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Golden Jubilee
Celebrations
The golden Jubilee celebrations of the
Academy, scheduled for 5 days from 7 to 11
November 1984 at Bangalore, had to be
postponed due to the tragic death of Prime
Minister Smt Indira Gandhi. She and the
Government under her leadership 'had always
actively supported and encouraged science
and scientists in the country and in her death
we have lost a valuable friend and a leader of
great sympathy and understanding.
The Golden Jubilee Meeting will now be
held for 3 days from 6 to 8 February 1985.
Two symposia on Animal Communication and
the Monsoons will be held during the Meeting.
The Academy Workshop on Supernovae,
their Progenitors and Remnants was held as
scheduled from 29 October to 2 November. A
brief report on the Workshop will be
published in the next issue of Patrika.
The tentative scientific programme for the
Golden Jubilee Meeting is given below:
Wednesday 6 February 1985

Venue : Chowdaiah Memorial Hall
Inaugural Function

Presidential address
Golden Jubilee Lecture by 5 Chandrasekhar,
University. of Chicago, on "The pursuit of
sdence: its motivations"
Special lecture by M G K Menon, on Cosmic
ray research and cosmic ray physicists over the
past fifty years in India

L'nyeiling of Ramanujan bust at Raman
Research Institute
Thursday 7 February 1985

Venue: Faculty Hall, Indian Institute of
Science

Symposium on Animal Communication

Introduction - Madhav Gadgil
Communication, social behaviour and
patterning in the cellular slime mouldsV Nanjundiah
Trade-offs in the evolution of frog
vocalizations - A 5 Rand
Communication of kinship in social
insects - R Gadagkar
Communication and synchronization of
biological rhythms in insectivorous batsM K Chandrashekaran
Lectures

Electron density in chemistry-S RGadre
Structure, conformation and charge density
studies by X-ray diffraction - T N.Guru Row
Oncogenes: their function - L C Padhy
Special lecture

Neurogenetics of smell- 0 Siddiqi
Business Meeting of Fellows
Friday 8 February 1985

Venue: Faculty Hall, Indian Institute ofScience
Symposium on the Monsoons
Introduction - R Narasimha
The phenomenon - Sulochana Gadgil

The dynam ics - PJ Webster
Predictability - JShukla
Special Lectures
Excursion~ into multiphase reactionsMMSharma
What maketh a metal? - C N R Rao

Lectures

Biomimetic model reactions in
photosynthesis - V Krishnan
Gene basis for drug metabolismG Padmanaban
Spinning up a star - G Srinivasan

Special Golden Jubilee numbers of
Proceedings - Earth and Planetary Sciences,
Plant Sciences, Sadhana (Engineering Sciences)
and Journal of Biosciences and additional
Golden Jubilee numbers of ProceedingsChemical Sciences and Bulletin of Materials
Science have been published.
The small illustrated book on "The Indian
Academy of Sciences-the first fifty years" has
been prepared and will be presented to all the
participants as a memento on the occasion of
the Golden Jubilee. Three cultural programmes
have been planned during the Golden Jubilee
celebrations.
The Academy is particularly anxious that all
its Fellows and in particular all the Foundation
Fellows should attend this meeting. The
Foundation Fellow'S will be special guests of
the Academy and the Council has decided that
every Foundation Fellow could bring a
companion, whose travelling expenses will be
met by the Academy.
The travel expenses of all Fellows attending
the Meeting, who are not able to obtain travel
~upport from other sources, will be met by the
Academy as in previous years.
During the period of the Annual Meeting of
the Academy, the Chairmen of the Editorial
Boards will also convene meetings of their
respective Editorial Boards to discuss matters
relating to the Academy journals.

Gravitational
collapse and the
problem of
singularities in
general relativity
Academy lecture given by Prof.
SChandrasekhar on November 21, 1984
at the International Symposium on
Theoretical Physics in honour of SN Bose.
Prof. Chandrasekhar began by stating a
basic theorem given twenty years ago by
Roger Penrose: singularities are generic in
general relativity. Much of the lecture was
devoted to explaining the content and
implications of this theorem and giving
examples of its operation. To start with, he
took a spherically symmetric cloud of matter
with zero pressure, obeying Newton's laws of
motion and gravitation. After moving radially
for a finite time, the matter forms a region of
infinite density at the centre. This is an

example of ,a singularity but one that is not
generic. The slightest deviation from spherical
symmetry or the introduction of rotation or
pressure would prevent the occurrence of
infinite density. It is therefore necessary to
explain what features of general relativity
change this situation and make the singularity
unavoidable for a wider class of initial
conditions. The space-time outside a spherical
distribution of matter is described by the
solution of Einstein's equations discovered by
Karl Schwarzschild only a few months after the
publication of the general theory of relativity.
Within a spherical surface, known as the
horizon, no observer can remain stationary but
is drawn inexorably toward the centre. This is
clearly demonstrated by considering a flash of
fight a short time after an observer emits it.
Outside the horizon, the spherical wave is
displaced towards the centre but still contains
the point of emission. Inside the horizon, it no
longer contains that point, and in order to
remain stationary there, an observer would
have to overtake a wave-front, i.e. move faster
than light, which is impossible. This inward
dragging of light, which is impossible. This
inward dragging of light and hence of course
all material particles within the horizon is
characteristic of a black hole and its radius is
known as the Schwarzschild radius. Thus in
general relativity a whole range of initial
conditions which include matter with pressure,
or rotation and departures from spherical
symmetry which are not too large, lead to a
singularity which is therefore, generic.
Prof. Chandrasekhar then illustrated the
importance of general relativity for the late
stages in the life of a typical massive star of say
twenty solar masses. Two very important
features are, (0 the high degree of central
condensation (with the central density as high
as a billion times the mean density) and {ii) the
dominance of radiation pressure. In the
Newtonian theory such a star is stable against
a small radial disturbance. The adiabatic
exponent (ratio of fractional small pressure
change to fractional density change) is greater
than the critical value of 4/3. When such a star
is one hundred thousand times its
Schwarzschild radius, general relativity is of no
importance in determining its structure but has
a profound effect on its stability and in fact the
star can become unstable to grpwing radial
oscillations. The belief that black holes form in
great numbers in the universe is based on such
calculations.
In the latter half of his lecture, Prof.
Chandrasekhar moved on to discuss the
outstanding unsolved problem posed by
Penrose's theorem -the classification of
singularities. In the theory of functions, the
classification of singularities was one of the
important achievements of 19th centurY'
mathematics, and revealed that in general, a
singularity must be specified by the values of
various numbers which are "coded" into it. In

general relativity, the best one can do is to
~Jdy specific examples. One of them is

