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Introduction

The Raman Research Institute founded by Prof. C.V. Raman in the late forties
was reorganised, after his death in 1970, as a national Institute for research in
basic science and it has been receiving generous grants from the Department
of Science and Technology of the Government of India since 1972. The main
fields of research are Astronomy and Astrophysics, and Liquid Crystals.

1. Astronomy and Astrophysics

Astronomy which is one of the oldest sciences is concerned with the study of
heavenly bodies by investigating the radiation received on earth from them.
Optical Astronomy deals with the “visible” part (wavelength 3000 Angstroms
to 6500 Angstroms, 1 Angstrom= 10~% centimeter) of the electromagnetic
spectrum. Radio Astronomy, which had its beginnings in 1932 also deals with
the study of these heavenly bodies, but the radiation received by radio tele-
scopes on earth is in the radio wavelength part (30 meters to 1 millimeter) of
the same electromagnetic spectrum. The lower and upper limits in wavelength
of the radio spectrum are set by the earth’s atmosphere and ionosphere respec-
tively. In spite of these limitations, the radio window is very wide (30,000 to
1 compared to the 2:1 wavelength ratio in the visible part) and studies within
it over the years have yielded information leading to many exciting discoveries
such as the 3° k cosmic background radiation, quasars, pulsars, etc.

The Raman Research Institute has observational programmes in Radio As-
tronomy extending over most of the available radio spectrum. It has setup a
Decameterwave Radio Telescope at Gauribidanur jointly with the Indian In-
stitute of Astrophysics. Operating at a wavelength of 10 meters, it is among
the largest telescopes in the world and is being used to study the radio emis-
sion from various types of celestial objects such as the Sun, Jupiter, radio
sources of various kinds in our Galaxy, and external Galaxies. Moving to
somewhat shorter wavelengths, members of the Institute use the Ooty Radio
Telescope operated by the Tata Institute of Fundamental Research, Bombay.



This instrument operates at a wavelength of approximately 1 meter and is
used for carrying out observations of pulsars, and nebulae of various kinds in
the Galaxy.

During the past two decades, millimeterwave astronomy has assumed great
importance because of the discovery of numerous molecules (combinations of
Hydrogen, Carbon, Nitrogen, Oxygen, Silicon, etc.) by their emitted line
radiations in the shortest wavelength region of the radio spectrum. These
molecules are generally found in dense molecular clouds in our own and other
Galaxies where star formation is thought to be taking place. The Raman Re-
search Institute has setup two millimeterwave telescopes of diameters 1.5 and
10.4 meters, which are being used for the study of these radiations.

In addition, the Institute has theoretical research programmes in many branches
of Astrophysics like Pulsars, Supernova Remnants, the interstellar medium,
Galaxies and several aspects of General Relativity and Gravitation.

2. Liquid Crystals

Liquid Crystals are states of matter intermediate between the liquid and crys-
talline states. Many organic compounds whose molecules have pronounced
shape anisotropy exhibit such phases. The unique combination of fluidity and
anisotropic properties of liquid crystals has led to many applications of these
materials. The Liquid Crystals Laboratory of the Raman Research Institute
has contributed significantly to the development of the field over the past two
decades.

The laboratory has been organised to undertake studies of most of the fun-
damental properties of liquid crystals. Theoretical and experimental work on
liquid crystals is continuing along the lines indicated in the reports of previous
years.

A somewhat more technical account of the work carried out in the past year
is given in the following pages.



THEORETICAL PHYSICS

Crystallographic phase problem: Variational approaches to the crystallogra-
phic phase problem, such as the maximum entropy method, were explored. An
"analogy between the phase problem and the spin-glass family of optimisation
problems was suggested. A preliminary study of the landscape (i.e., maxima
and minima) of an exponential entropy function was carried out broadly con-
firming this feature.

