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The Year in Review 

The year 1993-94 was a year full of activities and excitement The Institute 
hosted an mternatlonal meetmg, the International Conference on 
Nonaccelerator Particle Physics (ICNAPP), at the Bangalore campus in 
1994 January. A large tract of land (measuring about 36 acres) was 
acquired, from the Government of Karnataka, near the eastern fringe of 
Bangalore City, for future expansion. The Institute was also identified by 
the Department of Science and Technology, Government of India, as the 
nodal agency for carrying out a detailed project study of the proposed 
Himalayan Infrared and Optical Telescope (HIROT) It sent teams to 
various high-altitude locations (above 4000 m msl) in U.P., H.P. and the 
Ladakh region of Jammu & Kashmir to explore possible sites for the location 
of the telescope. Serious efforts were started to re-engmeer the eXlstmg 
24/18 inch Schmidt telescope With a view to deploying it on a hilltop at Hanle 
in south eastern Ladakh. Detailed scientific planning of the observations of 
the forthcoming encounter between Jupiter and Comet Shoemaker-Levy 9 
in July 1994 also began. New directions of research started in IIA with the 
induction of new members of staff. Some of the new areas are relativistic 
atomic structure calculations, problems at the atomic/particle physics in
terface, particle physics aspects of dark matter in the universe, topological 
defects, cosmic strings, origin of ultrahigh-energy cosmic rays. An SERG 
School on Astronomy and AstrophysIcs was orgamsed at VBO, Kavalur. In 
1993 November Kavalur Observatory, renamed Vainu 8appu Observatory 
in 1986, completed twenty five years of Its sCientifIc eXistence. 

The Institute geared itself up admirably for hosting ICNAPP. InfrastrJJctural 
facilities were vastly Improved. A new dlnmg hall and lounge area was 
constructed on the ground floor of the Annexe to the Main Laboratory. The 
Library Hall was reorganised, Its acoustics Improved and electrical Wiring 
completely redone for holding the plenary sessions of the conference. It 
had a seating capacity of over 250. The gardens were relaid and a 
Japanese-style garden was architectured near the Optics Laboratory. At 

the Kavalur campus, a new dining hall replaced the old workshop. The civil 
works were completed in a near record time. 

ICNAPPwas attended by nearly two hundred people from India and across 
the world. The scientific programme consIsted of invIted talks and contrib
uted poster papers. Care was taken to present a programme that was a 
good blend of papers on theoretical advances In nuclear and particle 
physics and related subjects and those on related experimental and ob
servational work. There was intense diSCUSSIOn and debate. In the opening 
ceremony Prof.B. V.Sreekantan, Chairman, IIA Counctlwas the Chief Guest 
and the Inaugural address was delivered by Prof. B. Barish of Caltech, USA. 
Among the various themes covered extensively during the conference, 
neutrino physics and astrophysics had the most complete coverage, and all 
the latest results from the experiments on the mass of the neutrinos, theIr 
mixing and fluxes of solar neutrinos were reported. Prof Roger Penrose of 
the University of Oxford, UK delighted the audience with an evening public 
lecture Noncomputability and the mindon January 7,1994 The valedictory 
session of ICNAPP was held in Kavalur on the floor of the 234 cm Vamu 
8appu Telescope. It was addressed by Prof.A. Wo/fendale, Astronomer 
Royal, Britain. 

Following ICNAPPsenous discussions started between the sCIentists at IIA 
and astronomers obserVing with GRO, notably Prof.J.Ryan of the UniverSIty 
of New Hampshire, USA, on possible directIOns of work In the area of 
gamma-ray sources. IIA has offered to set up a faCility for optIcal follow-up 
work on gamma-ray bursters. ThIS has led to the Hanle project 

Prof.D.Sugimoto of the University of Tokyo, Japan viSited IIA In 1994 
January in connection with the Indo-Japanese col/aboratlve sCIentifIC 
programmes He descnbed the development of terraflop computing rna-



2 Annual Report 1993-94 

chmes In his laboratory that have the facihty to handle gravitational many
body simulations in record time. A team of scientists from IIA, in turn, 
visited Japan and procured the hardware for this machine which has to be 
interfaced with the Sun SPARC LC station already Installed at IIA. Once 10 

operation, these simulations will further aid the understanding of the 
distribution of dark matter. As a result of further discussions, the Japanese 
have also offered to build a IR CCD camera for VBO. The reqUired 
manpower will be provided by IIA. Dr.M.Ueno of the University of Tokyo 
who heads the Japanese project of building IR CCO cameras visited IIA, 
Bangalore and VBO, Kavalur and held extensive dIScussions with the 
astronomers and the technical personnel. 

The Vainu 8appu Telascopeoperated satIsfactorily dunng the year. During 
the lean monsoon months several maintenancs jobs were laken up. These 
have improved the performancs of the telescope. Durmg the peak season. 
December-March, the telescope was oversubscribed by a factor of three 
and a half. The Boller and Chivens spectrograph also underwent several 
technical changes with the result that there has been a gain of a factor of 
two in the power of the spectrograph. 

Towards the end of the period of thiS report IIA was gearing itself up for 
observing in all aspects the crashlOg of the fragments of Comet Shoemaker
Levy 9 on Jupiter. The planned observattons include CCO imaging at the 
prime focus of the 234 em VBT in V,R and I bands, polarimetry ysing an 
imaging polarimeter, IR photometry in the K band with the 75 cm telescope, 
wide angle imaging and radio observations at very low frequencies (18-28 
MHz). 

The Ph 0 programme for training competent SCientIsts of the future was 
continued with renewed vigour. After the recruitment 10 1993 July, the 
ttudent strength In !fA went up to twenty nine. Of these SIX belong to the 
Joint Astronomy Programme (JAP) of liSe, Bangalore. The Faculty of IIA 
continued to teach in JAP, liSe as well as in the Post graduate classes of 
Bangalore University. Several new physics and mathematiCS courses were 

offered at !lA. Students from all the research institutions in the Banoalofe 
area have been welcome to attend these courses. 

In Its efforts to popularise SCience, IIA participated in the SCience Exhibition 
organised by 'Karnataka RalYa Vljnana Parishat' at Belgaum in 1993 Oc
tober and in the National Science Day Exhibitions organised by the De
partment of SCience and Technology, Govt. of IndIa and the Govt. of 
Karnataka at the Jawaharlal Nehru Planetarium in 1994 February. 

It is perhaps appropriate at this juncture to review briefly the major scientific 
results obtained during the year. These are compiled according to their 
respective areas. 

I. The Solar System and Solar Terrestrial Physics: 

Many new observational and theoretical results were obtained during the 
year pertaining mainly to the dynamics on the solar photosphere and the 
chromosphere. A radio heliograph working at 75 MHz was commissioned at 
Gauribidanur based on indigenously fabncated log-periodic antennas. 
Scientists obtained data on the Sun with the facilities at Kodaikanal, and 
supplemented these with those obtained from Greenwich, Sacramento 
Peak etc The key point that seems to emerge from these studies is the 
importance of the magnetic fields in controlling the phenomena such as, 
granulations, bnght points, mottles, global solar oscillations and solar 
flares. Detailed theoretIcal investigations were carried out using 
magnetohydrodynamical techniques m studying these diverse solar phe
nomena Also, possible eXistence of torSional oscillations of the Sun was 
indicated through a study of sunspots recorded from 1874 until 1976. 

Astrometric observations were carried out on the Comet Shoemaker-Levy 
9 which had been tidally disrupted into fragments by Jupiter. perhaps during 
a close encounter in 1992. These observations provided part of the 
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requisite data for predicting the orbits of the cometary fragments and for the 
evaluation of the date, time and location of their impact on to Jupiter in July 
1994. 

Studies of the Equatorial Upper Atmosphere and the Ionosphere have been 
carried out with a Fabry-Perot spectrometer, a HF-Doppler radar and a 
Digital lonosonde which give information about the state of the neutral 
plasma, the F-region of the ionosphere etc. One of the key findings is that 
the midnight temperature maximum of the F-Iayer is closely related to the 
poleward reversal of the meridional winds and the descent of the F-Iayer at 
low latitudes. It should be mentioned that the Dlgltallonosonde IPS 42/DBD 
43 was commissioned in September 1993 and is already yielding very 
useful information on the time variability of the ionosphere. 

II. Stellar and Galactic Astronomy: 

Extensive work has been carried out in this field with observations con
ducted from Kavalur and other observatories The tOPICS of Interest extend 
from pre-main sequence stars to the final stages of stellar evolution such as 
supernovae, neutron stars and black holes on the one hand and to the 
formation and cosmological evolution of galaxies and clusters of galaxies 
on the other. Some of the results obtained are listed below: 

1. Be Stars: Pre-main sequence Herbig AetBe stars, classical Be 
stars and Be stars in x-ray binary systems were observed 
polarimetrically and spectroscopically Herbig AetBe stars show 
polarimetric variatIOns on time scales as short as 1 month, implYing 
the existence of dusty clumps orbiting the young star within 10 
stellar radii 

2. RV Tauri Stars: Abundance analysis of the carbon rich (C/O~ 1) 
RV Tauri star IW Car shows a remarkable pattern. The photo-

spheric abundances in this star are very similar to the depleted 
abundances seen In the Interstellar medium. 

3. Hydrogen deficient Stars: The first phase of the major study on 
the elemental abundances of 18 R Cr B stars is complete. The 
major result IS that the majority of the stars show solar meta III city 
(i.e [Fe/Hj"'O) but with odd patterns of Si, S. and a mild excess of 
lighter s-processed material. However 4 stars show deficiency of 
Fe peak elements i.e. [SitFej-2, but not of Na, Si, S and some other 
elements. One of the stars V854 Cen shows elemental depletions 
Similar to that of the interstellar medium. For the first time suck 
diversity in the abundance pattern is seen. 

4. Lunar occultations of Infrared Stars: 10 objects from the 2-flm 
survey catalogue that are thought to have Infrared emitting Clr
cumstellar dust were observed. One object (IRC + 30094) was 
resolved and found to have a size "'10 militare sec. 

5. Star clusters: (a) The cluster NGC 1976 in Orion nebula has 
been observed in the infrared JHK bands. The Intracluster reddemng 
law IS found to be anomalous suggesting the eXistence of dust 
grains larger in size than that attributed to the general interstellar 
medium. (b) Spatial distribution of stellar mass in 5 young LMC star 
clusters has been studied. Mass segregation IS indicated in NGC 
1711. 

6. Evolution of protostellar discs In molecular clouds. 
Stars are born in molecular clouds with clrcumstellar diSCS The 
young star-disc systems move around within the parent cloud and 
experience gas drag. This drag deforms, limits the diSC radiUS and 
even disrupts the disc depending on circumstances The process 
is being numerically studied. 
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III. Galaxies: 

1. 

2 

3. 

4. 

Monte Carlo simulations were camed out for galaxy clusters In 

open and flat cosmological models. It IS found that at low fluxes 
(mB~ 22) the angular correlation amplitude decreased by orders of 
magnitude over that Input, due to high density of galaxies The low 
observed correlation In faint blue galaxy samples therefore does 
not require a new populatIOn of smoothly distributed galaxies and 
IS consistent With httle evolutron In clustermg amphtude to Z~O 5 

A collaborative programme to observe the Integrated photometric 
properties of the Magellanic Clouds In the near mfrared uSing the 
Pt Si IR CSO array has been inlttated The data will be compared 
against vanous galaxy population synthesis models and predictions 
Will be made for high z galaxy population studies 

ActIve GalactiC Nuclei (AGN): EXOSAT x-ray spectra of several 
AGN have been analysed. EVidence IS found for the presence of 
the redshllted 6.4 KeV fluorescent Fe K-llne 

SN 1993J in M81 was monrtored In the optical region from VBO. 
The expanding photosphere method gave a distance of 3.1 ± 0.5 
Mpc for M81 which compares well With the HST estimate 36 ± 0.3 
Mpc based on cepheids. 

IV. Theoretical Physics and Astrophysics: 

Several scientists working In the areas of atomiC physIcs. particle physics 
and modern dynamics have Jomed the Institute dunng the year, adding new 
facets to its scientific enterprise. These SCientists are expected to mteract 
symbiotically With the existing group whIch IS well known for its contributions 
to Magnetohydrodynamlcs. Radiative Transfer. Equation of State of Neu
tron Star Matter and Astro-Partlcle PhYSICS. Some of the contributions of 
thiS group are listed below' 

1. Radiative transfer studies for a central source embedded in a thick 
diSC show the polarrzatlon structure suitable for modelling quasars 

2 

3. 

4 

5. 

A comparatIVe study of vanous numerical techniques for solVing 
radiative transfer equations conducted shows the advantages of 
using first-order differential equation for the speCific rntensltles. 

A careful calculation of the electrical conductivity of the crust of a 
neutron star was performed 10 an attempt to understand the Ohmic 
diSSipation of the crustal magnetic fields. 

The pOSSible orrgrns of cosmic rays of energy higher than 1018 eV 
in the annlhilallons of strings and other topological defects, SurVIV
ing from phase transItIOns 10 the early Universe, were studied in 
detail The flux of the Isotropic background of high energy gamma 
rays was used to constrarn the parameters descrrbrng the cosmic 
strings 

Violation of panty and time reversal rnvariance in atoms provides 
a unique probe rnto the nature of fundamental interactions at very 
low momentum transfers. As a tool to study thiS and deVise 
experiments a sophisticated computer code IS bemg developed to 
carry out atomic structure calculations. 

V. Instrumentation: 

Several new Instruments such as the digital ionosonde, the CGO imaging 
system for the spectrohehograph. the solar vector magnetograph were 
developed and commissioned during the year. Contributions. to. other 
institutions such as ISRO and OAE continued through the fabncatlo~ of 
VHRR-panel for passive cooling and through the development of 9l1ipso~dal 
mirrors for the extreme ultraviolet to operate at the Synchrotron Facility 
bemg set up at Indore 
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In the following pages of the report the main areas of scientific activity are 
enumerated and the research done in each of these areas is described in 
detail. Developments in optics, electronics and instrumentation are also 
included. The upgradation of the library and computing facilities is also 
described. The lists of publications, invited talks, attendance at conferences 
by IIA scientists and the sky conditions in Kavalur and Kodaikanal are 
appended. 

AtICNAPP 

In closing, I would like to express my appreciation of the fine cooperation 
that exists between different wings of the Institute, as also between the 
different campuses. The Institute is now poised and ready to take up major 
new challenges and the enhanced level of activity can begin the moment the 
fillip is given for it. 

R. Cowsik 
Director 



The Sun 

Internal magnetic field 

Admissibility of global torsional MHO oscillations in a model 
of the 'steady' part of the sun's magnetic field 

The travel times of Alfven waves along different field lines between their 
photospheric intersections have been computed in our improved model of 
the 'steady' part of the sun's internal poloidal magnetic field. The travel 
times along all the field lines which pass through the radiative core are 
nearly the same. ThiS shows that the model of the 'steady' field admits 
global torsional MH D oscillations. The frequency of the fundamental 
torsional MHD mode lies within the range of the frequency band of the solar 
magnetic cycle if Bo is on the order of 0.01 G which is well within the limit 
set by the magnetogram observations (K M Hlremath, M H Gokhale) 

'Initial' configuration of the sun's primordial magnetic field 

The' improved' model of the' steady' part of the sun's internal magnetic field 
was used to infer that the initial (zero age main sequence) ratio of the two 
leading diffUSion eigenmodes in the sun's primordial pololdal magnetic field 
must have been 4:1. Assuming the mean dlffusivity In the radiative core to 
be the same as the one calculated using kinetiC theory, it was estimated that 
the time scales of the diffusion of these two terms must be 10.6 and 2.7 
billion yr respectively. (K.M. Hlremath, M.H.Gokhale) 

Magnetic field and solar oscillations 

The effect of a Uniform vertical magnetic field on the modes of an isothermal 
stratified atmosphere is studied. The present investigation is a continuation 
of earlier work by Hasan and Christensen-Dalsgaard (1992. ApJ 396, 311) 

in which this problem was studied for rigid boundary conditions. In this 
work, we extend the earlier results for a more general set of boundary 
conditions. We explicitly demonstrate how these boundary conditIOns 
affect the various elementary wave modes present in the atmosphere. In 
the weak field limit. an analytiC expression for the dispersion relation is 
derived. which allows the effect of a weak magnetic field on the modes to 
be studied. We show that, to lowest order in our perturbation expansion, the 
oscillation spectrum can be analysed in terms of (a) p- and g- like modes, 
(b) magnetic Lamb modes, (c) magnetic or slow modes and (d) gravlty
Lamb modes. The first three of these were present In the previous analysis. 
However, the last one is a new mode, not seen earlier. A simple model solar 
atmosphere IS used to find that these four types of modes avoid intersec
tions of the eigen curves in the K-Q diagram We explicitly demonstrate that 
the choice of boundary conditions govern the nature of aVOided crossings 
We focus on the properties of the graVity-Lamb mode. It IS conjectured that 
conditions for the existence of this mode may be satisfied In the 
subphotosphenc layers of the sun where Cs » vA' However. more realistic 
calculations are clearly called for before these results can be applied to 
sunspots and other magnetic flux tubes. (O.Banerjee, S.S.Hasan, 
• J .Christensen-Oalsgaard) 

Exact solution 

A solution of the aXisymmetric MHO equilibrium of a self-graVitating incom
pressible fluid has been obtained neglecting the contnbutlon due to 
meridional motion. Under special conditions this solution reduces to those 
given by Prendargast (1956. ApJ 123,498) and by Nakagawa and Trehan 
(1968, ApJ 151, 1111). (A. Satya Narayanan) 
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Global solar cycle 

Periodicities In the sun's differential rotation (sun's torsional 
oscillations) 

Using Greenwich data on sunspot groups of the penod 1874-1976, the 
temporal vanations of the coefficients 'a' and 'b' in the sun's differential 
rotation were studied by determining their values during time Intervals of 
given length (1-5 years) successively displaced by 1 year. The FFT 
analysis of the temporal variations of bla shows several periodicities from 
18.1 yr to 2.6 yr at levels 2:: 20. The maximum entropy method gives the 
estimates of the penods as : 18.9+1.1 yr, 8.3+0 8 yr. 3.9+0 1 yr, 3.1 +0.1 yr 
and 2.6+0.1 yr. This analysIs also shows a few more periodicities at levels 
1 - 20. Reahty of the existence of all the periodicities except the one at 2.8 
yr is confirmed by analyzing simulated time senes of bla with values of 'a' 
and 'b' randomly chosen within the limits of their respective uncertainties. 

The eXistence of these periodicities is further confirmed by analyzing the 
variation of the residual rotatIOn of each of the four latitude zones of widths 
7.50 between 0° and 30° on either Side of the solar equator. 
(J.Javaraiah, M.H. Gokhale) 

Solar magnetic cycle as a manIfestation of torsional MHD 
oscillatIons 

It has been found that among the above reported periodiCities of torsional 
oscillations. those at 18.3,8.5.3.9 and 2.6 yr in 'bla' (or in 'b') agree, within 
their uncertainties. with the dominant periodicities in the distribution of the 
photospheric magnetic field. detected from the magnetogram data of the 
period 1960-1985 (Stentlo and Vogel 1986. Nature 319,285. Csada 1974, 
Sol. Phys. 35. 325). and also in the large scale magnetic field Inferred from 
the sunspot data during 1874-1976 (Gokhale et al. 1992. Sol. Phys 138, 
35). This suggests that the solar magnetic cycle may be a manifestation of 
torsional MHO OSCillations of the sun. (J. Javaralah, M.H. Gokhale) 

Relationship of the torsional MHD oscillations and sun's 
revolution about the centre of mass of the solar system 

The above mentioned common periodicities between the differential rota
tion and the magnetic field of the sun are found to be same as the 
periodiCities of pOSitional configurations of two or more planets which 
control the rates of change of the sun's orbital angular momentum about the 
centre of mass of the solar system ThiS strongly suggests that the inertial 
torques due to the sun's orbital motion about the centre of mass of the solar 
system may be providing the perpetual excitation of the sun's torsional MHO 
waves required to maintain the spectrum of such waves against the loss of 
energy In the form of solar activity. (M.H. Gokhale, J. Javaraiah) 

Flux tubes and acoustic waves 

The interactIOn of an Intense flux tube, extending vertically through the 
photosphere, With p-modes in the ambient medium is studied The tube is 
assumed to be initially In hydrostatic and energy eqUilibrium. Equilibrium 
flux tube models based upon the solar stratification have recently been 
constructed by Hasan and Kalkofen (1994, Ap. J., In press) for various 
values of the field strength and radius at the surface. These models use a 
realistic energy equation. based upon a multistream treatment of radiative 
transf~r in cylin~rical geometry, and also include convective transport, 
assuming the mixing length theory. It is of interest to investigate the 
interaction of such model tubes with p- or acoustic modes In the external 
atmosphere. The effect of the tube being buffeted by external waves is 
modelled by solving the nonlinear time-dependent MHO equations In the 
thin tube approximatIOn (S S.Hasan) 

Rotation measurements from sunspots 

Daily POSitions and areas of sunspots and solar diameter have been 
measured from the photoheliograms for the years 1904 to 1987. 
(K R.Sivaraman, S.S.Gupta, *R.F.Howard) 
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Ca /I K line profiles as a function of latitude and phase of the 
solar cycle 

To investigate the change in background chromospheric flux, if any, a new 
technique was developed to obtain high resolution Ca II K line profiles as a 
function of the latitude with integration over the visible 180 degree range of 
the longitude. Observations have been freshly started using 35 mm 4415 
Kodak film. To record the data the width of the entrance slit has been 
increased to 250 micron from 120 micron and the exposure time to about 
100 seconds. The data are being digitised uSing the PDS machine at 
8angalore. A programme has been developed to compute various pa
rameters of the K line profile with a resolution of 5° in latitude. (J.Singh) 

Network cycle 

Variability of the solar chromospheric network over a solar 
cycle 

From a large sample of the Kodalkartal spectroheliograms In the K line we 
have studied the variations in the intensity of the network elements over two 
solar cycles for the period 1958-1983 and have estimated their contribution 
to the overall variability seen in the disc-averaged K line profiles. The 
relative contribution of the network elements and the bright points to the K
emission are of the order of 25% and 15% respectively. We have shown that 
the area of the emission wall of the chromospheric network IS anti-corre
lated with the solar activity and it increases by about 24% during the solar 
minimum compared to the period of the solar maximum. 
(R. Kariyappa, K.R.Sivaraman) 

Coronal diagnostics 

Line intensity ratios of Ne V emission lines with respect to a resonance line 
of Mg V have been computed assuming constant electron pressure, for 
electron denSity and temperature determinations within the chromosphere-

corona transition region (CCTA). These intensity ratios would enable us to 
estimate the relative abundance of neon to magnesIUm. Theoretical line 
intensities for the ions Ne V and Mg V have been computed uSing a model 
solar atmosphere and the reliable relevant atomic data currently available. 
The theoretical intensities have been compared with the values as ob
served by the ATM (Apollo Telescope Mount) ultraviolet spectrometer 
aboard the Skylab. The observed intensities correspond to the average 
quiet sun conditions. Some of the computed Ne V intensities agree well with 
the observed values. Other Ne V lines are blended. Mg V lines have 
observable intensity values but they have not been indentified in the ob
served line list due to blending with other lines. (P.K.RaJu) 

Coronal heating 

Scudder's approach to coronal heating via velocity filtration IS being inves
tigated. The feasibility of producing non-Maxwellian particle velOCity distri
butions was examined and Landau damping of ion-acoustic waves was 
identified as a suitable mechanism. 

In another inVestigation, the presence of turbulent heating of the corona 
was shown to produce large scale velocity flows In coronal structures. 
(P. Venkatakrishnan) 

Coronal loops 

The temporal evolution of pressure in solar coronal loops was studied in 
detail using the ergodic theory of chaos and strange attractors and the ideal 
theory of magnetohydrodynamic turbulence in cylmdncal geometry The 
three-mode representation of the velocity and magnetic fields In the expan
sion in terms of the Chandrasekhar-Kendall (C-K) functions submits to the 
investigation of chaos. It was found that when the system IS perturbed from 
a state where the magnetic energy 82/41t and the kinetic energy (1I2)mv2 

are nearly equal, it exhibited marginal stability. On the other hand. when 
there were large deviations from the eqUlhbnum, the system was nonlinear 
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and so was the corresponding time evolution of pressure. The eXistence of 
chaos in the temporal evolution of pressure was estabhshed by evaluating 
the invariant correlation dimension of the attractor 02 and the fractal value 
of it indicated the existence of deterministic chaos. The calculated values 
of 02 at axial and surface POints of the loop showed that as one proceeded 
from the axis of the loop towards the surface, the dynamics showed the 
development of strange attractors ending up in'complete randomness. The 
transition from the strange attractor state to randomness reqUires a much 
finer analysis such as the evaluation of the lyapunov constants and this will 
be IRvestigated In future. By specifying the Lyapunov constants one can 
possibly evaluate the class of inttial states which can give the observed 
lifetime ofthe loops. (K.Sasldharan, V.Krishan, ·T.D.Sreedharan, ·R.Pratap) 

Continuum radio emission 

The continuum emISSion trom the undisturbed sun was mapped at a 
wavelength of 8.7 meters during 1981-85 using the large decameter wave 
radiotelescope at Gaunbtdanur with a resolution of 26' X 38'. During the 
period August 6-30, 1983 the sun was exceptionally quiet at meter and 
decameter wavelengths and it was possible to make maps on several 
consecutive days On these days the position of the centroid of the radio 
sun agreed quite closely with the centre of the optical sun indicating that 
there is very little or no contribution from active regions. But the observed 
peak brightness temperature varied from 100,000 K to 700,000 K. The half 
power widths of the brightness distribution were In the range of 3 to 4 Re· 
The variations of the brightness temperature and the half power widths are 
not correlated. It is therefore suggested that the variations of the brightness 
temperature are not caused by umform density variations or due to scatter
ing by an irregular corona. (Ch.V. Sastry) 

Spot magnetic field and the Wilson depression 

Independent spots SUitable for this study have been selected out of the 
spots and groups for which Zeeman hne splitting observations were ob-

tained dUring 1979-83 at the Kodaikanal Observatory It is interesting to 
note that a large number of spots do not show the Wilson effect. Further, 
a significant number of spots show the opposite of Wilson effect. Mea
surements have been started on the photoheliograms for the depressions 
In penumbrae and the evaluation of magnetic field strengths using the 
spectra of selected spots. (S.P .Bagare, S.S.Gupta, P Venkataknshnan) 

Small scale magnetic structures 
Intensity oscillations in chromospheric bright points and 
network elements 

From a 35 minute time series of photographic spectra In the Ca II H line 
obtained at the Vacuum Tower Telescope (VTT) of the Sacramento Peak 
Observatory, New Mexico, USA under high spatial, spectral and temporal 
resolution, a large number 01 H line profiles at the sites of the bnght POints 
in the intenor of the supergranulation cells, and at the network elements, on 
a qUiet region at the centre of the solar diSC have been derived. It is shown 
that the brtght points are associated with a 3 minute periodicity in their 
Intensity oscillations whereas the network elements exhibit a 7 minute 
periodiCity. It is surmised that the large difference in periods of the intensity 
oscillations, the strength of the magnetic fields, and the intensity enhance
ments at the sites of the bright points and the network elements themselves 
may probably be taken as eVidence to argue that the mechanism of heating 
in the two cases are diSSimilar, Irrespective of the sizes of these structures. 
(R.Kariyappa) 

The Ca II K bright points and Ha bright-dark mottles 

Very high quality spectroheliograms have been obtained simultaneously In 
Ca II K line, In the core and wing of Ha. and in the continuum using the 
spectroheliograph of the Sacramento Peak Observatory during the first 
week of July, 1993. The aim is to determine whether K2V bright pOints, Ha 
bright-mottles, off-band Ha dark grains and granular-intergranular fea-
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tures are different aspects of the same feature. Analysis of the data is in 
progress. (R.Kariyappa) 

Flares 

From the circular flare of 14 March, 1984 observed at Kodaikanal, it is 
concluded that the relative motion between the emerging spot field and its 
neighbouring field is responsible for the field line reconnection which 
triggered the flare. It is believed that the reconnection IS indicated by the 
dynamic activity of the Ha filament at the chromosphenc level, where it 
attained a severe twist before erupting as a 4B flare. (K. Sundara Raman. 
P.S.M.Aleem. Jagdev Singh, R.Selvendran. *R.Thiagarajan) 

Solar seeing and atmospheric turbulence 

Study of the data on daytime seeing measurements obtained at Kodaikanal 
in Feb-March 1992, has been completed. Durations of image stability and 
rms Fried-parameters have been evaluated. A phenomenon of clustering 
of good moments is observed: these good spells occur apparently between 
successIVe turbulent cells in the atmosphere. Using the seeing data and the 
local wind velocity measurements during observations, the dimension 
range of dominant cells is estimated to be 100-700 meters. It is suspected 
that this dominant scale is perhaps the range for the controversial upper 
scale of atmospheric turbulence In the Kolmogorov spectrum, for the day 
skies. (S.P.Bagare) 

Solar Instrumentation 

Vector Magnetograph 

The solar vector magnetograph has been operational at the solar tunnel, 
Kodaikanal since last year. On the basis of the experience gained, several 
mechanical fixtures were fabricated for the second unit of the polarimeter 

These include a Roche prism holder, a half-wave plate holder and a filter 
holder. (N.Jayavel, A.V.Ananth, P.Venkatakrishnan) 

The validation ot the vector magnetograph was completed in 1993 Mayl 
June. Initial observations, made In 1994 January/February used the 
magnetograph in the line-ot-sight mode. The results obtained from these 
runs will be used to establish the relationship, if any, between magnetic 
fields and mechanical energy generation in the photosphere 
(P .Venkatakrishnan, R.S.Narayanan) 

Velocity structure InsIde the supergranular cells 

Work has started on a new method of obtaining velocity grams uSing an 
image subtraction technique. Using the 13-inch solar image from the Solar 
Tower Telescope, the high resolution spectroheliograph, a beam splitter 
and a linear diode array, two images of the same region will be obtained in 
the two wings of an absorption line simultaneously. IntenSity fluctuations on 
the sun will be removed from the data by subtracting one image from the 
other. The remaining intensity fluctuations will Yield the velocity pattern on 
the sun. The use of a diode array IS expected to prOVide reasonable 
accuracy for measurement of velocity structures inside the large convective 
cells. (J.Singh, R.Srinivasan, G.Srinivasulu) 

Solar Tower Telescope at Kodalkanal 

For improving the spectral quality a new lens of 60 feet focus and a 
reflecting grating have been installed at the Solar Tower Telescope in 
Kodaikanal in 1994 January. A single pulse to the motor rotates the grating 
through an angle of 32.4 arc sec and shifts the spectrum by 2.8 mm at the 
focal plane. The grating can be rotated at a maxImum speed of 1.8 degree 
per second and a minimum speed of 2.7 arc min per second. The spectral 
quality has become much beUer and according to eye-estimates the scat
tered light has come down to 3-7 percent from the earlier 20-50 percent. 
(J.Singh. F.Gabriel) 
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Picture oflhe Sun in white light as seen at Iheentrance oflhe high resolution spectograph oflhe 
Solar Tower Telescope. 
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An imaging system for the spectroheliograph 

A linear CCD based imaging system is being developed for the spectro
heliograph, operating at Kodaikanal. The objectives of developing the CCD 
system are as follows: 

1. To eliminate the need for the photographic plates. 
2. Achieving higher dynamic range and resolutions. 
3. Direct recording of the information in the digital format. 

