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54th Annual
Meeting
At the invitation of the Indian Association for
the Cultivation of Science, Calcutta, the
Academy held its 54th Annual Meeting at the
lACS on Monday 31 October and Tuesday 1
November 1988.
The meeting began with the inaugural function
in the Mahendra Lal Sircar Hall of the lACS at
09.30 hours on Monday 31 October. After a brief
welcome speech by Prof. A K Barua, Chairman,
Local Organising Committee and Director, lACS,
Professor Obaid Siddiqi introduced the new
Fellows and Associates present.
Prof. Siddiqi in his Presidential address spoke
of Raman's attitude to science, quoting extensively
from his speeches and writings. He spoke of how
Raman believed that science was the highest of
creative arts and how desire to achieve and not
achievement is what makes life worthwhile.
Speaking of the Indian scientific scene today, he
stressed the need to raise and discuss the question
of quality and excellence in science and whether
we have failed in forgetting the spirit of science,
while pursuing big science.

Inaugural function at the IndlDn AssoCIation for the CultIvatIon
of SC Iences, Calcutta, 31 October 1988.

There were twelve lecture presentations by
new Fellows and Associates and a discussion
meeting. The first series of lectures by Fellows and
Associates was held on the morning of 31
October. The first talk was by J Das of the Indian
Institute of Chemical Biology, Calcutta on "Repair
of DNA damage in Vibrio cholerae". Living cells
are continually subjected to deleterious alterations
in their genome, which arise either spontaneously
or by chemical and physical agents and have
adopted several strategies for repairing DNA
damage, some error-proof, others error-prone.
Studies on DNA repair help both in understanding
the repair mechanism and in developing the
genetics of such organisms.
This was followed by a talk by MRS Rao,
Indian Institute of Science, Bangalore on " Meiotic
chromatin". The last talk in the forenoon was by
Chitra Sarkar of the All India Institute of Medical
Sciences, New Delhi on " Recent developments
in neuro-oncology". The introduction of
sophisticated imaging techniques like CAT, NM~
and PET scans and an improved understanding of
the biological behaviour of tumours have resulted
in much better modes of therapy and
prognostication. She described her work on
pituitary adenomas, using modern methods of
detection and diagnosis.
There were two lectures in the afternoon, the
first by S C Dutta Roy of the Indian Institute of
Technology, New Delhi on "Some recent
advances in digital differentiators" and the second
by M S Gopinathan, Indian Institute of
Technology, Madras on " Quantum mechanics
and chemical valency". Dutta Roy spoke of the
new class of digital differentiators, based on
maximal linearity at a specific frequency as the
criterion, which are superior to those based on
minimal relative error criterion, for restricted
ranges of frequency in the low, middle and high
frequency bands. M S Gopinathan spoke of how
the concept of valency has been recently

quantified in terms of the density matrix and
of how this quantum chemical formulation of
valency has become a powerful concept in
the study of the structure and energetics of
molecules.
The Business Meeting of the Fellows was
he\d at 1 GOO hrs.
The evening lecture that day was given by
D P Chattopadhyaya of the Indian Council of
Philosophical Research, New Delhi on
'''Science, technology and their human roots".
The second series of lecture presentations
was given on the morning of Tuesday 1
November. The first talk was by D D Sarma of
the Indian Institute of Science, Bangalore on
'IThe electronic structure of high Tc cuprates".
This was followed by a talk on "Clays:
Nature's gift to the chemist" by P K Ghosh of
the Alchemie Research Centre, Thane. He
spoke of certain types of clays such as the
smectites, which can be bestowed with a
variety of physical and chemical properties
by altering the nature of exchangeable
cations.
Dipankar Home of the Bose Institute,
Calcutta spoke on "Foundations of quantum
mechanics: open questions and new
challenges". He mentioned the recent
increased interest in the foundations of
quantum theory, with special emphasis on
certain non-local phenomena which defy
normal intuition but. are nevertheless
experimentally testable. New tests, including
some suggested by Home and his colleagues,
hold out the promise of either improving our
understanding of quantum phenomena or
revealing the limits of the present formalism.
He was followed by Rahul Pandit of the
Indian Institute of Science, Bangalore on "The
statistical mechanics of microemulsions".
The last talk in the forenoon was by N
Panchapakesan of the University of Delhi,
Delhi on "Distwbing the de-Sitter Universe".
He described the research carried out by him
and his colleagues on the oscillations of what
is called the de-Sitter universe. This
cosmological model was long thought to be
unrealistic but recent developments in particle
physics make it attractive as a possible
precursor to the universe we see today. A test
of this idea is to search for gravitational
waves which would represent the fossil
remnants of damped oscillations occurring in
de-Sitter era.