Geometric Phases and Optics: ‘Spinor interferometry’ using the light polar-
ization system was pursued further to demonstrate experimentally (i) the non-
cyclic geometric phase, (ii) the dependence of the spinor phase on the orienta-
tion of the precession axis, and (iii) the possibility of unlimited enhancement
of the geometric phase implying large frequency shifts by use of a series of
counter-rotating halfwave plates in a Michelson interferometer configuration.

It was found that the SU(2) part of the phase in an evolving polarization state
can show discontinuous behaviour in the form of +II phase jumps. These
jumps were explained in terms of the geometric part of the phase change.

General Relativity

A modified equation of motion preserving covariance, but containing terms
with the Riemann tensor coupled to the spin of the particle was considered.
The effect of these extra terms on light rays of different polarizations was in-
vestigated, and the results applied to astronomical situations.

Post Newtonian Generation of Gravitational Waves: New alternative forms
have been explicitly obtained for postnewtonian spin dipole and spin quadrupole
source moments. The transformation of these moments under shifts of the spa-
tial origin have been obtained and used to verify their correctness. The notion
of quasi-conservation laws for quasi-linearized metrics were introduced and
their implications for the moments investigated.

The question of the separability of the Dirac equation in spacetimes with local
rotational symmetry was re-examined. A generalized treatment involving a
suitable choice of local coordinates and spinor frame makes separation pos-
sible in a class of metrics for which earlier analysis had left the issue open.
Exact solutions of Einstein’s equations that fall in this category were obtained.
Besides the vacuum solutions, there are other solutions satisfying the equation
of state P+ p = 0.



LIQUID CRYSTALS

The electromechanical coupling which results from the chiral symmetry of
cholesteric liquid crystals was discovered in our laboratory a couple of years
ago, using stress-free boundary conditions on specially prepared drops. New
experiments were set up last year to study this effect in samples with strong
anchoring at the boundaries. The material in this case has to be carefully
chosen to overcome other distracting electrical and optical effects. A linear
electro-optic effect has been found due to the electromechanical coupling in
such samples.

Rigorous calculations taking into account the boundary conditions have con-
firmed that electro-hydrodynamic instability patterns propagate if the symme-
try of the cell is changed by incorporating a small tilt angle at the boundaries,
in agreement with the predictions of a simple one-dimensional analysis which
was made in the previous year.

Ferronematics are nematic liquid crystals in which needle-like ferromagnetic
particles are suspended. An external magnetic field produces planar linear
soliton states in such a medium. If the background nematic has positive dia-
magnetic anisotropy, the 2II planar soliton which is stable at lower fields splits
into two II linear solitons above a threshold field. If the diamagnetic anisotropy
is negative a linear soliton can appear at low fields which becomes unstable
above a threshold value of the field, leading to two new types of linear soli-
tons. The structure of the latter are quite sensitive to the elastic anisotropy
of the medium. These ideas have been extended to mixtures of nematics with
different diamagnetic anisotropies. .

Geometrical theory of diffraction is an elegant and a simple technique for work-
ing out Fresnel diffraction patterns theoretically. Our recent studies in this
area have yielded many new results. For example, in rectangular and elliptic
discs, it was found that the ‘Poisson Spot’ intensity fluctuates as the distance
from the diffracting object is increased. This is in contrast to the monotonic
intensity decrease with distance associated with a circular disc. With linearly
polarized incident light the diffraction symmetry is in general less than that
of the diffracting object. Diffraction fringes in the shadow regions of a strip
and a wire have many new features which were hitherto unexplained.

Recent experimental studies on the Freedericksz transition in nematic sam-
ples subjected to an external electric field have led to some very interesting
results. Detailed theoretical calculations have been made to explain some of
these phenomena and to predict some new features. It is found that while the
transition is continuous for the twist geometry, it is discontinuous for the bend
geometry if the dielectric anisotropy is sufficiently large. The effects of an ad-



ditional magnetic field and a pretilt angle have been investigated in reference
to orientational bistability in such cells.