A linear CCD camera has been procured from MIS Fairchild keeping in view 
the following points: 

1. Compatibility to the existing mechanical scanning facIlity. 
2. A single two-dimensional CCD array of the required size (60 mm x 60 
mm) is not available commercially. 

The proposed linear CCD camera Will cover the 20 solar Image giving a 
6000 x 6000 pixel resolution. Due to the memory limitations of the 
acquisition system, the resolution is reduced to 2000 x 2000 pixels. 

The camera is mounted in the location where the photographic plates were 
fixed earlier. The present mechanical arrangement scans the camera 
across the solar image at a fixed rate As the camera sweeps the solar 
image, it provides digital data corresponding to the image. The data are 
acquired and stored in the computer via the Interface electronics. The 
interface electronics generates the clock under software control and 
synchronises data flow from the camera electronics The computer stores 
the data In expanded memory during acquIsition and later transfers It to 
the disk. The acquired image is displayed on the monitor at super VGA 
resolution. (G.Srinivasulu, R SrJnivasan, M.R.Somashekar) 

Solar scanner 

In order to scan the solar Image through the slit, the eXisting Coelostat Drive 
system required certain modifications. The frequency of the drive system is 
made selectable through a PC port in the 'remote mode' and through the 
thumb wheel switches in the 'local mode'. A user-friendly software has been 
developed for the solar scanner. The programme takes the parameters like 
the drive frequency, time period and the number of programming steps from 
an input ASCII file and executes one step at a time upon user's command. 
The 'Skip' facility allows branching capability from one programmed step to 
another. The system IS under development and IS expected to go Into 
operation in early 1995. 
(R.Srinivasan, B.Nagaraja Naidu, K.S.Ramamoorthy, C.V.S.Harsha) 

Site survey for the eclipse of 1995 
The shadow of the total solar eclipse of October 24, 1995 touches India at 

·about 8.31 1ST in Rajasthan and the path of totality passes through parts of 
Rajasthan, Uttar Pradesh, Bihar and West Bengal. The duration of totality 
will be about 60 seconds in Rajasthan and about 90 seconds 10 West 
Bengal The altitude of the sun at the time of the total eclipse Will be about 
20 degrees in Rajasthan and U.P. and 30 degrees in West Bengal. Weather 
data indicate that the chances of having a clear sky are more in Rajasthan 
and U. P. as compared to Bihar and West Bengal. After visiting a number of 
villages close to the centrallme of the path of totality and takmg into account 
the logistics available. Nim Ka Thana and Pragpura have been found to be 
good locations for setting up camps for observations of the eclipse. Nlm Ka 
Thana IS located at a distance of 100 km from Jalpur and 200 km from Delhi. 
It is accessible from Delhi by both road and rail transport. The survey will 
be continued. (J.Singh) 
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Solar System Studies 

Near Earth asteroids 

CCD imaging at the prime focus of the 120 cm telescope of the Japal 
Rangapur Observatory (JRO) was started this year Jointly by the Depart
ment of Astronomy, Osmania University and the Indian Institute of Astro
physics. The 512 x 512 CCO of JRO had no facility for scan mode 
observations earlier. This has now been done Although initial efforts 
consisted mainly in setting up the system, some efforts were also spent in 
obtaining Images of Comet Shoemaker-Levy 9. Test runs of selected 
regions for moving objects were conducted and necessary PC-based soft
ware was developed for this work. 

A 1024xl 024 CCD and a SUN SPARC station for data acquisition have been 
procured by IIA for studies of solar system objects. The design of the 
mechanical assembly for holding this large format CCO at the prime focus 
of the 120 cm telescope of JRO with provisions for tilt, rotation, focussing 
and filter unit is now ready. This assembly together with the large CCO and 
the SUN SPARC station IS expected to be available for observations from 
next year onwards. (R.Rajamohan) 

Observations of Comet Shoemaker-Levy 9 

Tidal disruption of comets under the intense gravitational field of Jupiter 
have been discussed, predicted and inferred in the past by several inves
tigators, but never witnessed until March 24, 1993 when a squashed comet 
was first spotted by Eugene and Carolyn Shoemaker and David Levy. 
Subsequent observations indicated that the progenitor comet was frag
mented due to tidal forces during Its close encounter with Jupiter on 1992 
July 7-8. The train of fragments IS now in a joviocentric orbit. The broken 
up chunks which are of size 2 5 - 4 3 kms Will make another close approach 
to Jupiter and are predicted almost certainly to crash on Jupiter one after 
the other over a 6-day period centered on 1994 July 20. The comet was 

being monitored at the Vainu Bappu Telescope since its discovery. Fig 1 
shows two of the Images taken using a CCD camera at VBT. Image in the 
inset was taken on JD 2449136.23, two months after the discovery of the 
comet. The bigger image was taken on JD 2449448.30. Significant 
changes can be noticed in the two images over the ten-month period. The 
total length of the chain has increased four times between May 1993 and 
end March 1994. Images were also obtained at the prtme focus of the 120 
cm telescope of JRO. A large corrected field of 13' x 13' permitted imaging 
of several field stars of magnitude down to 15.5 in a single CCD frame which 
could be identified from the Guide Star Catalogue (see Fig 2). Accurate 
astrometry was therefore possible uSing these images (R Vasundhara. 
R.Rajamohan, Pavan Chakraborty, "P. Vivekananda Rao, "R.Swaminathan, 
*G. Som Sunder, N. Kameswara Rao, V.D. Mayya, B.Eswar Reddy, 
T.P.Prabhu) 

Radio bursts from Jupiter 

A sixteen-element array operating in the frequency range of 18 to 28 MHz 
was constructed to observe radiO bursts from Jupiter. ThiS array IS being 
used in conjunction With an acouslo-optic spectrometer. The eqUipment IS 
being set up espeCially to observe the activity of Jupiter In radiO wave
lengths during the 1994 July encounter of Comet Shoemaker-Levy with the 
planet. (K.R. Subramanian, E.Ebenezer, Ch.V Sastry) 
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Predlct/ons of stellar occultations by Comet Shoemaker
Levy 9 

The dusty envelope created at the time of tidal disruption and absence of 
emissions make this comet a favourable object of study using the technique 
of stellar occultatIOns. A search for candidates in the Guide Star Catalogue 
was carried out to predict the appulses by 9 of the 21 individual fragments. 
Geocentric circumstances of about 300 events were computed for the 
period starting 1993 January 28. till the ttme of the impact m 1994 July. 
Since cometary positions are continually updated based on new observa
tIons, the predictions can be updated by using simple expressions using the 
corrections to the ephemerides. (R.Vasundhara) 



Stars 

Herbig Ae/Be stars 

DUring 1993-94, short (hours to days) to long (months to years) time scale 
spectroscopic observations have been carried out in the interval 5950-
6700 A, of fifteen Herbig Ae/Be stars ranging In V magnitude from 7 to 13. 
A Boller and Chlvens spectrograph with a CCD detector has been used at 
the Cassegrain focus of the Vainu Bappu Telescope. From these observa
tions it has been found that in six of these stars (AB Aur, HK Ori, KK Oph, 
BD +40°4124, HD 200775, BD +46°3471) forbidden [01] emiSSion at 6303.3 
A With a P Cygni profile or a double-peak Hex profile is present while in the 
rest of the stars only single-peak Hex emission profiles are present. We 
suggest that stars with a P-Cygni or double-peak Hex profile have strong 
stellar winds and the forbidden lines originate from the outer parts of the 
stellar Winds, whereas stars with single-peak emission prOfiles do not have 
sufficiently large winds to produce forbidden line emission. Detail modeling 
is in progress. (K.K.Ghosh, S.Pukalenthi) 

Polarimetric mOnitoring of Herbig Ae/Be stars was continued. About 50% 
of the objects show variability in the degree of polarization as well as in the 
position angles on time scales of months to years. These stars are also 
being observed in the infrared Photometric variability in the Infrared has 
been recorded in a number of them. (S.K.Jain, H.C.Bhatt) 

ABAur 

As part of MUSICOS 1992 (Multi-site continuous spectroscopy), the HerbIg 
Ae star AB Aur was observed at moderately high resolution. The aim of the 
spectroscopic investigation was to study the azimuthal structures in the 
Wind and the chromosphere of th,s pre-main sequence star. 

The He I 5876 A line, supposed to be Originating In the expanding chromo
sphere of AB Aur, in the innermost parts of Its Wind, was mOnitored at a 

resolution of 30000 nearly continuously for about 4 days. A spectacular 
variability of thiS line was discovered. the profile changing from pure 
emission to a composite profile including a deep absorption component in 
the course of a few hours. This variability can be the sIgnature of azimuthal 
structures in the wind of AB Aur. 

The rotational modulation of the Mg II and Ca 1/ resonance lines has been 
interpreted by a model involVing streams In the Wind of AB Aur. If these 
streams originate from the stellar surface, as would be the case if they are 
controlled by a surface magnetic field, then we expect that the chromo
spheric He 15876 A line, formed near the base of the wind, IS also modulated 
by the rotation of the stream structure. The observations reported here are 
in agreement with this model, which suggests that the structure of the wind 
of AS Aur indeed originates from the stellar surface. We propose that the 
He I 5876 A line of AB Aur is the superposition of 2 components: 

(a) a Quiet-Chromosphere component; this component has (i) an ab
sorption centered at zero velocity, formed at the base of the Wind 
and chromosphere, where the wind velocity is small and the 
chromospheric temperature is not far above the effectIve tempera
ture, and (ii) a blue-shifted emission component formed further 
out in the wind and chromosphere, at higher velOCIty and tem
perature; 

(b) a stream component; th,s component, formed In the streams 
originating from the stellar surface, is in emission, and its position 
in wavelength is modulated by the rotation of the star; there may 
be one or several of these streams. 

Further studies are in progress. (K.K.Ghosh, ·C.Catala) 
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T Taurl stars 

Spectroscopic observations of the weak and moderate emiSSion T Taun 
stars have been continued. Spectra In the region of Ha were obtalOed for 
the programme stars so as to cover a few rotation penods to monitor the 
short-term as well as the periodic variatIons 10 the emIssion strengths It IS 
found that the Ha. emission strengths of weak emission T Taun stars 
behave more or less as to the active maIO sequence G-K stars while 10 

moderate emiSSion T Tauft stars the emIsSIon strength vanes rapIdly. The 
weak emIssion T Tau" stars HO 288313 and HO 283572 do not have Ha 
emISSIOn. 

Broad band photometry of the weak emiSSIon T Tauri star HO 288313 
obtamed durmg 1993 was analysed. It is found that the hght vanatlons show 
a perrodlclty of 1.8 days. Simultaneous Ha spectroscopy and photometry 
are camed out dunng the current season to check the correlation between 
the H« strength and the light vanatlon. 

The Stromgren photometry of the acttve chromospheric stars HO 84140 and 
HO 127535. obtamed at ESO. ChIle between 1985 and 1990 as a part of the 
observmg programme of long-penod vanables. IS also bemg analysed The 
stars were observed contmuously over a few photometric penods durmg 
several seasons to study the short and long term vanatlOns In actrvlty 

A comparison between the photometnc behaViour of weak to moderate 
emiSSion T Taun stars and active chromosphere stars YIelds several 
interesttng results. Though the light variations in moderate emiSSion T 
Tauri stars at tImes show periodicity. most of the time we see Irregular light 
variations due to the extreme activity But In the case of weak emiSSion T 
Taun stars and active chromosphere stars the light vanatlons are generally 
penodlc. though the shape and the amplitude of the light curves vary from 
one penod to another 

We have obtained polarlmetnc observatIons of T Taun stars TW Hya and V 
410 Tau for a penod of 10 nights. Further. simultaneous photometry of 
these stars has been done to study the correlation between vanablhty In 

polarization and light variability. The analysIs of the data IS In progress. 
(M.V.Mekkaden) 

Be stars 

Sixty seven bnght Be stars, at different epochs, have been observed during 
1993-94 usmg the 102 em reflector with a coude-echelle spectrograph and 
a CCO detector system. From the high resolutIOn (0 17 A per pixel at Ha) 
and high signal-Io-noise ratio spectra of these Be stars, it has been found 
that a few of them have changed from Be to Be-shell phase Before entenng 
IOta the shell phase, vIolent outbursts have been observed In the spectra 
of these stars. These stars have displayed Inverse-P-Cygnl profiles In He 
I and higher-order Balmer lines before the outburst Detail modeling of 
these observations IS In progress 

Ounng 1993 November-December nearly simultaneous polarimetric (U, B, 
V. R. I) and spectroscopic (Ha. and He I) observatIOns of 43 Be stars were 
carned out It IS hoped that the multlband polan metric data Will allow us to 
fmd out the presence or absence of shocks In the disks of Be stars. 
(K K.Ghosh, *R Radhaknshnan, *R.Knshnamurthy, *C Srinivasan, 
G Selvakumar, M J Rosano) 

RS Canum Venaticorum Stars 

DMUMa 

The differential BV photometry of OM UMa obtained over 19 nights and 
near-simultaneous Ha spectroscopy obtained over 7 nights during the 
1990-91 obserVing season were analysed From an analysIs of the avail
able data It was found that the light curve shows both periods of small and 
large amplitudes with remarkable changes in its mean light leve/. Appar
ently, the amplitude of light variation does not depend either on the mean 
brightness of the system, or on ItS !:t.Vmax or !:t.Vmm. 

It IS found that the light minima phases fall on four well separated lines. The 
minimum, first observed In 1979, could be traced until 1982 A s:co~~ 
minimum, which first appeared some time in 1981, could be trace un I 

. m The minimum 1985. Durmg 1986-87 there was a short-Irved mlnlmu '. lowpr /lml~ 
which originated some time m 1988 still existed In 1991. Earlier a 
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of about four years was assigned to the lifetime of a centre of activity (spot 
or spot group). But the present analysis indicates that the lifetime of a spot 
or spot group can be as short as two years. It is Interesting to see that all 
the minima show migrations towards decreasing orbital phases. If the 
equator is synchronized with the orbital rotation, this implies that higher 
latitude regions are rotating faster than the equatorial region. The model· 
ling indicates the presence of spots at high latitudes. The Ha emission 
equivalent width in OM UMa shows a modulation with the photometric 
phase so that the maximum emission equivalent width is close to the 
minimum of the light curve The spectrum of OM UMa obtained on 1991 Jan 
7 shows strong eVidence of a flare (S Mohin, A.V.Raveendran) 

Totally eclipsing RS CVn binaries 

These systems have been found to show interesting forms of activity in 
almost all portions of the spectral regions ranging from x-rays to radio 
region. In order to understand the atmospheric properties of these AS CVn 
components of the eclipsing binary systems, a programme of spectropho· 
tometric observations has been initiated. The energy distribution curves of 
some of these stars at different phases have been obtained in the wavelength 
range of 4000 A to 7000 A at the Vainu Bappu Observatory. Detailed 
analysis will be carried out at the Ankara University Observatory, Turkey. 
(G.S.D.Babu, *E.Derman, *0 Demlrcan) 

EClipsing binary HU Tauri (HR 1471) 

The photometric elements of HU Tauri are derived from an analysis of its 
blue and visual light curves using the Wilson and Devinney light curve 
synthesis method. The photometric elements suggest that HU Tauri is a 
semidetached system and the primary minimum in its light curve is due to 
an occultation eclipse. Combining the photometric elements and the 
spectroscopic orbital elements the absolute dimensions of the system are 
derived. The masses and radii of the B8 V primary and FB-G2 III·IV type 
secondary are found to be 4.68 Me' 2.9 Re and 1.26 Me ' 3.34 Re 
respectively. The cool and less massive secondary appears to have filled 
its Roche lobe. (M.Parthasarathy, *M.B.K.Sarma, ·P.Vivekananda Aao) 

A critical compilation of oscillator strengths of Fe 
!I lines 

A compilation is made of oscillator strengths for 841 Fe II lines of astro
phYSical interest. Oscillator strengths from various sources e.g. laboratory 
measurements, semi-empirical estimates and those derived from solar Fe 
II lines are critically examined for random and systematic errors. The errors 
of experimental and solar oscillator strengths are found to be lower than 
those of semi-empirical estimates. 

After omitting the measurements with large errors (more than 25%), oscil
lator strengths from experimental and solar data have been brought to one 
scale by applying necessary corrections and hence we had a compilatIOn of 
gf values with an accuracy within 10-25%. Next the list of semi-empirical gf 
values from Kurucz (1989. private communication) which is overwhelmingly 
extensive was examined. But for heavier elements like iron, quantum 
mechanical formulations required to calculate gf values need many sim
plifying assumptions and hence it is noticed that theoretical and semi
empirical gf values suffer from large systematic errors. Systematic cor· 
rections have been calculated that should be applied to gf values of Kurucz 
(1989) uSing our compilation of expenmental data. It IS found that the 
systematic errors are dependent upon excitation potentials of the lines. the 
correction is very small for O. eV lines but grows as 4-5 eV lines are 
approached. (S. Giridhar, ·A.Arellano Ferro) 

Hydrogen deficient stars 

Abundances 

A comprehensive analysis of the surface abundances in A Cr B stars was 
done based on the high resolution spectroscopic observations obtained at 
CTIO 4-m and McDonald 2.7- and 2.1-m telescopes. The analYSIS of the 
observations was carried out uSing the computing facilities at both VBO, 
Kavalur and IIA, Bangalore. In a review based on the above data the 
authors present a selection of recent highlights of observations of A Cr B 
variables. Emphasis is placed on an abundance analysis of a complete 
sample (18 stars) of the warm Galactic A Cr B variables. It is shown that 14 
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out of the 18 stars have very similar compositions: the iron mass fraction 
varies by about a factor of 3 around the solar value (assuming C/He = 3%) 
but abundance ratios X/Fe for elements from Na to Ba show little variation. 
By contrast, the other 4 stars are deficient in Iron but not in Na, Si, Sand 
some other elements. With a value of lSi/Fe] - 2, the quartet is indeed 
'peculiar'. One of the quartet, V 854 Cen shows depletions of elements 
(other than CNO) similar to the depletions seen In interstellar medium 
corresponding to an average log N(H)tot = - 1 5 Scenarios for creating R 
Cr B variables from normal single and double stars have also been 
summarised in this review. (N.Kameswara Rao, *D L.Lambert) 

The detailed analysIs of the observations of R Cr B stars using Schonberner's 
atmospheric models is in progress. Not only the atomic lines but also the 
strengths of the molecular bands are being studied to be consistent with the 
values of T If' log g of the models and the abundances A study including 
the kinematical properties obtained from the radial velocity observations of 
these stars is also being done. 
(N.K.Kameswara Rao, S Gmdhar, *D L Lambert, G.Pandey) 

MVSgr 

A preliminary study of the emission line spectrum of the hot R Cr B star MV 
Sgr is complete. The high resolution spectra obtained with CTIO 4-m 
telescope are being analysed. These show the presence of [0 IJ, [N IIJ and 
other forbidden lines. The emission lines of Fe II dominate the spectrum 
and are also double. The appearance of double lines of [0 I] indicates a 
bipolar or disk-like geometry of the surrounding gas rather than an optical 
thickness effect in the lines as thought earlier by other observers. The 
[0 I] and [N II] line ratios give respectively Ne - 3 x 106 cm-3 and T e - 1.6 
x 104oK. The presence of low-density nebulae around R Cr B stars IS of 
ImportancQ In the context of stellar evolution. 
(G. Pandey, N.Kameswara Rao, tD.L.Lambert) 

IWCar 

The carbon rich RV Tau star IW Car has been analysed In detail. The 
spectrum of IW Car shows many interesting features The observed 

hydrogen alpha line is very complex with weak blue and red emission 
components, a sharp deep absorption feature and a shallow broad blue
shifted absorption feature. The sharp deep absorption is close to the 
position of the expected photospheric absorption line but the shallow 
absorption feature is blue shifted by about 82 kms·1 with respect to the 
photospheric lines. The gas giving rise to this absorption appears to be 
escaping from the star. The weak emission lines may come from a shell or 
a disk near the star A high resolution spectroscopIc analysis of IW Car has 
been carried out for abundance studies. The star shows a photospheric 
composition unlike that reported previously for any other RV Tau star but 
resembles the pattern seen In certain post-AGB stars IW Car IS carbon
rich: several hnes of C I are detected and suggest CIO - 1. The star IS 
generally metal poor. The derived composition of [Fe/H] - -1.0, [Ca/H]
-1 9 but [Zn/H] - 0.0 reflects gas of soJar metallicity from which easily 
condensable elements have condensed into dust grains and been removed 
from the star's photosphere. Figure 3 displays a plot of the differential 
abundance [X/H1 of IW Car against the depletion observed in the 
-15 km S-1 cloud component of ISM in the line of Sight to ~ Oph. Separation 
of gas and dust may have occurred in the present or the recent stellar Wind 
of IW Car. These characteristics also suggest that RV Tau stars are post
AGB objects. (S.Glridhar, N.Kameswara Rao, *D.L.Lambert) 

V Cr A and UW Cen 

Analysis of the spectra at minimum light of the two R Cr B stars V Cr A and 
UW Cen has begun. V Cr A shows strong Na I D lines in emission, both 
broad and sharp, very typical of the R Cr B's. In additIOn the differential 
spectra, compared to that of maximum light, show emission of the molecular 
bands of C2 and of other sharper metalliC lines. UW Cen only displays 
shifted absorption components of Na I D lines with velOCities of ejection 
ranging from 105 km s·1 to 5 km s·1. 
(N.Kameswara Rao, S.Gmdhar, G.PandeY,*D.L.Lambert) 

SUTau 

The programme of CCD imaging of the fields of R Cr B van abIes and other 
related stars, particularly, when they are at minimum light, IS being contm-
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ued with the 1-m and 2.3-m telescopes at VBO The star SU Tau has been 
imaged in BVAI filters. Its field reveals heavy reddenmg and the presence 
of a field galaxy close to the object particularly prominent in the A,l bands. 
It is possible that this galaxy might contribute to the flux excess seen 10 the 
IAAS measurements of SU Tau at 60 11m and 100 11m . 

The spectroscopic monitoring of some of these stars is being done with a 
view to studymg their pulsation and related phenomena. 
(N. Kameswara Aao, S.Glrldhar, G.Pandey) 

Lunar occulta'tions of infrared sources 

Stars with circumstellar dust are generally bright 10 the infrared. However, 
the angular sizes of the clfcumstellar shells are often 10 the sub-arc second 
range Lunar occultations provide a unique opportumty to resolve these 
structures. In this technique the diffraction pattern of the source occulted 
by the moon is observed and a detailed deconvolutIon process Yields the 
source structure. Angular resolution at the level of milli arc seconds can be 
obtained. About 10 objects from the 2 -11m survey catalogue have been 
observed with the various telescopes at VBO, Kavalur. AnalysIs of the data 
IS 10 progress. (H.C.Bhatt. *T.Chandrasekhar, *N.M Ashok, 'Sam Aagland) 

Ca II triplet lines in cool stars 

Survey 

The analysis of the Ca " triplet near-mfrared hnes 1..8498, 1..8542, 1..8662 as 
sensitive indicators of lummosity, temperature and metalhclty of cool stars 
has been continued. HIgh dispersion CCO spectra have been obtamed of 
several more metal-poor stars with the coude echelle spectrograph at the 
102 cm telescope. Observations of ),8498 and A.8542 now eXIst for 130 
stars of all luminosity types, spannmg a spectral type range of F8 to M3 and 
[Fe/HI from -3.0 to +1.1. The third line of the triplet at 1..8662 has a par
ticularly clean profile free from blends. Because of high spectral resolutIOn, 
all three hnes could not be observed simultaneously. The ear her data set 
has now been supplemented with observations of this Ime m 80 stars 
observed this year. 

Triplet lines as indicators of chromospheric activity 

From the eXisting Ca II triplet data, stars of the same luminosity, tempera
ture and roughly the same metalhclty have been grouped together. It IS 
found that within a given group, there is a star or two with Ca " triplet line 
profiles not as deep as those of the other stars in that group This is most 
likely due to the presence of emission flllmg 10 the absorption profile 
suggesting a higher chromospheric activity in these stars. A detailed study 
of the Ca " triplet line profiles in the 130 stars observed has shown that at 
least nine stars, namely 56 Peg (G8 Ib), HA 2269 (K3 Ib), E En(K2 V), 
X10ri(GO V), cp Vir(G2 IV), U Hya(K2 III), E Hya(G5 III), () Vlr(M3 III), 
e CMa(K4 III) have higher central depth than the respective stars of the 
same lummoslty, temperature and metalhclty. These observations have 
been compared with the eXlstmg data on the Ca II Hand K lines for these 
stars There 15 a striking correspondence 10 the sense that the stars with 
higher central depth have a higher intensity index assigned to the H2/K2 
emission In the present observations, the spectrum of each star with 
higher central depth has been divided by that of one of lower central depth 
of the same spectral type and luminosity with the idea that the diVided 
spectrum would indicate the amount of emiSSion due to chromosphenc 
activity. The divided spectra Yield for both 8498 A and 8542 A larger full 
Widths at half maximum for supergiants than for giants and is stili lesser for 
dwarfs, roughly in analogy with the well-known width-luminosity relation 
described by the Ca II Hand K lines. 

Relationship between the Ca /I triplet lines and the Li I ;"6707 
line 

The central depths of the Ca JI triplet lines are excellent chromospheric 
activity mdlcators; the shallower the lines are m the spectrum of a star, the 
more active is the chromosphere of this star. Such activity is tightly 
connected to the age of a star. the more active the chromosphere, the 
younger is the star Both chromospherically active and quiet stars were 
observed m the LI I line at 6707.83 A. More than half of the active stars have 
been found to have a strong Llline whereas it is very weak in the quiet stars. 
ThiS fmdmg is consistent with the Idea that the more active star is much 
younger, hence a strong Llillne On the other hand, Li IS most likely already 
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depleted in chromospherically quiet stars which are older. Further inves
tigations are In progress to elucidate the lithium problem. 
(Sushma V. Malllk) 

Post-AGB Stars 

JRAS 10215-5916 

From low and high resolution spectroscopic observations of IRAS 10215-
5916 we have discovered the presence of nebular emission lines in this G
type supergiant star in post-AGB stage. From its high resolution spectrum 
we derive an expansion velocity of 17 km sec·1 for the shell, similar to the 
values usually observed in planetary and proto-planetary nebulae. The 
images taken in the near infrared show that IRAS 10215-5916 is slightly 
extended and asymmetric. Although we cannot rule out a possible binary 
nature for the central star of this IRAS source, in which a hot component 
could be responsible for the observed nebular emission, no indications of 
binarity have been found so far. We suggest that the observed spectrum 
and morphology could be produced by the asymmetnc mass loss of a Single 
star in the post-AGB phase. Post-AGB mass loss can playa fundamental 
role in shortening the transition time towards the planetary nebula stage 
and favour the formation of the bipolar structures commonly observed In 

evolved planetary nebulae. In this sense, it is shown that this mass loss is 
more intense and frequent for massive progenitors of PNe. 
(*P Garcia-Lario,· A.Manchado, M.Parthasarathy, ·S.R.Pottasch) 

LS II + 34° 26 

LS 1/ + 34 0 26 is a high velocity, low gravity 81.Sla-labe supergiant star. It 
IS an IRAS source With far-Infrared colours Similar to post-AGB stars and 
planetary nebulae. We showed that LS 1/ +34 0 26 is a low mass post-AGB 
8 supergiant and not a massive Population I 8 star located near the outer 
edge of the Galaxy. LS 1/ +34 0 26 was observed With the IUE .. Low 
dispersion ultraviolet spectra from 1150A to 3200A have been obtained. 
From an analysis of the 2200A feature the E(8-V) colour excess is found to 
be 0.25. Radial velocities of 51 IV and C IV absorption features yield 

respectively stel/ar wind velocities of -2760 km sec·1 and 
-2200 km sec·1 and show evidence for post-AG8 mass loss. 