The last two lecture presentations in the
afternoon of 1 November were by D
Mukhopadhyay, Indian School of Mines,
Dhanbad on "Proterozoic chronology and
evolution of the Sing,hbhum region, eastern
India" and by G Sundararajan, Defence
Metallurgical Research Laboratory, Hyderabad

on "Materia\ detmmation at hi~h strain rates"
Mu'Knopaanyay snovveo fua\ fue mam
evolutionary process of the North Singhbhum
mobile belt took place during early to middle
proterozoic time, 1.4 to 1.7 Ga ago, while the
Singhbhum granite massif was established as a
stable microcontinent 3.2 Ga ago in the late
Archaean or early Proterozoic period.
The Discussion Meeting on "India's Nuclear.
Energy Programme" was held in the afternoon
of 1 November, with R Rajaraman of the Indian
Institute of Science, Bangalore, as the
moderator. Initiating the discussion meeting, he
emphasized the importance of more active
participation by the mainstream of scientific
community in the debate on the deSirability and
safety of nuclear energy. This, he said, is the
only way that an educated and scientific
consensuS can evolve on this controversial and
important issue. K. Sri Ram, Indian Institute of
Technology, Kanpur, gave his independent
assessment of the engineering safety aspects of
our reactors stressing the danger of human
errors and the need for more rigorous training
of reactor personnel. He spoke of how public
confidence can be created only by a full
knowledge on their part of all aspects of the
nuclear fuel cycle at all stages from ore
extraction and fuel fabrication to the operation
of nuclear reactors and power plants and the
processin~ and disposal of wastes.
5 D Soman, Director, Health & Safety,
Bhabha Atomic Research Centre, Bombay and
S K Chatterjee, Director (Engineering) of the
Nuclear Power Corporation, spoke next, giving
the DAE viewpoint on the safety and economics
of our reactor programme. So man spoke of the
safety experience in various nuclear power
reactors as well as in other parts of the nuclear
fuel cycfe and stressed that the technological
knowhow existing today is capable of handling
this probiem adequately:
The last speaker was A K N Reddy, Indian
Institute of Science, Bangalore, whose talk was
on "Is nuclear power necessary? Is it
economical?" He argued that whatever energy
deficit:> were antiCipated for the country should
be first met by careful energy conservation
measures, before embarking on a massive
expansion of the nuclear programme.

The talks were followed by a vigorous open
discussion from the floor, in which several
scientists took part.
Th e evening lecture that day was by
S Chandrasekhar, Raman Research Institute,
Bangafore, on "Recent advances in the physics
of liquid crystals". He described the rich variety
of phases and phase transitions exhibited by
liquid-crystalline systems and outlined the
significance of these transformations in the light
of modern concepts in condensed matter
physics. He also touched briefly on some
aspects of the conti nuum mechanics of liquid
crystals and reported observations of new
phenomena which, although predicted by the
continuum theory, had eluded experimentaiists
for many years.
The meeting came to a close with
concluding remarks by the President.
Th e Academy is grateful to the Indian
Association for the Cultivation of Science and
to the Local Organising Committee, particularly
Prof. A K Barua, for the excellent organisation
of the Annual Meeting, and to Prof. R
Rajaraman for organising the discussion meeting.
The 54th Annual Meeting was attended by