o!:Jtained when we consider spherical collapse
of charged matter. Although large scale charge
separations are not realisable in nature, this
spacetime is of interest because it shows a
singu\arity which is quite difierent trom that ot
the Schwarzschild black hole. It is no longer
inevitable that a particle entering the horizon
must spiral into the centre. In fact, it is possible
in principle for an observer to cross a surface
known as the Cauchy horizon. At this point, he
can see the entire history of the outside world,
albeit in an infinitely compressed and
blueshifted form. Yet another kind of
singularity is found in the Kerr black hole. This
describes the unique final state resulting from
the col/apse of a rotating body and hence
describes all black holes of astronomical
interest. In this case, there is a ring singular"lty
in the equatorial plane and an observer
passing through -it emerges into another world.
In his concluding remarks, Prof.
Chandra'sekhar pointed out that conventional
accounts of the big bang cosmology take too
naive a view of the initial singularity.
Observations of the microwave background
radiation can be combined with some
plausible assumptions and rigorous theorems
to prove that a singularity must have existed jn
the past. However, we do not know its nature.
It is entirely possible that the isotropy of the
microwave radiation, which is a puzzle in the
conventional pictur:e, might be a consequence
of the information coded into this singularity.
Pending a general classification, the need is to
enlarge the study of initial conditions leading
to singularities. This is the motive behind some
recent studies of spacetimes with colliding
gravitational waves. Every such study reinforces
the impression of "incredible self-consistency
and beauty" of the general theory of relativity.'
\\'hile there was not enough time to enter into
details of his work on this problem, Prof.
Chandrasekhar stated in conclusion that the
sense of magic conveyed by general relativity
has only been enhanced since Einstein
remarked on it at the end of his first paper on
the subject seventy years ago. In this sense, he
shared the sentiment expressed by Einstein
\\ hen asked what his reaction would have
been if the eclipse experiment had failed to
confirm the general theory of relativity - "I
should be sorry fqr the dear Lord".

Honorary Fellows
elected in 1984
Prof. F A Cotton, Department of Chemistry
Texas A & M University, College Station, Texas,
USA
Dr F H C Crick, Salk Institute for Biological
Studies, San Diego, California, USA
Prof. H W Liepmann, Director, Graduate
Aeronautical laboratories, California Institute of
Technology, Pasadena, California, USA

Fellows elected
In 1984
SSAgarwal, K. G. Medical College, Lucknow,
for his studies of DNA polymerase and those
on the prevalence rates and modes of
inheritance of several important populations.
P Babu, Tata Institute of Fundamental Research,
Bombay, for his contributions to our
understanding of the genetic organization of
Ca,enorhabditis elegans and Drosophila

melanogaster.
VBalakrishnan, Indian Institute of Technology,
Madras, for his work on 'Regge poles, a new
approach to the problem of anelasticity and
generalised diffusion.
M R Das, Centre for Cellular and Molecular
Biology, Hyderabad, for his contributions to
tumour immunology; studies on the role of
reverse transcriptase and the NMR studies and
elegant magnetic resonance of biologically
important intermediates.

Sulochana Gadgil, Indian Institute of Science,
Bangalore, for her work on the Indian summer
monsoon and analysis of the spatial variation
of Indian rainfall.
VKGaur, National Geophysical Research
Institute, Hyderabad, for his contributions in
the fields of geodesy, seismology and
electro magneti cs.

VR Gowariker, Vikram Sarabhai Space Centre,
Trivandrum, for his contributions in the field of
space technology with special reference to
indigenous manufacture of polymers and
special chemicals and propellants for rockets.

PKMalhotra, Tata Institute of Fundamental
Research, Bombay, for his contributions in the
area of experimental particle physiCS, cosmic
ray studies and bubble chamber studies.

T) Pandian, Madurai Kamaraj University,
Madurai, for his studies on energy
transformation in fishes, crustaceans and other
organisms in the laboratory as well as energy
flow and trophic dynamics in aquatic and
terrestrial ecosystems.

Phoolan Prasad, Indian Institute of Science,
Bangalore, for his studies on the nature of
interaction of radiation with fluid flows,
nonlinear stability of transonic flows and
kinematics of a multidimensional shock front.

Young
Associates -1984
K N Ganesh, Centre for Cellular and Molecular
Biology, Hyderabad - Molecular biophysics
J N Goswami, Physical Research Laboratory,
Ahmedabad - Solar system astrophysics

S Rai Choudhury, University of Delhi, Delhi,
for his contributions in field theory, particle
physics and low energy nuclear physics and
the low-energy theorems for Compton
scattering.

B R Iyer, Raman Research Institute, Bangalore-

A V Rama Rao, National Chemical Laboratory,
Pune, for his work on the chemistry of natural
products and organic synthesis.

RKau!, Indian Institute of Science, Bangalore-

PRamachandra Rao, Banaras Hindu University,
Varanasi, for his contributions in the area of
rapid solidification of metals and amorphous
and metastable alloys.
KRShivanna, University of Delhi, Delhi for his
contributions to the reproductive biology of
flowering plants.
TN Shorey, Tata Institute of Fundamental
Research, Bombay, for his contributions to
Diophantine approximation and transcendence
theory, and number theoretic function.

J S Singh,

Banaras Hindu University, Varanasi,
for his work in grassland and Himalayan forest
ecosystems.

Relativistic astrophysics and general relativity
ED Jemmis, University of Hyderabad,
Hyderabad - Theoretical chemistry

-Field theory and particle physics
AS Kolaskar, Centre for Cellular and Molecular
Biology, Hyderabad - Molecular biophysics
M G Kulkarni, National Chemical Laboratory,
Pune - Polymer science and engineering
R N Kulkarni, Central Institute of Medicinal and
Aromatic Plants, Bangalore - Plant pathology

and genetics
N Mohan Kumar, Tata Institute of Fundamental
Research, Bombay - Algebraic geometry
T Padmanabhan, Tata Institute of Fundamental
Research, Bombay - General relativity and

cosmology
SD Prasad, National Chemical Laboratory,
Pune - Surface chemical physics

M S Srinivasan, Banaras Hindu University,
Varanasi, for his work on micropalaeontology
and the complete biostratigraphy of the
Andaman~Nicobar islands.

RA Rajadhyaksha, University of Bombay,
Bombay - Catalysis and chemical engineering

G S RSubba Rao, Indian Institute of Science,

PVenkatakrishnan, Indian Institute of
Astrophysics, Bangalore - Solar astrophysics

Bangalore, for his contributions to synthetic
organic chemistry and for his studies in metal
reduction.

MMTaqui Khan, Central Salt and Marine
Chemicals Research Institute, Bhavnagar, for his
contributions to the chemistry of coordination
compounds, to bio-inorganic chemistry and to
homogeneous catalysis.

KS Yajnik, National Aeronautical Laboratory,
Bangalore, for his contributions in the study of
fluid mechanics and the theory of turbulence.

SRShetye, NationaJ Institute of Oceanography,

Goa - PhYSical oceanography

J SYadav, National Chemical Laboratory, PuneBio-organic chemistry

Professor
5 Bhagavantam
seventy-five

•

IS

Professor Suri Bhagavantam, a Foundation
Fellow of the Academy, and a close associate
of Professor C V Raman for over four decades,
completed seventy five years on October 14,
1984. The Academy is commemorating this
occasion by the publication of hrs collected
papers.