A sudden application of a magnetic field above a threshold can induce transient
periodic dissipative structures in nematics. Detailed theoretical calculations
on such structures have been made for very general geometrical configurations
of the director orientations and the applied field. In the twist geometry, the
_critical point separating periodic and non-periodic regimes has been located
analytically by an evaluation of the energy dissipation rate.

The Raman-Nath theory has been extended to study the diffraction from pe-
riodic helical structures in both cholesteric and smectic C* liquid crystals. In
the former, most of the diffraction intensity appears in higher rather than the
lower orders of diffraction. In the smectic C* phase the molecules are tilted
in a layered structure. The azimuthal angle of the tilted molecules varies con-
tinuously to give rise to a macroscopic helical arrangement. In this case, the
diffraction pattern shows extra ‘odd’ orders of diffraction which are always
linearly polarized. Further the azimuth of the incident linearly polarized beam
affects the odd and even orders of diffraction very differently. Introduction
of absorption suppresses some strong peaks while enhancing some weak ones.
Experiments are being now set up to study the diffraction phenomena in these
liquid crystals. 4

Theoretical calculations show that in oblique incidence the higher order Bragg
reflections are found to be more intense than lower orders if the molecules form-
ing the cholesteric and smectic C* phases are linearly dichroic. The Borrmann
effect in such a geometry is also being investigated.

X-ray studies on a homologous series of compounds with a weak transverse
dipole moment have been taken up, which show that the strength of the smec-
tic A - smectic C transition can be varied by reducing the range of the smectic
A phase.

Detailed measurements of polarization and tilt angle of the ferroelectric smec-
tic C* liquid crystals have shown that the coupling parameters between these
two ‘order parameters’ are not temperature-independent, as implied by Lan-
dau type of theories.

Some compounds with tilted molecules exhibit the smectic I phase which has
a 3-dimensional bond orientational order. It has been suggested that smectic
I has the same symmetry as the smectic C phase and thus there could be a
critical point in the transition between I and C phases. Detailed X-ray, di-
electric and polarization experiments have been conducted to show that the
nature of the I-C transition depends on the temperature range of the hexatic
phase.



In continuation of the synthetic work on liquid crystalline substances contain-
ing transition metals, a number of chelates with copper, palladium and nickel
have been prepared during this period. With a view to obtaining enantiotropic
nematic phase, a large number of metal 3-diketonates were investigated and
quite a number of them exhibited such a phase. Several homologous series of
metallomesogenic compounds have been synthesised. It was found that many
of the ligands used to complex with metal ions are themselves mesogenic.
The ligands used in one such synthetic effort belong to N-(2-hydroxy-4’-n-
alkyloxybenzylidene)4”-n- dodecylphenyl anilines. The copper and palladium
complexes of these have been prepared. All the thirty nine compounds syn-
thesised exhibit enantiotropic mesophases.

A large number of different types of ferroelectric liquid crystalline compounds
have been synthesised. These include compounds containing one or two chiral
centres. Polarization values as high as 160 nc/cm have been obtained for some
compounds. Compounds with lateral hydroxy groups have also been investi-
gated. Some copper complexes have been prepared and these represent the
first examples of paramagnetic ferroelectric liquid crystals.

A detailed study of the X-ray structure analysis of the transition metal contain-
ing discogen bis[1,3-di(p-n-octylphenyl) propane-1,3-dionato] copper(Il) which
crystallises in the triclinic space group P1 was completed.

ASTRONOMY AND ASTROPHYSICS

Galaxy dynamics: An oscillating model of a stellar distribution function pro-
posed earlier was investigated further. The differential equations governing
the time evolution of the model parameters (e.g.velocity dispersions, elliptical
boundary) were put into a Hamiltonian form. This allowed some general con-
clusions to be drawn concerning the evolution of the modeli.