114 Fellows and 19 Associates. The group
photograph taken on the occasion is
reproduced on pages 14 and 15.

Raman Centenary
Celebrations
1988 was the birth centenary of Professor
C V Raman. It also marked the diamond jubilee
of the discovery of the Raman Effect. The Indian
Association for the Cultivation of Science,
Calcutta, where Professor Raman worked from
1907 to 1934 and discovered the Raman Effect
in 1928, was entrusted with the task of
celebrating both events by the National
Committee for the Celebration of the Raman
Birth Centenary.
The Raman centenary celebration was
formally inaugurated on 2 November by the
Prime Minister Sri Rajiv Gandhi at.lACS,
Calcutta. Prof. S Nurul Hassan, Governor of
West Bengal, presided. After brief remarks by
Prof. C N R Rao, Chairman, National
Committee, Prof. 0 Siddiqi, President, Indian
Academy of Sciences, Prof. A S Paintal,
President, Indian National Science Academy,
and Prof. Nurul Hassan, Sri Rajiv Gandhi gave
his inaugural address. The unveiling of the
bronze bust of Prof. C V Raman fo llowed. The
official biography of Prof. Raman, "Journey into
Li ght" by G Venkataraman and six vo lumes of
the scientific papers of C V Raman, both
specially published for the occasion, were
released by the Prime Minister. A national
monument in memory of Prof. Raman to be
installed at 210, Bow Bazar Street, the original
location of the Indian Association for the
Cultivation of Science, was next dedicated by
the Prime Minister.
This was followed by the presentation of
Raman Centenary Medals to 35 of Prof. Raman's
students and associates. The function was
attended by about 2500 scientists and others.
A lecture on "The Life and Work of C V
Raman" was delivered by Prof. S Ramaseshan at
the lACS on the morning of 2 November 1988.
The text of the talk is reproduced in fu ll in this
issue.
An International Conference on Raman
Spectroscopy was he1d from November 2 to 6 at
the lACS, Calcutta. A brief account of the
Conference appears in this issue.

Optics kit.

An extremely imaginative exhibition on the life
and work of Professor Raman was organised by
the Birla Industrial and Technological Museum, in
association with the Raman Research Institute and

the National Council of Science Museums. The
exhibition was held simultaneously in Calcutta
and Bangalore from 7 November to 6
December 1988. The exhibits w ill be taken later
to va rious parts of the country.
At th e formal inauguration of the exhibition at
the Visvesvaraya Industrial and Technological
Museum in Bangalore on 7 November 1988, an
optics kit, " Lite Lab", sponsored by the Indian
Petrochemicals Corporation and the National
Council of Science Museums and produced by
the Dynam Engineering Corporation, Bangalore,
was formally released by Prof. C N R Rao. Optics,
the science of light, was an early and recurring
theme in Raman's scientific work. To bring out
the many instructive and beautiful optical effects
which can be easily demonstrated or observed in
our surroundings, the Raman Research Institute
(S ubhash Karbelkar and Rajaram Nityanandal
developed this simple kit, confident that it would
make the subject of optics come alive for all those
with the interest and curiosity, especially the
young.
On November 7, 1988 Sri Lawrence
Fernandes, M ayor of Bangalore, formally renamed
the old Tumkur Road, from M ekhri Circle to
Yashwantpur, past the Raman Research Institute
and the Indian Institute of Science,
tIC V Raman Avenue". A formal function was
arranged in the campus of the Indian Institute of
Science on this occasion.
To commemorate Raman's contributions to
acoustics, a special symposium was held at the
Indian Institute of Science, Bangalore, from 25 to
28 October 1988, to co incide with the annual
meeting of the Acoustical Society of India. The
symposium covered various themes from musical
and physical acoustics to biomedical, geo- and
aero-acoustics, and their chemical, biological and
engineering applications. The symposi um was
attended by over 100 participants from India and
abroad.

jnauguratlon of the Raman Centenary Exhibition at the
Visvesvaraya Industnal and Technological Museum, Bangalore.