Professor Bhagavantam was born on 14
October 1909 in Gudiwada, in the Krishna
District of Andhra Pradesh. He had his early
education in the City College High School of
Hyderabad securing the coveted Gokhale
Scholarship. He graduated in 1928 from the
Nizam college affiliated then to the Madras
University with first rank. Bhagavantam then
joined Prof. CVRaman at the Indian
Association for the Cultivation of Science at
Bow Bazaar Street in Calcutta.
He commenced his research career with
investigations on the optical and magnetic
anisotropy in aromatic and aliphatic series of
compounds. With a devotion and
thoroughness which marked all his subsequent
contributions, he established the relationship
between the magnetic behaviour of organic
crystals and their molecular form and crystal
structure. Soon after the discovery of Raman
Effect in 1928, Bhagavantam took up for study
the Raman spectra of gases, concentrating on
the interaction between rotation and vibration,
the effect of pressure and the polarisation and
intensity distribution in the wings
accompanying the Rayleigh scattering as well
as the vibrational scattering. His pioneering
work on the effect of pressure on the Raman
spectra of gases helped in elucidating the
influence of intermolecular collisions and
viscosity on the rotational structure. It also led
to the development of the theory for the
intensity and depolarization factors and a
better understanding of the hindered rotation
and oscillations of molecules in liquids and in
crystals. Although Bar and Hanle had earlier
studied this using circularly polarized incident
light, it was Raman and Bhagavantam who
considered in detail the "reversal" of circular
polarization in Raman scattering for an
experimental demonstration of the spin of
photons.
In 1932 Bhagavantam joined the
Department of Physics at Andhra University,
\Valtair where he remained for sixteen years,
becoming successively Professor, Head of the
Department of Physics and then Principal of
the University Colleges. During this period,
besides continuing his investigations on Raman
Effect, he established an active school of
experimental research in ultrasonics and
developed new techniques for the
measurement of elastic constants. His two
books published during this period, namely
·Scattering of Light and Raman Effect" and
"'Theory of Groups and its Applications to
Physical Problems" are still among the best
books that any research worker can find on
these topics. He was also responsible for
establishing centres of study in chemistry,
marine biology, geodesy and geophysics in the
Andhra University.
Although the Raman spectra of crystals and
even amorphous materials had been studied,
the theoretical tools for their interpretation

were just being developed. It was therefore
with great foresight that Prof. Bhagavantam
turned his attention to the application of group
theory to a study of the normal modes of
oscillations in crystals with special reference to
Raman scattering following the work of
Wigner,. Tisza, Wilson, Placzek, Rosenthal and
Murphy in respect of molecules. The group
theoretical methods developed by
Bhagavantam and his co-workers enables one
to interpret satisfactorily the splitting of the
degenerate internal vibrations of complex ions,
when they form crystals of lower symmetry
and the splitting due to changes in
environment or multiplicity of ions in the unit
cell and most i_mportantly the changes in
selection rules as we go from a free ion to a
crystal.
The rare combination of scientific eminence
and experience in administration in Andhra
University during its most difficult period
naturally resulted in Prof. Bhagavantam being
chosen as the first scientific liaison officer of
independent India in U.K. Fortunately for
science, he was released from that position,
soon to establish an active school of research
in Physics in Hyderabad. In 1952 he became
also the Vice Chancellor of Osmania
University. During this period he initiated work
in cosmic ray research, studies of high
polymers and solid state physics and published
his-third very valuable book "Crystal Symmetry
and Physical Properties". His critical analysiS
and application of Neumann's principle to
determine the independent and nonvanishing
components characterizing several physical
properties has had far-reaching significance.
While several methods are available, as
basically all of them are concerned with coordinate transformations corresponding to the
symmetry elements of the group to the
particular tensor components,Yrof.
Bhagavantam's method enables one to find in·
a simple way the number of independent
components of any tensor necessary to
characterize a physical property. It has helped
in locating discrepancies in earlier work, a
significant one being that pertaining to the
classes of the cubic system, where it was
shown that four stress optical coefficients are
required to describe their photoelastic
behaviour and not three as for the remaining
three classes of the cubic system. He later
extended his studies to magnetic symmetry
and physical properties of crystals using
complementary operation and harmonic
generation and selection rules in nonlinear
optics. He also took steps to rejuvenate
astronomical studies and research in
Hyderabad, one of the concrete results being
the creation of the Rangapur observatory with
its 48 inch optical telescope.
Prof. Bhagavantam enjoyed research with a
dedicated zeal and it is no wonder therefore
that his inferests have ranged from diffraction

of light by high frequency ultrasonic waves to
the elastic behaviour of matter under very high
pressure and transport properties in magnetic
crystals and relaxation phenomena in piezoelectrics.
From 1957 to 1962 he was the Director of
the Indian Institute of Science, Bangalore and
subsequently the Scientific Adviser to the
Minister of Defence, Government of India. He
has held many important professional positions
and his career has been distinguished by
laudable achievements in all his efforts. He was
Chairman of the Committee for organization of
scientific research in India and Vice-President
of the International Union of Pure and Applied
Physics. He is a past President of the Indian
Geophysical Union and of the Physics Section
of the Indian Science Congress.
A dedicated scientist, a fine teacher and an
able administrator, he has by his example and
his many-sided activities during the past fifty
years made a profound impression on the
academic and scientific life of the country. We
warmly wish him many more years of
continued activity and happiness.

Proceedings Plant Sciences
Report by the editors
From the beginning, Section B of the
Proceedings of the Academy has represented
Plant and Animal Sciences. With Vol.87 (1978)
a change was effected and issues containing
papers in plant sciences, animal sciences and
experimental biology were issued separately.
Of these, the first two alternated as part 1Animal Sciences and Part 11- Plant Sciences in
1979 for VoL88. Since 1980 the ProceedingsPlant Sciences has been issued as a totally
independent series. Papers in the field of cell
and molecular biology now appear in the new
Journal of Biosciences which the Academy
started publishing in 1979.
During this period, as many as 334 papers
in plant sciences have been published. These
are in the following areas: plant morphology
and morphogeneSis, ultrastructure, bryology,
pteridology, plant physiology and biochemistry,
plant breeding and genetics, cytology, plant
taxonomy (including chemotaxonomy and
numerical taxonomy, pharmacognosy and
pharmacology, wood anatomy plant
histochemistry, plant pathology, mycology,
bacteriology, soil microbiology, aerobiology,
ecology, agriculture and forestry. The majority
of papers published are in the nature of
reports of original research which have often
included lengthy monographic studies of

exceptional merit strongly recommended by
referees, besides reviews on specific topics.
Every paper received for publication is sent
to at least two competent referees who may
be from India or abroad. The system now
b~ing followed~would eventually lead not only
to identifying papers of the highest quality for
publication but also identification of suitable
referees who are not only critical but also
prompt in the scrutiny of papers and in turning
in their comments. Papers are accepted only
when recommended by both referees or,
when the referees recommend revision, the
author revises it accordingly. In case of
difference of opinion between two referees,
the matter is reviewed by a member of the
editorial board or by the Chairman and, in
cases where a third opinion is considered
necessary, the manuscript is sent to a third
referee.
During the period, 840 and odd papers
were received for publication. These have
been reviewed by 422 referees of which 178
(about 34 %) are from abroad and the rest
(66 %) from India. This also means that
normally not more than two papers were sent
to the same referee during the period. Only,
about 10% of the papers was accepted
without revision; about 30 % was accepted
after revision and about 40-50 % rejected.
The system of refereeing has led to
considerable improvement in the quality of
papers that are being published, but further
efforts are still needed to ensure more speedy
publication. The success of the system largely
depends on the choice of suitable referees,
both in regard to their competence to review
manuscripts in the very diverse areas in which
papers are submitted for publication and
speedy review of the manuscripts and, where
necessary, revision and further speedy review.
What has been possible is reflected in the
quality of papers now appearing in the
Proceedings. This is due largely to the efforts
of the members of the editorial board and the
many referees in India and abroad who have
given their time and expertise and helped us
most generously. We are grateful to them.