High resolution optical spectra of LS 1/ +34° 26 were obtained with the Isaac 
Newton Telescope at La Palma. Forbidden emissIOn lines from W, 0°, S+ 
and permitted lines due to C II, Nil, 5i II, Fe III.have been found. Several 
He I lines were found to show emission and/or P Cygm profiles. The 
spectrum of LS 1/ +340 26 In 1977 (Turner & Dniling 1984) shows only Ha 
in emission. The recent spectra show nebular emission lines in addition to 
emission lines of H and He indicating variation in the spectrum Within the 
last 10-15 years. Absorption lines show night-to-night variations in profile 
shapes and radial velocities. Emission lines show a constant radial veloc
ity. The presence of circumstellar dust shell with charactenstlcs Similar to 
planetary nebulae, the presence of nebular lines in the optical region and 
the high velocity of the star suggest that LS /I + 34° 26 is a low mass post
AGB star and it is rapidly evolving Into a planetary nebula 
(M.Parthasarathy, *P.Garcia-Lario, *O.de Martino. ·S.R Pottasch.) 

Hot post-AGB stBrs 

From an analYSIS of IRAS data. several hot post-AGB stars have been 
detected. To study their spectra, flux distribution and clrcumste"ar matter, 
low resolution spectra in the optical region and CCO BVRI images have 
been obtained with the 102 cm and 234 cm telescopes at Kavalur. Analysis 
of the data is in progress.(M.Parthasarathy. B Eswar Reddy) 

Post-AGB A-F supergiants 

High resolutIOn optical spectra of post·AG8 A-F supergiants HD 101584 
and IRAS 10215-5916 were obtained With the ESO CAT to study the 
chemical composition. Analysis of the spectra is 10 progress. 
(M.Parthasarathy, 'P Garcia-Lano, B.Eswar Reddy, ·S.R.Pottasch) 

Low resolution spectra In the optical region and CCO BVRI Images of 
several post-AGB supergiants and IRAS sources with far-Infrared colours 
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simIlar to planetary nebulae have been obtamed wIth the 102 cm and 234 
cm telescopes at Kavalur. The data are bemg analysed to derive theIr 
spectral types. lummositles and flux dIstributIon. 
(B.Eswar Reddy, M.Parthasarathy) 

On the depletion of refractory elements In post-AGB A-F 
stars and Lambda Bootls stars 

The abundance patterns m ).. Boo stars and post-AGB A-F type stars were 
studIed. They are found to show large depletIons of refractory elements 
(Fe. TI. Ca. Mg. Si. AI) and nearly normal abundances of volatile elements 
(C.N. O. S.Zn) Most of the post-AGB A-F stars have clrcumstellar dust 
shells. Some of the).. Boo stars also have clrcumstellar dust. The presence 
of circumstellar dust shells lends strong support to the Idea that the 
depleted refractory elements are locked up m dust grams. 

It IS thought that the processes that produce photospheres with depleted 
refractory elements In ).. Boo stars and post-AGB A-F stars may be the 
same. Mass loss. cold outflows and extended atmospheres are understood 
to be common dunng the pre-main sequence stage of evolution and also 
durtng the AGB and post-AGB stages of evolutIon 

The formatIon of dust close to the star durmg the pre-main sequence stage 
of ).. Boo stars and dunng the AGB andfOr post-AGB mass loss phase 10 

the case of post-AGB A-F stars can deplete the refractory elements from the 
surface. The subsequent gas and dust separation and dust-driven mass 
loss (dnvmg out mostly the dust) can explam the photospheric abundances 
of A. Boo stars and post AGB A-F stars To quote Yorke (1979)" the 
separatIon of dust and gas during "advanced" evolutIonary stages (I e 
some time after the formatIon of the maIO sequence star) IS a common 
phenomenon· Thus A. Boo stars may be the result of separation of clrcum
stellar gas and dust durmg or Immediately after their pre-maIO sequence 
stage and the dust is swept outwards by the processes descnbed by Yorke 

(1979). Similar processes during the AGB and/or post-AGB mass loss. 
phases may also take place resulting In dust and gas separatIon and driving 
out mostly the dust The signature of the depleted refractory element 
abundances in the photospheres of A. Boo stars and post-AGB A-F stars 
may be relatively long lasting, In spite of the rapId rotation and vanability (in 
the case of A Boo stars) and mass loss and pulsatIon (in the case of post 
AGB A-F stars) It is possIble that a considerable depth of the atmosphere 
IS made up of matenal WIth depleted refractory elements (M Parthasarathy) 

Interferometric binaries 

The Blind iterative DeconvolutIon technique (BID) IS being used to obtain 
phases of seventeen close binaries whose specklegrams were obtained 
earlier using the Vamu Bappu Telescope A second method of reconstruct· 
Ing the object mtenslty IS to develop a blspectrum ThIS venture has been 
now taken up. ThiS powerful algonthm WIll enable one to reconstruct the 
phase and the modulus of the object spectrum If the object is known to be 
a double star a model IS avaIlable to fit to the blspectrum phase the 
parameters of a binary star system, I.e., relative brightness, dIstance and 
onentatlon. (S. K. Saha) 

Novae 

The programme on spectroscopIc mOnitoring of novae was continued 
dUring the year. Intermediate resolution spectra were recorded of novae T 
Coronae Borealis, RS Ophluchi and GK Persei during quiescence, of novae 
PUPPIS 1991, Cygnr 1992 during the late nebular stage and of novae Aqullae 
1993, Ophluchl 1993 and Cassiopeiae 1993 in the Immediate post-outburst 
stage The last of these is a DO Her class of slow nova as seen from the 
light and spectral evolution The excItation conditions In the ejecta of novae 
In 1991 and 1992 increased beyond the values noted last year. 
("G C Anupama, T P .Prabhu) 



Galaxy and the Interstellar Medium 

Evolution of protostellar discs in molecular clouds 

Stars are born in molecular clouds together with clrcumste"ar discs around 
them The young star-disc systems then move around within the parent 
molecular cloud and encounter drag due to the ambient gas This drag can 
detach the circumstellar disc from the young star. The discs can also be 
disrupted due to close encounters with other star-disc systems. These 
processes are being studied numerically (H C Bhatt, Uma Gortl) 

A near infrared photometric study of the young Orion nebula 
star cluster NGC 1976 

The JHK magnitudes of 47 stars in the region of the extremely young Orion 
nebula star cluster NGC 1976 have been measured These, In combination 
With the eXisting near-Infrared and optical data, are used to study the 
intracluster reddening law This Indicates an anomalous distribution of 
intracluster grains in the Vicinity of many stars causing less extinction In the 
V, B, R and I pass bands than that obtained from the colour excess E(V-J) 
using a normal Interstellar reddening law This Implies a small shift in the 
grain size distribution towards larger than normal sized particles in these 
regions. (R.Sagar, 'Z.Y Qian) 

Cygnus 082 (VI Cygni) association 

From an ultra-loW dispersion spectroscopic survey of the Cyg OB2 associa
tion several red and reddened stars are detected. Since the Cyg 082 
aSSOCiation stars show heavy reddening it is concluded that most of the red 
stars found in our survey are most likely reddened OB stars Some of the 
fainter red stars may be low luminOSity and lower main sequence members 
of the Cyg OB2 association. (M.Parthasarathy, S.K Jam) 

Distribution of stars perpendicular to the Galactic plane 

Coupled Boltzmann-Poisson equations were earlier solved With the as
sumption that the velocity dispersion of stars perpendicular to the plane 
goes as V2(m) 00 m- a . These exact solutions have been fitted with various 
sets of data and It IS found that a surface density of matter 1: - 46 M,/pc2 
and a volume denSity p - 0.1 Me/pc3 give the most acceptable fit to the 
data. (S. Chatterjee) 

Distribution of planetary nebulae 

Observed samples of planetary nebulae suffer from incompleteness due to 
various selection effects. While the smallest nebulae are missed because 
their sizes are not resolvable, the largest ones are undetectable due to their 
low surface bnghtness. The vanation of interstellar extinction With galactiC 
latitude and longitude causes further problems in the detection of these 
objects. On POSS plates the limiting surface brightness in V is 25 mag per 
arcsec2, which translates to a limiting emiSSion measure of about 25 em-6 

pc. The discovery of low surface brightness nebulae on Kiso-Schmidt 
plates suggests that a sizeable fraction of them is yet to be discovered. 

The nebular parameters are bemg modelled and usmg a Simple extinction 
law m the solar nerghbourhood the fraction of mrssmg nebulae as a function 
of distance from the plane of the Galaxy is being estimated. The correction 
due to selection effects will be applied to the height distribution of planetary 
nebulae. (D.C.V.Mallik) 

8 VI photometry of planetary nebula fields 

Determination of accurate distances to planetary nebulae is of crucial 
importance for any further discussion of these objects. Of the many indirect 
methods, the extinction-distance method IS a very promising one. To apply 
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this method effectively a large number of stars lying in the direction of 
planetary nebulae in the sky are observed for theIr spectral types and 
colours so that a E(B-V) vs m-M diagram for the region in the sky can be 
determmed. In a new verSIon of thIs method the spectral class and the 
luminosity of stars can be accurately determmed from their BVI photometry 
alone and the method works better for stars later than FS. Accurate spectral 
type calibratIOn has thus been obtained by using (B-V) - (V-I) vs (V-I) 
diagrams (see Pollacco and Ramsay 1992. MNRAS 254. 228). The rich PN 
fields where this method can be explOIted to its maximum advantage are 
generally located tn the Southern Hemisphere in the Galactic plane. Many 
of these fields are accessible from VBO, Kavalur although the vast majority 
of them are available only In the months May-August. A programme has 
been initiated to Observe the nch PN fields using the Vamu Bappu Tele
scope to the pnme mode with a CCO photometer. Half a dozen PN fields 
have been Imaged during 1993 November-1994 February along WIth appro
priate Landolt-Cousins standards 10 all three filters. Data analysis IS 10 
progress. (O.C.V.Mslhk, A K.Patl. *O.Pollacco. °K.Exter) 

WC11 type n.buls. 

a) Observations: 

SpectroscopIc observations of WC 11 type nebulae to the wavelength range 
of 4000-10000 A were continued at a higher resolution than attempted 
earher WIth the Band C spectrograph at VBT. 

b) Modelling: 

The dust modelling tncorporated in the photoionizatlon code developed 
here and reported last year, has been reVised in an attempt to fully explain 
the observed fR characteristics of WC11 type nebulae. A new fealure is the 
introductIon ot dust In the halo regIon surrounding the photOlomzed nebula 
beSIdeS the nebular regIon. M4-18 has been remodelled using this new 
code. (R.Surendtranath) 

The /uE ultraviolet spectrum of PC 11 

PC 11 (HO 149427. PK 331 - 5°1) IS claSSIfied as a young planetary nebula 
with strong [0 /II] 4363 A emIssion and a Zanstra temperature of T = 270000K 
It is also claSSIfied as a D - type yellow symbiotic star with ~n A-F type 
compaOlon. It IS an IRAS source With detached cold dust shell with far 
mfrared (IRAS) colours SImIlar to planetary nebulae The IUE short wave
length (SWP) spectra show emission lines due to 0 IIIJ (1661/1666 A) J N Ill] 
(1746/1754 A). C III} (1907/1909 A) The 0 IlIJ and N 1I1J emission hnes 
show significant vanation. Vanatlon 10 the strength of CIII] IS not very 
slQOIficant. The strength of 0 III] has decreased and that of N III} has 
mcreased. The long wavelength (LWP) spectrum shows stellar continuum 
(A-F) and absorption hnes due to Mg II 2800 A feature. It also shows 
emission hnes at 2772A (?), 3133A - 3140A (very strong) (Oili. [Fe VJ), 3209 
A (He II? [Fe II)). The vanation In the strengths of the emiSSion hnes due 
to 0 III} and N III} and the presence of stellar continuum (A-F) suggest that 
the central star of PC 11 may be a binary. Further IUE ultraviolet spectra 
are being obtained to understand the causes for the vanatlOns In the 
spectrum. (M.Parthasarathy. *D.de Martino, *S.R.Pottasch, • J Clavel) 



Galaxies and Active Galactic Nuclei 

Dynamics 

The merging phenomenon of a pair of identical galaxies undergoing head
on collision has been further investigated by N-body simulatIOns. The 
simulations cover a large range in the Initial velocities of the galaxies. The 
merging of the galaxies takes place when the relative velocity of collision V 
is less than about four times the internal velocity dispersion i.e., V < 4.10'. 
The quantities like the energy change, the mass loss, the halfmass radiUS, 
the central concentration etc reach a maximum value when V = 4.10'. Mass 
transfer dominates when the collision velocity is small and consequently the 
merger remnants show negligible mass loss. The velocity distribution is 
broadened and slightly asymmetric with respect to the collision axis The 
comparison of the numencal results with analytical estimates, obtained 
uSing Impulse approximation, shows large discrepancy in the merging 
cases. In the non-merging cases the analytICal formula overestimates the 
energy change by more than a factor of two. (P .M.S.Namboodiri) 

MONO and galaxy formation 

Modification of Newtonian DynamiCs or MONO was initially proposed by 
Milgrom and studied by several people as an alternative hypothesis to 
account for the flat rotation curves of spiral galaxies without the need to 
invoke halo dark matter. 

The consequences of MONO for galaxy formation have been studied. It is 
found that standard parameters like the Jeans length, Silk mass etc get 
modified. The growth of denSIty fluctuatIons in an expanding universe has 
been studied with the MONO force law It is found that there is not much 
improvement in the rate of growth of fluctuations as in the standard COM 
scenario. So although MONO may explain flat rotation curves and cluster 
dynamics, it does not seem to Improve the situation as far as formatIOn of 
large scale structures IS concerned. (C.Sivaram) 

Modelling rotation curves· the turbulent way 

Helical hydrodynamic turbulence can magnify perturbation seed eddies and 
this can lead to the appearance of large scale structure. The evolution of 
the instability is accompanied by a transfer of energy from small scale to 
large scale fluid motions Rotation curves of several galaxies have been 
modelled by combining the effects of rigid rotation, gravity and turbulence. 
The model has Yielded very good estimates of parameters like the mass of 
the galaxy, its turbulent velocity and the angular velocity. This encourages 
one to study the velocity fields on large scales such as those of clusters and 
superclusters to vindicate the model's predicted spectrum (R.D.Prabhu. 
V.Knshan) 

Clusters in the Large Magellanic Cloud 

The stellar mass distributions has been studied in halo regions (radius 
ranging from 19 to 94 arcsec) of fIve young Large Magellanlc Cloud star 
clusters. Effects of the mass segregation have been observed in only NGC 
1711. A comparison of cluster age With its relaxation time indIcates that the 
observed mass segregation could have taken place at the time of star 
formation. Absence of mass segregation in most of the clusters may 
indicate that there is generally no spatial preference for the formation of 
massive stars. Most of the clusters have similar spatial denSity profiles 
which follow a power-law with indices around 3.5. This may indIcate a slow 
but efficient process of star formation in the young star clusters of the Large 
Magellanic Cloud. (A.Subramaniam, R.Sagar, H.C.BhaU) 

CCO photometry of early type galaxies 

VRHa Imagmg of several, primarily x-ray selected, early type galaXies was 
used to detect and measure the Ha t[N 111 emission from the central regIons 
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of seven of them, viz., NGC 1399, 1600,2563,4203,4636,4753 and 5044. 
The observed emission-line luminosities imply a mass of 105 Me in ionized 
gas The presence of IOnized gas IS associated with the presence of dust 
nngs and lanes. In some cases, sheil-like enhancements are noticed in the 
background stellar population as well. All of these appear to be manifesta
tions of accretion and merger events. Star formation consequent to merger 
appears to be a viable mechanism for ionizing the gas. (T.P.Prabhu, 
*K.P.Singh, *P.N.Bhat, *A.K.Kembhavi) 

Extragalactic Supernovae 
Coordinated photometric and spectrophotometric mOnitoring of SN 1993J 
In M 81 (NGC 3034) was carned out during 1993 April/May. Evolution of the 
photospheric velocities was determined from the spectra (see Figure 4). 
Blackbody fits to published BVRIJHK photometry after effecting corrections 
for interstellar absorption and line emisSion from the extended photo
sphere, yielded estimates of temperature and radii of the photosphere. The 
evolution of the photospheric radius implies a density variation in the 
progenitor poor? 4 for layers that became transparent around the second 
maximum. The distance to the supernova IS estimated uSing the expanding 
photosphere method as 3.1±0 5 Mpc. This value IS slightly lo~er than the 
current estimate of distance to M81 (3.6±0.3 Mpc), but the difference IS 
within the quoted errors 

The monitoring of SN 1994D in NGC 4526 has begun during 1994 March. 
(T P.Prabhu, Y D Mayya, *K.P.Singh. N.K.Rao, K.K.Ghosh, M.V.Mekkaden, 
A.K.Patl, A.V.Raveendran, B.E.Reddy, R.Sagar, A.Subramamam, R.Surendiranath) 

AGN 

CCO photometry of x-ray selected quasars 

BVR photometry was carried out for a few o! the quasars In the Einstein 
Medium Sensitivity Survey. Standard magmtudes and colours were ob
tained for MS 0914.7-2348 (V=18.54) and MS1030.2-2757 (V = 1585). 
(T.P.Prabhu, *K.P.Singh, 'P N.Bhat) 

X-ray spectroscopy and multlfrequency studies of blazars 

X-ray emission is an extremely common property of active galaxies and a 
large fraction of their total luminosity appears in the x-ray domain. Detailed 
x-ray spectroscopy Will continue to have a crUCial role in understanding the 
active galaxy phenomenon because of ItS apparent association with the 
innermost regions of AGN. Low-(0.1-2 keY) and medium-energy (2-10 keY) 
spectra of several blazars, Highly Polarised Quasars (HPQs), Optically 
Violent Variables (OVVs) and a Seyfert galaxy (NGC 4593). which were 
observed with EXOSAT, were analysed and different emiSSIOn models were 
used to fit the x-ray (0.1 - 10 keY) spectra of these objects. Further, 
multifrequency spectra (radio through x-ray) of thirty four EXOSAT blazars 
were analysed. Results of the x-ray spectral analysIs suggest that BL Lacs 
are steep spectrum and soft x-ray sources and HPQs/OVVs are, relatively, 
flat spectrum and hard x-ray sources. Even though the HPQs/OVVs are. 
in general, higher redshift objects than BL Lacs, they are slightly more 
luminous (by a factor of 4 to 7) in x-rays than BL Lacs. But in radiO the 
HPQs/OVVs are much more luminous (by 2 to 3 orders of magnitude) than 
the BL Lac objects. The multlfrequency spectra can be well represented 
with a single parabolic curve for BL Lacs and such smooth change of the 
continuum spectra indicates that they are produced via synchrotron radiatIOn. 
However, for the HPQs/OVVs two parabolic curves are needed with spectral 
discontinuity in the uv to x-ray region to fit the multifrequency spectra. It has 
been suggested that the emiSSion mechanism m the radiO through uv from 
HPQs/OVVs is synchrotron in origm while the x-ray emissions are from the 
mverse Compton mechantsm. Luminosities In different bands have been 
computed for all the blazars and a bimodal nature of the dlstnbutlOn has 
been found in the radio and x-ray luminosity plane. The above results can 
be explained in the framework of a 'wide jet' model in which the flow velOCity 
of the jet is constant but the degree of beaming increases with decreaSing 
frequency, that IS the opening angle of the x-ray emitting region In the inner 
part of the jet is much wider than that of the radio emitting region in the outer 
part. (K.K.Ghosh, S.SoundararaJaperumal) 

Photometric monitoring of blazars 

Photometnc monitoring of blazar candidates was continued, with the aim of 
obtaining the pattern of variability over different tlmescales, this mformatlon 
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will be used to constrain models of these objects We have fairly good 
coverage tor two blazars over the last two years Four other objects have 
been observed with Incomplete coverage. (A.K.Pati, K.K.Ghosh) 

X-ray spectroscopy of the Seyfert galaxy NGC 4593 

X-ray (0.1 - 10 KeV) spectra of NGC 4593 were obtained with EXOSAT on 
seven epochs between 1984 and 1986 uSing the low- and medium-energy 
detectors. Single power-law, two power-laws, thermal bremsstrahlung and 
broken power-law models with fixed absorption (fixed with respect to the 
Galactic hydrogen column density value) were used to tit the data A model 
having a broken power-law and a fixed absorption describes a better fit to 
the spectra than those obtained from the others. However, this model 
cannot completely fit the soft excess emission present In the spectra of 
NGC 4593, which leads to the suggestion that, most probably, two soft 
emission components are present In this galaxy. A highly significant 
emission line feature was detected which could be the redshlfted 6.4 KeV 
fluorescent iron Kline. (K.K.Ghosh, S SoundararaJaperumal) 

Soft x-ray spectroscopy of Seyfert galaxies with ROSAT 

One of the Important problems in AGN research IS to understand the ongin 
and nature of the soft x-ray excess. The main problem has been the non
availability of high resolution soft x-ray spectra of AGN. ROSAT observa
tions having a better spectral resolution than the previous payloads reveal 
an absorption edge around 0.7 KeV in the spectra of a few AGN. ThiS had 
led to the suggestion of a warm absorbmg medium around the central part 
of the AGN However, this alone cannot explam the observed soft x-ray 
excess. From recent ROSAT observations of certam Seyfert galaxies we 
have obtained very high slgnal-to-nOise ratio spectra (SIN ~ 30) and from 
these spectra we have detected an emiSSion Ime around 0.4 KeV along with 
an absorption hne around 0 8 KeV (see Fig.5). Based on the present results 
we suggest that the x-ray emission from AGN may be due to the emission, 
absorption and reflection from the photoiomzed gases present around their 
central engines. (K.K Ghosh,·R.Staubert) 

Spectroscopy of AGN with Hubble Space Telescope 

In 1966, before the discovery of any absorption features in the spectra of 
quasI-stellar objects, It was suggested that intergalactic gas In clusters of 
galaxies would produce ultraviolet quasar absorptIOn hnes Recently 
observations with the Hubble Space Telescope. of a larger than expected 
number of Lya absorption lines in the spectra of a few quasars suggest 
that probably. the excess absorption lines are associated with the clusters. 
However. It IS not clear whether or not these observations confirm the above 
suggestion since these lines could arise from individual clouds in large 
halos of galaxies within the clusters. One possible way of distinguishing 
between gas in halos of galaxies and gas between galaxies IS the widths of 
the hnes. Broad absorption hnes may be produced in the intergalactiC 
medium and the width of the lines will reflect the velocity dispersion within 
the cluster potential, but there may also be localized clumps of gas between 
galaxies in the cluster which will produce relatively narrow hnes. However, 
a reliable determination of AGN absorption Ime systems will enable us to 
understand the cosmic evolution of these systems. HST spectra of 103 
AGN have been collected and they will be used for the above studies Also 
different emiSSion lines (See Fig 6) present In the spectra of these AGN will 
be analysed and used, along with simultaneous or quasI-simultaneous 
optical and x-ray spectra, to study the interactions between the warm 
absorbing medium and the broad-line emltttng region of AGN (K.K.Ghosh. 
S.SoundararaJaperumal) 

UV studies of AGN 

AGN are generally known to vary in radio. infrared. optical. uv and x-ray 
wavelengths. BL Lac objects and HPQs/OVVs show the strongest vana
ttons, whereas Seyfert galaxies and quasars do not vary strongly In radio 
and far infrared wavelengths, but thelf vanabiltty increases with frequency 
from the near Infrared and optical region to the ultraviolet and x-ray 
wavelengths It is especially useful to study the ultraViolet vanabillty of 
Seyfert 1 galaxies and quasars because the large amplitude continuum 
vanation can be compared with vanations tn the emission lines. Study of 
the ultraviolet continuum will help in solving many Important Issues In 
AGN research. like r~latmg continuum variations to possible vanatlons in 
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the spedrallndex and emiSSlon-hne equivalent widths. If vanations in the 
contmuum can be related to those in the emission hnes, then it is possible, 
in principle. to constrain the dIstributIon of the hne-emittmg gas. Ultraviolet 
variabIlity IS also important for understandmg the well-known Inverse cor· 
relation between the C IV (1549A) equivalent width and the continuum 
lumtnoslty - the 'Baldwin effect'. 

From the IUE database installed In VAX 111780 computer at veo we have 
extracted SWP (1200 - 1975 A) and LWP and LWA (1975 - 320M) spectra 
of AGN. There are 2383 spedra of Seyfert galaxies, 1135 spectra of 
quasars, 177 spectra of radio galaxies. 660 spectra of blazars and 315 
sp&ctra of emission-line galaxlss (non-Seyferts). AnalYSIS of the data is to 
progress with a view to elucidating the above. 
(K.K.Ghosh, S.SoundararaJaparumal) 

Gravitationally IsnHd quas.rs 

From the first K band images of Q 2345+007. taken with the 3.8-m UKIRT 
and also B.V.R images measured afresh on earlier data, it is shown that the 
two components of the aso differ in apparent magnitude by 1.2+0.1 over 
the wavelength range 0.4 to 2.2/lm There appears to be a hinl of a smaller 
separaflon in the K·band images as compared to the other wavelengths. An 
important new result of these measurements is the evidence for intenSity 
variations of the indIvidual components in the blue and vIsual bands. 
(A.K.Patl. "Gopal Krishna) 
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Theoretical Astrophysics and Cosmology 

Radiative Transfer 

Winds in 0 and B stars 

In continuation of the work on radiatively driven winds in 0 and B stars 
reported last year, the equations of continuity and momentum conservation 
were solved simultaneously with the transfer equation for an atmosphere 
containing hydrogen, helium and carbon. The population density in 
different levels was estimated from the statistical equilibrium equations 
Involving collisional and radiative rates. 

- L TI)C}, + TI,[<2Jn,/n.)*C}. + 2:)C.} + Cik)] 
}<l )<. ». 

E n,(n,/TI)*e., - nk{n./nk)*C.1c - L njR}i 
)~ )a 

+n, [(E R.) + E R., + R.k)] - L n,R,. - nkR", = 0 
)<. ». J>' 

where the starred ratios are the equilibrium numbers. 

This leads to thE' equation 
An=b 

wh('re we- have, 

1 

akk(k = 1,1) = E Ck.P = 1,I;k =1= P 
p=l 

or 
1 

au = E(Ck,p+Rk,p), k = 1,1 
p=l 

n 
a,J = - ( -2. ) e,} - R.J i =1= j 

11) 

ak.p=l.l = 1 

n=[I1J,l1z"Y 

h = (0.0 •.. . P/AmjT 

The solutions lead to a derivation of the temperature profile in the Wind. 
As expected the number densities in different stages of excitation and 
Ionization denved from the statistical equilibrium equation are different 
from those derived from Saha-Boltzmann formalism. The new population 
densities would change the line radiation pressures and would give differ
ent terminal velocities In the Wind. Further calculations are In progress. 
(A.Peraiah, B.A. Varghese, M.Srinivasa Rao) 

Finite-difference methods for radiative transfer problems 

A comparative study has been done of the numencal results of two widely 
used difference methods forthe radiative transfer equation in plane-parallel 
medium. Peralah and Grant's technique (PG) (1973, J Inst.Math Apphcs 
12,75) IS based on the direct first-order differential equation for the specific 
intensity whereas Auer's Hermitian method (AH) (1976, JQSRT 16, 931) 
uses the second-order form of Feautner (1964, C R.Acad SCI. Paris 258, 
3189t for the mean intensity and flux-like variables. 
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The numerical results are compared with analytical solutIOns under the two
stream appfOXlmatlon 10 a semi-inhmte atmosphere. For the many-stream 
case. the numerical errors are estimated USing the value of Chandrasekhar's 
discrete ordlOate method (19«. ApJ 76. 100) It IS found that the PG 
method is stable with respect to the logarithmic optical depth scale and 
gives the less surface relative error (SAE) for the specIfic intensity than that 
of the AH method The maximum relative error (MAE) for the mean mtenslfy 
vanabte IS less for the AH method. 

The Table below shows SRE and MRE for difference equation methods in 
a semi-infinite atmosphere under the two-stream approXimation. B IS the 
Planck function, the parameter E IS the probability for colliSIonal de-excita
ttOn and t IS the optIcal depth van able B IS varied as " t and t 2. 