A two-day Indo-UK Symposium on
Biomaterials was organised at the Sree Chitra
Tirunal Institute for Medical Sciences and
Technology, Tri vandrum, on 5 and 6 January
1988, as part of th e Raman Centenary
celebrations. The topi cs covered ranged from
transport phenomena and reacti on engineering
in living systems and the development of
transdermal drug delivery systems and vascular
grafts to the chemical modification of pol ymers
for medica l applications, the development of
dental materia ls and dental implants, the
chemistry of bones and the preparation of
titanium prostheses for bone replacement.
A special one-day symposium and exhibition
was arranged at the Indian Institute of Science,
Bangalore, o n 10 November 1988, to pay
tribute to Raman, who was the first Indian
Director of the Institute from 1933 to 1937 and
subsequently Professor of Ph ysics from 1937 to
1948. At th e symposium, a group of scientists
spoke on the life and work of Raman, th e
contributions of his school in Bangalore and the
present scope and applications of the Raman
Effect. A special issue of the Journal of the
Indian Institute of Science (Vol. 68, NovemberDecember 1988)" published on the occasion of
the C V Raman Centenary, contains th e texts of
th ese talks, some rare photographs and reprints
of some of Raman 's most significant papers.
A Raman Centenary Symposium on Waves
and Symmetry organised by the Raman
Research Institute was held at the Institute, from
12 to 15 December. A brief account of the
Symposium appears in this iss ue.
A special issue of the Technical Bulletin of
th e National Physical Laboratory was published
on the Birth Centenary of C V Raman. The issue
contains th e text of Professor Raman's lecture
"Fluorochromes" given at NPL on 17 February
1970, articles " Raman Effect and Principle of
Complementarity" by D S Kothari and
" Chandrasekhara Venkata Raman" by A
Jayaraman, and Raman's original paper "A New
Radiation" publish ed in 1928.

The Portrait of a
Scientist
C V Raman
Invited lecture by S Ramaseshan at the
Celebrations to mark the Birth Centenary of
C V Raman and the Diamond Jubilee of the
discovery of the Raman Effect, held at the
lACS, Calcutta, on 2 November 1988.

When one thinks of Indian science at its
best; two names spring foremost to one's mind
- the towering figures of Ramanujan and Raman
- both of whom were born about a hundred
years ago. And when they grew up, they did
things that made the world sit up and take note.
The first was one of the greatest mathematicians
of the world, while the other was an
experimental physicist par excellence, who won
for India the Nobel Prize. When the
mathematicians of the world presented a copy
of Ramanujan's bust to the Indian Academy of
Sciences at Bangalore, the astrophysicist
S Chandrasekhar, incidentally Raman's nephew
and also a Nobel Prize winner, wrote that it
would be "a companion to the bust of Raman,
so that the bust of the greatest physicist of India
could be along with that of the greatest
mathematical genius of our times, who
happened to be an Indian".
Raman's first posting as Assistant AccountantGeneral, when he was just eighteen, was in
Calcutta, then the capital of the Indian
Dominion. Within a few days of his reaching
Calcutta, on his way to work one morning he
saw a sign "Indian Association for the
Cultivation of Science". It was then at 210,
Bowbazar Street. That evening while going back
from work he sauntered in to find out what it
was. It was just being locked up by Ashutosh
Dey, subsequently known to all as Ashu Babu,
who was destined to spend twentyfive years as
Raman's assistant and the gentle tyrant ruling
over his laboratory with an iron hand. Raman
was told that Mahendra Lal 5ircar had
established this Institution in 1876 but that it had
not prospered too well. Just before his death
Mahendra Lal had said: "Younger men must
come and step into my shoes and make it into
a great place".
When Amrita Lal Sircar, the Secretary of the
Association, met Raman, he knew that the
young man his uncle had dreamt of had at last