Obituaries
With the passing away of Paul' Adrian
Maurice Dirac on October 20, 1984 at the age
of 82, an era in physics came to an end, and
one of the few surviving links with the period
of the creation of quantum mechanics was
lost. His is one of a handful of names that
spring to mind in connection with practically
every important landmark in modern physics,
indeed modern science.
Dirac first trained to be an electrical
engineer but then switched in 1923 to
theoretical physics as a student under
R H Fowler in Cambridge. The first sign of his
outstanding genius appeared in his 1925
papers on "The Fundamental Equations of
Quantum Mechanicsl/. With this his reputation
was made, and he became one of the
founding fathers of quantum mechanics, the
others being Heisenberg and Schrodinger. In
the years that followed, his discoveries and
theories poured out in staggering profusion; it
was to a considerable extent his work that
turned the period into the Golden Age of
Theoretical Physics. One need only mention
the quantisation of the elel::tromagnetic field,
the relativistic wave equation of the electron
leading to the spin of the electron, the fine
structure of hydrogen and the magnetic
moment of the ~Iectron, the hole theory and
the prediction of the pOSitron, the discovery
of Fermi-Dirac statistics as an aspect of the
quantum mechanics of identical particles, and
the theory of magnetic monopoles in quantum
mechanics leading to the possibility of electric
charge quantization; as instances of his daring
thought and profound discoveries of that
period.
Dirac's contributions 'to quantum mechanics
are summarized in his monumental book
"Principles of Quantum Mechanics" first
published in 1930. Through its successive
editions, it has for several generations of
physicists been the most lucid and profound
introduction to the foundations of the subject.
Even though the number of papers written
by Dirac would appear rather small (of the"
order of hundred and fifty), the flow of ideas
and new concepts continued unabated in the
years after the Golden Age. One must"mention
the examination of the role of the Lagrangian
in Quantum Mechanics, which ultimately led to
Feynman's "path integral" approach; the
dassical theory of radiating electrons; the use
of the indefinite metric in Hilbert space;
unitary representations of the Lorentz group;
the Large Numbers hypothesis; and his
elaboration of generalized Hamiltonian
methods to handle constrained systems. The
most important use to which he put this last
was Einstein's theory of gravitation.

Dirac's contributions to physics were
inimitable in style and grace. He often spoke
of the need for clarity in one's equations, and
exemplified it best by his own work. Even
matters of notation became acts of creation
!ike the concepts of the delta function and the
bra and ket vectors.
Dirac served as Lucasian Professor of
Mathematics at Cambridge from 1932 to 1969.
He shared the 1933 Nobel Prize for Physics
with Erwin Schrodinger. He became a Fellow
of the Royal SOCiety of London very early, and
among other honours one rilay mention the
Order of Merit and the Oppenheimer Prize.
In 1937 Dirac married Margit Wigner, sister
of Eugene Wigner. From 1971 until his passing
away, Dirac lived and worked at Florida State
University in Tallahassee as Professor of
Physics.
Dirac was a profoundly modest and
unassuming human being, very sparing in his
words, and always generous in acknowledging
his debt to others. His style and conception
have been so unique and so unusual that the
world of physics, which will always remember
him, is never likely to see another like him.

Harshadray Ishverlal Jhala was born on 13
January 1919. He took his MBBS degree in
1943 and his MD in Pathology and
Bacteriology in 1947, winning many a-.yards
during his studies. He worked for 17 years in
th~ B. J. Medical School and Grant Medical
College, Bombay as clinical pathologist and
later as Professor of Pathology and
Bacteriology. He was Director of the Haffkine
Institute and later Director of Medical
Education and Research in Maharashtra. His
special interest was in microbiology,
immunology and the control of communicable
diseases. His extensive research work related
to problems relating to ·a wide range of
infectious diseases. He was elected a Fellow of
the Academy in 1968. He was awarded
Bombay Medical Union gold medals for his
research in liver functions and the Navrang and
J B Chatterjee gold medals.
Gopinath Kartha was born on January 26,
1927 in Kerala. He started his research work in
1949 in the Department of Physics, Indian
Institute of Science, Bangalore in X-ray
crystallography on the structure of barium
chlorate monohydrate, in collaboration with
Prof. G N Ramachandran who had just then
returned from U.K. He also worked with prof.
SRamaseshan for a short while before he
moved to the newly started Department of
Physics of the University of Madras with Prof.
Ramachandran in 1953. After a short stay at
Madras he left for USA to join Prof. David
Harker'S Laboratory at Roswell Park Memorial
Institute, Buffalo, N. Y. later, he became
Professor and remained at Buffalo till his
sudden death a few weeks ago.

Kartha did pioneering work in X-ray and
protein crystallography. At Buffalo he played
an important role in the ribonuclease project.
He was one of the early workers to recognise
the importance of anomalous dispersion in
solving macromolecular structures. He used
this technique with isomorphous replacement
method in the structure determination of
ribonuclease. His extensive studies on
ribonuclease brought him international fame
and eminence. He was elected a Fellow of the
Academy in 1974.
Even during the short stay at Madras
University, Kartha did excellent work. He
studied the X-ray diffraction patterns of
collagen fibers obtained from various sources.
Ramachandran and Kartha proposed a triple
helical model for collagen· after carefully
examining several diffraction patterns from
collagen.
Even today their model is the most
accepted structure for collagen. Kartha's
theoretical contributions on direct methods
and isomorphous replacement methods are
also of fundamental importance in
crystallography. During the past decade or so
he was interested in a variety of biological
structures, cyclic peptides, drugs and
nucle~tides.

Though he lived in the United States, he
was in constant touch with his colleagues and
friends at Bilngalore and Madras and would
spend at least a few days in these two cities
every time he visited India.
Kartha was also very fond of classical music
particularly Carnatic music. His love for
Carnatic music could be visualised from the
fact that he would drive sixty miles to attend a
performance. Above all he was a very
unassuming and friendly person who was
comfortable in the company of scientists of
any age group. He was a source of inspiration
and a father figure to all young Indian
crystallographers in United States. With his
death we have lost a great crystallographer and
a good friend.

Ganesh Sakharam Mahajani was born on
27 November 1898 and had his initial
schooling in Satara. He took his BA degree in
mathematics from the Fergusson College,
Poona. He worked for a year as a Daxina
Fellow in Fergusson College and was admitted
as a Ufe Member of the famous Deccan
Education Society when he was only 22. He
jOined S1. John's CoUege, Cambridge with a
Government of India scholarship and took his
mathematical tripos with a first class in 1924
becoming a wrangler. He won the Smith's prize
in 1926 and the Philips Baylis Research
scholarship.
He returned to India in 1926 to resume
teaching in his old college, where he became
Principal when he was 31 and worked in that

capacity till 46, when he became Secretary of
the Deccan Education Society. He was ViceChancellor of Delhi University (1953-57),
Udaipur University (1963-71) and Poona
University (1972-75). He was elected Honorary
Fellow of st. John's College in 1974. He was a
Foundation Fellow of the Indian Academy of
Sciences. A specialist in theoretical and applied
mechanics, his main scientific interests were in
higher dynamics, ferromagnetism and
hydrodynamics. His books on solid geometry
and tensors in elementary analysis are widely
used in colleges. He passed away at Pune on
July 26, 1984.