Pulsars: A detailed statistical analysis of the observed pulsar population was
undertaken. This analysis largely centered around the distribution of the cur-
rent of pulsars as a function of their magnetic fields, periods and distances
from the galactic plane.

Various selection effects were taken into account to construct the current distri-
bution of the true galactic population of pulsars from the observed distribution.
Several significant results emerged from this study:

1. Field evolution: The current weighted average magnetic fields of
pulsars as a function of their characteristic ages clearly shows that



there is no evidence for the decay of magnetic fields of pulsars in
timescales less than ~ 20 million years. This conclusive evidence
is in disagreement with earlier assertions in the literature that the
observed population of pulsars cannot be understood without their
fields decaying in timescales of the order of a few million years.
An independent detailed study of the statistics of radio pulsars
taking into account the modification of the pulsar distance scale
necessitated by the recent discovery of many pulsars in globular
clusters also shows that there is no evidence for the decay of the
magnetic field strength of isolated pulsars.

. Initial periods of pulsars: An important conclusion of the above
study is that a substantial fraction of pulsars are “injected” with
fairly long initial periods, in agreement with a similar conclusion
arrived at earlier. A new result of the above analysis is that the
majority of these injected pulsars have a very narrow range of mag-
netic fields around 10'23G. In addition, there is another population
of injected pulsars (with a much smaller birth rate) whose fields lie
in the range 10''¢010!1-*G. Both these populations are born at a
variety of distances from the galactic plane ranging up to 600 to
800 parsecs. This enables one to identify these injected pulsars, for
the first time, as recycled pulsars from binary systems which were
disrupted during the second supernova explosion.

. Velocities of pulsars: The current analysis shows that the injected
pulsars constitute roughly 50% of the total population. This lends
support to the earlier conjectures that most pulsars may have had
their origin in binary systems. This interpretation leads omne to
the following conclusion, viz., the velocities of roughly 50% of the
pulsars should be traced to an asymmetric kick during their birth
(these are the second-born pulsars in binaries), while the velocities
of the remaining half of the population should be attributed to
their orbital velocities at the time of the second supernova explosion
(these are the first- born pulsars).

. It appears that the recycled pulsars, particularly those with low
fields, tend to have much smaller angles between their rotation and
magnetic axes compared to the normal population. There is also
an interesting correlation between the morphology of the pulsed
emission and their possible history in binary systems. Further study
of this intriguing correlation is in progress. '



Radio Astronomy

Source-noise in the Radio Synthesis images: The distribution of source and
receiver-noise in radiosynthesis images was studied. It was shown that the
source-noise is maximum at the position of the source, but also appears in the
off-source region because of the side lobes. Analytical expressions were derived
for the rms noise at any position in both “total power” and “correlation” im-
ages. It was further shown that under certain conditions deconvolution can
remove the source-noise from off-source regions in a “snap-shot” image. The
results were verified experimentally using data on the strong source Cas A
obtained using the Very Large Array.

Extragalactic Recombination Lines: Using the Very Large Array (VLA) Radio
Telescope a search was made for radio recombination lines towards six external
galaxies. Lines were detected in the nuclear region of two galaxies (NGC 3690
and NGC 3628). Prior to this, recombination lines had been detected in only
two other galaxies (NGC 253 and M82). High resolution observation of H92a
recombination lines were made towards NGC253 to study the velocity field in
the nuclear region. The ionized gas exhibits systematic velocity gradients in
the central region.

Highly excited carbon recombination lines towards Cas A: The entire body of
data from 14 MHz to 325 MHz available for this source were analysed in terms
of a warm and cold gas model. It was shown that the published lowest fre-
quency (14-30 MHz) data are underestimates of the line strength due to broad
wings in the line profiles which are lost in the baseline fitting process. When
correlation factors estimated from pressure and radiation broadening are in-
cluded, the data is well fitted by the model wherein the lines originate in
HI clouds with temperature 100K and electron density of 0.06cm™3. This is
consistent with the observed similarity of HI and C272a optical depth maps
towards Cas A.