Table 1 

B(tl t -c2 

• 10-2 10-4 10-2 10--4 11,2 10 .... 

PG UttfIod 

SR£ 00 00 00 00 00 00 31E·05 71E·05 7 SE·05 
WAE 4~~75E~I~~15E~2n~l~~I5E~ 26E·03 29£·03 

AHYtthod 
SRE 34£·04 & lE·04 & &£·04 54E·04 26E·04 20E Q.t "2E 05 3 OE·Q.t 36E·04 

YAE g~~1~~19E~'9E032~~2~Q.t4~04 , OE·04 " 0E·04 

(0 Mohan Rao, B.A. Varghese, M SnOlvasa Rao) 

The redl.trlbutlon functlDn R. In expanding ,pherlcally 
.ymlHtric .t.llal.tmolPhere. 

Most often the limiting case of complete redlstnbutlon (CRD) is taken to be 
an adequate repres8f1tabon of the Plrttal frequency redistributIOn functIOn 
Rm In radlatlYe trans'. problems to study spectral Ime formatIOn In stellar 
atmospheres. Earfler works have shown that for plane-parallel (statIC and 
movtOO) stellar atmospheres the differences between the emergent mten
sities due to Rill and CRD are below 20%. But, WIth the advent of very hIgh 

resolution stellar spectroscopy ( Al6./..- 105 to 2x105}, highly accurate line 
profiles are available Therefore, even small differences between CRD and 
PAD profiles could be important m a quanlltatlve analYSIS of stellar spectra 
Also, the combined effect of sphenclty and macroscopic velOCIty on these 
differences cannot be estimated a priori 

We have considered a parametFlsed spherically symmetnc and differen
tially expandmg stellar envelope to study the effects of angle-averaged R", 
on spectrallme formation. The hne transfer equation has been solved In the 
rest frame of the star assuming a two-level atom model Within the framework 
of the Peralsh-Granl formahsm usmg the discrete space theory of radiative 
transfer. As a part of nus work we have also exammed the behaViour of 
emergent mean mtenslty profiles Jx' the source function S and the emer
gent flux profiles F I as a functIon of atmosphenc extenSion (b/a = outer! 
lOner stellar radIUS). maximum velOCity of expansion (Vbl and the thermal
Izalian parameter (e ). The behaVIour of these parameters IS In agreement 
With the eartler resuUs of Kunasz and Hummer (1974, MNRAS 166,19) 

The emergent mean intenSity prof ties due to angle-averaged RI" and CRD 
have been compared. The differences between the profiles are found to be 
much smaller to expanding sphencally symmetnc atmospheres than re
ported for plane-parallel atmospheres In earher investigatIOns 
(PrabJhot Singh. A Peralah) 

PO/lflZllllon In the telluric bands 

The transfer equatIOn IS solved to study the behaViour of hnear polarizatIOn 
10 the earth's atmosphere of 02 and H20 bands. It IS found that when the 
sun IS near the honzon, 02 hnes at 6900 A, 7600 A, and 12000 A show 
maximum hnear polarization of about 80% at zemth In the hne centre But 
.t reduces In the wings of the hnes by more than 15%. Percentage of hnear 
polanzallon across the 7600 A hne shows a steeper variatton compared to 
the 6900 A and 12000 A hnes. When the sun IS near zenith the maximum 
hnear polanzation IS near the honzon and the variation 01 polanzation 
across the hnes IS the same as above. H20 hnes near 13500 A show a 
steeper vanatlOn of polanzatlon across the hne profile compared to the 
9000 A and 11000 A hnes (D. Mohan Rao, K.E.RangaraJan. *K.D.Abhyankar) 



Indian Institute of Astrophysics 35 

Nonconservatlve Rayleigh scattering In a finite atmo
sphere -polarization of skylight 

The maIO mechamsm for prodUCing polarization in the earth's atmosphere 
IS Rayleigh scattering. The extinction of the radiation field consists of 
absorption and scattering. There are always some small particles present 
In the atmosphere which absorb the light. We can defme the albedo for 
Single scattenng, 0) as the ratio of scattering and extmctlon coefficients In 
the realistiC case of nonconservative scattenng, 0) :;t:1. The value of 0) 

gives some clues to the distribution of the particles. The present study 
pertains to thiS situation. Polanmetnc observations of the skylight 10 the 
Visual continuum show a shift of Bablnet and Brewster POints (pOints of zero 
polarization) towards the sun. By invoking the nonconservative Rayleigh 
scattering mechamsm In our calculations, we could account lor thiS ob
servational fact A typical result of the calculations IS shown below. 

Table 2 
Neutral POints for the transmitted light. 

Optical sun's 0) = 1.0 0) = 0.8 ill = 0 5 ill = 0.2 Remarks 
depth position (Conservative) 
t «1>-«1>0 80 scattermg) 

02 0 60 43.47 45.4 486 52.7 Babmet 
805 775 735 68.0 Brewster 

The numbers in columns 3-7 are the zemth angles in degrees. 
The clear sky observations are In close agreement with a value of (t) !:. 0.9. 

(K E.RangaraJan. D.Mohan Rao, *K.O.Abhyankar) 
Resonance-line polarization 

The effect of differential radial velOCity on the distributIOn of hne mtenSltles 
and line polarization along the hne of Sight of an extended stellar atmo
sphere stratified In parallel planes has been studied. Complete redistribu
tion of frequency IS conSidered With two different velOCity laws. First a 
homogeneous and Isothermal medium has been conSidered and the effect 
of radial velOCity IS studied extenSively by takmg the velOCities of expanSion 

of the medium as 5, 20 and 50 mean thermal umts. The results are 
compared with those of the static case. 

As the stellar radius increases the curvature effect plays a dommant role. 
Therefore we next consider the medIum to be Inhomogeneous, Isothermal 
and spherically symmetnc. The results WIth spherically symmetnc geom
etry are compared with those of plane parallel geometry to mvestlgate the 
effect of curvature as well. 

For thIS purpose the scalar radIative transfer equation m comovmg frame is 
modifIed m Its vector form to mclude Imear polanzatlon and it IS solved 
numerically by using the discrete space theory. It IS found that SIgnificant 
effects are generated m the polanzed radiation held when dIfferential radIal 
expansion IS taken mto account. The atmospheriC models may represent 
the photospheric layers of early type stars, giant and supergiant stars, 
symbiotic stars as well as of luminOUS late type stars (S.Sengupta) 

Plasma Physics 

Plasma mechanisms for variability In active galactic nuclei 

Several phYSical processes. dommated by plasma effects. that might be 
Important m producmg variabIlity in AGN have been conSidered One class 
of processes mvolves oscillations m the plasma Itsell. If accretion disks 
around supermasslve black holes have coronae not too different from that 
of the sun, then magneto-acousttc oscillations of coronal loops can Yield 
fluctuatIOns on time scales from days to years. Such coronal loops could 
also produce flares with substanttal emiSSion vanatlons over the short times 
comparable to those associated WIth the recently observed broad· band 
microvanablhty. A second class of processes depends upon electromag· 
netic fields acting to modulate themselves. these modulatlOnal instabilitIes 
can produce filamentahon, hence rapid vanablhty The question how a shIft 
in emission and scattering mechanisms (e 9 , from Compton scattering to 
Raman scattering) can yield vanabihty m the observed emISSIon was also 
conSidered. (V.Krishan. ·P.J.Wltta) 
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Clust,rlng of galaxle. by the a-effect 

The development of large-scale flows from the stresses generated by small
scale flows In a Navler-Stokes system IS studIed In order to model the large
scale structure of the Untverse. ThIs process IS an analogue of the a -effect 
by whICh a large-scale magnetic field can be generated beginning with 
small-scale fields. It is shown that. under Similar conditIons of anisotropy 
and non-zero mean hehclty large-scale flows can be generated. The 
clustering of galaXies on all poSSIble scales IS then suggested to be a result 
of the hydrodynamIC hierarchy (V.Kflshan) 

Hydrodynamics 

A vanatlonal equation connecting the mvartants of a three-dimensional 
hydfodynamlc turbulence was derived and an exact solution of the equation 
for the specIal case of quasI two-<itmenslOnal flows was obtained Usmg the 
atabtlity cntena that any flow wIth 8 hyperbolic stagnation pomt IS unstable. 
it was shown that the vanatlOnal equatIOn does admit soluhons that are 
unstable to small perturbations 

The vanattonal equatIOn for the case of constant heliclly reduces to the 
equatIon govermng &:Iltraml flows. However, when the hehclty IS assumed 
to be a slowly varymg function of space variables, the vanatlonal equation 
retams Its nonlinear nature We have obtained a Simple. exact solution of 
the (reduced) variational equation. (A.Satya Narayanan) 

Compact objects 

Pulsars 

We have completed the conventional geometncal analysIs of a pulsar polar 
cap for the case of an oblique rotator. A new result of the analysIs IS the 
eXIStence of a second soIutlOll to the open magnetic field hnes. ThiS 
solution appears to be naturally relevant tor the explanation of core emiS
SIOn m the pulses from a pulsar The role of general relatiVistiC effects is 

confined to only withm two stellar radII. At hIgher emission altitudes, 
aberration becomes more significant. It IS found to twist the pulsar beam, 
a result of direct significance 10 the pulse polarization characteristics 
Calculations are in progress to quantItatively assess the contribution of 
aberration. (R.C.Kapoor. ·C.S.Shukre) 

N8utron Stars 

Crusts 

Neutron stars possess crusts that are made up of neutron-rich nuclei, a 
relatiVistic and degenerate electron gas and small concentrations of super
flUid neutrons. The crust extends to about ten to fifteen per cent of the 
radiUS from the surface, and IS Important for understandmg a variety of 
observable features associated WIth neutron stars such as surface tem
peratur~s. glitches in the rotational periods and possible decay of crustal 
magnetIc Iteld. An Important quantity in thiS context IS the denSity distribu
tion of the crustal matter A detailed and accurate numerical survey of the 
density distributIOn has been made for several neutron star configurations 
correspondmg to a Wide catalogue of representative equation of state 
models. available in the literature. ThiS IS also used to obtam an accurate 
determmatlon of the electrical conductiVity profiles m neutron star crusts 
(B.Datta. A.V.Thampan) 

In tenors 

A new relatiVistic theory of neutron-nch matter mcorporatlng the pOSSible 
eff~cts of short. range spm 2 tnteraction between nucleons has been 
derived. Also tncluded in the model are the interactions due to the 
exchange of vector mesons (omega and rho) and of scalar meson. For the 
latter we adopt a hybrid derivative scalar coupling nuclear field theory. The 
eqUlhbnum thermodynamiC properties of the system are calculated using 
the mean-field approXimatIOn for the meson fields. An equation of state is 
denved f?r a~ymmetflc nuclear matter (neutrons, protons and electrons) In 

beta eqUlhbnum, and applied to calculate the structure of stable neutron 
star~. '!Ie also make a senSItivity study of the neutron star maximum 
graVItational mass with respect to the value of spin 2 meson coupling 
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constant. and derive an upper bound on the magnitude of this coupling 
constant using binary pulsar mass data (8 Datta, *V Canuto, *G Kalman) 

Magnetic field decay 

The investigation of the decay of neutron star crustal magnetic field was 
continued A numerical programme has been set up to solve the Ohmic 
decay equation for the magnetic field, uSing the Crank-Nicolson difference 
scheme. The preliminary results obtained suggest that the magnetic field 
decay depends markedly on the impurity parameter in the crustallattic9. 
(B Datta *0. Battacharyya) 

Disk accretIOn onto a rapidly rotating neutron star 

The effects of rotation on the disk-type accretion onto a rapidly rotating 
neutron star with a weak magnetic field was Investigated. The sensitivity of 
the results with respect to the neutron star equation of state was also 
examined (B. Datta, A.V.Thampan) 

Neutrino astrophysics 

Neutrino dominated supermasslve objects 

Some typical physical characteristics of supermassive objects (M > 106 

MEl) dominantly composed of degenerate massive neutrinos (or Majorons) 
but also containing some baryonic matter are discussed. General relatiV
IstiC effects are Included in considering the stability of such objects and it 
IS shown that they can become unstable at several times their Schwarzschlld 
radII, leading to their collapse. These may be the possible progenitors of 
massive black holes powering quasars, AGN at large red shifts. (C.Slvaram) 

Neutrino mixing in gravitational fields 

Stringent constraints on CP-violating gravitational interactions are put 
while considering mixing of neutrinos and antmeutnnos In strong gravita
tIOnal fields. (C.Slvaram) 

Neutrino magnetic moment 

Some additional constraints on the neutrino magnetic moment (NMM) from 
stellar evolution and Type la Supernovae were stipulated The effects of 
NMM in preventing carbon-oxygen deflagratlon that causes SN Type la 
were used to give a limit l1u <; 10-13118 (118 IS the Bohr magneton). Con
stramts on CP-vlOlatmg weak interactions were also put. (C.Slvaram) 

Astropartlcle Physics 

Origin of ultrahigh-energy cosmic rays 

There is no known mechanism to accelerate cosmic rays observed In the 
ultrahigh energy range 1019 - 1020 eV and beyond. Non-acceleratIOn 
mechanisms have been considered. The fluxes of such particles from 
term mal stages of primordial black hole evaporation have been estimated 
and constramts put Some characteristics of the expected composItIOn at 
these energies have been obtamed and a companson made With some 
other mechanisms e.g. decay of topological defects formed In the early 
universe (C.Sivaram) 

Work has been continued on the Topological Defect (TO/-models of ongm 
of ultrahigh-energy (UHE) (E ~ 1018 eV) cosmic rays (CR) In TO models 
UHE CR origmate from the decay of massive gauge and Higgs bosons 
released from collapsmg andlor annihilating cosmiC topological defects 
such as closed loops of cosmic strings, metastable monopole-anhmonopole 
bound states, etc., and n01 from any astrophysIcal acceleratIOn mecha
nisms. The latter encounter severe problems In explaining the observed 
highest energy CR events. In TO models, particles can be produced With 
energies as high as ~ 1024 eV Without any acceleratIOn mechanism. The 
TDs are envisaged to have formed at a symmetry-breaking phase tranSition 
In the early uOlverse at the Grand Unified Theory (GUT) energy scale 
1016 GeV. The predicted spectra of UHE protons, gamma rays as well as 
neutnnos were calculated earher. (P .Bhattachafjee) 
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Anslysls of the hlgh,st energy CR events 

The Fly's Eye detector of the UOIverSlly of Utah. USA. has recently reported 
the detection of a CR event at energy 3x1020 aV. This IS the highest energy 
CR event recorded so lar. Interestingly enough. the second highest energy 
CR event, havinG an energy ~ 2.3x102O eV and recorded by the Yakutsk 
group. is located in sky within ~ 7.80 from the Fly's Eye event. In the work 
reported here, it IS shown that the conventIOnal and widely favoured 
diffusive shock acceleration mechaOlsm associated with relativistic shocks 
In active galactIC nuclei (AGN) has severe dlfflcultres In explaining the 
enerv~tlC$ of these htghest energy CR events Protons above around 
2x10z0 eV could have marginally been produced by this mechanism 1ft an 
AGN or a rich galaxy cluster not farther than about 1000 Mpc. This limit on 
the possible source distance comes from conSideration of energy loss 
during propagatIOn through the extragalactic m81:llum. However. for the 
highest energy Fly's Eye and YakutJk events menttoned above, this IS 

ahown to be Inconsistent WIth the observed amval directIOns associated 
WIth the events because no known AGN or galaxy clusters are found to 
h. within 1000 Mpc and within a reasonable "error box" In the sky 
corresponding to the events. The galactIC and intergalactiC magnetic fields 
are also shown to be unable to alter the dtrectlOn at such energetic particles 
by more than a few degrees. The conclUSIOn IS that, some httherto unknown 
mechamsm IS needed to explain the highest energy events. 

As one possible way out of the . puzzles' diSCUSsed above, the POSSibIlity of 
TOs being the source of these highest energy CR events has been sug
gested and investigated. (TOs need not be associated With any particular 
astrophYSICal ob}8ct such as AGN or galaxy clusters). Specifically, It IS 

shown that the above events could very well be due to TD-produced primary 
photons (poSSible only m TO-like scenanos) rather than protons acceler
ated by any conventional diffUSIVe shock acceleratIOn mechantsm. 
(P.Bhattachafjee, ·O.N.Schramm, *G.Sigl) 

"Low" .nergy gsmms rsy. from rD-lnduCMI processes 

The UHE protons as well as gamma rays produced by TO-induced pro
cesses generate lower energy gamma rays by 1 -r b and p- lb collisions 

With the photons Yb of the background radiation fields In the untverse The 
electromagnetic component of the energy lost by the photons and protons 
In these ColliSions cascades down to lower energies by electromagnetic 
cascadtng in the untversal radio background (URB). the cosmic microwave 
background (CMBR) and the cosmic infrared background (CIRB) (In order 
of decreasing energy of the propagating photon) The measured flux of 
extragalactic gamma rays In the 100 MeV region prOVides an upper limit 
to the total energy denSity of the cascade-initiating electromagnetic radia
tion that can possibly be released in the universe due to rib and 
p - Yb interaCtions. ThIS, in turn, restricts the shapes of proton as well as 
primary photon spectra In the highest energy regions. 

A numencal calculatton of the cascading process mentioned above has 
been done. It is found that the predicted level of 100 MeV gamma ray flux 
depends strongly on the level of the CIRB as well as on its cosmological 
evolutionary history. both of which are rather uncertain at this moment If 
for example It is pOSSible. In future, to reliably extract the CIRB from the 
COBE satellite data the results of the numerical calculations reported here 
can be used to constram the shapes of the mJectlon spectra of UHE protons 
and gamma rays in the TO model and for that matter. m any other model of 
the origin of UHE CR. (P.Bhattacharjee, °F.Aharonian, 0p Coppi, 
'0 N.Schramm) 

UHf CR from collapsing monopolonium 

A monopolonium IS a bound state of a magnetic monopole and an 
antlmonopole. As is well-known, monopoles are one kind of TOs predicted 
to essenltally all models of Grand Unified Theories (GUT) Monopolonta of 
bmdlng energy Eb could form in the early universe when the untverse 
cooled through a temperature at which the thermal energy kT ~ Eb. These 
monopoloma WOUld, however, be highly metastable. and would undergo 
serres of transitions to tighter and tighter bound states by emitting vanous 
partIcles such as photons. gluons. Z-b050ns and 50 on. Ultimately, how
ever, the monopole and the antimonopole constituting the monopolonium 
would overlap and annihilate each other releaSing a large amount of energy 
In the form of massive partIcles (the ·X" particles) with mass of the order of 
GUT energy scales ~ 1015 GeV. The subsequent decay of these massive 
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X particles could produce UHE CR. 

The contribution of these collapsing monopolonla to the UHE CR flux has 
been estimated. It IS found that this contribution IS proportional to the 
square of the (constant) ratio of monopole-la-photon number density in the 
universe. But more Importantly, the contribution depends exponentially on 
1'\, ratio of the bmdmg energy to the thermal energy in the universe at the 
time of formation of any given monopolonium. It is found that even for a 
relatively small abundance of monopoles compared to the stringent Parker 
bound on the rehc monopole abundance, a Significant contribution to the 
UHE CR flux can result If, for example, 1'\2:10. Thus monopoles, if they eXist 
10 the universe, could also give rise to UHE CR. (P.BhattacharJee) 

Phase-space structure of dark matter in the Galaxy 

A project on studymg in detail the phase-space structure of dark matter 10 

the Galaxy IS 10 progress A numerical code has been developed for solvmg 
In an Iterative manner the dark matter potential self-consistently coupled to 
the VISible matter potential in a two-dimensional (I.e. aXisymmetric) model 
of the Galaxy The fmal aim of the study IS to reliably estimate the velOCity 
disperSion of the dark matter particles (assummg that they are some kind of 
weakly mteractmg massIVe particles or WIMPs) from fits to the measured 
rotation curve of our Galaxy ThiS mformatlon on the velocity disperSion IS 
then to be used to estimate realistic values of slgnal-to-nOlse ratto for some 
of the ongomg laboratory experiments that have been set up to detect the 
WIMPs. The results at hand mdlcate a WIMP velOCity disperSion of 
about 500 km/sec, a value somewhat higher than the usually assumed value 
of 250-300 km/sec. The imphcatlon of thiS result for the laboratory 
experiments is bemg worked out (P BhattacharJee, R.Cowslk. C.Ratnam) 

Baryon density enhancement around quark nuggets 

The work on "quark nuggets· (ONs), possibly formed dUring a first-order 
quark-hadron phase tranSItIOn 10 the early universe, has been continued. 
The ONs could survive as relics," the present universe if their mltial baryon 
numbers were N 1044 or higher These ONs are welt known to be a good 

candidate for baryonic dark matter m the uOIverse. A new aspect of the 
possible existence of ONs is being mvestigated. This pertams to a possible 
large enhancement of the baryonic density around individual ONs. This 
arises because the nucleons emitted by ONs through the process of baryon 
evaporation tend to accumulate. due to slow diffUSIOn speed, forming a kind 
of -baryon halo· around indiVidual ONs. ThiS large baryon enhancement, if 
it survives up to the time of nucleosynthesis, can Significantly affect the 
latter The full baryon diffusion equation In the expanding universe is being 
solved numencally to calculate the size and magnitude of the baryon halo 
around ONs of various different sizes. The preliminary results do in fact 
indicate enhancement factors of as large as N106, which puts strong con
straints on the nature of the quark-hadron phase transition In the early 
uOlverse (P.Bhattacharjee, *J.Alam, ·B.Sinha) 

Fundamentsllnteractlons In the early universe 

The energy dependence of the coupbng constants In vanous umfled ap
proaches to fundamental interactions was explored and its consequences 
for the early universe were studied. (C.Slvaram) 

Problem of a primordial black hole hydrogen-like 8tom 

It was shown that a system composed of an electron and a pnmordlal 
Hawking black hole forming a hydrogen-like atom, as proposed recently by 
many authors, cannot be stable. On the contrary. If the hole has zero 
Hawking temperature either due to extremal values of Its charge or SPin, the 
required values of these parameters are too large for the electron to be 
stably bound However. If the hole has a magnetic moment due to ItS spin. 
electrons scattered from the hole could have spm-fllp tranSItions producmg 
high energy gamma rays. (C.Slvaram, ·V.de Sabbata) 
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Solar Terrestrial Physics 

Structure and dynamics of the equatorial upper 
atmosphere 

Neutral plasma coupling In the equatonal upper atmosphere is Investigated 
from coordinated measurements made on two nights In December 1992 of 
the thermosphenc temperature over Kavalur (78 50 E : 9.5 0 N) with the 
Fabry-Perot Interferometer (FPI), and of F-Iayer height with lonosonde at 
Tnvandrum (dip 0.60 N), Kodaikanal (dip 30 N), Sriharikota (SHAR, dip 9.50 

N) and Ahmedabad (dip 34° N). On both the nrghts which were geomagnetl
cally qUiet (Ap:5:9), the FPI measurements revealed a distinct enhancement 
In thermosphenc temperature around midnrght over Kavalur. Thermo
spheric neutral winds estimated from F-Iayer height data of Tflvandrum and 
SHAR showed slgnrflcant poleward winds In association with the tempera
ture Increase over Kavalur. At Ahmedabad, an Impressive descent of the 
F-Iayer followed the temperature enhancement over Kavalur. This pattern. 
which IS consistently seen on both the nights, confirms the view that the 
equatonal midnight temperature maximum (MTM) IS responsible for the 
mldnrght poleward reversal of mendlonal Winds there. and WhiCh, In turn, 
leads to the 'post midnight collapse' of F-Iayer at low latitude locations on 
the same meridian. The Simultaneous thermosphenc and ionospheric 
measurements constitute the first ever demonstration of the relatIOnship. in 
totality, between the equatonal MTM, poleward reversal of nrghttlme 
mendlonal Winds and post-mldnrght collapse of the F-Iayer at low latitudes. 
(J.H.Sastn, H.N.R.Rao, 'V SomayaJulu. *H.Chandra) 

Measurements of the Doppler Width of 630 nm nrght alrglow emiSSion were 
made at Kavalur (12.5° N, dlp~ 9.5°N) on 62 nights during 1992 March-Apnl 
and 1992 November - 1993 Apnl for determination of the thermospherrc 
temperature (Tn). The data are used to denve, lor the first time, the 
charactenstlcs of the equatonal mldnrght temperature maximum (MTM) In 

the Indian sector. MTM is found to manifest on h30 per cent of the nrghts 
over Kavalur. It occurs on the average, one hour after midnight in local 
winter and just before midnight in vernal equinox. The frequency of 
occurrence of the MTM and the seasonal change m the time of Its occur
rence over Kavalur are in broad agreement with the behaViour of MTM at 
the equatorial station, Jicamarca in the American sector. The amplitude of 
the MTM at Kavalur (100-400 K) IS, however, larger than at Jlcamarca 
(40-200 K). A significant difference In the MTM amplitude thus seems to 
exist between the Indian and American equatorial regions. ThiS noteworthy 
feature ot the global manifestation of MTM IS attributed to the difference In 

the in situ neutral Ion drag Interaction between the Indian and Amencan 
sectors. (H.N.R. Rao, J.H.Sastn) 

Information on the seasonal and solar cycle vanatlons In the vertical dnft 
(Vz) of the F-region plasma over Kodalkanalls derived from measurements 
of the Doppler velocity. V d of F-reglOn reflections on 410 days from Feb
ruary 1991 through February 1993. The data. whIch correspond to moderate 
t~ high solar actiVity conditions (94 S; F 107:5: 297) cover the evemng/nlght 
time penod (1600-0600 1ST). It is found that the evening prereversal 
enhancement In Vz {V zp.} is higher In equinoxes and winter than In summer 
The ubiquitous day-to-day van ability in V zp' on the other hand. IS highest '" 
summer and lowest in winter. ThiS seasonal pattern IS found to persist more 
or less inde~endently of t~e level of geomagnetic actIvity V lp IS found to 
bear a poslltve relationship to 107 solar flux in all the three seasons but 
With a trend for saturation for large fluxes (~230 umts) durmg local summer 
and winter months. VZP decreases With the increase of geomagnetic ac
tivity but only durmg eqUinoctial months ot the moderate solar activity 
epochs. Comparison of the results of the present study With the published 
work showed that there are distmct differences In the details m the way V 

·h ~ vanes Wit season and solar and geomagnetic acllvlty at the dip equatonal 
stations, Kodaikanal and Jicamarca In the Indian and American seclors 
respectively. (K.B.Ramesh, J.H.Sastn) 
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FI,.7 Temporal pattern of!hermospbenc and IOOOSpbenc parameters at selected slllllOns In 

India 01\ !he RI,hl of 18119 December 1992. tllustJ'al1D1 !he neulnll-pIasma couphng In Ihc 
equatonal upper atmosphere. Parameters shown are !he F-re,lOn neuuallcmperalure ovc:r 
Kavalur (panel b). MalhI ofboUomslde F-Jaycr at Tnvandnlm. KodaIkanaI. Snhankota and 
Ahmedabad (paneb,;-d) and IbcF-regaonmeridtonaineulnllwmda (denved from hclght dalll 
ofTnvandrum and Snhankofaland F-regwn vertICal pWma dnfl. Vz over Ahmedabad (panel 
e). The measurements confinn !he effect of !he eqUalonai midDight temperature maxImum 
(MTM)onnevtralandpJasmadynatntcs.1 e thcassoclallODoftbcmcreasemtemperatureover 
KavaluuroundnudntghtwlththcpolewardrevenaIofneutraIwmdsandthcpreclPllOUS 'post
IJUdDlpt deseent or colJapsc' ofF-Jayer over Ahmedabad. 

Instrumentation 

Fsbry-Perot Interferometer 

Line profiles of 630 nm night airglow emission were acquired at Kavalur 
over the fortnight centered on the new moon every month from November 
1993 through March 1994. for studies of the structure and dynamiCs of the 
equatorial thermosphere. (K.B.Ramesh,H.N.R.Rao, J.H.Sastn) 

Dlgltsl /onosonde 

Digitalionosonde model IPS 42/DBD 43 was commissioned at Kodalkanal 
In September 1993 as a part of the modernisation of the expenmental 
faCIlities at the observatory. The digital unit replaces the analogue NBS 
model C-3 lonosonde whIch has been In continUOUS operation since 1955 
Quarter-hourly soundings were made round the clock as In the past for 
synoptIc informatIon on the state of the Ionosphere. 5-mm interval sound
ings were made With the IPS42IDBD43 during the evening-night time 
penods for the national campaigns held from December 1993 through 
March 1994. (J.H.Sastri, D.Karunakaran, J.V.S.V.Rao, I and M Staff) 

HF Doppler rsdsr 

The HF Doppler radar at Kodaikanal was effectively operated with the long
term objective of developing a large and good quality database on F-region 
vertIcal dnfts (durmg the evening - nighttime penod) near the dip equator for 
the Indian sector. Observations were made on 135 nights from April 1993 
through March 1994, including the national and global campaign periods of 
internatIonal programmes such as STEP and IEEY. (J.V.S.V. Rao, J H.Sastn) 



Atomic and Molecular Physics 

Atomic probes of physics beyond the Standard Model 

The Standard Model (SM) of particle physics is a theory Of strong, electro
magnetic and weak interactions, with the latter two Unified 

Atomic parity non-conservation (PNC) arlsmg from neutral weak currents 
and electric dipole moments (EDMs) are two Important non-accelerator 
probes of new physics beyond SM. 