Kalpathi Ramakrishna Ramanathan, one of
the Foundation Fellows of the Academy and
an old associate of Prof. C V Raman passed
away after a brief illness on 31 December,
1984.
Ramanathan was born at Kalpathi, Palghat
on 28 February 1893. He had his early
education in the Government Victoria College,
Palghat and the Presidency College, Madras
from where he took his Bechelor's and
M(Jster's degrees in Physics. During the next
seven years he worked in the Maharaja's
College of Science in Trivandrum.
He joined Prof. C V Raman as a University of
Madras research scholar towards the end of
the year 1921, and collaborated with him in
the studies of the molecular scattering of light,
then in progress in Raman's laboratory in
Calcutta. He published ten papers on
molecular scattering of light and X-ray
diffraction in liquids, gases and mixtures within
a period of less than one year and was
awarded the D.Sc., degree of the University of
Madras for this work.
He took up a teaching appointment at
Rangoon in 1922, but continued to visit
Calcutta during the vacations when he bega~
work on an intensive examination of the
molecular diffraction of light by water. He
detected a "weak fluorescence" in the
scattered beam and attributed it to impurities
in the liquid. Raman, who was not satisfied
with this explanation, felt it was a characteristic
of the substance, and his investigations of this
'feeble fluorescence' durring the next few years
led to the discovery of the Raman Effect in
1928.
In 1925 he joined the India Meteorological
Department, where he served with distinction
for 23 years. His research work in the
Department covered a wide range of subjects,
in each of which he made basic contributions,
solar and atmospheric radiation, the spectrum
of the night,sky, meteorological optics and
acoustics, terrestrial magnetism, seismology,
studies of the Indian monsoon and of storms,
depressions and cyclones in the Indian
seas, and the general circulation of the
atmosphere over India and its neighbourhood.

His outstanding contributions were in the study
of the thermal structure and movements of the
upper air. His now famous diagram showing
the distribution of upper air temperatures over
the world, up to 25 km still retains its premier
place, despite the immense amount of data
gathered since on the upper atmosphere. His
memoir on the general circulation of the
atmosphere over India and its neighbourhood,
the first clear and comprehensive study of the
subject, is still considered a standard work of
reference on the subject.
In 1948, he jo~ned Physical Research
laboratory at Ahmedabad as its first Director.
His research work there was mainly concerned
with studies of atmospheric ozone, night
airglow, ionospheric and space physics, and
solar and galactic influences on the
ionosphere. His work on atmospheric ozone
was of such far-reaching importance that he
was considered the world's leading authority
on ozone.
He also took an active part in space
research both in India and abroad. Of even
greater importance in the long term is the
interest and support he provided for the
studies of interaction between the neutral and
electrical atmospheres. His recognition of the
thread of unity, which is a principal
characteristic of space age atmosph~ric
physics, is possibly the greatest contribution to
be attributed to Ramanathan.
The world meteorological community
recognised his work by awarding him the
International Meteorological Organisation Prize
in 1961 and electing him President of the
International Association of Meteorology. He
was also elected President of the International
Union of Geodesy and Geophysics in 1957,
and President of the International Ozone
Commission for three terms starting in 1960.
!n recognition of his contributions to
scientific knowledge and his leadership in
research, the Indian National Science Academy
awarded him the Aryabhata medal. The Royal
Meteorological Society elected him an
Honorary Fellow in 1960. He was awarded the
Padmabhushan in 1965 and Padma Vibhushan
in 1976 for his service to science and the
country. He was Raman Professor in 1980.
He retired from the Directorship of the
Physical Research Laboratory in 1966, but
continued to work as an Emeritus Professor till
the end.
In spite of his erudition, his scientific
achievements and the recognition that he
received, the characteristic that most
impressed anyone who met him was his
modesty and humanity. We regret the passing
of a great scientist, who by his energy and
enthusiasm for research inspired many
generations of students, and who has had an
enduring influence on the growth and

development of several scientific fields during
the last seven decades, both in this country
and abroad.
Nivarthi Suryanarayana Satya Murthy,
Associate Director, Physics Group, Bhabha
Atomic Research Centre, died on 8 October
1984 after a massive heart attack. He was only
48 years old.
During the last 27 years that he worked in
BARe, he had bUilt a very competent group in
Solid State Physics with specialisation in the
study of magnetic materials using polarised
neutron diffraction techniques. He also
established research capabilities in electron
,spectroscopy, Raman scattering and low
temperature physicS. He demonstrated his
competence as an organiser in almost all the
symposia in physics organised by the
Department of Atomic Energy and as the
General Secretary of the Indian Physics
Association for two terms. For his contribution~
to physics, he received the Shanti Swarup
Bhatnagar Award for Physical Sciences and was
elected to the Fellowship of the Indian
Academy of Sciences in 1975. He was also
elected President, Secti(;m of Physics of the
Indian Science Congress Association. He was
to have delivered his presidential address in
January 1985.
He was known for his wide interest in
physics, particularly with respect to planning .
for the future. At the time of his death he had
made elaborate plans for the utilisation of
neutrons from the 100 MW reactor at Trombay
and was also invoived in the planning of
accelerators, an electron synchrotron and a
proton synchrotron at the Centre for
Advanced Technology in Indore. He was well
known for his uncompromising judgements on
scientific merit.
His untimely death is a great loss personally
to those of us who have known him and a los~
to the physics community at large.
Bhola Na~h Singh was born in 1898. He
took his B.Sc!, and M.5c., degree in Botany and
soon after, the D.5e, degree from the Banaras
Hindu University. He was Assistant Professor of
Plant Physiology in the Department of Botany,
Banaras Hindu University from 1925-30. He
was the Founder-Director of the Institute of
Agricultural Research at the University and
served as the Kapurthala Professor of
Agricultural Botany, University Professor of
Plant PhYSiology and Irwin Professor of
Agriculture during 1930-44 and after that till
1944 was Director of the Wheat-Cane
Research at the Institute of Agricultural
Research and from 1940 Dean of the Faculty
of Technology.
His contribution towards the development
of agriculture in U.P. and the country as a
whole is considerable. He was responsible for
the institution of agricultural research and

education at the Banaras Hindu University. His
scientific work has been mainly on plant
physiological studies of agricultural interest and
value, the water requirements of crops, crop
weather relationships, agronomy, general
biology, plant pathology, genetics and cytology
and physiology of parasitism.

