to obtain mote accurate position of objects in AFCRL
catalogue, using an instrumental sensitivity capable of
detecting objects 1 magnitude fainter than those listed
in the AFCRL catalogue. The main findings of this
survey are : 1) soutces are concentrated in the galactic
plane and are brighter than a 100@’s, if assurch to ]?e in
the spital arms, 2) spectra of the 67 stars studied indicate
continuum radiation on which absorption and emission
features ate superposed including silicate featutes, 3) about
half the AFCRL sources are ted giants, 4) many AFCRL
soutces exhibit CO features, 5) discovery of 8 new water
masets all of which ate vatiable.

A summaty of ground searches of sources in AFCRL
catalogue are as follows:

4 jum sources 11 pm sources

New* 799 657
Confirmed 3 87
Not confirmed 27 281

*Sources not listed in the AFCRL catalogue.
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N. Panagia reviewed available data on H II regions.’
The shape of the IR spectrum is in general similar for all
H II regions and that the isophotes at radio wavelengths
and Infrared wavelengths for quite a few objects (for
W3 at 6 cm, 20 ym and 2.2 ym, for W 31 at 1.95 cm and
40-350 y.m) are essentially the same leading to the conclu-
sion that the dust is intimately mixed with gas. The spe-
ctrum is in general broader than for a single tempera-
ture nebula implying more than a single temperature for
the emitting region. He presented data to show (i)that
half of the Lyman continuum is absorbed by dust inside
H Il region and that (ii) Lyman-g, radiation is not the do-
minant source for heating the dust. He indicated that the

ratio He | H decreases as the infrared excess increases.
He ttied to account for the observed IR spectrum on
the basis of a 4 component dust model, the dominant
component being frozen molecules of size 0.1 ,m and the
trest due to graphite, silicates and ice.

P. J. Lena presented far-infrared obsetrvations of the
Sun carried out using a balloon botne telescope and 2
lamellar grating interferometer. He pointed out that the
Sun is essentially 2 uniform disc from a few pm to 1000

um and that absotption of radiation is mostly due to H~
ion in the free-free region. The radiation from the Sun at
600 ym is polatized and has a value of 12%.

Rieke from University of Atizona discussed infrared
observations of the outer solar system objects under the
categories (1) nature of comets, (2) structute of planets,
(3) small objects in the outer solar system and (4) consti-
tution of bodies in the outer solar system. He pointed
out that the silicate peak at 10 ym was obsetved in all the
spectra taken of the comets at vatious distances from the
Sun, although large fluctuations were present in its inten-
sity. Even the 20 ym silicate feature was seen in some
of the spectra and that these silicate features disappeated
for comet to Sun distances greater than 2A.U. He pointed
out that the nucleus of comet West was split into 4 parts
and that latge fluctuations in the intensity of its silicate
feature was observed. 5 p,m spectra of Jupiter obtained
from the Kuiper airbotne observatory reveal deep absotp-
tion lines due to water vapour. In the case of Satutn
the brightness temperature inversion occurs over the
south polatr cap. A tremendously strong temperature
inversion was seen in the case of Neptune and the bright-
ness of the planet has gone up by a factor of 2-3 in the
last few yeats. ‘

Becklin teported infrared obsetvations of the galac-
tic centre obtained with a resolution of 1 arcmin. A peak
is seen in the emission of the galactic centte at.50 pm and
100 ym, at the same position as that at 2.2 pm implying
that the stats seen at 2.2 pm are also the source of lumi-
nosity at 50 ym and 100 pm.

He presented the following data on mass and lumi-
nosity of the galactic nucleus deduced from 2.2 y,m radia-
tion data.

Region Luminosity Mass
1pc 10° L 3 x 10° Mg
60 pc 2x10°Lg 5% 108 Mg

The featutes of Sag A and Sag By in luminosity and
brightness are very similar even when viewed with a

nartow beam and appear very similar at IR wavelengths.

In terms of dust density Sag A and Sag B, ate totally
dissimilar. In the case of Sag B, the IR emission appears
to arise from an optically thick dust heated by young
and forming stars. The spectrum of Sag B, peaks at 100
pm whereas that of Sag A at 30 pm.

Harper outlined the features of the Kuiper Labora-
tory airborne 91 cm telescope. The sky noise was reported
to be an extremely variable phenomena. He presented
the following data on zenith water vapour content.

- Altitude Mid-latitude Hawaii
12.4 km 6.0 pm 9.0 pm
13.6 km 2.5 pm 3.0 pm

C-141 has so far been used to carty observations of
(i) external galaxies
(ii) H II regions in the Far-Infrared

(iii) water vapour in Jupitet.

Hoffmann traced the growth of IR astronomical
observations from balloon platforms since its beginnings
in the early 1960’s.  The observations catried out telate
to (i) surveys, (ii) mapping of soutces, (iii) photometry
and spectra, (iv) cosmic B. G. fluxand spectra, (v) diffuse
low sutface brightness mapping and (vi) solar system
measurements. He presented the salient features of the
telescope systems operated by Goddard Space Flight
Centre, University College of London, Smithsonian Astro-
physics Laboratory, University of Groningen and the
low background set up of the Univetsity of Atizona.

\

Neugebauetr reported the facilities available for IR
astronomy work on the 2.4 m Large Space Telescope
(LST). It will be a warm telescope having a focal plane
diameter ot 24 arcmin. The stability of the system will
be 6/1000 atcsec for observations lasting over 10 houts.
Focal plane image chopper will be used for chopping the
IR radiation. Photoconductive detectots and bolometers
will be used for detecting infrared tadiation at short
and long wavelengths respectively. Apertures differing
in diamete in steps of 4/2 will be used to define beam size.