Radio emission from globular clusters: The recently published results of the
wide-field survey at 34.5 MHz made from the Gauribidanur Telescope were
analysed to look for radio emission in the directions of the 150 or so Galactic
Globular Clusters. Significant radio emission at low frequencies is expected
from these objects if they contain a large number (> 100) of millisecond pul-
sars in each of them, as some scenarios predict. No radio emission beyond
the detection limit of the survey could be associated with any of the Globular
Clusters. This was converted into an upper limit of their radio luminosity
at 34.5 MHz. For a few nearby Globular Clusters their luminosities, along
with the average luminosity of millisecond pulsars, were used to estimate the




maximum number of millisecond pulsars in each of them. On the average, this
number turned out to be < 100 consistent with theoretical predictions. For
the more distant clusters this is not a very sensitive way of estimating this
number.

Carbon Recombination line: C578c line towards Cas A was detected using a
prototype 32 KHz filter in conjunction with the 128 channel digital correla-
tor. The line width and intensity are consistent with measuremrents at other

frequencies.

The Vela Supernova Remnant: The map of this SNR observed earlier at 34.5
MHz was analysed in detail to understand its true nature. The flux densities
of different parts of the remnant (Vela X and YZ) were estimated. These val-
ues, along with those from earlier observations at higher frequencies, clearly
shows that Vela X has a flat spectrum, while Vela YZ has. a steeper spectrum.
A detailed spectral-index distribution over the region was also obtained using
the 34.5 and 408 MHz data. These spectral-index estimates, along with other
known characteristics, strengthened the earlier hypothesis that Vela X is a
pulsar produced nebula, while Vela YZ is a typical shell-type remnant. The
implications of this to the association of the Vela SNR with PSR 0833-45 were
studied.

Point sources in the 34.5 MHz survey: A detailed study of the point sources
and their identifications has been undertaken, in particular, the identification
of the sources with those seen in the earlier higher frequency surveys (like for
e.g. the Molonglo 408-MHz survey, the Mills, Slee and Hill 85 MHz survey,
etc.). This analysis has revealed an interesting class of point sources which did
not show up in the higher frequency surveys of comparable sensitivity. This
implies that these sources are either steep spectrum sources and/or extended.
Further high resolution imaging at several frequencies are planned to under-
stand their nature.

Mira Variables: The analysis and interpretation of SiO maser line observations
at 86 GHz of Mira variables using the 10.4m millimeter wave telescope was
completed. The dependence of SiO maser emission of a star on its spectral
type allows its interpretation as due to the variation of the SiO abundance
with the effective temperature.

SiO Masers: A correlation was found between the SiO emission and the stel-
lar bolometric magnitude. This can be understood in terms of a radiatively-
pumped maser. The infrared emission from the dust in the circumstellar shell
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was shown to provide an extra possible source of pump photons. This dispels
the mystery about the pumping mechanism responsible for very strong SiO
maser sources.

Detailed comparison between existing numerical models for both SiO maser
emission and circumstellar shells was done. It was shown that very good gen-
eral agreement exists between the two, although some questions of details still
remain to be settled.

Cometary Globules: 12CO observations of cometary globules in the Gum
Nebula region were made using the 10.4m millimeter wave telescope. Obser-
vations were made of several globule heads and a few points along the tails
to study the kinematics of the cometary globular system as a whole, and to
study the nature of the tails. Detailed maps were made in 1200 and 13CO
of the ‘head’ of the globule CG22 to investigate the density and temperature
distributions.

Lynds clouds: Four low opacity, high latitude, Lynds clouds were mapped in
12C0, and partially mapped in 3CO, to understand their morphology, struc-
ture and the nature of clumping and support in them. Lines of three other
molecular species viz., CS, HCN and HCO* were also searched for at the
centers of each cloud, but were not detected. This non-detection, along with
the fact that '2CO lines are both reasonably strong and wide raises several
interesting questions. These are now being investigated.