R Srinivasan o,n 10 September 1984,
R Srinivasan, Chairman, Department of Physics,
Indian Institute of Science, Bangalore, passed
away, while attending a symposium at the
Indian Institute of Technology, Kanpur. This
sudden end, as a result of a coronary
thrombosis, terminated the promising career of
a scientist who at the age of 46 had already
made a mark in magnetic resonance studies,
low temperature and high pressure physics.
Srinivasan was born in 1938, his father the
late Dr S Ramanujam being himself a very
distinguished agricultural scientist and a Fellow
of the Academy. After a brilliant academic
career at the Patna University, he went on an
leI scholarship to U.K. and obtained his PhD.
in 1964 from the Birmingham University
working with Professor D J E Ingram in the
area of electron paramagnetic resonance. On
his return, he joined the Department of
PhYSiCS, Indian Institute of Science, first as a
Research Officer with Professor'R S Krishnan
on a DAE project. His experimental skill,
theoretical understanding and indefatigable
energy inevitably resulted in a quick climb up
the academic ladder to the rank of a full
Professor in 1974. He became Chairman of the
Department in 1981, making his mark felt in
the administrative tasks with equal felicity.
The first major problem tackled by
Srinivasan was the study of molecular motions
in ferroelectric crystals, especially near the
transition temperatures. He realised that ESR,
NMR and eventually ENDOR techniques have
to be applied intelligently and built most of
the equipment needed for this task. This effort,
sustained over many years, not only elucidated
many of the coherent and stochastic processes
but also won for him posthumously the first Ravi
Shankar Award for work in the area of dielectric
and ferroelectric materials. It also led him to take
interest in liqUid helium work in the early
seventies. With characteristic zeal and effort he
made the Cryogenics Facility in the Institute a
leading national centre. If superconducting
magnets have remained in the persistent mode for
more than seven years continuously and that too
in spite of power supply failures common in
Bangalore, the credit must surely go to Srinivasan
and his colleagues in the Cryogenics Facility. In the
mid-seventies, he realised that studies at high
pressures would provide a useful additional too,1
and developed high pressure NMR and ESR
facilities, incorporating a few ingenious
experimental ideas. These investigations, which'
were contemporary even by wond standards, won
for him the Shanti Swarup Bhatnagar Award for
physical sciences in 1982. He had been elected a
Fellow of the Academy in 1978.

His careful experiments, using equipment
built in the laboratory, required team effort and
Srinivasan trained many good students. He was
perhaps not tolerant of performances which did
not come up to his expectations. He recognised
the fact that young students are attracted
towards theory rather than experimental work in
universities and colleges due to a dearth of
experimental facilities even for demonstration
experiments and laboratory classes, let alone
research. He strongly felt that in condensed
matter physics as in several other areas, g<;)Qd
results can come only by a happy combination
of experiment and theory. The Academy has lost
a potentially great scientist, particularly in
experimental physics.
Srinivasan is survived by his wife and two
daughters.

Nanasaheb Ramji Tawde died on December
25, 1984 at his residence in Aurangabad. He was
born on January 15, 1898 in a fartning family of
Malvan. He came up the hard way through
school and college at Bombay and went on to
King's College, london to obtain his PhD., under
the guidance of Dr R C Johnson of the
University of london in 1934. On his return to
India, he joined the Bombay Educational Service
and worked in various capacities and retired in
1953 as Professor and Head of the Department
of ~hysics at the (Royal) Institute of Science,
Bombay. After his retirement, he joined the
Karnatak University, Dharwad where he was
responsible for establishing the Department of
Physics and where he served as Professor and
Head of the Department till 1964, when he was
appointed, as Vice-Chancel/or of Marathwada
University, Aurangabad, which post he held with
distinction till 1971. Even after he retired as ViceChancellor he continued to take interest in its
academic activities till almost 1978.
The main thrust of Dr N R Tawde's research
contributions is in the area of determinations of
transition probabilities and Franck-Condo,n factors
of diatomic molecules. He was one of the
pioneers in establishing spectroscopic research in
the country. He studied many diatomic molecules
and the main amongst them are C2, CH, OH, AIO,
BeO, CN and N2 which are of importance in astral
and combustion studies.
In addition to being a good researcher, he had
a flair for tackling problems of education and
administration and contributed Significantly to the
cause of higher education. He was a Fellow of the
Indian Academy of Sciences, and President of the
Physics Section of the Science Congress in 1953.
Dr Tawde was a man known for his poise and
human qualities. His death is a great loss to his
family, his former students and the scientific
community.
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li5t of papers published in Proceedings - Plant Sciences
I~~' 1977 to December 1984
Volume 86 (1977)
A new approach to the classlflcatJOn of angiosperm
embryos; K Penasamy Genetically controlled chromosome
numerical mosaicism in pearl millet ; J VPantulu and
G I Narasimha Rao. Contribution to the embryology of
Melamp yru m Pratense l; 0 Ra/u and Govindappa 0 Areka/.
Nature of resistance In ri ce (Oryza sativa L) to th e root-knot
nematode (Me/oldogyne graminlcola Golden and
Birchfield). II. Mechanisms or resistance ; Rabindra Narayan
l ena and YSeshaglfl Rao. life tabl e stud ies and intrinSIC rate
of increase of Agathls unlco/orata (Shenefelt)
(Hymenoptera : Braconidae); R 0 Chundurwar. Typology and
distributional pattern_of fohar sclereids In Plethlandra
Hook f Melastomataceae); T Ananda Rao an d J Bhattacharya.
Catalase and pero;..ldase in leaves of Iron defiCient plants;

S CAgarwa/a and N R Mehrotra. The typology of foliar
sclereids in taxonomic problems of the MonosterOideae of
the Araceae; T Ananda Rao. A review of the genus
Enteropogon Nees (Gramlneae); K K N Nai r, SKJam and
M PNayar. Nature of resistance In rice (Oryza sativa L) to
the root-knot nematode (Me/oldogyn e gramlnico/a Golden
and Birchfield) II. Histopathology of nematode infection in
rice varieties; Rabindra Nara yan Jena and Y Seshaglfl Rao.
Multiple carpel mutants in pearl millet; VManga. Studies in
Geraniale: 1. Th e no dal organization; Ashok Kumar.
Gametophytlc abnormalities in a triplOid fern
Hypodematium cerenatum (Fo rsk.) Kuhn; 0 S Loyal, P Palk
and G Tlwana Alachlor: A new potent antitranspirant on
maize plants; MSantakuman, CSReddy and VSRama Oas
Studies on th e soi l fungi of Iraq; A LS Ismail and
SamirKAbdullah Cytomorphological studies in the genus
He/ianthus I. Karyotype studies In the dI plOid species;
RSRam akanth an d ASeetharam. Morp hology, anatomy an d
development of the midrib galls on the leaflets of Lannea
coramandellca (Hou lt.) Merrill (Anacardlaceae) cause d by
OdmaJlp/osis Odinae Mani (Diptera); A Raman and
COevadas Studies on the development of Commeilna
bengha/enS/5 L I. Zygote to globular proembryo ;
K K Lakshmanan Some aspects of the morphology of the
ovule and seed of Costus ma/ortleanus (Zlnglberaceae);
loseKMangaly and KSworrupanandan. The aIm and scope
of plant morphology-I ; K Penaswamy and B G LSwamy. A
contributIOn to the embryology of Clrrhopetahum
i:mbnatum lindl ; KG Ekanthappa and Govlndappa 0 Areka/.
Eilect of metabolic inhibitors on growth, heterocyst
frequency and spore formation In a blue-green alga,