The results of searches for PNC m several atoms durmg the last decade 
were in agreement with the predictions of SM. A new generation of 
mgenious PNC experiments based on developments in modern optics are 
lust gettmg off the ground In laboratOries in different parts of the world. 
Fortson from the Umverslty of Washington, Seattle, USA, has proposed to 
do a novel high-precIsion expenment by trapping singly ionized barium 
(8a+) We have recently carned out a theoretical analysIs of the different 
mechanisms that can give rise to PNC m 6a+. Our result suggests that the 
many-body theory of Ba+ PNC has several subtleties. We have also made 
progress in explainmg some of the peculiar features of PNC in atomiC 
bismuth 

We have developed a formalism based on relativistic many-body theory to 
calculate the EDM of heavy atoms arlsmg from CP violation m either the 
electron or the nuclear sector. Usmg that formalism, we have obtamed 
results for rubidium and cesium. We are presently carrymg out theoretical 
studies on the EDM of atomic mercury, which IS sensitive to CP violation m 
the seml-Ieptonlc as well as the hadronic sectors. Our work on atomic EDM 
usmg a powerful many-body theory known as the coupled-cluster approach 
IS presently under way. An Improvement in our theory along with the results 
of the latest mercury and thallium EDM experiments can indeed provide 
useful mSlghts mto a vanety of CP violating interactIOns. (S.Malhotra, 
A D K Smgh, B P Das, A Shukla. 'P G.H.Sandars. °D.MukherJee.) 

Interact/on of atoms with radiation 

The interactIOn of atoms with radiation IS Important m different phYSical 
situations. Our interest IS in the theory of high precISion atomic clocks and 
forbidden radiative transitions in astrophYSical processes. We have re
cently studied the mterplay of relatiVistic and correlation effects m the 
mtercombination transitions m Mg-Itke Ions. (B.P.Das) 

Problems In the atomic / nuclear interface 

We have made conSiderable progress 10 our work on the theoretical aspects 
of nuclear anapole moments, which anse from panty vlolatmg mteractlOns 
m the nucleus. The observation of such a rare electromagnettc moment Will 

have profound Implicat10ns for nuclear phYSICS 

We also plan to undertake the study of a vanety of subtle effects that anse 
from the hyperfine mteraction. (S.Ma/hotra, AD K Singh. B P.Das. 
*S.Bhagwat •• p .G.H.Sandars, • A.BanerJee) 

Computatlonsl method, for relatlvistfc structure calcula
tions 

In order to calculate vanous atomiC and molecular properties. a reasonably 
good descnption of the correspondmg ground (or eXCIted) state many
electron wave function IS needed. Smce the exact solution to the quantum 
many-body problem is unknown, one needs to explore vanous approxImatIon 
schemes which are computaltonally feaSible Computattonal effiCIency 
becomes even more important for the relatiVistiC case because the elec
tronic orbitals here are represented by Dirac splnors whIch to general, have 
four components (as against two components for the nonrelatlvlstlc case). 
thus leading to a tremendous prohferatlon In the number of degrees of 
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freedom and consequently computational effort. There are many approxI
mation schemes in vogue, the simplest of which is the so-called Dlrac-Fock 
method. which IS the relativistic generalization of the nonrelativistlc Hartree
Fock approach where the electron-electron Interaction (correlation) is 
treated in an average manner. The next In the order of complexity are the 
schemes that take explicIt account of the electron correlatIon namely. 
many-body perturbation theory configuration-interaction (CI) approach, 
multi-configuration Dlrac-Fock (MCDF) approach etc. Currently a computer 
programme to implement the Drrac-Fock method for both the closed and the 
open-shell atoms. employing a finite basis set expansion using Gaussian 
type functions, IS bemg written. A relativIStIC CI programme to perform 
correlated calculatIons on atoms IS ready and has been used successfully 
to evaluate the ground state energy of the He atom. In future. we plan to test 
it on heavier atoms. Various algorithms to Implement the baSIS set based 
MCDF method are being explored and Its computer Implementation Will be 
undertaken in future. AddItionally, a relatiVistic effective core potential 
programme IS ready and has been tested on atoms as big as sulphur. Its 
applications to study heaVier atoms are also planned (A Shukla, 
-A.BanerJee) 



Gravitation 

Experimental Gravitation 

The torsion balance operating at Gauribidanur is being upgraded to improve 
its sensitivity to any composition dependent forces weaker than gravita
tion. The torsion fibre was changed from a circular section to a rectangular 
one. The natural period of the balance was measured after this change and 
was found to be 2000s. This alone improves the sensitivity by a factor of 4 
besides reducing by 4-5 times the noise and drift. The autocollimator was 
fitted with a more powerful light source, an LED, whose output is about 5 
times larger than the tungsten filament-lamp used earlier. The autocollimator 
is capable of measuring -3.10-10 rad. Hz-1I2. Arrangements are under way 
to enclose the whole set-up inside a large high-vacuum chamber which will 
shield the UHV-chamber and the Optics from diurnal and semidiurnal 
variations in the atmospheric pressure. The balance will be used to test the 
Principle of Equivalence at the 10-14 level. (R. Cowsik, 'N. Krishnan, 
'S.N. Tandon, ·C.S. Unnikrishnan). 

Quantum Gravity 

Some finer aspects of problems arising in quantum gravity were studied. 
It was shown that Einstein's general relativity rather leads to a quantum 
mechanics than to a quantum field theory of gravity. This is chiefly due to 
the resistance of this theory to a canonical formulation which is caused due 
to the fact that in Riemann geometry one has either non-vanishing curvature 
of R'jkl(holonomic representation) or non-vanishing torsion (anholonomic 
representation). It was demonstrated that in the purely affine Einslein
SchrOdinger theory, considered as a purely gravitational model with Ri
emannian and non-Riemannian parts, the homothetic curvature and the 
torsion vector behave like canonically conjugate variables. (C.Sivaram, 
*H.Borzeszkowski, ·V.de Sabbata, *H.Treder) 

The notion of the existence of maximal and minimal field strengths in 
gravitation was explored. Interesting consequences for gravitational col
lapse, for explaining rotation curves of galaxies and other situations were 
found. (C.Sivaram, ·V. de Sabbata) 

Torsion-related defects in space-time topology were shown to have a 
universal charge. This raises the possibility of understanding electric 
charge as a topological concept. (C.Sivaram, ·V.de Sabbata) 
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Rotational Shear Interferometric Recocd ofinterference fringes of the star Alpha Cannis Majoris 
on 40" telescope using 50 nm filler and exposure time of 20 ms. As the fringes are narrow a 
careful ohservation is necessary. 



Optics 

High resolution astronomical imaging using rotational 
shearing interferometer 

There has been continued efforts at IIA and RRI in the area of optical 
interferometry. We had two runs of RSI observation at VBT Good quality 
data on a Ori the programme star and a Boo, the calibration star have been 
obtained. Digital data so obtained is being reduced to derive the image 
intensity distribution information. The appropriate theoretical simulation IS 
being worked out. It is also planned to improve the Instrument In terms of 
polarization compensations and on-hne corrections of the atmospheric 
fluctuations. Also a suitable algorithm for reduction of the data IS being 
developed that will identify particular kinds of objects and their intensity 
distribution from the frmge data (A K Saxena, *N.Udayshankar. 
*N.R.Jayadev, *M.Selvamani, J P .A.Samson) 

Sun shield panels for Very High Resolution Radiometer 
cooler 

Another set of panels was fabricated and supplied to ISRO for INSAT 2B 
satellites. Performance of the VHRR cooler as tested by the experts from 
ISRO has been confirmed as excellent. (A K.Saxena, M.G.Mohan and 
OptiCS team) 

Development of an active optics system 

We have completed the development of a Bablnet compensator polarization 
interferometer for the evaluation of a wavefront received at the focal plane 
of a telescope Results of the evaluation of a mirror in the laboratory were 
presented at the SPIE meeting at San Diego in July 1993. A prototype 

active optiCS support system is also being developed incorporating micro
processor control and a load cell. (A.K.Saxena, J.P .Lancelot, J.P .A.Samson) 

Synchrotron radlstlon beam line optics 

Proposal on the project ·Oevelopment of Technology for Vacuum Ultra 
Violet Optics and supply of components for use on XUV Synchrotron source 
INDUS - I- was pursued and its sanction with a project budget of about 25 
lakhs was received in the last week of June 1993. Imtlal preparatory work 
had started even before recelvmg the grants. The actual fabrication work 
could start m the first week of July. The strategy of fabrication and testing 
has been worked out. Fabrication of a prototype plane mirror (500 mm x 50 
mm x 50 mm) and a spheroidal fOCUSSing mirror (300 mm x 50 mm x 50 mm) 
uSing float glass substrate IS under progress. 

Various equipment reqUired for fabrication and testing of these optics are 
under procurement and development. A machme for grmdmg and polishing 
of the spheroidal mirror has been designed and fabricated for the purpose. 
Zerodur/fused Silica substrate matenal for both mmors have been ordered. 
(R.COWSlk, A.K.Saxena) 

EUV telescope optics 

The OptiCS of the EUV telescope was completed and sent to Stanford 
Umversity. EvaluatIOn of the optics at Stanford before flow pollshmg 
showed a diffraction-limited performance m the VISible and the MTF is 
almost indistmguishable from the ideal. Flow pollshmg and system mtegra
tIOn are in progress. It IS expected that a EUV Image below 0.5 arc sec and 
with high specular quality shall be achievable The first launch of EUV pay 
load is scheduled for 1994 August. (A.K.Saxena, J.P .lancelot. V.Gopmath) 
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Aluminlsing 

The 15 inch telescope optiCS and the 18 inch Schmidt telescope optics were 
aluminised at the 1.02 m vacuum coating plant, VBO, Kavalur. A number of 
small optiCS of sizes less than 8 Inch were aluminised at the 12 Inch coating 
plant at Bangalore About twenty four 6 Inch mirrors were aluminised for the 
amateur astronomers. USing the digital thickness monitonng unit, experi
ments were carned out for perfecting the aluminIUm coating with reqUired 
thickness. (K.Ramankutty) 

Speckle Interferometer 

A prototype mechanical mount and adapter for the optical components of 
the speckle camera were fabncated in the mechanical workshop and the 
performance tested in the laboratory. Based on these tests the mechanical 
design of the mounts and house for the speckle camera has been made. 
Due to nonavailabllity of Invar. we have procured the necessary matenals 
made of specIal stainless sleel410. whose thermal expansion is less than 
that of crown glass. Some of the mounts, particularly for the microscope 
obJective, the flat. and the lens Will be machined out of a solid piece so as 
to maintain high precIsion Computer Numerical Controlled (CNC) machine 
Will be used to fabncate these senSitive mounts (S.K.Saha) 



Instrumentation 

A seeing meter 

A seeing monitor is under development for site survey application. This 
involves the use of a two sector LOR detector which measures the fluctua
tions in centroid motion of the Image as produced by a telescope. The 
detector fabricated at present can give an output of 10V for every 1011 
deflecllon of the image. At this stage, using a 15 cm diameter telescope 
with a focal length of 15 cm one can measure up to 1 arc second deflection. 
Further calibration of the system IS under way. An ADSP 2101 micro 
computer has been deSigned to handle Image processing functions. 

The board specIfications are as follows. 

1. Processor AOSP 2101 OSP microprocessor 

2 Data memory 256K on board data memory 

3. Programme memory 64K on board programme memory 

4 Boot memory 16K on board boot memory 

5 ADC 800 ns analog devices chip -12 bit 

6 PC Interface By usmg bus shanng technique 

Since the address bit of the processor IS 14 bits, memory banking concept 
IS used for memory enhancement 
(S Chatterjee, K C Thulasldharan, R.Snmvasan) 

Modifications on the vibration analyser 

The earher version of the VibratIOn analyser IS being upgraded to incorpo
rate a DSP tor Implementing the FFT routmes This will speed up the 
analysis of the FFT thereby providing real-time mformatlon on the vanous 
Founer components of the Vibrations. 
(K.C.Thulasldharan, R.Srimvasan, S Chatterjee) 

Status of the single board controller for EEV eeos 

A single board controller for the P8603 deVice has been completed durmg 
this year. SUitable noise reduction techniques enabled the nOise to be 
brought down from 200 to 30 electrons. The observations made at 30· 
telescope With this control/er indicate satisfactory Imagmg performance. 
(S Murallshankar, R.Srinivasan, K.Ravi) 

eeo cryostat fabrication 

The first prototype of the CCO cryostat. was extensively tested for the 
vacuum performance and was loaded with the EEV P8603C chip Imagmg 
In the pnme focus of VeT showed small elongation at the edges ThiS was 
traced to the nonplanarity of the CCO surface With that of the mounting 
flange. Usmg a travelling microscope. the CCO was adjusted A sClenttflc 
grade CCO chip has been loaded mto the dewar and the field trials are to 
commence soon. 

The second prototype made up of stamless steel has been checked for the 
vacuum performance and IS found to be satisfactory. Work on the thud 
model using aluminium has progressed well. The liquid nJtrogen lOner 
vessel, copper base and the neck tube have been fabncated and tested 
The outer vessel is under fabncatlon (V.Chmnappan, R Snnlvasan, 
G Srrmvasulu, ·S.Jacob, 'S Kasturrrangan, *R Karunanldht) 

OSP based oe motor controller 

A Jomt project has been taken up With the Centre for Electrontcs DeSIgn and 
Technology (CEOT). Indian InStitute of Science to dev.elop controllers for 
DC servo motors using high speed Digital Signal Processors (DSPSI Study 
phase of the project is complete and the detailed deSign IS bemg taken up 
now. Stand-alone OSP based cards Will be fabncated for motor controllers 
(V.Chinnappan. °K.Muthukumar) 



50 Annual Report 1993-94 

New drive systems for stepper motor and DC motors 

Pulse width modulated (PWM) amphfrers uSing power MOSFETs are effi
Cient and consume less power for high power dnves. Experiments are 
conducted in the laboratory for driving stepper motors USln9 PWM drives 
ThiS modified drtve is currently employed m the positIOn angle device at 
VBT. PWM ampllfters meant for DC motors are also bemg developed In the 
laboratory. Initially low power and low voltage controllers have been 
developed. High power amplifiers are under development. (V.Chmnappan) 

Dlg'fal display sysfem for the 1-meter telescope at UP State 
Observatory, Nalnl Tal 

A digital display system for the one metre telescope at UPSO. Naini Tails 
being built at our Electronics Laboratory The following cards have been 
developed for the system 

1. Synchro to digital converter cards for HA and DEC axes 

2. Data multiplexing card for data multiplexing from sidereal clock. 

3. Line dnver/receiver cards for both the display umt SIde and the PC Side 

4. A 16 bit digital 110 interface card. 

The complete assembled system IS undergOing tests at our 1-metre tele
scope, Kavalur. It IS planned to mstall the umt at UPSO. Nami Tal In 1994 
July. (R.Srlnlvasan, B Nagaraja Naldu) 

Photo Digitizing System (PDS) 

The Photo DIgitIzing System (PDS) continues to be used for dlgltlzmg 
moslly solar plates and films. The major projects where thiS facIlity was 
utilized are the followmg: 

1. Dlgitlzatlon of Ca II K spectrohehograms for study of global magnetic 
oscillatIons. 

2. Digitization of Antarctic data. 

3. Digitizatlon of data for time sequence spectroscopy In the Ca II H line 

4. Dlgitlzation of photographic plates for JAP 

5. Tnal scans for coating plant. 
(Ramaswamy, R.Srintvasan) 

Radio astronomy 

Gaurlbldanur rsdloheliogrsph 

The East West arm of the Gaunbidanur radioheliograph was split up mto 8 
groups, each consisting of 16 log peflodlc dipole elements A 64 channel 
digital correlator was used to correlate the Signals from the 8 East-West 
groups. Dflft scans on the sun were taken at 75 MHz dunng peflods of 
mint mum solar activity (K.R Subramanian, M S Sundara RaJan, R Ramesh, 
Ch.V.Sastry) 

Digital correlator system 

A 64 channel digital system was installed at Gauribidanur. This system is 
currently used for making solar observations Work is progreSSing on a 
1024 channel correlator system to correlate the 32 signals from EW anten
nas with the signals from NS antennas for the Gauribidanur radioheliograph. 
ThiS system will be constructed uSing the correlator chips deSigned by the 
Nobeyama Radio Observatory. (M.S. Sundara Rajan) 

India-Mauritius radio telescope 

ThiS Radio Telescope was constructed in collaboration With the Umversity 
of MaUritIUs and RRJ. 

One dimensional synthesis observations of discrete sources are being 
made with the East-West array. We are also developing speCIal purpose 
algorithms usmg the available limited redundancy in baselines for phase 
and gain calibration (Ch V Sastry) 



Computing Facilities 

Bangalore Centre 

The following systems were Installed enhancing the facililles at the Com
puter Centre: 

1. A DEC-ALPHA 3000 model 400 working under OPEN VMS wlth the 
following configuration' 

a) A DEC-ALPHA AXP 21064 operating at 133 MHz with 512 Kb cache 

b) 32 Mb RAM 

c) 1 Gb Winchester 

d) CD-ROM 640 Mb capacIty 

e) 16" colour monitor (1280.1024 resolution) 

The system IS connected through ethernet to other systems. 

2 A SPARC-LC and a SPARC-10/30 from SUN Microsystems have been 
procured The installation IS neanng completion The SPARC - 10130 has 
the followmg configuratIOn: 

a) Super scalar SPARC Viking processor 

b) 64 Mb RAM 

c) 1 05 Gb Winchester drtve 

d) 424 Mb Winchester drive 

e) 3 1/2" floppy drive 

f) CD-ROM 644 Mb capacity 

g) 19" colour momtor (1152.900 resolutIOn) 

The system works under SUN OS4.1.3 

The above system is also connected through a thin elhernet to the other 
machines In the Computer Centre. A new 486 PC-AT has been Installed and 
the eXisting one expanded t6 run packages like IDL. 

The graphics software IDL has been installed on the SUN 4/280. 
(A.V.Ananth. J.S Nathan) 

Software development 

A set of Fortran programmes for reading Images acqUIred on the PC 
platform under DT-IRIS environment to IRAF has been developed These 
programmes allow two-dimensional images to be displayed on the SUN 
system under IRAF (A.V Ananth. S.K Saha) 

Local area network tor the Banga/ore campus: 

A local area network comprismg about 90 nodes has been planned for 
connecting the termmals/pes m vanous offices to the computer systems In 

the Computer Centre. ThiS work has commenced (A V Ananth) 

Kavalur Computer Centre 
The VAX-1117eO computer contmues to be used lor Image analysIs func· 
tlOns for the data acqUired from the vanous telescopes at Kavalur However 
th.s system IS to be replaced wIth two SUN SPARC-LC systems 10 the near 
future. (AV Ananth. K.Narayanan kutty). 

The IUE ULDAIUSSP on the Vax 111780 at VBO 

The International UltravIOlet Explorer flUE} spacecraft and tnstruments 
have been operated since 1978 January It has camed out ultraviolet 
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spectrophotometry of different types of astronomical objects at two resolu
tIOns (at the low resolution mode R = 300 and at the high resolution mode 
R = 10.000) In the wavelength range from 1150 A to 3200 A European 
Space Agency (ESA) has developed the IUE spectral archive and a subset 
of thiS archive IS the IUE Umform Low DisperSion Archive acronymed ULDA. 
Also ESA has developed the ULDA support software package ULDAI 
USSPF. The latest ULDA version contains more than 54.000 low dispersion 
spectra complete to the end of 1991. 

ULDA/USSP has been installed on VAX-111780 computer of VBO. IUE 
spectra can be searched from the archive by one or more of the follOWing: 

i) a list of cameras andlor image numbers and/or apertures. 
il) a list of RA and Declination ranges. 
Iii) a list of IUE object classes. 
iv) a list of homogeneous object IDs. 

Then the spectra can be selected and downloaded from the archive In FITS. 
ASCII. LOCAL (optional) or PMIDAS (opttonal) formats. 
(K.K.Ghosh. S.Soundararalaperumal) 



Vainu Bappu Observatory 

Vainu Bappu Telescope 

Mechanical maintenance and improvement 

Based on the study of the fluctuation and drift of the stellar image on the TV 
monttor and the feedback from the observers and control system personnel, 
the servicrng of carbon brushes of the tachogenerators and torque motors 
was carried out. The friction track of the bull gear was observed to be 
slightly worn out because of higher hardness of the frictIOn roller. Uneven
ness of the contact between the fnctlOn roller and the worn out surface was 
affecting the control system while trackrng. To solve this the bull gear 
fnction surface was cleaned, and a new frlchon roller With less hardness 
than that of the bull gear was designed to roll on a fresh adjacent surface 
to aVOid error on the control system while tra,ckrng. The system perfor
mance has improved. 

Recently a failure of the telescope dome axles adjacent to the bearing 
shoulder was noticed. ThiS appears to be a fatigue failure and was from the 
bogies located under the base of the dome shutter and between the main 
arches. The unbalanced weight due to the Windscreen drive system and the 
dome shutter could also be the cause of a failure of thiS nature To solve 
the problem Without go 109 mto major changes some of the off-aXIS loads 
have been removed These are functionally not reqUired at present Efforts 
are on to deSign a modified axle to aVOid the weaker zone of the axle. To 
meet the Immediate need five forged spare dome wheels and two axles 
were fabricated In Bangalore. The wheel and axle assembly was earned out 
by hydraulic pressing Two sets of spare wheel and axle assembly are kept 
ready at VBT to meet any emergency 

The hnear focussrng system of the VBT IS supported by four steel spiders 
6 mm thick and about 600 mm Wide. These are held radially 90° apart. 
These steel spiders are pre-tensioned by fork assembly to keep the focus 

~rum assembly at a fum POSition. The fork assembly was modified by 
rntroduclng on one an M42 hexagonal nut In place of a circular nut to 
faCIlitate rotatIOn through box spinners By uSing specially deSIgned forged 
adaptor which can lock on to the hexagonal M42 nut at one end and provide 
a square socket at the other to accommodate a torque wrench It IS feaSible 
to pre-tension the spider assembly of the linear fOCUSSing drum to about 80 
kg m. ThiS method of calibrated tensioning which was not available earlier 
helps while undertaking major maintenance work of the telescope. 
(B.R.Madhava Rao, Mechanical DIVISion staff) 

Proximity switch mount for VBT 

The proxImity switch IS a hght senSItive SWitching gadget used as a safety 
deVice which will stop the telescope In case of any obstruction to telescope 
movement. The mount IS a mechaOlcal fIxture to house the proximIty swrtch 
and orrent ItS light sensrng deVice 10 the direction of likely colliSion. ThIS IS 
obtarned by haVing a pair of frnely machined ball and socket Jornt for each 
fixture At present 3 fixtures are mounted and they are under electroniC 
tnals. (B.R Madhava Rao, Mechanical workshop staff) 

Auto-dome rotstlon 

To Improve the performance of the auto dome programme. the encoder 
which was originally mounted outSIde has been shifted rnslde the dome 
thereby preventing malfunctions. A dummy wheel sprrng-Ioaded bogie has 
been designed, fabrtcated and mounted tn the dome for thiS purpose The 
dummy wheel makes 128 turns for one rotation of the dome The rotatIon 
of the wheeliS connected to the 256 turn absolute encoder In the console 
room through a selsyn transmitter-receIver pair. 

The system IS a compactly designed one conSlstm9 of a smooth rol"ng 
encoder wheel coupled to the transmItter and a spring-loaded gUide ThIS 
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mechanism ensures uniformly rehable roiling contact of the wheel during 
the rotatIOn 01 the 250 ton dome at 117 rpm. 
(F.Gabnel. B.R Madhava Rao. V.Chmnappan) 

Performance of the geared encoder systems 

KeeplOg m view the cost and the difficulties 10 procurement of 20 bit 
absolute encoders. an alternate high resolution encodmg system employ
Ing two medium resolution encoders was tned at VBT. Kavalur Two 
approaches are listed below' 

I) A 1 : 16 gear tram assembly was mounted directly on the HA aXIs of VBT 
()ne 17 bit absolute encoder was mounted on the HA axis and the other on 
the shaft With a gear of coupling ratio 1 16 The pOSItIOn data from these 
two encoders were synchrOnized in the software and the resultant 21 bit 
pOSItion data was compared with the existing 20 bit absolute encoder. It IS 
found that this system was not accurate to even 18 bits due to the 
maccuracles In the gears. 

it) The second approach involves mounting one encoder directly on the 
motor shaft and the other encoder on the HA aXIs With the eXisting gear ratio 
of 711.1. The data from these two encoders were synchronized and the 
resultant 23 bit pOSItIOn tnformatlon was found to be accurate at least to the 
eXlsttng 20 bit Baldwm absolute encoder 
(R.Snntvasan, B Nagaraja Naldu, A.Anbazagan, K.Ravl) 

Electronics 

ElectroniCs related to the servo system tn VBT IS contmuously being 
upgraded lor better reliability Penodlc checking of the telescope's tracking 
performance IS camed out during daytime, so as to correlate the chart 
output to any image movements noticed during the night observations. The 
performance of the tachogenerators, encoders and DC motor brushes are 
periodically checked The CCO camera system is also periodically tested 
for ItS specified performance. In order to eliminate the nOise pIck-up from 
the Mains wifing, the Signal cables are segregated and properly shielded. 
(V.ChlOnappan, K.Anbazagan, K.Ravl, A.Ramachandran, S.V.Rao) 

A digital interlock safety system 

A new solid state, digital Interlock safety system has been designed to 
replace the present electro-mechanical relays The existing system re
quires large power suppltes, large space and also contributes to the heating 
of the obserVing floor. The new deSign incorporates logic gates and PCB 
mountable OIP reed relays All the components can be accommodated In 
a Single card and the power supply reqUirements are minimal. The proto
type IS ready for tests at the VBT (R.M.Nair, A S.Babu) 

New CCD's for VBT 

The Tek 1 024x1 024 CCO and associated hardware were received towards 
the end of the penod 1993-94. The CCO system is being integrated with a 
Sun Sparc ClaSSIC workstation in the laboratory (A K Pati) 

Enhancement of the PC based CCD image data acquisition 
system software 

The CCO Image acquisition system presently operating at the VBT is being 
modified and rewntten under MS-wtndows With a view to bringing about the 
following improvements. to accommodate larger CCO array Sizes, an in
tegrated Image and PC monitor, larger display resolution of 1024x768 
pixels, a more user fnendly graphical Interface 
(Faseehana Saleem, A.V Ananth) 

Experiments with fiberlink spectrograph 

Some expenmentation with fibers to link the pnme focus to a stationary 
spectrograph on the floor of VBT continued. A new smaller echelle 
spectrograph was bUilt as a prototype to be used With the 102 cm and 234 
cm telescopes, using an echelle grating With 70 I/mm and a 120 mm Zeiss 
camera already available This spectrograph will later be shifted to the 75 
cm telescope and be put m regular use. 
(N.Kameswara Rao, F Gabnel, A.K.Saxena) 
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Boller & Chivens Spectrograph 

Since the small format of the grating employed In the Boller & Chlvens 
spectrograph was known to result In a severe loss of light within the 
spectrograph. modifications were carned out to accomodate larger format 
gratings Further. Improvements have also been done in the gUiding by 
providing a special shutler arrangement that can be controlled from the 
console panel The working of the spectrograph has thus been automated 
nearly fully 

Tests conducted subsequently have shown a factor of two Improvement 10 

the efficiency of the spectrograph Gratings With rulmgs 300 I mm-1 and 600 
I mm-1 are currently avaJlable (T P Prabhu. F Gabriel. P U.Kamat. 
B R Madhava Rao. Mechanical Workshop staff) 

102 em telescope 

Mechanical maintenance 

The telescope declination fine motion clutch system was serviced. The 
dome shutter dnve worm reduction gear box and spun gears were replaced 
and the complete dnve system was serviced. The dome bearings and 
bearing housing had been damaged very badly due to long usage resultmg 
In uneven and nOIsy mohon. It needed major changes. smce the ongmal 
design did not prOVide the accessibility to remove the wheel beanng 
assembly for servIcing Dunng the maintenance work 10 August 1993, the 
dome structure was carefully cut open, to remove the worn-out wheel 
bearing assembly. New bearing housing With fresh ball bearmgs were 
assembled and the entire assembly was indiVidually bolted on to the base 
of the dome structure With this there is adequate provision for preventive 
and breakdown maintenance of the dome wheel assembly Without weaken
Ing the dome structure (B R Madhava Rao. Mechamcal DivIsion staff) 

Infrared photometer 

The mechamcal mount for the In Sb Infrared photometer was modified The 

photometer was tested on the 102 cm telescope at VBO, Kavalur Its 
performance was found to be satisfactory The IImltmg magnitude In the K 
band With one second integratIOn on the 102 cm telescope IS now 9 O. 
(H C Bhatt, R.Sagar) 

75 em telescope 

Twenty SIX dome wheels made of steel were replaced by rubbertsed wheel 
assembly to reduce the nOise dUring dome rotatIOn. These rubbensed 
wheels are readily available and comparatively cheap They can be 
replaced as and when rubber wheels wear off. One of the dome dnve 
molors was replaced by a new one Parts of the dome sheet melal were 
rusted; Ihese were replaced by new sheets which were welded. then 
blended by rough gnndmg and pam ted to the flOlsh 
(B.R Madhava Rao, Mechamcal D,V,Sion staff) 
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National Facilities 

Himalayan infrared and optical telescope project 
(HIROT) 

In the foreword to the Astronomy and Astrophysics Facilities proposed for 
the Eighth Five-year plan, Professor B.V.Sreekantan wrote: "As desired by 
the Planning Commission of the Government of India, a national meeting 
was organised by the Department of Science and Technology on the 24th 
and 25th Aug '89 at the Indian Institute of Astrophysics, Bangalore to 
discuss various issues relating to the setting up of national facilities in 
Astronomy and Astrophysics.· In July 1992, soon after taking charge as 
Director, IIA, Professor R.Cowsik made a detailed presentation to the 
Planning Commission, Government of India on the proposed National Large 
Optical Telescope (NLOT) and apprised them of the financial requirements 
as also of the positive impact of this project on science, industry and human 
resources of the country During 1993 efforts have been on to generate a 
Detailed Project Report (DPR) for NLOT with approval and sanction of OST. 
IIA was Identified as the nodal agency for carrying out the project study. 
NLOT has since been rechristened HIROT. 