The detectors will be cooled to 2°K. About 60 mesh
filters of bandwidth 109 and transmission 70% will be
used to define various wavelength bands. Initially pho-
tometric observations will be attempted ; later spectros-
copic observations using a spectrometer of resolution

~ 10* will be undertaken.



There was a general discussion on the status of the
proposed IRAS satellite to be launched in 1981. It will
be a cooled telescope of angular resolution~30 atcsec.
The entire operation is to be jointly financed by Nether-
lands, U. K. and U.S.A. 609 of the time of the satellite
will be devoted to a pure survey mode and the temaining
40 %; of time will be devoted to relooking of a few selected
objects.

S. Hayakawa discussed diffuse IR background mea-
surements catried out using 2 10 cm liquid N, cooled

telescope with 3” x 3" FWHM beam size at 2.4 pm ( £2

= 0.1 ym). He presented data which gave some evidence
of spitalarms. The flux at the galactic equatoz was reported

to be 6x10™° Wem ™ pm 1 at M= 23° and to decrease

rather steeply 81071 W em™ ym™ at A= 75", Stecker
presented theoretical calculations on the IR background
flux and predicted that IR as a function of galactic longi-

tude will have a maximum at /1T = 30° and very low flux
for JII < 50°. Wright compared the 10),m map of M17

with its radio map and showed that the compact soutce
seen at 10 m is not present at radio wavelengths. He
gave a value of 627 Jy for the integrated intensity of M17.
P. Hatvey presented 53 pm maps of Sag B, and W49
and obsetved that very good positional correlation exists
between H II region and IR emission in the case of
W49,

S. P. Maran reported results obtained by monitot-
ing the 2.7 pm radiation emitted by a selection of late
type variable stars by the U. S. Air Fotce satellite instru-
mentation during the last three years. A well defined
linear inctease in fiux density (in the light curve) is found
to characterize the first three tenths of each cycle follow-
ing infrated minimum of a long period variable star. It
was pointed out that the observed infrared vatiability
was much less than the visual variability. M. W, Werner
teported observations of H II region molecular cloud
complexes from the NASA C141 Kuiper Airborne obset-
vatory using a detector system which observes the same
one arcmin field of view simultaneously in three wave-
length bands centered at 30, 50 and 100 pm. Soutces
NGC7539, DR21 and Sgt B, have been mapped ovet
regions of 5 to 10 atcmin in size with one arcmin resolu-
tion in all the 3 bands. Large variations in the 50ym
to 100ym flux ratio was seen for each soutce implying
significant dust temperature variations over the source.
Baluteau described the features of a Michelson intetfero-
meter of high tesolution (\/A X~ 10¢) which was used on
NASA, C-141 telescope to obsetve infrared emission lines
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from H II regions. The insttument operates in the rapid
mode undetr computer control and high resolution scann-
ing spectra are computed, averaged and displayed on-line.
The emission line frem S I at 18.7), mhas been detectedin

the orion nebula. The specttal resolution was 0.03 cm™.
Duthie desctibed the special features of a lamellar grating
interferometer used on the C-141 telescope. The system
was sensitive from 50pm to beyond 600y,m with a maxi-
mum resolving power of 500 at 100pm. Raw spectrum

of Mars, Jupiter and Saturn at 3.2 cm™ resolution and of
KL Nebula at 13.1 cm-1 resolution (with 15 |ym of preci-
pitable water above the telescope) were presented. Tellu-
ric lines from Jupiter have been observed. L. J. Caroff
presented low resolution spectra of SgtrA and SgtB, in
the region 45-250 jm using a single beam Michelson intet-
ferometer with the telescope on the NASA, Kuiper Air-
botne observatory. Fits to the spectrum of SgtBy using
optical depth and temperature as parameters lead to a
to a temperatute of 30-35° for Sgt B,.

D. E.Kleinmann presented infrated data on the extra-
galactic sources M82, NGC1068 and NGC253 obtained
from balloon-borne and air-borne observations. M82
and NGC1068 both have an unusually broad spectrum.

Presented below is a summaty of theitr luminosities.

Galaxy Dist LlOp,rn Lrotal  LTotal
(Mpe) _i‘ G—- Lo LIOp,m
NGC 1068 20 44x10" 3.7x10" 84
M82 3.2 1.9x10° 3.0x10"° 155
NGC257 3.1 43x10® 21x10° 50

F. Low described the features of the single mirror
off-axis 20 c¢m aperture telescope developed for obsetva-
tions in the 50-300 y,m band. The mitrror is gold coated
to reduce the emissivity of the telescope. It has a 3 axis
pointing system. A star sensor allows visual obsetva-
tion of stats. Positioning is better than 0.1 degree in
both altitude and azimuth. The beam size is 15 arcmin
and the peak-to-peak noise equivalent flux with one second
integration time is~1000 Jy. The weight of the teles-
cope is about 100 kgm. Sky noise is observed only at
angles within 10° of horizon and at sun rise and twi-
light hours.

K. V. K. Iyengar

Tata Institute of Fundamenial Research
Bombay 400 005

ANNOUNCEMENT

A Winter School in Plasma Astrophysics is to be held at Ooty in
March 1977, For details contact Dr. T. Velusamy, Radio Astronomy Centte,
Post Box 8, Ootacamund 543 001, Tamil Nadu,