CO observations towards Cas A using the 10.4m millimeter wave telescope:
The 12CO J=1 to J=0 transition at 115 GHz was observed over a 9’x9’ region
centered on Cas A. A total of 81 spectra obtained are intended for obtaining
the distribution of CO at the Orion and Perseus arm velocities in the direction
of Cas A. The analysis of the data is in progress.

22 GHz VLBI: This collaborative effort between the Institute and the Space
Research Institute, Moscow was continued as a part of the Integrated Long
Term Project of Indo-Soviet cooperation. The new VLBI system was used
successfully for observations of galactic star forming regions, emitting H,0
maser radiation. Information on source structure, sizes and internal velocities
has been obtained with resolution less than 0.5 milli-arcsecond. An added
bonus from the interferometric data was the determination of the geodetic
coordinates of the millimeter wave telescope.

In collaboration with the Tata Institute of Fundamental Research, observa-
tions were made using the 10.4 m millimeter wave telescope to study the
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spatial distribution and physical parameters of galactic star forming regions.
The correlation between infrared emitting dust and line-emitting molecular
gas would enable the measurement of dust temperature, gas/dust ratio and
column density within the regions.

GMRT Pulsar Receiver System: The development of the first phase of the

pulsar receiver for the Giant Meterwave Radio Telescope is well under way.
This will provide the following features to begin with:

1. To be able to observe 2x16 MHz bands in each polarization with
a 256 point Fourier transform. It will also be possible to make
these observations by combining the array in either the coherent or
incoherent mode.

2. Polarimetry to obtain the Stoke’s parameters for polarization stud-
ies of Pulsars, as well as calibration of the antennas.

3. Real-time dedispersion over 512 spectral channels with a program-
mable interface to the control computer wherein a user defined
model for dispersion can be fed, and the incoming data is dispersed
based on this model.

4. On line preprocessing facilities to conduct Pulsar searches.

5. High speed acquisition, storage and retrieval of data from the above
units at the rate of about 1 million samples/sec, corresponding to
1024 effective channels.

The first phase is expected to go into operation by the end of 1991.

GMRT 21cm Receivers: At the request of TIFR testing of the 45m GMRT
antennas at 1-1.5 GHz was undertaken. A test receiver for this band has
been constructed to receive 2 channels (at 1.051+0.05 and 1.45+0.05 GHz).
The receiver was completed and the data acquisition system and PC inter-
face are in the final stages of construction. A horn antenna and waveguide to
coaxial transition were also constructed. System integration is expected to be
completed and field tests to begin around August, 1991. Following promising
results of the test, the development and construction of the receiver and feed
system for the entire array of 30 telescopes will be undertaken for the 1-1.5
GHz band during 1992-93.

A versatile spectral-line receiver for the Ooty Radio Telescope: In collabora-
tion with the Radio Astronomy Centre at Ooty, work has started on aug-
menting the existing 512 channel one-bit correlators to obtain 8 simultaneous

e
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spectrometers of 768 channels each. This can be used to simultaneously ob-
serve four recombination lines at two adjacent positions in the sky.

Millimeter Wave Telescope

Dual Polarisation Receiver: This instrument was improved, especially the vac-

uum system, cryogenic system and cross polarisation response. This receiver
was used for regular astronomical observations during the last season.

L-band HEMTs: The development of low-noise cooled IF amplifiers for the
1.2-1.6 GHz band was continued with HEMTs replacing the older FET de-
vices. Measured noise was less than 10°K.

K-band HEMTs: 20-26 GHZ HEMT cooled amplifiers are being developed by
one of our staff, working at the Chalmers Institute of Technology in Sweden.
Broad band sources for the 33-50 GHz and 110-170 GHZ frequency bands
were acquired for development of receivers for spectral lines of astrophysical
interest.