Site survey 

In continuation of the work initiated earlier towards the selection of possible 
Sites, a study of the general meteorological and topographical informatIOn 
on likely sites was made, supplemented with satellite imagery wherever 
available. Keeping in view the need for a telescope that may be used for 
both optical and near infrared observations, speCial emphaSIS was placed 
on dry high-altitude sites (heights above 4000 metres) 10 the Himalayan 
region The states of Uttar Pradesh, HImachal Pradesh and the Ladhak 
region of Jammu & Kashmir were scanned tn detaIl and SIX sItes were 
shortltsted for reconnaissance survey. These are: (I) Vasuki Tal region 
(latitude 30° 43'.5 N, longitude 79° 2'.15 E) near Kedarnath, U.P., (ii) 
Lamdal area in H.P., (III) Kalpa area, Klnnaur dt., H P., (IV) Kaza tn Splti 

Valley, H.P., (v) Hanle region (latitude 32° 47'N, longitude 78° 57'.5 El, 
south-east Ladakh and (vi) Tso Morari region (latitude 32° 52' N, longitude 
78°0 26' E) also in Ladakh. Six teams from itA each consIsting of six 
members, vIsIted these locatIons In 1993 September and made preliminary 
surveys for about a week. The accessibility of the sites, general weather 
conditions, wind pattern and a variety of related aspects were studied. The 
teams presented detailed reports of their survey on return Some of the 
sites were assigned lower priOrity because of the inclement weather condi
tions or poor accessibility dUring the better part of a year. Of the remaining 
sites, the Hanle region In south-east Ladakh was chosen for further study 
at thIS preliminary stage. 

The Hanle Project 

LocatIOn 

The Hanle region Includes mainly a large, more or less flat, high altItude 
plain in south-east Ladakh. The plain, bearing the name 'Ndamkhul Plam', 
IS roughly elliptically shaped, With a major aXIs of 13 to 14 km runmng m the 
direction ENE to WSW, and a minor axis of 5 to 6 km In the direction NNW 
to SSE. Somewhat off centre, towards the ENE end of the plain, IS a hIli WIth 
a fairly flat top affording an area of about half a square kilometre. The 
altitude of the top IS 4517 metres above msl; the average altitude of the plam 
Immediately surrounding the hill IS 4240 metres above mst. The coordinates 
of the top of the hill are, approximately: LatItude 32° 47' N; Longitude: 78° 
57.5' E. 

Hanle can be accessed the year round by road from Leh. There is a 
metalled road running due south east, connecting Leh to the sub-dIVISional 
town of Nyoma about 180 km away; thiS IS normally a full day's drive. From 
Nyoma, an unmetalled road runs roughly 22 km eastward to a location 
called lorna, from where a dirt road runs about 45 km southward to the plain 
at Hanle. Though at places the dirt road IS little more than a track made by 
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repeated passage of vehicles, It can be easIly negotrated by Jeeps and 
trucks The roads are malntamed by the Border Roads Organisation 
W,thin the Nllamkhul Plain Itself, there are dirt roads, agam created by 
repeated passage of vehicles, gOing right to the base of the hilI. Most of 
these roads and tracks wIll take the load of a standard lorry With about 4 to 
5 tons of material The most difficult part of the access IS to the top of the 
hili from the plain. 

Weather 

Teams from IIA have vIsited Hanle In 1993 September and 1994 January; 
it has been observed that sometimes there IS local formation of patches of 
cloud, starting around mid morning, which however tend to diSSipate by 
early evenmg Durmg these two VISits, each lasting a few days, a fraction 
of the time (about 30%) has shown mCldence of cloudmess durmg the day 
With the tendency of clearing up In the mght. The mformatlOn from the 
paramilitary forces indicates that 10 the winter months there may be two or 
three spells of snowfall, each lasting a few days. during which the sky IS fully 
cloudy 

Sample photographic data from the low scale INSAT Images and the high 
resolution IRS Images have been examined for the Hanle and the adjacent 
(about 40 km away) Tso Moran region In particular, the IRS Images from 
the LlSS II camera have a resolution on the ground of about 36 metres. WIth 
a field of view of 85 km by 74 km. V,sual analYSIS of the data for a sample 
of 69 days covering 1988 to 1992 shows 57% of the days to be fully clear: 
If one adds days where only Isolated cloud patches are seen, then 78% of 
the days are clear. ThIS prehmmary analYSIS mdicates that one may expect 
between 210 to 290 clear nights m a year (the latter from the assumpton that 
Isolated cloud patches diSSipate by evemng). 

Meteorological data recorded by the paramilitary umts m Hanle for most of 
the year 1992 have been available to us. These are recorded at the camp 
m a hollow between the hills on the NE edge of the plam. The maximum 
temperature recorded IS 20nC In August and the minimum IS -26 'C In 

February The wind speeds are generally well below 20 kmph, With two days 
In May showing 45 kmph and three days m September shOWing 25 kmph 

The IIA team In 1994 January recorded a mlOimum temperature of -28 5 C 
at the camp of the paramilitary forces The local mformatlon IS that In some 
years, the temperature can dIp substantially lower. perhaps gOlO9 down to 
below -35°C. 

Plans for Astronomy at Hanle 

Given the fact that the Hanle regIon IS the most accessible of the sItes 
IOltially listed for site survey and considering the mdlcatlOns 01 a large 
fractIOn of clear nights In a year, the Issues of on-site astronomIcal mea· 
surements have been taken up. Conducting a round the year site survey In 

a remote high altitude location IS a dauntmg task and calls for a substantIal 
amount of effort and funds. The challenge has. however been taken up and 
the vanous difficulties are bemg tackled to a deliberate approach 

Telescopes are not Immediately available, that WIll work at high altitude tn 

temperatures 90109 down to -40°C The first step therefore IS one thaI 
gives experience 10 dealing With the cntlcal technologIes of operat,on at the 
same time It IS an advantage to be able 10 show some sClentlf,c results for 
the money spent W,th these alms, the InitIal plan IS to deploy the eXISting 
24/18 lOch SchmIdt telescope, appropriately re-englneered for the purpose 
lor dOing astronomy from the hilltop at Hanle The eXIsting OPtICS of Ihls 
telescope IS to be Installed In a newly deSigned mount WIth drive electroniCS 
and data acqUisition systems to SUIt the harsh environmental conditIOns 
The follOWing alms are to be achieved With thIS prOject 

(a) CarrYlOg out of research programmes such as the optical tOIlOW up 
of Gamma ray burst sources and other programmes reQu,nflg WIde 
field Imagmg 

(b) Gaming experience With the cntlcal englneenng methodology 
requared to bUild and operate telescopes at a remote hIgh altItude 
location. ThiS meludes facilities for remole operation of and data 
acquIsItIon from the telescope 

(c) EvolVing logIstIcal faCIlities and support for the planned SCientIfIC 
and engmeermg activity 

(d) Assessmg the reqUIrements for the HIRor proJec!. from both Ih.e 
engineering as well as the logIstIcal POlOt of view 
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Efforts are also to be made to acquire or bUIld a smaller telescope sUIted to 
measurements of astronomical 'seeing' and to Install It at the site once the 
methodology of operating in the area has been worked out and the necessary 
infrastructural facilities set up. 

During 1994 January a team of /lA scientists carried sensitive equipment 
such as CCD cameras and computers and tested their operation success
fully in extreme winter conditions. Clearances for remote operations using 
communication equipment have also been obtained from relevant Govern
ment Departments. The engineering design of the Schmidt telescope 
structure is nearing completion and fabrication of components has com
menced. Methods have been identified to provide continued support to 
teams at Hanle dUring the phases of deployment of the Schmidt telescope 
as well as dUring observations thereafter. 

Utilization of VBT during 1993-1994 

The Vainu 8appu Telescope was nearly fully operational during 1993 April 
- 1994 March DUring 1993 Aprrl-June and 1994 January-March, time on the 
telescope was oversubscribed by a factor of three and a half. A total of thirty 
five scientific proposals were allotted observing time. The telescope 
operated in the prime mode on 165 nights and In the Cassegrain mode 145 
nights. The remaining nights during the year were utilized for maintenance 
and change overs of the modes. In the prime mode CCO Imaging was done 
using broad band and narrow band filters for a variety of programmes by the 
SCientists of /lA, IUCAA, TIFR and Ravi Shankar UniverSity, Raipur. In the 
Cassegrain mode spectroscopy was done on 95 nights using the Bol/er and 
Chivens spectrograph. PRL astronomers did fabry-Perot spectrometry on 
eight nights and used the IA photometer on another four nights. The two
star photometer of ISRO was used on three nights and the rotational 
shearing Interferometer on four nights. 
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Miscellaneous 

International Conference on Nonaccelerator Par
ticle Physics (ICNAPP) 

The International Conference on Nonaccelerator Particle PhysIcs was held 
at IIA, Bangalore 1994 January 2-9 The conference was sponsored by the 
International Astronomical Union (Commissions 47,48 & 9), Department of 
SCience and Technology, Govt. of India, and major Indian scienttfic IOsh
tutlons and academies This was the fust ever IOternattonal conference 
held on the campus of IIA. Before the conference the infrastructural 
facilities at the Bangalore and Kavalur campuses were vastly improved. 
The conference was held 10 the Library Hall In Bangalore. An audiOVisual 
room With close Circuit TV connecttons was also provided to accommodate 
extra people. Lunch and dinner were also provided 10 the refectory 
speCially set up for the conference. The valedictory session of the conference 
was held at Vamu Bappu Observatory, Kavalur Professor A.Wolfendale, 
the Aoyal Astronomer of UK addressed the session. 

More than 200 participants from all over the world attended the conference 
which was spread over twenty one sessions from Monday January 3 through 
Saturday January 8. Apart from oral presentations consisting of invited 
talks, several poster papers were also presented Two cultural programmes 
were organised. A Veena-Sltar Jugalbandhl was presented by 
R K.Suryanarayana and Jayantllal Das on January 4 On January 5 
Shreematl Protima Gauri and her troupe from Nrtyagram presented a 
collage of Indian claSSical dances Proceed lOgs of the conference are being 
edited and Will be published by World SCientific, Smgapore. 

Lecture by R.Penrose 

On the occasion of ICNAPP, Roger Penrose, Aouse Ball Professor of 
MathematiCs, Umverslty of Oxford, UK gave a public lecture Non-comput-

ability and the Mmd 10 the evening of January 7, 1994. The lecture was 
attended by well over two hundred people. 

Awards and distinctions 

Professor Ramanath Cowslk had been a DlstmgUlshed VIsiting Professor at 
the McDonnell Center for the Space Sciences. Department of PhYSICS. 
Washington University, St. LOUIS, USA slOce 1994 February 14 for a penod 
offourmonths. Dr.A.K.Saxena along with Mr.P.P GuptaandMr S C Rastogi 
of ISRO and Dr. Indira AajagopaJ of NAL. share the NADe. award for the 
development of passive radiant cooler for high resolution radiometer of 
INSAT II Satelhtes The passive radiant cooler houses the infrared detector 
and the Infrared channel's optical elements. The cooler maintains a 
temperature 105° K utiliZing deep space as the heat Sink The development 
of thiS technology has resulted In conSiderable foreign exchange savlOQs 
Professor C.SlVaram was a VISiting Professor to the Department of PhYSICS 
and Astronomy. UmverSlty of Bologna,ltaly durmg 1993 March-June and a 
VISlttng SCientist to the Department of PhYSICS. University 01 Edmonton, 
Canada dunng 1993 July-August. 

Doctoral dissertations 

R.Vasundhara was awarded the Ph 0 degree of Bangalore UniverSIty for 
her theSIS titled PhYSIcal studIes of solar system objects Prof 
J C.Bhanacharyya was the theSIS supervisor Y 0 Mayya was awarded the 
Ph 0 degree of the Indian Institute of SCience. Bangalore lor the theSIS 
titled Star formation In D,ant extragalactic HI/regIons He worked under the 
supervlson of Prof. T.P.Prabhu AT Gangadhara was awarded the Ph D 
degree of the Indian Institute of SCience for hiS theSIS Nonlmear propaga
tIOn of mtense electromagnetic waves In quasar and pulsar plasmas He 
worked under th'e superviSion 0' Prof.V.Kflshan A Surendlranalh was 
awarded the Ph 0 degree of Bangalore UnIversity for hIS theSIS A study of 
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planetary nebulae. He worked under the guidance of Prof.N.Kameswara 
Aao. 

SERe School on Astronomy and Astrophysics 

An SERe school on the theme Advanced stages of stellar evolution was held 
at the Valnu Bappu Observatory, Kavalur dUring February 1-6, 1994 The 
school was supported by the Department of SCience and Technology. 
Theere were about 45 student participants from all over the country and 15 
speakers. The topics discussed at the school included: Stellar structure, 
Evolution of intermediate mass stars and massive stars. End products of 
stellar evolution, Star clusters and stellar evolution. Pulsations and mass 
loss, Clrcumstellar matter, AGB stars and Planetary nebulae, Nucleosyn
thesis. Chemical evolution of the Galaxy, Neutrinos and stellar evolution 
and the Stellar-solar connectIon. Special tutonal classes were held for the 
student participants in the evenings. They were also exposed to the baSIC 
techniques of astronomIcal observations. 

Seminar on MACHO 

The poSSible detectIon of dark matter In the form of Massive Compact Halo 
Objects in the GalactiC halo through gravitatIOnal mlcrolensing evoked 
great mterest In the astronomical community In 1993 September/October 
A semmar was orgaOlsed at IIA With a programme of talks that touched upon 
the discovery and Its various Imphcatlons In astrophysical terms. The 
meeting was attended by a large gathering of astronomers and students. 

Historical studies 

Studies related to the astronomical orientatIOns of ancient monuments have 
been pursued for some years. During 1993-94 the Sun temple at Modhera, 
Gujerat built in 1026 AD was studied. The riSing Sun's rays in equinoxes are 
supposed to illuminate the deity - the Sun god (the statue IS presently 
missing). Further studies on the architectural plan of the temple and the 
accuracies involved in these alignments are on. (N.K.Aao) 

Data service 

IonospheriC data and magnetograms are supplied from the Kodalkanal 
station to NPL, Delhi and JIG, Bombay and are published annually The 
geomagnetic storm data for every month is also sent to ltG, Bombay. The 
annual mean values computed from the monthly means are regularly sent 
to the Bntish Geological Survey 10 Scotland. All the data till end 1992 have 
already been commuOlcated. 

Exhibitions 

The Instlute took part 10 the SCience EXhibition conducted by 'Karnataka 
Rajya Vljnana Parishat' at Belgaum during 27-29 October 1993. Popular 
Astronomy topics, Astronomy 10 IndIa, and the achievements of itA were 
highlighted uSlOg pictures, posters, telescope models and Video shows. 
The exhibitIon COinCided with a conference of active science writers and 
sCIence populanzatlon enthusiasts from all over the state. 

During ICNAPP exhibitions were organised at itA campus. In addition to an 
exhibition on scientific books by local booksellers, there was an exhibition 
on computers and Instruments and computer software. The audiOVisual 
room exhibited anginal paintings of several well known artists of Karnataka. 

National SCience Day was celebrated by actively participating In the SCI
ence ExhibItion held JOintly by the Departments of Science and Technology, 
Government of India and Government of Karnataka, at the Jawaharlal 
Nehru Planetarium, Bangalore, during 26-28 February 1994. 

The exhibitions were well received by thousands of inquisitive school and 
college students as well as the general public. 

At IIA National SCience Day was celebrated on February 28. 1994 by 
organiZing popular lectures and video shows on astronomy for school 
children More than two hundred children visited the Institute on that day 
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Film on Sir J.e. Ghosh 

R C.Kapoor organised and filmed the liSe campus sequences of a video film 
on Sir J.C.Ghosh (Director, IISc 1939-1945) produced in 1993 by the 
J.C.Ghosh Memonal Centenary Committee. 

Visitors' day at VBO 

Every Saturday students from schools. colleges and UniVerSities, amateur 
astronomers and other VISitors have been taken around the observatory and 
m the evemng they have been shown the mght sky through the vIsitor's 
telescope. Short lectures on astronomy and VBO have also been organised 
often 

Colloquia by visiting scientists 

large-scale structure of the universe and the adhesion model 
Varun Sahm, IUCAA. Pune 
1993 April 28 

Signatures of CP violation in astrophysics and cosmology 
S.N. Nayak, Institute of PhYSICS, Bhubaneswar 
1993 May 18 

Infrared emiSSIon from early-type stars 
B.S.Shylaja. PAL, Ahmedabad 
1993 May 25 

Beyond stars and galaxies - do we live tn a false vacuum? 
C W. Misner, Unlv. of Maryland, USA 
1993 June 4 

The thermOdynamics of black holes and radIatIOn 
The horizons of two black holes 

Nigel Bishop. Univ South Africa, Pretona,S.A. 
1993 July 8 

The development of torsIOn balances for gravitational research 
A.D. Newman. Univ. Cahforma. Irvine, USA 
1993 July 9 

Testing the inverse square law of gravity: a new class of torSion pendulum 
null expertments 

Paul Boynton, UntV Washmgton, Seattle. USA 
1993 July 12 

Gravitational effects on superconductors 
The meaning of wave function 

J.S. Anandan. Umv. South Carolina. USA 
1993 July 16 

CreativIty In science and arts 
A L Kapur, NatIOnal InstItute of Advanced StudIes, Bangalore 
1993 July 27 

Measurements of global Hubble constant 
N. Vlsvanathan, Mt. Stromlo & Siding Spring Obs., Australia 
1993 July 30 

The chemIcal evolution of the GalactiC dIsk 
D.L. Lambert, Univ. Texas, Austin, USA 
1993 August 4 

The recurrent nova AS Ophluchl 
G.C Anupama, IUCAA, Pune 
1993 August 10 

Coronal mass ejections and metnc radiO emission 
N. Gopalswamy, Unlv. Maryland, USA 
1993 August 13 

From quarks to baryons 
S Sahu. Inst. of PhYSICS. Bhubaneswar 
1993 August 19 
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Instrumentation for solar research 
Li Ting, Nanjing Astronomical Instruments Research Centre, Chma 
1993 August 23 

Galactic bulge planetary nebulae 
M A. Ratag, Indonesian National Institute of Aeronautics and 
Space, Bandung, Indonesia 
1993 August 23 

SqueezlOg of vacuum fluctuations and Its applications to experiments 
C V Sukumar, Oxford Umv , U.K 
1993 August 26 

Martian polar caps 
Kyosuke Iwasaki, Kyoto Umv. Japan 
1993 August 27 

The real value of no and the biasing 
E Regos, Inst of Astronomy. Cambridge. England 
1993 August 30 

The formation of cataclysmic van abIes and algols 
C A Tout.lnst of Astronomy. Cambndge. England 
1993 September 1 

A statIStical model for the radiatIon field of non-lOteractmQ stars 
H Parthasarathy, Electrical Engmeenng Dept, liT. DeIhl 
1993 September 1 

Infrared spectroscopy of diSCS around young stars 
John Carr. Ohio State Umv , USA 
1993 September 2 

ActIVIty In galaXIes ' New theoreftcal mSlghts 
Judllh Perry. Inst of Astronomy. CambTldge, England 
1993 September 6 

Some unconventional electric machines (linear and rotatIonal motors) 
K.C Tnpathy, BARC. Bombay 
1993 September 10 

Globally coupled chaos 
Sudeshna Smha. TIFR. Bombay 
1993 September 23 

Evolution of solar active regIons 
K S Balasubramamam. NSO Sacramento Peak. USA 
1993 October 14 

Statistical mechaOlcs of stnngs and an application to cosmology 
Nlvedlta Oeo. Indian Institute of SCience. Bangatore 
1993 November 9 

Some low-energy consequences of the unlhcalion of electromagnetic and 
weak tnteractrons 

Subhendra Mohanry. Institute of PhysIcs Bhubaneswar 
t 993 November 16 

Ritual art of the west coast 
Balan Namblar. Bangalore 
1993 December 7 

Changes In (he concepts of space and lime brought about by relahvlty 
John Stachel. Basion UOlV . USA 
1994 January 11 

TorSion rn general relatIVity - Quantum effecls and some consequences 
V de Sabbata. Umy Bologna & Ferrara Italy 
1994 January 14 

Dedicated terraflop machine - applicatIon to many-body prOblems 
o SugImoto. UnlV Tokyo Japan 
1994 January 25 
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Scattering and black holes 
NIls Andersson, Univ. Wales, CardIff, UK 
1994 February 21 

Integrated photometric parameters of star clusters 
B.C.Bhatt, UPSO, Naml Tal 
1994 February 22 

Recent results from IR camera 
M.Ueno, Umv. Tokyo, Japan 
1994 February 28 

Centnfugal force reversal in general relativIty 
A.R. Prasanna, PRL, Ahmedabad 
1994 March 3 

Raman ripple lasers 
R.V. Pratap, Cochm Unlv., Cochin 
1994 March 4 
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Many-body theory and its applications to molecular systems 
D.Mukherjee, Indian AssociatIon for the CultIvatIon of Science, 
Calcutta 
1994 March 15 

T.G. Cowling and the early days of stellar structure theory 
L.Mestel, Univ Sussex, UK 
1994 March 18 

Soft gamma ray repeaters 
S.A. Kulkarm, Caltech, USA 
1994 March 29 



Library 

IIA library acqUired 380 books during the year and 5 new Journals were 
added two of which are from India. Twenty five SIMBAD searches and four 
searches using the Easynet were made during the year. The library staff 
was actively involved In the organisation of ICNAPP The whole library was 
reorganised for holding the meeting. 

The Kodaikanal Observatory Bulletins continued to be published by the 
library 

The library was able to get 250 journal references and more than 20 
documents for scientists on inter-library loan from various libraries both 
locally and from outside Bangalore. The Library continued to borrow 20 
Journals from Raman Research Institute and 4 Journals from TIFR Centre. 
IISc campus, Bangalore for display. It also lent 15 Journals to RAJ Library 
for display 

Special xerox work was undertaken by the library durmg JCNAPP In 

addition to the 200.000 copies of xeroxlng from various Journals and books 
for the scientists. 350 volumes of journals and reports were bound dUring 
the year 

Ms.A. Vaglswari. the librarian attended 3 Bangalore SCIence Llbranes 
Group meetings. She was also on the Local Orgamsmg Committee of 
ICNAPP 



Personnel 

The academic and technical staff during the penod 1993 April- 1994 March 
mclude the following: 

Director: Ramanath Cowsik 

Senior Professor: A.Peralah, Ch.V.Sastry, C.v.Vlshveshwara. 

Professor: B.P.Das, M.H.Gokhale, N Kameswara Rao, R.K Kochhar, 
V.Krishan, J.H.Sastri 

Associate Professor. B.Datta, 8.S.Hasan, R.C.Kapoor, D.C.V.Malhk, 
M. Parthasarathy, T.P.Prabhu, A.Aajamohan, Aam Sagar, C.Sivaram, 
P. Venkatakrishnan 

Reader: G.S.D.Babu, S.P.Bagare, H.C Bhatt, A.Chokshl, P.K.Das, 
K.K.Ghosh, S.K.Jain, A.K.Pati, P.K.Aaju, A.V.Aaveendran, J.Smgh 

Fellow : Alok Shukla, P Bhattachaqee, S Chatterjee, S.Glrldhar, 
A.Kariyappa, S.G.V.Mallik, M.V.Mekkaden, D.Mohan Aao, 
B.S.Nagabhushana, K.N.Nagendra, R S.Narayanan, K.E.Rangarajan, 
S.K.Saha, A Satya Narayanan, K R Subramanian, K Sundara Raman, 
A.Surendiranath, G. Thejappa, R Vasundhara 

Research Associate: J.Javaralah, D.Karunakaran, PrabhJot Singh. 
K.Sasldharan, B.A.Varghese, L.Yeshwant 

Senior Principal Scientific Officer. A.Srlnlvasan (Dean) 

Head, Photonics Division. A.K.Saxena 

Principal Scientific Officer :A.V. Ananth, B R Madhava Rao, 

Scientific Officer 'SO' : M.S.Sundara RaJan, G SrlOIvasulu 

Scientific Officer 'SC' . P S.M.Aleem. S.S.Gupta, J.P Lancelot, S.Mohm. 
P.M.S.Namboodm. K.B.Ramesh 

Senior Computer Engineer: V Chinnappan 

Senior Civil Engineer N Selvavmayagam 

Senior Technical Officer: R Sivashanmugam 

Librarian. A.Vagiswan 

Assistant librarian 'A': C LoUIs 

Assistant Librarian 'B' H N.ManJunath 

Technical Officer' J.P.Abraham Samson. S S Chandramouh. 
M.Mohd Abbas, A.Mohd.Ghouse, A Muraleedharan Nair. K.Narayanan kutty. 
K Padmanabhan. K.S.Aamamoorthy. K.Aamankutty. K.G Unnlknshnan Nair 

Technical Associate' A.M.Batcha. P.Chockalingam. F Gabriel. 
A. T A.Hameed. N.Jayavel. P K.Mahesh. S.Murahshankar. S Muthu
krishnan, J.S.Nathan, A.SelvaraJ. N.SelvaraJ. K.S Subramanian. K C 
Thulasidharan 

Engineer Associate Faseehana Saleem 

Documentation Associate' Sandra RaJ Iva 

Emeritus Professor: J.C Bhatlacharyya, K.R.Slvaraman 

Emeritus Scientist (CStR). K.V K.lyengar 

Post Doctoral Fellow (CSIR): P.Bhaskaran 
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Visitors 
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Visiting Fellow. R.T.Gangadhara. H.Parthasarathy. P.Saraswat 

Graduate Students: Angom Dlhp Kumar Smgh. S.Annapurm. AlISh Dlpankar 
Jana. D.Banerjee. S Banerjee. S.G.Bhargavl. Charu Ratnam. Chltra Rangan. 
M.Dlkpatl (CSfR), B.Eswar Reddy, V.Knshnakumar. Mangala Sharma, 
Y D.Mayya (up to 1993 Nov.30). G.Pandey. S.Paul Kasper Rajaguru. Pavan 
Chakraborty. R.D Prabhu. K.Rajesh Nayak. R.Ramesh. H.N Ranganath 
Rao. K.Sankara Subramaniam. S.K.Sengupta (CS/R). T.Slvaram. Sonjoy 
Majumder. Srikanth, Swara Ravindranath, A.V.Thampan. G.Uma, 
R.T. Gangadhara (up to 1993 Dec 31) 

G.S.D.BBbu resigned from the directorship of Jawaharlal Nehru Planetanum, 
Bangalore and returned to his posItIOn m IIA 1993 August 1. B.P.DBB 
JOined IIA as Professor 1993 July 15 Arsti Chokshi JOined IIA as Reader 
1994 January 20 and Alok Shukla as Fellow 1993 October 7. 
H.PBrthsssrsthy and R. T.Gsngsdhsrs were appointed Visiting Fellows 
effective 1993 October 5 and 1994 January 1 respectively Y.D.Msyyslsft 
IIA 1993 December to take up a post doctoral assignment In TIFR. Bombay 

Involvement in the scientific community 

B.P.Dss has been apPointed an Affiliate of the National Institute for Nuclear 
Theory. Seattle, USA. N.K.Rso along With B Hldaya! chaired and orga
nized the Stellar PhYSICS session of the Sixth ASian-PacIfic Regional/AU 
Meeting, which was held in Pune 1993 August 16-20. N.K.Rao was an SOC 
member for the same meeting. N.K.Rao IS also a member of the SCience 
Advisory Committee of IUCAA J.H.Ssstri served as member-secretary, 
Indian National Committee for SCOSTEP of INSA, New Delhi. A.K.Saxena 
was inVited to serve as a member of the Standing Committee of UGC for 
formulating undergraduate and graduate courses on PhotoOlcs C.Slvsram 
was a co-director of Projects of the World Laboratory, Geneva. He also 
acted as a referee and consultant for approval of funds for internatIOnal 
projects of the NSF, USA. 