arrived. 50 he handed him the keys permitting
him the free use of the laboratory. Raman
wasted no time in starting serious scientific
research. He had a 10 a.m. to 5 p.m. job in the
Finance Department and so work at the
Association was always after "office" hours,
going late into the night. In one paper Raman
thanks his assistants "for their working during
hours when few institutions, if any, would even
have remained open". He made that dying
dream of Mahendra Lal Sircar a reality and the
Association a great centre of research.
1. Early life
C V Raman was a phenomenon. He had the
eye of an artist and vision of a poet. He could
laugh like a child and rage like one possessed.
When his intution was at its best few could
match him. He was for ever in the centre of a
storm, which was usually generated by himself.
He had elements in him which could easily
make him into a mythical figure. But I shall try
my best in this presentation to avoid doing this.
For Raman was really a man of flesh and blood.
I shall try to paint him (as Cromwell told his
portrayer to do) "with pimples, warts and
everything" .
There was no denying that there was
some magic about Raman. He finishes school
at 11 by which time he has read the popular
lectures of Tyndall, Michael Faraday and von
Helmholtz. He joins the Presidency College
Madras at 13, and is immediately spotted by
his teachers, who exempt him from attending
normal lectures. He spends much of his time
in the library consuming Lord Rayleigh's
scientific papers, and bicycles twice a week
to the Connemara Library several miles away,
to read the latest scientific journals. He
learns from Helmholtz's Sensations of Tone
what research really means, and ventures
boldly into experimental research in a college
laboratory which has had no previous tradition
for research in physics. He works on acoustics
and optics, and publishes original papers in
the Philosophical Magazine and Nature. He
corresponds with Lord Rayleigh who was then
the President of the Royal Society. To earn a
living when he finishes college, he sits for the
Financial Civil Service Examination and tops
the list. He arranges his own marriage with
Lokasundari who is about 13 years old. He is
appointed Assistant Accountant General in
1907 and is posted to far-off Calcutta,
Nagpur, and Rangoon in Burma, where he
earns a name in the Finance Department as
one of its finest officers. In fact he
acquires a reputation that he may even

become the first Indian Member for Finance in
the Viceroy's Council. Sir C D Deshmukh, the
first Governor of the Reserve Bank of India, said
that its starting was based on a paper initiated
by Raman in those early days. All this was
incidental to him.

2. His motivations
But during those ten years 1907-1917 - rain
or shine, Nagpur or Rangoon - he did
experimental research at home under the most
adverse and trying conditions or at the
Association when he was in Calcutta. Colonial
India was noticed by the scientific world
because of his activities. The Vice-Chancellor of
the Calcutta University Dr Asutosh Mookerji the Tiger of Bengal - also noticed him and
suggested he leave government service to join
the University as a professor. To the horror of
some and the amazement of all, Raman accepts
the professorship on a salary of about half of
what he was getting.
What were the motivations of this strange
man? He wrote a few years later:
"In my case strangely enough it was not the
love of science, nor the love of nature" (both
of which he had in abundance) "but an abstract
idealisation, the belief in the value of the
Human Spirit and the virtue of Human
Endeavour and Achievement. When I read
Edwin Arnold's classic The Light of Asia, I was
moved by the story of the Buddha's great
renunciation, of his search for truth, and of his
final enlightenment. It showed me that the
capacity for renunciation in the pursuit of
exalted aims is the very essence of human
greatness" .

3. Lokasundari Raman
But before I start seriously on Raman himself
let me pay tribute to one without whom he
might not have done half the remarkable things
he did in science. I refer to his wife - the
gracious Lokasundari Raman.
We were all, in a sense, not sorry that he
died before her; for what would he have done
without her? Her devotion to him was what we
read of in our epics. But she was a tough
character, yes, she had to be tough to be his
wife. She was never afraid of telling him when
he was wrong and was ever advising him on
what he should not do or have done. She had,
by choice, married a hurricane, whith she did
try to keep under control for 63 years but never
really managed. And when the hurricane died
she was left all alone.