WestiellopSlS Iyengarii; NTChellappa, VNRRao and
GRagothaman. Effect of inoculum co ncentration, age and
degree of susceptibility of the host on bacterial leaf streak
development; CSeshagiri Rao and SOevadath. The effect of
added salt on competition between two ecotypes of
q nodon dadylon(Ll Pers; U Gupta and PSRamakrishnan.
Studies in lamiaceae I Th e node; M LGupta and
SBhambie. The female gametophyte in two Indian genera
oi Tnstichoideae (Pod ostemaceae) - A reinvestigation ,
GDArekal and CRNagendran . Cytological study of
Tniobachne cookei (Stapf) Schenck ex Henr. (Tribe
M ..r.·deae); J Venkateswarlu, Panuganti N Rao and
DS:"arayana. Development of seed in Rhynchosia, CaJanus
;nd A :y/osia (Subtnb e Cajaneae); H M Behl and B Tl agi.
bpoenmental androgenesIs in plants-A review; BCAcharya
.rd \.'VRamJi. Anatomical studies in Crota/aria and
Tepf>'osia species. Vasculature of flower; Arvlnder. Kaur .
'-:a-a."g. Dehydrogenases and isocitrate lyase activity dUring
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pollen germinatIOn in Calotropls procera; CPMallk and
M B Singh. Studies in Bignoniaceae I. N odal anatomy ;
OKJaln. Foliar epidermis and ontogeny of stomata In
EcbollUm hnneanum Kurz ; B Kannab lran Ho\cosorus
Moore-A new fern genus record for the Indian region;
R 0 DIXIt and N C Nair. Presence of Azotobacter in rplatlon to
phYSico-chemical properties of some North Indian soils;
ROGupta, KKJah, ASSethi and GSSaharan. Establishment
and surVival of Spmllum Itpoferum; V Lakshml,

A Satyanarayana Rao, KVIJayalakshmi, M Lakshml-Kuman,
K VB R Tliak and N 5Subba' Rao.

Volume 87 (1978)
Studies on Cyelotella meneghlnlana Kutz-IV. Progessive
diminutIOn in cell size; V N R Rao. M eiOSIS in diplOid and
tetraploid desynaptlcs of pearl millet; M V Subba Rao.
The embrology of Ximenla americana l ; KSankara Rao and
G Sh/varamiah. Asynapsis and spontaneous ce ntromeric
breakage in an inbred line of Pennlsetum americanum (L.)
leeke: M Knshna Rao and Prasad R K Koduru
Pharmacognostical studies on the root of Oeca/epis
ham litonli Wt. and Am., and companson With Hemldesmus
indlcus (L.) R. Br. ; R CNayar, }K Pattan Shetty, Z Mary and
SN Yoganaraslmhan. Morphology of the fruit and
mechanism of seed dispersal of the fresh water weed

Llmnocharis flava; B K Nayar and KSworupanandan.
Morphological studies In Meliaceae-II. A reinvestigation of
floral anatomy of members of Swietenleae and Trichilieae;
YS Murthy and Sushma Gupta Pollen variability due to
induced polyplOidy and mutagenic treatments in the genus
Crotalana L.; P K Gupta and Rani Gupta. Floral anatomy and
systematic pOSitIOn of Cyrtandrom oea; VSlngh and OKJaln.
Taxonomi c studies on the genus Aulosira Kirchner;
M Anand and R Rengasamy. GynoeCial ontogeny in
Emcostemma littorale Blume; 0 Padmanabhan, 0 Regupathy
and S Pushpa Veni. Sporulation of Pestalova palmarum
Cooke in culture; R N Swamy and K Mani. Putagraivam, a
new genus of the hyphomycetes; C V Subramamdn and
o Jayarama Bhat. A new species of Lobelia linn.
(Campanulaceae) from South India ; K K N Nair. Stomatal
chloroplast number in diplOids and p olyp lolds of
Gossyplum; R Knshnaswami and RAndal. Additions to our
knowledge of ru sts (Uredlnales) from Hyderabad (lndla)-III;
P Ramachar, G Bhagyanarayana and Arun Kumar. Two new
speCies of the genus Coe/ogyme lind!. ; 5 KJaln and
Sandhyajyoti Oas. A leaf-clearing technique With a Wid e
range of appli catIOns ; H Y Mohan Ram and Vlla y Laxml
Nayyar. Effect of X-Irradiation on physiological and
morphological variability in Abe/moschus escu/entus (L.) .
Moench; Snnath Rao and Olgamber Rao. Enzymatic studies
on certain frUit-rot fungi-I. Production of ce llul ase In Vitro
and in VIVO; PLaxmlnarayana and S M Reddy. NaCi salinltyinduced changes in stomatal characteristiCS of safflower;
CSaradadevi and G Rajeswara Rao. Embryological studies in
the Composite Astereae-II; H PSharma and Y 5 Murthy.
Cultivation of Mentha citrata Ehrh in Burdwan Di stri ct, West
Bengal ; M LGhosh and SK ChatterJee. Change in
chromosome concept; A KSharma. Foli ar sclerelds in
Rhlzophora L. and th ei r taxonomic implications;. T Ananda
Rao, Ja ysri Bhattacharya and J COas. Taxonomic Significance
of foliar sclerelds in Boronla Sm. (Rutaceae); T Ananda Rao
and Jaysri Bhattacharya. Embroyology of Plttospor~ceae-lIl;
LLNarayana and KTSundari. Floral organogenesIs In Cassia
fistula L. (Caesalp iniaceae); V Singh and Sunita Sharma.
.
Electrophoretic and antigenic studies of soluble proteins In

Fasarium Wilt of cotton; RBalasubramanian and
RKalyanasundaram. On the simple leaf galls of Casearia
tomentosa Roxb., (Samydaceae) induced by Gynaikothrips
flaviantennatus Moulton (Thysanoptera: Phlaeothripldae);
A Raman, TN Ananthakrishnan and SSwam inathan. Mortar
and plastic responses of pure and mixed populations of
wheat and ChenopodIUm album l. at two levels of
nutrition; Promila Kapoor and f>S Ramakrtshnan. Effect of
gibberelliC aCid on the growth of main shoot and axillary
branches in Calendula ofliCinalis; H Y Mohan Ram and Usha
Mehta. Control of apple scab (Venturia maequal/s (Cooke)
Winter) in the Kashmir valley using captafol and residues
of the fungicide in fruits: V Agn/hothrudu, M S Mlthyantha,
SCTripathi and Suresh Kumar. Nodal anatomy in Tnfolieae;
Mohtn/ Gupta and YS Murty. Studies on the developmental
anatomy of Ranales 111- Apical organization and dormancy
In roots; K Y Kavathekar and A PtIlal. Effect of morphactlll on
the heteroblastic development and the floral
morphogenesis in LycopefSlcon escu/entum; VKJain and
D MukherJee. Non-symbiotic nitrogen f,Xlllg bactena in the
rhizosphere of wheat, maize and sorghum; SK Kav/mandan,
M Lakshmi Kumari and N S Subba Rao. Seed-borne nature of
sclerospora sorghi on sorghum; M K Kavertappa and
K M Safeeulla. Vertical profiles of spore concentrations
Within and above a sugarcane crop; CSubba Redd/,
VRamakrishna and TSreeramu/u. Correlation of endogenous
cytokinins with apical dominance in response to
morphactin in soybean (Glycine Max. l); I SDua, K KJtndal,
L/ Srivastava, CL Dinabandhoo, J R Thakur and Rlain. The aim
and scope of plant morphology-II; K Penasamy and
B G L Swamy. A further investigation of the morphology of
vessels in Marsi/ea; DSLoyal and Harmohinder Stngh.
Cytological investigations in back-crosses and
amphidiploids in HibusCU5 (LJ species; R C Patil and
M VThombre. A cytological study of some grasses from
Orissa, an eastern coastal belt of India; CBSRSharma,
B N Behera and S K Dash.