Visitors 

Varun Sahni, IUCAA. Pune 
1993 Arpil 28 

Virendra Smgh TIFR, Bombay 
1993 May 18 

S N.Nayak, Institute of PhYSICS. Bhubaneswar 
1993 May 18 

S Sreedhara Rao. Astronomy Department. Osmanra UnrverStly. Hyderabad 
1993 June 1-20 

N Bishop. University of South Afnca. Pretona 
1993 July 7-9 

R.D Newman. Umverstty of Callforma, Irvme, USA 
1993 July 8-9 

P Boynton, Umverslty of WashlOgton, Seattle. USA 
1993 July 8-12 

J S Anandan, Umverslty of South Carolina. USA 
1993 July 15-17 

R M Godbole, Dept of PhYSICS. Umverslty of Bombay 
1993 July 24-26 

o l Lambert. UOIverSlty of Texas, Austm, USA 
1993 July 10 - August 4 

N.Vlsvanathan. Mt Stromlo and Sldmg Spnng Observatones. 
Australian National UniverSity, Australia 
1993 July 29-31 
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G C Anupama, IUCAA, Pune 
1993 August 2-11 

N.Gopalswamy, Department of Astronomy, University of Maryland, 
College Park, USA 
1993 August 13-16 

M A.Ratag, Indonesian NatIOnal Institute of Aeronautics and Space, 
Bandung, Indonesia 
1993 August 18-23 

S.Sahu, Instttute of Physics, Bhubaneswar 
1993 August 19 

D.Enard, ESQ, Garching, Germany 
1993 August 22-23 

LI Tmg. Nanling Astronomical Instruments Centre, Nanjing, China 
1993 August 23-24 

P .Guhathakurta, Princeton UnIVersity, USA 
1993 August 24 

J.l.Osborne, Physics Department, Durham University, Durham, USA 
1993 August 23-24 

K.lwasakl. Kyoto University, Japan 
1993 August 24·28 

Judith Perry, Institute of Astronomy, Cambridge, England 
1993 August 27 - September 7 

E.Regos Institute of Astronomy, Cambridge, England 
CATout, Institute of Astronomy, Cambndge, England 
1993 August 27 - September 1 

J Carr 
Suchltra Balchandran 
Department of Astronomy, Ohio State University, USA 
1993 September 1-2 

K.C.Tripathy, BARC, Bombay 
1993 September 10 

K.S.Balasubramaniam, NSO, Sacramento Peak Observatory, 
New MexIco, USA 
1993 October 14 

Sisir Roy, PhysIcs and Applied Maths Unit, lSI, Calcutta 
1993 October 15 - November 12 

A.R.Prasanna, PRL, Ahmedabad 
1993 November 1·5 

Osman Shlnalshm, NSF, Washington D.C , USA 
1993 November 14 

S.Mohanty, Institute of PhYSICS, Bhubaneswar 
1993 November 16-19 

Martin A Lee, University of New Hampshire, Durham, USA 
1993 December 22 • 1994 January 17 

Sudha Murthy, KAI SCience and Technology Inc, Lancaster, USA 
1994 January 1 - March 15 

V. de Sabbata, Ettore Majorana International School of Cosmology and 
Gravitation 
1994 January 8-9 

J.Stachel, Department of Physics, Boston University, Boston, USA 
1994 January 11 
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J Ryan, Space SCience Center, University of New Hampshire, 
Durham, USA 
1994 January 2-12 

D.Suglmoto, University of Tokyo, Japan 
1994 January 22-26 

Nil Andersson, University of Wales, Cardiff, UK 
1994 February 18-25 

8 C.8hatt, UPSO. Namltal 
1994 February 22 

M Ueno, Department of Earth SCiences and Astronomy 
College of Arts and SCiences, University of Tokyo, Japan 
1994 February 25 - March 4 

A R Prasanna, PRL, Ahmedabad 
1994 March 1-10 

R V Pratap, Department of PhYSICS. 
Cochm University of SCience and Technology. Cochm 
1994 February 27 - March 5 

D Mukherjee. Indian AssociatIOn for the Cultivation of SCience. 
Calcutta 
1994 March 15 

L Mestel, UniverSIty of Sussex. UK 
1994 March 18 

S R Kulkarni. Cahfornla InStitute of Technology, USA 
1994 March 29 
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Appendix· A 

Publications 

In Journals 

Ananlh,A.V., Venkalaknshnan,P, Bhallacharyya,J C , Narayanan,R.S. 
(1994) Sol Phys, In press. 
A PC based Stokes polarimeter for solar observatJons. 

*Apparao, K M V., 'Tarafdar, S P , "Verma, R P., Iyengar. K.V.K ,Ghosh. 
K.K (1993) JAA 14,131 
Simultaneous Infrared and Ha. measurements of 8e slars. 

'Ashok, N.M, ·Chandrasekhar, T., "Ragland. S, Bhatt.H.C, (1994) 
Expenmental Astronomy, in press. 
A high speed near-Infrared photometer for lunar occultation studies. 

Bagare,S P (1994) Buff ASI, In press 
Daytime seeing observallons at Kodalkanal Tower Telescope 

Bhatt, H C (1993) Curr.Scl. 65, 145 
Oort and the comets 

Bhatt, H.C., Sagar, R., Subramamam, A, Gortl, U., 'Chandrasekhar, 
T : Ashok, N.M ,. Ragland, S. (1994) A&A. In press 
SAO 75669 a late type giant behind the molecular cloud MBM 12. 

Bhatlacharjee, P. (1994) Curr.Scl. 66, 268. 
DetectIOn of dark matter In the Galactic halo. 

'Borzesszkowskl. H.:de Sabbala. V., Sivaram, C.,"Treder. H J., (1994) 
Foundations of PhYSICS, In press. 
Torsion and curvature in quantum gravity. 

"Calala, C. (25 authors IncludtOg K.K.Ghosh) (1994) Sol. Phys., in press. 
AZimuthal structures to the wind and chromosphere of the Herbig Ae 
star AB AUf - preliminary results from the MUSICOS 1992 campaign. 

Datta, B , 'Sahu. P.K. (1993) Phys. Lett B 318,277. 
Nuclear matter in the derivative scalar couplmg model: energy per 
nucleon and a finite temperature equation of state. 

"de Sabbata, V , Sivaram, C. (1993) Foundations 01 PhysIcs Lett. 6,201. 
On the universality of charge anstOg from torSIOn. 

'de Sabbata V., Sivaram. C. (1994) FoundallOns of PhysIcs Lett. In press. 
On limiting field strengths m gravltatlon 

"Fohrng. 8 et al.(46 authors rncludmg K K.Ghosh) (1994) A&A, In press. 
RS CVn system HR 1099 - MUSICOS results of 1990 campaign 

"Garcla-Lano, P :Manchado, A., Parthasarathy, M . *Pottasch, S R 
(1993) A&A 285,179 
Nebular emiSSion hnes to IAAS 10215-5916 

Ghosh,K.K., Soundararajaperumal,S (1993) A&A 273,397 
X-ray spectral variability of the Seyfert galaxy NGC 4593 

"Gilliland, R.l et al (14 authors IOcludmg M.Parthasarathy) (1993) AJ 106. 
2441 
Search for solar-like oscillattons 10 the stars of US7 with CCO ensemble 
photometry on a network of 4-m telescopes. 
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Gmdhar, S., Rao, N.K., "Lambert, 0 l. 1994, ApJ, In press. 
The chemical composition of the carbon rich RV Tauri star IW Car 

Gokhale, M H .• Javaralah, J. (1994) Sol. Phys., In press, 
Global modes constltutmg the solar magnetic cycle III. 
Shapes and sizes of sunspot cycles and maintenance of MHO spec
trum by energy cascade. 

"Gopal Krishna:Vates, M."Wiita, P J . .*Smette, A , Patl, A.K.:Altlen, B. 
(1993) A&A 280,360. 
Near-mfrared and optical Imagmg of a 2345 + 007 : the largest 
gravitatIOnally lensed aso system? 

Gortl. U., Bhatt, H.C. (1994) MNRAS, In press 
Effect of gas drag on the dynamiCs of clumps m molecular clouds. 

Hasan,S S , ·Kalkofen,W. (1994) ApJ, In press 
EqUilibrium of solar magnetic flux tubes. energy transport with 
multistream radiative transfer. 

·lyer,B.R., Vlshveshwara, C.V. (1993) Phys. Rev. 048.5706. 
Frenet Serret descrrptlOn of gyroscopic precession. 

Kariyappa, R.. Sivaraman, K.R. (1994) Sol.Phys., In press 
Vanabillty of the solar chromosphenc network over a solar cycle 

Kariyappa, A , SlVaraman, K R., • Anandaram, M N (1994) Sol Phys, In press. 
Heatmg of the quiet solar chromosphere I. Role of the lOner network 
bright points. 

Knshan, V. (1994) Phys/ca SCflpta 49. In press. 
Aole of plasma processes in astrophysics. 

Krishan, V .• 'Wllta, P.J. (1994) ApJ 423, 172. 
Plasma mechanisms for varrabllity In active galactic nuclei. 

Knshan, V. (1993) MNRAS 264,257. 
Clustering of galaxies by the a - effect. 

"Kumar Golap, Sastry, Ch V (1994) Sol. Phys. 150,295. 
The radio brightness of the undisturbed outer solar corona In the 
presence of a radial magnetic field. 

"Lambert, D.l., Aao, N.K (1994) JAA 15, 47 
The R Coronae Borealis stars· a few mere facts 

Malhk, D.C.V. (1993) Curr.SCI. 65, 42. 
Jan Oort and Interstellar clouds 

Malllk, S.V. (1994) A&AS 103, 279. 
The Ca II triplet lines In cool stars. 

MohlO, S., Raveendran, A.V. (1994) A&A 286,824. 
Near simultaneous BV photometry and Hex. spectroscopy of the AS 
CVn bmary OM UMa. 

Parthasarathy. M. (1993) ApJ 414, l109. 
LS II + 34° 26 is a low-mass Post-Asymptotic Giant Branch B super
giant and not a massive Population I B star located near the outer edge 
of the Galaxy. 

Parthasarathy, M., Jain, S.K. (1994) A&AS, 10 press 
Red and reddened stars in the region of Cygnus 082 (VI CygO!) 
association 

Parthasarathy, M., "Sarma, M.B.K., "Vlvekananda Rao, P. (1994) A&A, in 
press 
Photometnc elements. absolute dimenSions and evolutIOnary status of 
the eclipsing bmary HU Tauri (HR 1471). 

Peralah, A., Snmvasa Rao, M. (1993) Kodalkanal Obs.Bull. 12, 93. 
Compton broadening due to electron scattering. 

Peralah, A, Varghese, B.A (1993) Kodalkanai Obs. Bull. 12.15. 
Stellar winds in 0 and B type stars: hydrogen atmosphere 
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Prabhu, A.D., Krishan, V. (1994) ApJ 428, 483 
Flat rotation curves - a result of helical Inverse cascade In turbulent 
media? 

*Qian, Z.Y., Sagar, A. (1994) MNRAS266, 114 
A near-infrared photometnc study of the young anon nebula star 
cluster NGC 1976 

Aaju,P.K., *Dwivedi,B.N., *Gupta,A.K (1994) Sol. Phys 149,289 
Density and temperature diagnostics of solar emisSion Imes trom Na 
VII and AIIX 

Rangarajan, K.E., Mohan Aao, D., *Abhyankar. K D. (1994) Bull. AS(, In 

press 
Nonconservatlve Rayleigh scattering 10 a fmlte atmosphere I Polar-
Ization of skylight. 

Aao. H N A .. Sastn. J H. (1994) Ann Geophyslcae. 10 press. 
Characteristics of the equatonal mldmght temperature maximum In the 
Indian sector 

Sastrl, J H • Aao, H.N R (1994) J Almos rerr Phys. 56, 775. 
Optical Interferometer measurements of thermosphenc temperature at 
Kavalur (12 SON, 7B.5"E), India 

Sastri, J H ,Aao, H N A . ·SomayaJulu. V V , 'Chandra, H. (1994) Geophys 
Res Lett. In press. 
Thermosphenc meridional neutral winds associated With equatonal 
mldmght temperature maximum (MTM). 

Sastry. Ch V. (1994) Sol Phys 150.285 
Observations of the continuum radio emiSSion from the undisturbed 
sun at a wavelength of a.7 meters 

Sastry, Ch V. (1994) Sp SCI. Rev., In press 
Decameter and meter wave radio telescopes m India and MauritIUS 

Satya Narayanan, A. (1994) Ap&SS, m press. 
On structure formation in the Umverse. 

Sengupta,S (1993) MNRAS 263,513. 
Aesonance-hne polanzatton '" a moving medIUm solution m the 
comovmg frame With complete frequency redlstnbutton 

Sengupta, S. (1994) MNRAS 269.265. 
Resonance-Ime polarizatIOn m expandmg spherical atmospheres 
solution 10 the comovlOg frame 

Shukla. A., 'Banerjee. A. (1994) J.Chem.Phys. 100, 3695. 
The relatiVistiC valence-shell effective Hamiltonian method for atomiC 
and molecular system. 

Shukla. A . Oas. B P . *Andnessen. J (1994) Phys Rev A 50.10 press 
RelatiViStic many-body calculation of electnc dipole moment 01 
Rubidium atom due 10 panty and lime reversal violatIOn 

Shukla,A . Das.B P . 'Mukherjee,D (1994) Phys Rev A. 10 press 
Coupled-cluster approach to electnc dIpole moments of atoms and 
molecules due to panty and tIme reversal viola lIOn 

·Slgl.G . 'Schramm, D N • Bhatlachafjee. P {1994} Astropartlcle PhYSICS. 
m press. 
On the orlgm of highest energy cosmiC rays 

SlOgh,J • JatO.S K .. Venkataknshnan,P (19941 Sol Phys. In press 
Time variability of He I 10830 A IlOe proftle 

Smgh.J .. Nagabhushana.B.S . Babu.G S D . 'Wahab Udthn (1994) 
Sol. Phys .. 10 press 
Study of calCium K network evolutton from Antarctica 

Smgh, P (1994) MNRAS269. 441 
Aadlatlve transfer calculatton uSing Rill In expandmg spherically 
symmetric stellar atmospheres 
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Sivaram, C. (1993) Ap&SS 206,313. 
CosmIc background temperature and couplmg constants of fundamen
tal InteractIons. 

SIvaram, C. (1993) Ap&SS 207,317. 
Scale transformatIons and evolutIon of the early UnIverse. 

Sivaram, C. (1994) Int.J Theor.Phys, in press. 
Fundamental Interactions m the early Universe. 

Slvaram, C., "de Sabbata, V. (1994) PhysIcs Essays 7, 103. 
The problem of a primordial blackhole hydrogen-like atom 

SIvaram. C., 'Garcla de Andrade (1993) Ap&SS 201, 121. 
AstrophysIcal limits on gauge invariance breaking in electrodynamIcs 
with torsIon 

Sundara Raman,K., Aleem,P.S.M., Smgh,J ,Selvendran,R " Thlagarajan,R 
(1994) Sol. Phys. 149, 119. 
Ha flare of 14 March, 1984 - eVIdence for reconnectton? 

Vasundhara,R. (1994) A&A 281. 565. 
Mutual phenomena of Galilean satelhtes - analYSIS of observatIons 
from veo 

Vasundhara,R. (1994) Curr SCI 66, 355. 
Appulses of famt stars by fragments of Comet Shoemaker-Levy 9 

In Proceedings 

Ananth,A.V., Snntvasan,R , Snnlvasulu,G_ (1994) SPIE Proceedmgs. m 
press. 
An Image data acqUIsItIon system for large format CCDs. 

Anosova,J .• Namboodm,P.M.S., Deshpande, M.R. (1994) in Proceedmgs 
of the Sixth ASIan-Pacific ReglOnallAU, m press. 
Quasar-gataxy interaction: a possIble explanation for the formatIon 
of cD galaXies and gravitational lenses. 

Babu, G S 0 (1994) m Proceedings of the SIxth Asian-PacIfic RegIonal 
IAU, m press 
Astronomy in Antarctica - India's first attempt. 

Babu, G.S.D., *Venugopal, V.R (1993) Bull. AS/21, 481. 
Programme for the restoration of masonry mstruments at Deihl Jantar 
Mantar. 

"Behere,S H., "Bhartiya,J.B., Bagare,S.P (1994) in Proceedings of Saha 
Centenary International Symposium on Spectroscopy and Astrophysics, 
eds A.K Gupta & R Gopal, Kitab Mahal, Allahabad, p 31 
Estimation of the rotational temperature of LaO from the COX system. 

Bhatt,H.C., Gortl,U. (1993) Bull. ASI 21,541. 
Dust around Herbig Ae/Be stars. IRAS low resolution spectra 

Bhattacharjee,P (1994) m Proceedmgs of SymposIUm on Astronomy and 
Astrophysics, M.N Saha Birth Centenary Commemoration volume, m 
press. 
CosmIc reltcs from the mIcrosecond epoch. 

Bhattacharjee,P (1994) In Proceedmgs of InternatIonal Conference on 
AstrophysIcs and Cosmology, Calcutta, In press. 
Cosmic topological defects and ultrahigh-energy cosmic rays. 

Bhattacharjee,P. (1994) In Proceedmgs of InternatIOnal Conference on 
Nonaccelerator Particle Physics, ed.R.Cowslk, World SCIentific, m 
press 
CosmIc rays from cosmic strmgs and other topologIcal defects 

"Butl,B.,*Lakhlna,G.S., Knshan,V. (1994) in Reports on Astronomy, Trans. 
/AU Vol. XXI/A, ed. J.Bergeron, in press. 
The mterplanetary plasma and the heliosphere. 

Das,B.P. (1994) in Proceedings of the International Conference on Non 
accelerator PartIcle PhYSICS, ed R Cowslk, World SCIentIfic, m press 
Present status of electric dIpole moments of atoms due to tlme
reversal and parity violatIon 
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Das,B.P. (1994) in Proceedings of the International Conference on Non 
accelerator Particle PhYSICS, ed R Cowslk, World Scientific, In press 
Panty non-conservation in Ba+ . theoretical analysIs of contrlbullOns 
from neutral weak currents and the nuclear anapole moment. 

Eswar ReddY,B , Parthasarthy,M. (1993) Bull. ASI 21, 605. 
Spectroscopy of IRAS sources with far IR colours similar to those of 
planetary nebulae. 

Ghosh,K.K. (1993) In IAU SymposIUm 162: Pulsation, rotation and mass 
loss In early-type stars, eds L.A. Balona, H Henrlche & J.M. Le Contel. 
Kluwer Academic, In press. 
PhysIcs of the phase changes of Be stars. 

Ghosh,K K., SoundararaJaperumal,S. (1993) in Proceedings of the 27th 
ESLAB Symposium, In press. 
Multlfrequency spectra of blazars 

Ghosh,K K., Soundararajaperumal,S. (1993) In IAU SymposIUm 159. Mul
tlwavelength continuum emission of AGN, eds. T J.-L Courvoisier 
and A.Blecha, Kluwer Academic, in press. 
Multlfrequency spectra of EXOSAT blazars 

Ghosh, K K , SoundararaJaperumal, S (1994) In Proceedings of the Sixth 
ASian-Pacific Regional IAU, In press 
Anisotropic emissions from AGNs 

Gokhale,M H. (1994) In Solar Terrestrtal PhYSICS, ed J C.Bhatlacharyya. 
INSA, In press 
Periodicities In solar acttvlty. 

Hasan,S S., 'Kalkofen.W. (1994) mSolarMagnetlcFields, eds M. Schussler 
and W Schmidt, Cambridge University Press. m press. 
Thm flux tube models with mulbstream radiative transfer 

Kanyappa, R.. Sivaraman. K R *Anandaram. M.N. (1994) 10 Proceedmgsof 
the Sixth Asian-Pacific Regional/AU, In press. 
DIrect observational eVidence for the heating of the solar chromo
sphere 

Krishnan, V.(1994) In Reports on Astronomy, Trans IAU Vol. XXIIA. ed. 
J Bergeron. In press. 
Plasma and MHO processes In the heliosphere 

Mekkaden,M. V. (1994) In Proceedmgs of the SIxth ASian-Pacific Regional 
tAU. In press. 
Polarization vartablhty In Isolated T Taun stars 

Parthasarathy.M. {1994} in The MK process at50 years: a powerful tool for 
astrophysIcal inSight. ASP ConI. Ser .• 10 press. 
Post-Asymptotic Giant Branch supergiants. 

Parthasarathy.M. Eswar Reddy.B. (1993) Bull. AS/21, 609 
Post-AGB A-F supergiant stars. 

Parthasarathy.M , Eswar Reddy.B. (1993) Bull. AS121, 619. 
Detached cold dust shells around yellow vanable supergIants TW 
Aql, AI eMI, V 925 Sco and related stars 

Parthasarathy, M., "Garcla-Lano. P • 'Pottasch, S.R (1993) m IAU Sym
posium 155 : Planetary nebulae. ads R WelOberger and A. Acker. 
Kluwer Acad . p 352 
The chemical compositIon of post AGB stars 

ParthasarathY,M., ·Sarma.M B K .. 'Vlvekananda Rao.P (1993) BUll. ASI 
21. 601. 
PhotometFic elements. absolute dimenSions and evolutionary status of 
the eclipSing binary HU Taun 

Peratah. A. (1993) 10 Proceedings of the Tenth NaltOnal SymposIum on 
RadiatIOn PhYSICS. Madras. 
Radiation transport In stars 

Prabhu.R 0 .. Knshan.V (1993) Bull ASI 21.447 
Modelhng rotation curves - the turbulent way 



84 Annual Report 1993-94 

Prabhu.T.P (1994) In Proceedmgs of the Sixth ASian-Pacific Regional 
IAU. in press 
SN 1993J 10 M81 photometry and spectrophotometry 

Aao, N K . (1993) 10 Proceedings of InternatIOnal Conference on Astro
physIcs and Cosmology, SINP, Calcutta, 10 press. 
Chemical compositIOn of peculiar supergiants. 

Rao. N K (1994) 10 Proceedmgs of SymposIUm on Astronomy and Astro
physics. M N. Saha birth centenary commemoration volume, 10 press 
UV astronomy and stellar chromospheres. 

Rao, N K , Pandey, G , -Lambert, D.L. (1994) 10 Proceedings of the Sixth 
ASian-Pacific Regional IAU, In press. 
The emission hne spectrum of the hot A Cr B star MV Sgr. 

Saha.S.K . Venkataknshnan,P. (1994) 10 Proceedings of the Sixth ASlan
Pacific ReglonallAU, In press. 
Image restoration by blmd iteratIVe deconvolution: results obtained 
from VBT. 

Sastn,J H .. Ramesh.K.B • Rao.J.V.S.V. (1994) 10 Proceedings 1992 STEP 
SymposIUm/5th COSPAR ColloquIUm, eds D.N.Baker, V O. 
Papltashvlh and M J.Teague, ElseVier Sc. ltd , 10 press. 
Vertical plasma drifts of nighttime F-region near geomagnetic equator 

Satya Narayanan. A l1994} 10 Proceedmgs Indian Nat.Sci Acad. 60 A. 
689. 
On the stability of quasI two-dimenSional hydrodynamiC flows. 

Saxena.A K , Lancelot,J.P., Samson,J.P A. (1994) SPIE Volume 2003. 
Interferometry VI ; Techmques and AnalYSIS. 
Development of an active optics systems for a 27 -inch thlO mirror. 

*Singh,K.P., Prabhu,T.P., ·Kembhavl,A.K., *Bhat,P.N. (1994) in Proceed
mgs of the Sixth ASian-Pacific Regional /AU, In press. 
Ionized gas In elliptical galaxies. 

Slvaram,C. (1993) in Proceedings of the 23rd International Cosmic Ray 
Conference, ed D A Leahy, 2, OG, P 326 
On the non-acceleration orlglO of the highest energy cosmic rays 

Sivaram,C. (1993) In Proceedings of the 23rd International Cosmic Ray 
Conference, ed. D A.Leahy, 4, HE p.645. 
Neutrino magnetic moment constraints from stellar evolution and 
Supernovae Type la. 

Sivaram,C. (1993) In Proceedings of the 23rd InternatIOnal Cosmic Ray 
Conference, ed. D.A.Leahy, 4, HE, p.648. 
Cosmic upper limits on the electriC charges of the photon and the 
neutrino. 

Slvaram,C (1993) In Proceedings of the NATO Advanced Course on Par
ticle Physics and Cosmology, ed T.Ho, Kluwer Acad , In press 
MONO and other alternatives to dark matter - a critical diSCUSSion 
Models of Inflation. 

Slvaram,C. (1993) in Proceedings of the Workshop on GraVItatIOnal Waves 
and Detection, in honour of J.Weber, eds de Sabbata, V. et aI., Kluwer 
Acad., In press. 
Gravitational waves In the early unIverse. 

Slvaram.C (1994) in Proceedmgs of InternatIOnal Conference on Non
Accelerator Particle PhYSics, ed A Cowslk. World SCientifiC, In press 
Neutrino mixing in gravitational fields . constraints of CP-vlolatlng 
gravitatIOnal interactIOns 

Slvaram,C (1994) In Proceedings of International Conference on Non
Accelerator Particle PhYSICS, ed. A.Cowslk. World SCientific, In press 
On the stability of neutrino dominated supermasslve objects. 

Slvaram.C. (1994) in Proceedings of International Conference on Non
Accelerator Particle Physics, ed. A.Cowsik. World ScientifiC, in press. 
Some Consequences of MONO. 
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Subramanian. K.R . Sundara RaJan. M.S., Sastry. Ch.V. (1993) in 
Proceedmgs of the 24th URSt Meetmg. Kyoto. 
The Gaunbldanur radlohehograph 

Subramaman.K.R . Sundara RaJan,M.S .. Ramesh.R .• Sastry. Ch. V. (1994) 
In Proceedings of the Sixth ASian-Pacific ReglonallAU. In press 
The Gaunbldanur radlohehograph 

Surendnanath,R . Rao, N K (1994) In Proceedmgs of the S,xth ASlan
PacIfIc Reg/ona/IAU. m press 
The uv spectrum 01 M 4-18 

Venkataknshnan, P (1994) tn Proceedmgs of the NSO Summer Workshop 
on ActIve Regions, eds G Simon & K S Balasubramamam. '" press. 
Can coronal structures be quaslstatlc? 

'Wahab Uddin, SlOgh, J (1994) 10 Proceedmgs oHII8 DepsrtmentofOcean 
Development. ed Raslk Ravlndra. New Deihl 
AnalysIs of an umbral flare observed from Antartlea 

In Books 

Vlshveshwara. C V (1993) 10 D,reclions m General RelattVlty. eds B.l. Hu, 
M P Ryan Jr , C V Vlshveshwara, Cambndge Untverslty Press 
Relativity and rotation 

Books 

Sprn and torsion," gravitatIOn 
Authors • V de Sabbata and C S,varam 
(1994) World SCientifiC Publishers 

Directions to Genera! Relahvlty 
Editors *B l Hu 'M P Ryan Jr , C V VIshveshwara 
{19931 Cambndge UnIVerSity Press. 