4. Some attitudes
Raman was typically an Indian, he never
gave up his old traditional hairdo. In public he
always sported a turban. "How else" he
quipped "could Lord Rutherford have
recognised me in that crowded Cavendish
lecture hall?" Unlike most Indians, he was not
at all superstitious and he despised rituals. On
the night of his death, his wife asked him to
take the name of God. He was dying but he
said "I believe only in the Spirit of Man" and
talked of the Mahatma, the Christ and the
Buddha and then made a request "Just a clean
and simple cremation for me, no mumbojumbo, please".

5. The Raman Effect
The discovery of the Raman Effect is a saga
of a single-minded man pursuing the holy grail
with a stamina and persistence never before or
since seen in this country. On his first voyage
to Europe in 1921, the visual beauty of the
Mediterranean bewitched him. Lord Rayleigh
was of the view that this blue was due to the
reflection of the sky in the water. Raman
disproved it by a simple experiment he did on
board the ship. He quenched the sky's
reflection with a nicol prism at the Brewster
angle and found that the blue colour "far from
being impoverished by 'suppression of the sky
reflection was wonderfully improved thereby".
He showed thus that the blue is due to
molecular scattering and established
quantitatively that the Smoluchowski-Einstein
fluctuations were its basic cause. He then wrote
the celebrated monograph The Molecular
Oiffraction of Light in 1922.
From a thought experiment, imagining ~
scattering to take place in a black body
enclosure, he obtained the result that Rayleigh
scattering must be a discontinuous process
caused by photon collisions. He argued how
this can be reconciled with Maxwell's
electromagnetic equations and ended by saying:
"Rather the Maxwell's field equations must be
altered to introduce the quantum of action". A
concise statement of the basic goal of quantum
electrodynamics, to be developed much later
by Dirac, Heisenberg and Pauli. Max Born told
Nagendra Nath later: "It was astounding to
know that Raman realised as early as 1922 that
the field equations themselves have to be
quantized". No wonder Born stated: "Raman's
mind leaps over mathematics".
Intuitively Raman concluded that the
interaction of the photon with a molecule

must reveal itself by a change in colour. Even
the first experiment (with K R Ramanathan) in
1923, using sunlight passed through a colour
filter and observing the scattered light track with
a complementary filter, revealed this change of
colour. Ramanathan thought that this "weak
f1uoroscence" was caused by impurities. Raman
refused to accept this impurity hypothesis as the
track exhibited polarisation. In 1925, the attempt
to record the spectrum of this "weak
f1uoroscence" track by S Venkateswaran failed.
A European scientist visiting the California
Institute of Technology related that he met a
scientist from India who imagined that he was
going to discover a quantum effect in light
scattering which would win for India the Nobel
Prize. "I thought that he was crazy. The
incredible thing is that this man does make the
discovery and does get the Nobel Prize six years
laterl"
In 1925 Raman writes to G D Birla, the
industrialist and friend of Gandhi, that he needs
money for an instrument called a spectrograph:
"If I have it, I think I can get the Nobel Prize
for India".
Raman gave a novel derivation for the
Compton Effect formula. He concluded that
there must be an optical analogue in which a
quantum of radiation can be absorbed in part
and scattered in part.
In December 1927, the so-called polarised
"weak fluorescence" was observed again in
pure glycerine with greater intensity by
S Venkateswaran, who nOw had a job in the
Alipore Test House and so was only a parttime worker at the Association. Raman had
picked up the scent again and wished to
resume the chase. He now had a larger lens,
which would double the incident intensity and
he wanted someone to use the winter sun of
Calcutta (with its cloudless sky) all the time for
the experiment. So he persuaded his best
student K S Krishnan, who had been doing
only theory for the previous three years, to
come back to experiment. Krishnan starts to
work on the 29th or 30th of January 1928,
and according to his diary, Raman and he
work together continuously and detect the
polarised "weak fluorescence" in all the
liquids, gases and solids they examined. A
later entry says: "Professor suddenly came to
our house at 9 p.m. He came to tell me what
we had observed must be the KramersHeisenberg effect that we had been looking
for all these years. We decided to call it
'modified scattering' ".