Flexible IF Processor: A new IF processor system was designed and con-

structed to allow flexible use of the various filter banks and 3 acousto-optic
spectrometers either for single or dual polarisation measurements using a fre-
quency multiplexing scheme.

VLBI System: The 22 GHz VLBI system was improved by the addiiion of
an ultra low-noise synthesiser for local oscillator generation, locked to the
hydrogen maser frequency standard. The system, as reported above, was suc-
cessfully used for observations.

Holographic mapping: It is planned to use this technique by transmitting a
signal from the nearby TV tower to determine the phase and amplitude of the
aperture field distribution and thus measure the antenna surface errors. The
transmitter phase locking scheme has been tested successfully. Data acquisi-
tion and data reduction algorithms for surface mapping is in process.

Multibeam Receiver: A 4 feed receiver for the 3-mm wavelength band is be-
ing planned to allow parallel acquisition of data, making better use of the
antenna. The optical design has been completed. Mechanical design and
component fabrication is under process.
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Control and Monitor Scheme: A distributed microprocessor-based monitor and

control scheme has been designed to enable flexible automated telescope op-
erations. Construction of some components has begun. Documentation effort.
for producing user manuals for the telescope was initiated.

Decameterwave Telescope:

A 8-line Spectrometer for GEETEE: Using the technique of recirculation the
existing 128 channel digital correlator has been modified to provide 8 simul-
taneous spectrometers to observe eight adjacent recombination lines available
within the 2 MHz bandwidth of GEETEE. Final testing of this instrument is
in progress. —

Mauritius Radio Telescope Project

An interferometer using 32 helices operating at 150 MHz fabricated last year
was finally tested and shipped to Mauritius.

Design and development of an on-line 1024 channel data acquisition and mon-
itoring system for the CLRO correlators taken up last year was completed and
testing is in progress.

At Mauritius, construction of the east-arm base has been completed and the
west-arm is in progress. All the 512 helical antennas in the eastern arm and
128 helical antennas in the western arm have been installed. A 600 metre
rail-track in the southern array has also been laid, and 16 mobile trolleys with
four helical antennas on each one of them have been fabricated.

Fabrication of the first stage cabling and combining networks have been co
mpleted and shipped to Mauritius. The design and development of the mixer
module and signal processor is also complete.

Optical Interferometry

With a view to investigating possible sites for a full-scale interferometer, ‘see-
ing’ measurements using a masked 15cm telescope were continued in and
around Bangalore.

Rotational Shear Interferometer: A rotational shear interferometer with a
180° fixed shear which can be mounted at the prime focus of the Vainu Bappu
- Memorial Telescope (VBT) has been fabricated at the Indian Institute of As-
trophysics. The back-end electronics and data reduction was carried out at the
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Institute. The combined instrument was successfully tested in the laboratory
environment. The above instrument was also tested at both the prime focus
and Cassegrain focus of the VBT.

ko

Computing Facilities:Sixteen Megabytes of additional memory and a HP
Laserjet printer has been added to the VAX 11/780 system. The Astronomical
Image Processing System (AIPS) obtained from the National Radio Astron-
omy Observatory has been installed on the VAX 11/780 and is being used for
processing radio interferometric data. Electronic mail facility has been made
available at the Institute through a link to the Indian Institute of Science node
“vigyan”.

Advanced training in research is being offered to the following teachers from
other organisations under the UGC Faculty Improvement Programme:

Name Topic of Study

H.P. Padmini Some Physical Studies on liquid
The National College crystals

Bangalore -

P.R.Maheshwara Murthy  Electric and magnetic field effects in
Govt. Science College liquid crystals

Bangalore

Sharanabasava M.Khened Experimental studies of phase
Laxmi Venkatesh Desai transitions in ferroelectric

College, Raichur | liquid crystals
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Ph.D.
Awarded |
Name Topic of Study
C. Nagabhushan Experimental studies of phase dielectric
’ properties of liquid crystals
V.N. Raja High pressure and X-ray studies of liquid
crystals
S. Somasekhar Experimental studies of phase diagrams
of liquid crystals
Submitted
Nimesh A. Patel A study of circumstellar silicon
monoxide Masers
Publications

The research work done by the staff of the Institute has been published in
~ a number of journals. A list of publications that have already appeared and
those submitted and in press is given at Annexure - I (Page 23).