Volume 88 (1979)
Strains of FusarIUm vasinfectum VI. PathogeniCity and m
vivo production of pathogen factors; C Lakshminaraslmham
and RKalyanasundaram. Physiology of pathogenesis of
potato blight caused by Altemarla so/ani (Ell. and Martlll)
Jones and Grout; SKGhosh and PDGemwat.
Hisopathological studies on ragi (Eleustne coracana (l)
Gaertn) infected by Sclerophthora macrospora (Sacc.)
Thirum., Shaw and Naras; SRaghavendra and K M Safeeulla.
In vivo fungicide tolerance and pathogeniCity of some
fungicide adapted isolates of He/minthosporium oryzae i
J PRama and PKSen Gupta. Pentosans of fillger millet;
Geeta Ramachandra and PVincent Monteiro.
Pharmacognostic studies on Dillenia indica Linn. 1 leaf;
Usha Shome, R K Khanna and H PSharma. Pollen
morphology in diploid species of Crota/aria L; PK Gupta
and Rani Gupta. Vascular anatomy of the flower of Grewia
tenax (Fersk) Flori; B M Joshi and N K DWlvedi. The floral
anatomy of Trichopus zeylancus Gaertn.; N N Kale and
R M Pai. Influence of phorate and iron nutrition on plant
growth, mineral composition and seed yield of okra
(Abelmoschus escu/entus (U Moench); M SSaimbh"
5 PJaiswal, K SNandpuri and A C Vlg. Effect of time of
inoculation and light conditions on the susceptibility of
Capsicum pendulum to potato virus X: Hari 0 Agarwal,
A NPurohit and MDUpadhya. Seed protein analysis and
meiotic studies In cultivars of Indian barley; Shyama Baksi~anyal and Archana Sharma. Seed and seedling morphology
of two species of Euphorbia (Euphorbiaceae);
JoseKMangaly, KSwarupanandan and PVMadhusoodan.
Epidemiology of sorghum downy mildew. II. Circandian
and seasonal periodicities in conidia and oospores;
M M Shenoi and A Ramallngam. On the developmental
morphology of the leaf fold galls of Maytenus senegalensis
(Lam) Excel!. (Celastraceae), induced by Alcothrips
hadrocerus (Karnyl (Thysanoptera: Insecta); A Raman and
TN Ananth'akrishnan. Leakage of electrolytes in chilli fruits
infected With Collectotrichum capsici; VThirupathaiah and
DSubramanian. Recognition and rejection phenomena

dUring pollen-pistil IIlteraction; K RShivanna. Isolation of
intact mesophyll cells from the leaves of higher plants;
G Rajendrudu, I Madhusudana Rao, AS Raghavendra and
VSRama Das. Morphology and development of folIar
epidermiS in Stylosanthes frutlcosa (Retz.) Alston (Syn.
SMucronata Wtlld.); B Kannablfan. Comparative typology
and taxonomic value of foliar sclereids in Hibbert,a Andr.
(Dillenlaceae); T Ananda Rao and Sllpl Das. Elemental
concentration in fruits and leaves of chicku and mango
under natural environmental conditions; SR Rao. Floral
organogenesis in Antlfrhlllum malus (Scrophulariaceael;
VSlIlgh and D KJalll. Chemotaxonomic studies In Cynodon
dactylon (L.) Pers. Complex I. Data on free amino acids,
soluble sugars, acid invertase activity and total proteins;
S K Sachdeva and M 5 Bhatia. Taxonomic and morphoanatomical studies on variegated plants. I: Polycias
balfounana Batley (Araliaceae); Sultana Jafri (Nee R,zvj).
Anatomical features of stem in relation to quality and Yield
factors in Saccharum clones; K VBhagya/akshml and
SSNarayanan. Lentibulariaceae 11. rhe development of
endosperm and embryo in Utriculana corn uta Mixch.;
Saeed A Siddiqui. Morphohistogenic and anatomical studies
in garlic: Phloem; I L Kothari. Radiation induced methyleugenol deficient mutant of Cymbopogon flexuosus (Nees
ex Steud) Wats; D K Choudhary and B L Kaul. Studies in
Cyperaceae: XVI. Novelties in Cyperus Linn. and their
vegetative anatomy; EGovllldaraja/u. Mating behaviour in
the homosporous fern, Cyclosorus parasiticus (Linn.)
Tardieu; PBKhare and SKaur. Influence of nitrogen
fertilisation on the incidence of sheath rot disease of
paddy; R Mohan and CLSubramanian. The genus
COll/ogramme Fee in India; R D Dixit and Anjall Das. Leaf
epidermis in some species of AsplenIUm L.; Prakash
Chandra. Morphological nature of floral cup in Lauraceae;
S Pal. The comparative morphology of the Alangiaceae VI.
On the foliar anatomy of two new species of AlangiuJn ;
EGovmdaraja/u. Salt induced anatomical changes in the
leaves of pigeon pea (Calanus indicus Spreng.) and cluster
bean (Cyamopsis tetragonoloba (L) Taub.); C Cururaja Rao,
B Victoria Rose and G Rajeswara Rao. Sex reversal in the
female plants of Cannabis sativa by cobalt ion; H Y Mohan
Ram and Rina Sett. Histological dynamics of anther tapetum
in Heuchera micrantha; M R Vljayaraghavan and Sharada
Ratnaparkhi. malleo/a andamanica Balakr. and Bhargava
(Orchidaceae) - A new species from Andaman Islands;
N P Balakrishnan and N Bhargava. Cytogenetic studies in
Papaver somnderum L.; B L Kau/, Veena Tandon and
D K Choudhary. A new species of the genus Garnotla
Brongn. (Poaceae) from Burma; Ved Prakash and SKJam.
Typology of foliar tracheoids in angiosperms; T Ananda Rao
and Silpi Das. Taxonomic value of trichomes in Vernonia
Schreb. (Asteraceae); B M Narayana. Inoculum potential,
disease development and penetration of host by Alternaria
triticma. InCitant of leaf blight of wheat; CS K Vljaya Kumar
and AS Rao. Effect of some antialgal chemicals on growth
of Sttgeodonium tenue Kutz. in laboratory cultures;
VNRRao and PJerome Mananar. Sulphur amino acids and
free amino acids in cotyledons of germinated seedlings of
A/blzzia lebbeck Benth exposed to different light
intensities; Prem Gupta and D Mukherjee. Studies in
Blgnonlaceae VI. Floral anatomy; D KJain and VSingh.
Trichomes in Trifolieae II Mohini Cupta. Physiological
changes associated with gall formation in Pongamia
pinnata, Djospyros me/anoxylon and Argeria chosiana;
PGopa/a Rao and K Mallikarjuna Shoot apical organisation
and ontogeny of vegetative axillary buds in Indian teak;
K Unnikrishnan, JJ Shah and J D Patel. Changes in pigment
composition during a GymnodinIUm bloom in the
Brahmsarovar tank at Kurukshetra; RameshKSardana and
RS Mehrotra. On foliar sclereids in the Nymphaeaceae sensu
lato and their use in familial classification; T Ananda Rao
and B CBanerjee. Nature of the inorganic fraction of soil
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