On February 28th, Raman examined the
scattered track with a direct vision
spectroscope and found that the classical and
modified scattering appear in the spectrum as
separate regions with a distinct dark region in
between them, a clear demonstration of a
change of wavelength in scattering.
Raman was in a state of euphoria, a man
who had at last come to the end of the trail
he had been following for seven years.
Krishnan's diary says: "He ran about the
place, shouting all the time. He asked me to
call everybody in the place to see the effect".
They then used the mercury vapour lamp
and photographed the first ever Raman
spectrum with a Hilger baby quartz
spectrograph, in which, besides the incident
radiation, several other lines were present in
the scattered spectrum. The lecture entitled A
New Radiation was given on the 16th of
March 1928 in Bangalore and was printed in
Indian Journal of Physics on 31 st March 1928.
Three thousand reprints were posted the next
day to all the laboratories of the world 1

6. Sommerfeld's visit to India
Sommerfeld, who shaped theoretical
physics in Germany by the style of his lectures
and his quality as a teacher, visited India in
1928, on his way to the United States of
America. On October 4th 1928 Raman and
Krishnan showed him the experimental
verification of Sommerfeld's formula for the
propagation of radio waves round the earth
using a ball just 1 mm in diameter and light as
the electromagnetic radiation.
On October 6th Sommerfeld says with
great satisfaction: "Saw the Raman Effect
visually; heard a wonderful lecture by Raman.
Saw the Raman Effect in ice, also that we can
see rotation of molecules as Modified
Radiation". So convinced was Sommerfeld of
the reality of the Raman Effect that he
arranged to propose Raman for the Nobel
award. He stated when he left, "India has
suddenly emerged in research as an equal
partner with her European and American
sisters" .
Immediately after the discovery, Raman
went out for a walk along the Hooghly with
S N Bose, the inventor of Bose Statistics, who
was a member of Raman's Physics Department
at the University. Satyen Bose told him: "Prof.
Raman, you have made a great djscovery. You
will surely get the Nobel Prize for it".

7. The Nobel Ceremony
In 1930 Raman was awarded the Nobel
Prize. Amongst those who nominated him were
Lord Rutherford, Niels Bohr, Louis de Broglie,
Charles Fabry, Jean Perrin, Eugene Bloch, C T R
Wilson and the Russian scientist Chowlson.
There was one nomination for Raman and
Heisenberg, two for Raman and R W Wood,
and one for Raman, Landsberg and
Mandelstam.
Lady Raman once showed me a copy of a
letter a friend of hers had sent her from the
United States, a letter written by the Charge
d'affaires of the US in Sweden to the US
Secretary of State in Washington, reporting on
the 1930 Nobel Ceremony in which two US
citizens had also been awarded the Nobel Prize
- Sinclair Lewis for literature and Carl
Landsteiner for physiology and medicine. I
wou Id like to read out a part of it:

"Of all the prize winners, the day was easily
carried, however, by Sir Venkata Raman, the
Indian prize winner, who upon returning to his
seat on the platform, after receiving his prize
from the hands of the King, was visibly moved
by his emotion and sat with tears streaming
down his face".
Raman confirmed that this was true. "When
the Nobel award was announced I saw it as a
personal triumph, an achievement for me and
my collaborators - a recognition for a very
remarkable discovery, for reaching the goal I
had pursued for 7 years. But when I sat in that
crowded hall and I saw the sea of Western faces
surrounding me, and I, the only Indian, in my
turban and closed coat, it dawned on me that
I was really representing my people and my
country. I felt truly humble when I received the
prize from King Gustav; it was a moment of
great emotion, but I could restrain myself. Then
I turned round and saw the British Union jack
under which I had been sitting and it was then
that I realised that my poor country, India, did
not even have a flag of her own - and it was
this that triggered off my complete breakdown".