Conferences/Seminars and Meetings.

The staff of the Institute visited various institutions in India and abroad and
attended conferences and presented papers. In addition, 43 lectures were given
by them elsewhere

Gandhi Memorial Lecture
The Gandhi Memorial Lecture for 1990 was given by Mr. Krishen Khanna on
“A Pilgrim’s Progress 7, on 30th January, 1991.

Colloquia

The scientists of the Institute and visiting scientists both from within and out-
side the country gave 26 colloquia at the Institute on different topics during
the year.
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Journal Club Meetings

Nine meetings were held during the year. Preprints, as well as recently pub-
lished papers, dealing with topics of great current interest were reviewed in
the meetings and, as in the past, several Radio Astronomy meetings were held.

Visiting Scientists

A number of scientists from institutions within the country and outside vis-
ited the Institute during the year. Their names are listed following those of
the scientific and technical staff of the Institute given towards the end of the
report.

Library

Six hundred and thirty one new books were added to the library during the
year. The total book collection now is 17,731. The library presently subscribes
to one hundred and fifty one periodicals and has a collection of 21,163 bound
volumes. Of the periodicals subscribed, 21 are received by airmail and IAU
circulars are received via electronics mail.

General

The following grants were received from the Department of Science and Tech-
nology during the year:

Rs. in lakhs
PLAN - RECURRING AND NON-RECURRING 201.75
NON PLAN - RECURRING 159.00

Total 360.75
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The scientific and technical staff of the Institute is-listed below. Additions
during the year are marked with an asterisk.

V. Radhakrishnan (Director)

K.R. Anantharamaiah
P.G. Ananthasubramanian
Antony Joseph

P.R. Amuda¥*

Arvind K. Shenai

T.K. Babu

R. Bhandari

D. Bhattacharyaf

S. Chandrasekhar
K. Chandrasekhara
S. Chanthrasekharan
Chitra M. Gokhale

AA. Deshpandeﬁ
K.S. Dwarakanath
R. Ganesan¥

K. Gurukiran*
B.R. Iyer

G. Jayakumar
P.A. Johnson

U.D. Kini

S. Krishnant

S. Krishnaprasad
V. Lakshminarayanan
Lakshmy P. Usha
N.V. Madhusudana
M. O. Modgekar
Mohd. Ateequlla
H.N. Nagaraja*

R. Nandakumar

H. Narayanan*
B.V. Nataraja

R. Nityananda

T. Prabhu*

E. Prameela*

K.B. Raghavendra Rao*
A. Raghunathan*

P. Rajasekhar

P.S. Ram Kumar

P.N. Ramachandra
C. Ramachandra Rao
S. Ramaseshan

P. Ramachandran

K. Ramesh Kumar

G.S.Ranganath
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dio Recombination Lines:25 years of investigations, eds. M.A. Gor-
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iah and W.C.Erickson), in Radio Recombination Lines: 25 years of
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“Synthesis and mesogenic properties of some (-diketones and their
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(R. Bhandari), in Proc. Inter. Workshop on Lasers and Laser
Applications (IWOLA 90), Indore, India, Nov.12-30, 1990.

“The evolution of neutron stars in the galaxy” (D. Bhattacharya),
in Proc. NATO Advanced Study Inst. on Neutron Stars:an inter-
disciplinary field, eds. J. Ventura and D. Pines, Kluwer (1991}.
“The formation of neutron star magnetic fields” (D.Bhattachar-
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