Notes/Technical Reports/Newsletters/Circulars 

'Apparao.K M V , ·Tarafdar.S P . 'Verma R P lyengar.K V K . Ghosh K K 
(1993) Be Star Newsletter 26. 15 

SImultaneous H {1 and IR observatIons of Be stars 

Ghosh,K K .. Selvakumar.G RosanO,M J ·Kflshnamurthy.R 
·SrtOlvasan.K C . 'Radhaknshnan. K R (19931 8e Star Newsfetter26, 12 

Recent spectral changes m Jl Cen and 66 Oph 

Kanyappa.R (1994) Bull AS122, 101 
IAU ColloqUium 143 The sun as a vaT/able STar solar and stellar 
Irradlance vanatlons 

Prabhu.T P (1994\ itA Newsletter 8 1 
Supernova 1993J 10 M81 

Rao.N K, Mayya Y 0 Reddy B E Prabhu T P 119931 Bull AS/21, 22' 
BreakIng of a comet by Jupiter 

Sastn.J H (1994) 10 Status Report on Space Research In IndIa INSA New 
Delhi. '" press 

Equatonal Aeronomy 

Sastn J H (19941 tn Status Report on Solar Terrestrial PhysIcs In India 
INSA. New Deihl In press 

Magnetosphere· Ionosphere coupling 

Attendance in Conferences, Workshops and other 
scientific Meetings 

Conference on HIghlights 01 PartIcle and Condensed Matter PhysIcs 
ICTP. Trieste 
1993 Apn18·14 C S,varam 
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Ence International Seminar on Planetary Emergencies 
17th Workshop 
Erlce,ltaly 
1993 April 29-May 3 R.Rajamohan 

NATO Advanced Institute Meeting on 'Interface between Particle PhysIcs 
and Cosmology' 
Erice, Italy 
1993 May 12-27 C Sivaram 

Workshop on Gravitational Waves and their Detection in honour of Prof. 
J.Weber 
Rome, Italy 
1993 May 19-21 C.Slvaram 

Workshop on High Energy PhysIcs and Cosmology 
ICTP. Tneste. 
1993 June 5-20 

Solar Magnetic Fields 
Frelburg, Germany 
1993 June 29-July 2 

IAU ColloqUium 143 : The Sun as a Variable Star: Solar 
and Stellar Irradlance Vanatlons 
Boulder, Colarado. USA 

C. Sivaram 

S S.Hasan 

1993 June 20-25 R.Kanyappa 

InternatIOnal Conference on Non-accelerator Particle Physics and Astro
physIcs 
ICTP. Trieste, Italy 
1993 June 25-July 9 C.Slvaram 

National Conference of Planetarium Directors. Educators 
and Engmeers 
Blfla Planetarium, Calcutta 
1993 July 2-4 G.S.D.Babu 

SPIE International Symposium on Optics, Imagmg and Instrumentation 
San Diego, USA 
1993 July 11-15 A.K.Saxena 

23rd International Cosmic Ray Conference 
Calgary, Canada 
1993 July 19-31 

Sixth ASian-Pacific Regional IAU 
IUCAA. Pune 
1993 August 16-20 

C.Sivaram 

G.S.D.Babu, S.Gindhar, K.K.Ghosh, R.Kanyappa, T.P.Prabhu, 
Ram Sagar, N K.Rao, Ch.V. Sastry, K.R.Subramaman,R.Swara 

Tenth National SymposIUm on Radiation PhysIcs 
Indira Gandhi Centre for Atomic Research, Kalpakkam 
1993 August 17-20 

Symposium on Astronomy and Astrophysics 
SINP, Calcutta 

A.Peraiah 

1993 August 23-25 P BhattacharJee, M.H.Gokhale, 

Mml-Workshop on CataclysmiC Variables 
IUCAA, Pune 
1993 August 23-25 

XIV Summer Workshop on Active Region Evolution 
National Solar Observatory, USA 
1993 August 30-September 3 

IAU Symposium 159' Active Galactic Nuclei 
across the Electromagnetic Spectrum 
Geneva, SWitzerland 
1993 August 30-September 3 

N.K.Rao 

T P Prabhu 

M.H.Gokhale 
P. Venkatakrishnan 

K K.Ghosh 
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Conference on Acceleration and Radiation Processes 
In Space and Laboratory Plasmas 
Kardamyll, Greece 
1993 August 30-September 4 V.Kftshan 

International Workshop on The MK process 
at fifty years . A powerful tool for 
astrophysical insight 
Tucson, USA 
1993 September 22-26 M Parthasarathy 

IAU SymposIUm 162 . PulsatIOn. RotatIOn and 
Mass Loss 10 Early Type Stars 
Juan-Ies PIOS. France 
1993 October 5-8 

24th General Assembly of URSI 
Kyoto, Japan 
1993 September 25-0ctober 2 

M.N Saha Birth Centenary SymposIUm 
NatIOnal Academy of SCiences 
Allahabad 
1993 October 

Indo-US Workshop on Active Galactic Nuclei 
IUCAA. Pune 
1993 December 6-18 

International Conference on Astrophysics and 
Cosmology 

K K Ghosh 

K R SubramaOian 

N K Rao 

T P Prabhu. 
R Swara 

SINP. Calcutta 
1993 December 20-23 P 8hattacharJee, S Chatterjee 

B Datta. N K Rao, P Smgh 

International Conference on Non-accelerator 
Particle PhYSICS 
itA, Bangatore 
1994 January 2-9 P BhattacharJee. R Cowslk, B P Oas, B Datta 

K K Ghosh, M H Gokhale.D C V Malhk 
T P.Prabhu, C Slvaram. P Venkata

Knshnan. C V Vlshveshwara 

Workshop on Nuclear Equation of Slate 
Purt 
1994 January 4-14 

Amencan Astronomical Society 
WashlOgton,O C . USA 
1994 January 12-16 

SERC School on Astronomy and AstrophySICs 
/lA, VBO, Kavalur 

B Datta 

V Krlshan 

1994 February 1·6 H C Bhatt P Bhattachaqee B Datta 
M H Gokhale. 0 C V Malhk S Gmdhar. 

M Parthasarathy T P Prabtlu Ram Sagar 
A K Saxena P Venka!alwshnan 

Workshop on Astropart1cie PhYSICS 
IUCAA Pune 
1994 February 20·25 

Indian Assoclalton of General Relallvlty 
and GravitatIOn 
1994 March 

DISCUSSIOn Meetmg on Pulsars 
RRI, 8angalore 
1994 March 14·18 

P Bt!al!actlafjee 

C V Vlshveshwara 

B Datta 
V Krlshan 
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Colloquia and Invited talks at Conferences, Work
shops and Seminars 

Babu G S.D. 
An astronomer In the Indian Expedition to Antarctica 
NatIonal Conference of PlanetarIUm Directors. Educators. Engmeers. 
Blfla Planetartum. Calcutta 
1993 July 

Bhattacharjee. P 
Cosmic rehcs from the microsecond epoch 
M N Saha Birth Centenary SymposIum. SINP. Calcutta 
1993 August 

Cosmic strtngs and the anglO of ultrahIgh-energy cosmiC rays 
RRI, Bangalore 
1993 November 8 

CosmIc topological defects and the ultrahIgh-energy cosmic rays 
InternallOnal Conference on AstrophYSICS and Cosmology, SINP. 
Calcutta 
1993 Oecember 

CosmIC rays from cosmIc strings and other topological defects 
ICNAPP. IIA. Bangalore 
1994 January 

Topological defects 
Workshop on Astropartlcle phYSICS, fUCAA. Pune 
1994 February 

COWSlk, A. 
Experimental studies of gravItation and feebler forces 
Spring meeting of the American PhYSIcal Society. Washington. D.C 
1993 April 

NeutrinO mass bounds from the studies of double beta decay of 
Tellurium Isotopes 
Umvers/ty of New Hampshire. Durham, USA 
1993 April 

Neutrino mass bounds from the studies of double beta decay of 
Tellurium Isotopes 
Umverslty of Chicago, ChIcago, USA 
1993 June 

PerspectIVes on dark matter 
Neutnno mass bounds from the studies of double beta decay of 
T ellunum Isotopes 
University of the PhllIJpmes. Quezon CIty, The Phillipines 
1993 June 

Is the neutrino Its own antiparticle? 
TlFR, Bombay 
1993 July 28 
Astronomy Dept, Osmama Umv., Hyderabad 
1993 August 25 
Dept. of PhYSICS, IISe,Banga/ore 
1993 September 2 

Acceleration of relallvlstic particles In astrophysical shocks 
Saha Centenary Memonal Lecture, Plasma PhYSics Society Meeting, 
Allahabad UnIVersity 
1993 October 11 

TorSIon balances and thelf application to the study of gravitatIOn at 
Gauflbldanur 
OST ColloqUlm series, DST, New Deihl 
1993 November 26 

Is the neutrino Its own antiparticle? 
International Conference on Astrophysics and Cosmology, SINP, 
Calcutta 
1993 December 
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Das.B.P 
Present status of electnc dipole moments of atoms due to time reversal 
and panty violation 
ICNAPP. /lA. Bangalore 
1994 January 

Datta,B 
Extended hadromc matter at high densities 
International Conference on AstrophYSICS and Cosmology. SINP. 
Calcutta 
1993 December 

Neutron stars as non-accelerator hadron phYSICS laboratory 
ICNAPP, /lA. Banga/ore 
1994 January 

Neutron star equation of stat. (4) 
Workshop on Nuclear Equation of State, Puri 
1994 January 4·14 

Neutron stars 
Deparrment at PhYSICS. Utica' UmV'lIi1y, Bhubaneswar 
1994 January 19 

Ghosh. K K 
Radio through X-ray emISSion from blazars 
Aslronomlsches Instllut. Tub"'gan, Germany 
1993 September, 7 

AOisotroplc emiSSIon from AGN 
Instltut d'AstrophYSlque, Pans 
1993 September 17 

Gokhale. M H 
Ins and outs of SOlar magnetIc f,eld 
M N Saha BIrth Centenary SymposIUm, SINP, Calcutta 
1993 August 

Hasan, S S 
New developments 10 the theory of magnetic fields on the surface of 
the sun 
PhYSICS Cofloqulm, TfFR, Bombay 
1994 March 

Knshan.V. 
Plasma processes 10 quasars 
Lawrence Berkeley Laboratory. Berkeley. Caltforma 
1993 October & 1994 January 

Formation of large-scale structures through hydrOdynamIC processes 
Astronomy Dept. Umv of Callforma Berkeley CalifornIa 
1993 December B 

Stimulated Raman scallermg In quasars 
UCLA. Los Angeles. Callforma 
1993 December 15 

Plasma instabilities In quasars 
NASA Goddard Space Flight Centre Maryland 
1994 January 14 

ParthasarathY,M 
The chemical compositIon and evolulion of post AGB Sfars 
Department 01 Astronomy. Indiana UM'9rSlty Bloommgton 
1993 October 

Hot post-AGB stars 
Department of Astronomy UmverSlty 0' rfleste TTl9sre 
1993 November 

Peralah.A 
RadIatIon transport In stars 
Tenth NatIOnal Symposium On Radiation PhYSICS IndITa GandhI 
Centre lor AtomIC Research Kalpalckam 
1993 August 
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Prabhu.T.P. 
Cataclysmic variables : an overview 
Nova photospheres 
Nova shells 
Mini-workshop on Cataclysmic Variables, IUCAA. Pune 
1993 August 23-25 

Star formation in central regions of galaxies 
Indo-US Workshop on Active Galactic Nuclei, IUCAA. Pune 
1993 December 11 

Spectra of supernovae 
Physical Research Laboratory, Ahmedabad 
1994 March 23 

Rajamohan.R. 
The collision of an asteroid or comet with the Earth 
International Seminar on Planetary Emergencies, Erice. Italy 
1993 April 

Rao.N.K. 
UV astronomy and stellar chromospheres 
If N Saha BIrth Centenary Symposium, SINP. Calcutta 
1993 August 

Optical astronomy in Saha's time and beyond 
M N Saha Birth Centenary Symposium. National Academy of Sciences. 
Allahabad 
1993 October 

Chemical composition of peculiar supergiants 
International Conference on Astrophysics and Cosmology, SINP, 
Calcutta 
1993 December 

Surface abundances of R Cr B star, 
CCP 7 Meeting on 'Hydrogen deficient systems', St. Andrews, Scotland 
1994 March 

Sastri,J.H. 
Magnetosphere-ionosphere coupling with specifiC reference to 
geomagnetic storm sudden commencements 
Second SERC School on Upper Atmosphertc Physics, Andhra 
University, Waltair 
1993 August 

Saxena,A.K. 
Recent optical technology development 
SymposIUm on the occasIon of farewell to Dr G D Saxena, BARC, 
Bombay 
1993 August 

Sivaram,C 
Gravity and the uncertainty prinCiple 
Dept. of Physics, UniversIty of Bologna, Italy 
1993 AprilS 

Aspects of dark matter and Its detection 
MONO and other alternatives to dark matter - a Critical discussion 
Models of mflatlon In the early Universe and their consequences 
NATO Advanced Institute meetmg on Particle PhYSICS and Cosmology, 
Ence, Italy 
1993 May 

Gravitational waves generated 10 the early Universe and their present 
detectability 
Workshop on GraVItational Waves, Majorana Centre /taly 
1993 May 17 ' , 

On the ~on-acceleratlon ~rlgln of the highest energy cosmic rays 
Constraints on the neutnno magnetic moment from stellar evolution 
and supernovae Type la 
COS~IC upper limits on the electnc charges of the photon and the 
neutrinO 

~:~ '~~f;natlona' Cosmic Ray Conference, Unlv. of Calgary, Canada 
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Problems of black hole entropy 
Dept. of Physics, University of Alberta, Canada 
1993 August 4 

Cosmological consequences of black hole entropy 
Dept. of PhYSICS, University of Edmonton, Canada 
1993 August 5 

Curvature from Spin and curvature confinement 
Dept of Physics, Univ of Regina, Canada 
1993 August 6 

Optical activity of blomolecules 
leTP, Trteste 
1993 October 29 

Vlshveshwara,C. V 

Relativity and rotallOn 
Matsclence, Madras 
1993 May 26 

Higher dimensional generalisation of the Vaidya metric 
IAGRG Meeting, IUCAA, Pune 
1994 February 17 

Lectures 

Bhatt,H.C. 
Circums1ellar dust (2) 
SERe Schoo1 on A81Tonomy and Astrophysics 
veo, Kavalur 
1994 February 4,5 

Bhattacharjee, P. 
Neutrino and atel1ar evotutlon 
SERe Schoo1 on Astronomy and Astrophysics 
VBO, Kavalur 
1994 February 6 

Das,B.P. 
Refresher course on Atomic Physics 
Utkal Unlverslty, BhubanitWar 
1993 September 

Datta.B. 
End products of stellar evotutton 
SERe School on Altronomy and. AItrOphyticl 
VBO, Kavalur 
1994 February 2 

Glridhar,S. 
Abundancet In stars 
SERe School on Altronomy and Aatrophyaic8 
VBO, KavtJur 
1994 February 2 

Gokhale,M.H. 
Physics of the aun and stars 
Sun'. magnetic field 
UGC Winter Schoo1 
Kamatak Unlvel"8tiy, Oharwad 
1993 December 3 
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Sun In the context of stellar structure 
and evolution 
SERC School on Astronomy and AstrophysIcs 
VBO, Kavalur 
1994 February 1 

Hasan,S.S 
Solar activity and Its impact on astrophysics 
S.V.Coliege, New Deihl 
1993 Apnl 

PhysIcs of the solar atmosphere (2) 
PhysIcs Department, Jamla Millia University, 
New Delhi 
1993 Apnl 

Solar magneto hydrodynamics (3) 
AMU, Ahgarh 
1994 January 

Mallik,D.C.V. 
Stellar structure and evolutlon(2) 
Planetary nebulae 
SERe School on Advanced Stages of Stellar Evolutton 
VBO. Kavalur 
1994 February 1,6 

Parthasarathy,M 
Evolution of intermediate mass stars (2) 
SERC School on Astronomy and AstrophysIcs 
VBO, Kavalur 
1994 February 1.2 

Prabhu,T.P. 
Telescopes 
GalaxIes 
Workshop for urban/rural children, Jqwaharlal Nehru Planetanum, 
Bangalore 
1993 Apnl27 

Supernovae 
Young Astronomers Meeting, IIA, Bangalore 
1993 July 19 

Chemical evolution of the galaxy and stellar evolution 
SERC School on Astronomy and AstrophysIcs 
VBO, Kavalur 
1994 February 6 

Classical and Recurrent Novae 
Star-forming Regions In Galaxies 
Physical Research Laboratory, Ahmedabad 
1994 March 24-25 

Rao,N.K. 
Anatomy of an AGB star 
SERC School on Astronomy and Astrophysics 
VBO, Kavalur 
1994 February 6 

Ram Sagar 
Introduction to astrophysIcs 
Modern optical telescopes 
Modern astronomical detectors 
Binary pulsars 
Devl Ahllya Umverslty, Indore 
1993 November 30-December 3 

Star clusters as tools for the study of 
stellar evolution (2) 
SERC School on Astronomy and Astrophysics, VBO, Kavalur 
1994 February 3,4 

Saxena,A.K. 
New technology and large optical telescopes 
SERC School on Astronomy and Astrophysics 
VBO, Kavalur 
1994 February 5 



Venkataknshnan,P 
Pulsations (2) 
SERC School on Astronomy and AstrophysIcs 
VBO, Kavalur 
1994 February 3,4 

Vishveshwara,C. V. 
Spacetime symmetries 
IUCAA, Pune 
1993 April 6-7 

Paper presentations at Meetings 

Chatteqee,S. 
Distribution of stars above the Galactic plane 
International Conference on Astrophysics 
and Cosmology, SINP, Calcutta 
1993 December 20-23 

Ghosh,K.K , SoundararaJaperumal,S. 
Multlfrequency spectra of AGNs 
Sixth ASian-Pacific RegionallAU, IUCAA Pune 
1993 August 16-20 

Ghosh,K.K. 
PhysIcs of Be phenomena 
Sixth Asian-Pacific Regional IAU, IUCAA, Pune 
1993 August 16-20 

Ghosh,K K , SoundararaJaperumal,S. 
Multlfrequency spectra of EXOSAT blazars 
IAU SymposIUm 159, Geneva, Switzerland 
1993 August 3D-September 3 

Ghosh,K.K 
PhysIcs of the phase changes of Be stars 
IAU Symposium 162, Nice, France 
1993 October 5 - 8 

Indian Institute of AstrophysiCS 

Prabhu, T.P. 
SN 19934 in M81 ; PhotofUtry and S~ 
Sixth Aalan·Pacifie RagioMj tAU, IUCAA, PURe 
1993 Augutt 18 • 20 

Rao,N.K., (with G/ridhal,S., ~D.L) 
The chemica! compoeition of the carbotHtch 
AV Taun ttar IW Car 
SIxth A&ian~Psdfic AttgkmtlIAU. 100M, Pune 
1993 AugU3t 16 • 20 

(with Rav&tndran,A.V.) 
The polarization ObMMlHons of the FlV Tauri star AA Pup 
Sixth Aslan·Pacfflc Regkmat tAU,lUCAA 
Pun. 
1993 August 18 • 2() 

(with Glrtdhar,S .• P8I1dty.G •• *t.ambart.D.L) 
Spectrum of V Cr A Ind UW CIn during alight rmnimum 
CCP7 Matting on HydlOOIn dIflcltnt tyIttmI 
St. AndrItW1l. ScotIan<! 
1994 Match 

Saha.S.K. (wfltt V~.P.) 
Image reatordon J)y bftncI ~ 
deconvolution : mutts obtIintd from VBT 
Stxth AIiaJl.PacIfle RegionIllAU. 
100M, Puna 
1993 August 16-20 

Slngh.P. 
EfMctI of partial frtquency ~ function Rm on tpectraI tint 
formttJon ~n .xpandnQ aphtrfcdy ~ It8Iar at:motpI\nI 
International ConftrencI Oft ~ and CoImoiooY. S!HP. 
CalcLrtta 
1993 Otcember 20 • 23 
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Subramaman,K.R. 
The Gauribidanur radioheliograph 
Sixth Asian-Pacific RegionallAU. IUCAA. Pune 
1993 August 16 - 20 

The Gaunbldanur radioheliograph 
24th General Assembly of URSI. Kyoto. Japan 
1993 September 25 - October 2 

Visits to scientific institutions 

S.Chatterjeevisited the Institute of Physics, Bhubaneswar. B.P.Dasvisited 
Utkal University as UGC lecturer and taught a refresher course on Atomic 
PhysIcs. K.K.Ghosh visited Observatoire de Geneve during 1993 August 
31 - September 3, and Astronomisches Institut, TObingen in 1.993 Septem
ber 4-7 and agam in 1994 February 17 - March 16. He also visited ESO and 
Max Planck Instltut fur Extraterrestrische Physik. Garching 1993 Septem
ber 8 - is, Institut d' Astrophysique de Paris 1993 September 16-19. 
Observatoire de Paris - Meudon 1993 September 20 - October 4. DUring 
his VISit in France he also went to the observatory at Pic du Midi for 
observations. DUring 1993 October 4 - 9 he visited Observatoire de Nice, 
France. M.H.Gokhale visited TIFR, Bombay in 1993 August 19·21 and 
again in 1994 January 27 -31 m connectIOn with his ~ollaborative pr?wamme 
with TIFR scientists and to attend the INCA meetmg. He also vIsited the 
National Optical Astronomical Observatories, Tucson (USA) 1993 Septem
ber 9 -11 and held discussions with J.Leibacher and R.Howard. S.S.Hasan 
visited Sri Venkateswara College. New Delhi 1993 April. Aarhus University, 
Denmark 1993 June. Gottmgen University Observatory. Germany 1993 
July. Jamia MIlia Umversity. New Deihl 1993 October. He spent a month at 
the Center for Astrophysics, Cambridge, USA in 1993 November. He also 
visited Aligarh Muslim University 1994 January and TIFR. Bombay 1994 
March. R.Kariyappa visited the Sacramento Peak Observatory. New 
Mexico 1993 June -July and observed with the Spectroheliograph. V.Kris~an 
visited ICTP, Trieste, Italy 1993 July 13 • August 29 as an Associate 
member. She also vIsited the Lawrence Berkeley Laboratory. Berkeley, 
California 1993 October 14 - 1994 January 10, the Department of 

Astronomy, University of California at Berkeley 1993 December 8, the 
Department of Electrical Engineering, University of California, Los Angeles, 
1993 December 15 and the Goddard Space Flight Center, NASA, Maryland 
1994 January 15. S.Muralishankar visited the Institute for Astronomy, 
University of Hawaii to get exposure on the CCD mosaic and dewar 
development. its characterization of performance as a detector. He also 
went to the Astronomy Department of the San Diego State University to get 
exposure on CCD controller development for mosaic and its performance 
for best noise figures achievable. During the same trip he visited NOAO and 
met various scientists working in the controller development field. 
M.Parthasarathyvlslted KPNO and Mount Graham Vatican Observatory, in 
Tucson, Arizona, Department of Astronomy, University of Bloomington, 
Indiana and the Space Telescope Science Institute, Baltimore 1993 Octo
ber. He also visited the Department of Astronomy, University of Trieste, 
Italy. T.P.Prabhu visited TlFR. Bombay lor collaborative research 
programmes 1993 October 25-28. He also visited PRL, Ahmedabad on 
mVltatlon for lectures. 1994 March 22-25. Ram Sagar visited the Devi 
Ahilya University. Indore for a week from 1993 November 28 to December 
4. N.K.Rao visited PRL, Ahmedabad in connection with the site survey trip 
to Lamdal. He also visited the Osmania University, Hyderabad, during its 
Golden Jubilee Celebrations. A. K. Saxena visited the Brookhaven National 
Laboratory, New York 1993 July 7-11 and had meetings with Prof.Peter 
Tackas regarding the testing of SRBL Optics and the details on Long Trace 
Proiliometer. Durmg 1993 July 16-20 A K.Saxena attended the Review 
meetmg of the EUV Telescope Project P Singh Visited the Institute of 
PhYSics, Bhubaneswar 1993 December 26-28. R.Srinivasan visited the 
University of Tokyo. Japan to discuss the jOint programme of developing a 
IR CGD array for observations with VBT. Hansh Parthasarathy also visited 
the University of Tokyo, Japan to familiarise With the GRAPE computer 
useful m N-body studies M S. Sundara Rajan visite.d Japan under the Indo
J~~anese Scientific research m Astronomy and Astrophysics During the 
VISit, he stayed for a week at Nobeyama Radio Observatory lor discussions 
with Japanese scientists on the development of correlator chips. 



Appendix B 

Teaching 

The academic staff members contrnued assiSting with the teachmg 
programmes m JAP, IISc and the M.Sc. AstrophysICS special papers of 
Bangalore Unrverslty. In addition. IIA introduced a couple of new courses 
open to all Ph 0 students The JAPIIIA courses were semester-long. A list 
of these IS given below. 

Subject Lecturer 

Astropartlcle phYSICS (IIA) P .Bhattachartee 

FlUid mechanrcs & plasma S S Hasan 
physics (JAP) S Chatterjee 

Quantum mechanics (IIA) B P oas 

Astronomical techniques (JAP) Ram Sagar 

Stellar astronomy (JAP) M Parthasarathy 

Interstellar matter (JAP) DC V Malhk 

GalactIc and extragalactic 
astronomy (JAP) R K.Kochhar 

In Bangalore University fifteen to thirty hours of lectures were given by 
M H Gokhale, J H Sastn, 0 C V Malllk, T P Prabhu and A. V.Raveendran 
M.H.Gokhale continued to coordinate thiS programme. At the Summer 
School 1993 organrsed by JAP, IISc G S 0 Babu spoke on the celestial 
sphere D.C.V.Mallik delivered lectures on stellar evolullon and gaseous 
nebulae and T.P.Prabhu on galaXies. Two MSc students of Amencan 

College, Madurai and one MSc student of Voorhees College. Vellore 
worked on summer projects on Spectroscopy of Be stars during 1993 May 
- July under the gUidance of K.K.Ghosh. Two MSc students from National 
College. Thlruchlrapalh did their projects under the gUidance of S.S.Gupta. 

Editing and Publishing 

o C.V.Malhk continued to serve as the ASSOCiate Editor of the Journal of 
AstrophYSICS and Astronomy (JAA) and Ram Sagar as the ASSOCIate Editor 
of the Bulletm of the Astronomical soclely of India (BASI). 0 C. V.Malhk and 
T P Prabhu edited the Annual Report (1992-1993) on behalf of the DIrector 
WIth the assIstance of S.RaJlva N K.Rao conttnued to serve on the Edltonal 
Board of JAA and T P.Prabhu on that of BASI. T P Prabhu and A K Patl 
conttnued to edIt, on behalf of the DIrector, the itA Newsletter whIch has 
entered Its eighth year In 1993 J H Sastrt served on the Edltonal Board of 
the Indian Journal of RadiO and Space PhYSICS 

Popular articles 

Babu.G S 0 
The transit of Mercury 
Deccan Herlad. Bangalore. 1993 November 1 

Vlshveshwara.C. V. 

From cadavers to computers 
The apple and the faU 
Food for thought 
1993. Bullettn of SCIences. Vol IV 
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Book Reviews 

Babu,G.S.O. 

Our Solar System 
A.W.Joshl & N C.Rana 
1994, Journal of the Indian Institute of Science, Bangalore 

Malhk,O.C.V. 

Astrophysics : Stars and Galaxies 
K.O Abhyankar 
1994, Current Science 66,171. 

Radio/TV 

Babu,G.S.O. 

The transit of Mercury 
AIR, Bangalore 
1993 November 5. 

Stephen Hawking· Man and ideas 
AIR. Bangalore 
1994 February 6. 

G.S O.Babu gave an interview on the not-so-common celestial event of the 
transit of Mercury across the diSc of the Sun that occurred on 6th November 
1993 which was included In the National Nework News of Ooordarshan on 
4 November 1993. 

Popular talks 

Babu,G.S.D. 

Introduction to Astronomy 
Summer Science Camp for school students, Jawaharlal Nehru 
Planetarium, Bangalore 
1993 Apnl28 
Course for Trained Graduate Teachers in Social Studies, Kendriya 
Vidyalaya, NAL Campus, Bangalore 
1993 June 16 
The Valley School, Bangalore 
1993 October 15 

Nebulae and Stars 
Space Colony Welfare Association, Bangalore 
1993 December 18 

IX Indian SCientific ExpeditIOn to Antarctica-Experiences of an 
Astronomer 
Rotary Club of Bangalore East, Bangalore 
1993 Apnl6 
Lions Club of Bangalore North, Bangalore 
1993 May 19 
Course for Trained Graduate Teachers in Social Studies, Kendriya, 
Vldyala, NAL Campus, Bangalore 
1993 June 16 
The Valley School, Bangalore 
1993 September 8 

Bagare,S P 

Telescopes for observing the Sun 
St Peters Public School, Kodaikanal 
1993 August 19 



Understandmg the solar atmosphere 
Bangalore SCience Forum 
1994 January 19 

Science and SCientific temper m human evolution 
(Radio senal tilted 'Human Evolution') 
AIR·NCSTC 
1994 February 28 

Vlshveshwara,C V 

On the black hole trail 
Young Astronomer's Meet 
Indian Institute of SCience, Bangalore 
1993 July 19 

The Cosmic design 
The masks of spacetime 
Life beyond earth 
National Institute of Design. Ahmedabad 
1993 July 25-30 

life and work of CoperniCUS 
Bangalore SCience Forum 
1993 July 6 

Many channels of sCience commuOicalton 
Indian Institute of SCIence, 
1994 January 29 
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Appendix C 

Kodaikanal Observatory Vainu Bappu Observatory 

Spectrohellograms/Photohellograms (No. of Plates and Sky condition at Kavalur 
Seeing conditions) 

Year Month Ha KFL HaPR PHGM Seeing • Year Month Spectroscopic Photometric 
hours hours 

5 4 3 2 1 

1993 April 2000 740 
1993 April 26 28 25 28 3 21 4 -

May 121 0 80 
May 18 17 15 21 - 16 5 -

June 880 190 
June 9 10 7 15 1 8 5 

July 
July 4 4 4 4 4 

22.0 00 -
August 5 5 4 13 - 10 3 -

August 20.0 5.0 

September 11 17 7 16 - 10 3 3 
September 180 1.5 
October 125 00 

October 8 7 6 8 6 2 -
November 10 10 10 11 - 11 

November 685 365 

December 10 9 11 14 - 12 2 -
December 680 17.0 

25 25 25 25 
1994 January 1805 280 

1994 January 2 2 17 4 -
February 18 21 17 22 17 3 1 

February 137.0 285 

March 26 26 23 26 - 14 10 2 
March 256.5 120.0 -

Total 170 179 154 203 2 7146 41 7 Total 1192.5 337.5 

KFL = K-Flocculus HaPR = Ha-Prominences PGHM = Photoheliograms 
• (1-Very poor, 2·Poor, 3-Fair, 4-Good, 5-Exce"ent) 
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