Then continues the letter from the US Charge
d' affaires:
"At the banquet that evening Sir Venkata
Raman's speech was a masterpiece of
eloquence, which called forth tremendous
applause from a banquet-weary gathering not
noted for its responsiveness. Less appreciative
was perhaps the B-ritish Ambassador, who
sat one place removed from me, who was
forced to listen with equanimity to

Sir Venkata Raman's reference, brief though it
was, in passing only, to the congratulatory
telegram which he recei\led from "his dearest
(sic) friend who was now in jail".
It is not difficult to guess who that friend was.

8. Raman the speaker
To the Gandhi Memorial Lecture, an annual
feature at his Institute since 1959, Raman
attached much importance. He believed that the
way to pay homage to a person you revere and
love is to give something of yourself something you yourself can do best. Thus his
tributes to the Mahatma, year in and year out,
were in the form of popular lectures in science
- two fields in which he was an acknowledged
master.
I have in my career heard lectures from
many many scientists, from India and abroad.
But Raman in his heyday was perhaps the best.
What made his lectures so gripping? He talked
only of those things about which he felt
intensely or those things which he understood
well or wanted to understand better. He brought
out things in their simplest and their most basic
elements. He made his audiences feel that they
had seen it all too.
His humour was infectious. He made his
audiences roar with laughter. After one such
"performance" (as he called his popular
lectures) he went on about the subject of
humour. liAs someone said, the relationship of
a joker to a joke must be quick and desultory
- as that of a bee to its flowers. He must make
a joke and not harp on it. Like a bee
approaching a flower he probably can buzz a
little, for it is well to announce to a thick-headed
world that a joke is coming or is intended".

9. Raman's styJe of writing
To illustrate his writing style I shall read a
little passage from an essay - which describes
the influence Euclid had on him.
"Not until many years later did I appreciate
the central position of Geometry to all natural
knowledge. I can give a thousand examples.
Every mineral found in Nature, every crystal
made by man, every leaf, flower or fruit that
we see growing, every living thing from the
smallest to the largest that walks on earth, flies
in the air or swims in the waters or lives deep
down on the ocean flOOf, speaks aloud of the
fundamental role of Geometry in Nature. The
pages of Euclid- are like the opening bars in
the Grand Opera of Nature's great drama.
They lift the veil and show to our vision a

glimpse of the vast world of natural knowledge
awaiting study".
In his scientific papers too Raman's style of
writing is confident and stately. He is never
hurried, neither missing a word nor allowing an
unnecessary one to slip in. The mot juste is
always there. With Raman the style is the man
himself.

10. The controversy over lattice dynamics

t shall now briefly touch upon the painful
controversy between Raman and Max Born two physicists who were once great friends.
Max Born had written a monumental paper on
lattice dynamics. It was a work of art, looked
upon with awe by many, carefully preserved as
if in a glass casket, untouched by human hands
for decades. No crystal property was ever
calculated using it. There was absolutely no
interest in lattice dynamics at that time. Then
came Raman, who entered the field with a bang
and literally opened up the subject. He started
a massive experimental programme. In the
second order Raman spectra of crystals
recorded by Rasetti and later by R S Krishnan,
he saw many phenomena yet to be explained.
The pragmatist he was, he wanted a theory to
be useful, a theory from which he could extract
numbers.
He disagreed with Born's notion of normal
modes expressed in terms of travelling waves
and he felt with some justification that Born's
cyclic postulate had no physical basis. So he
started with standing waves. An ardent student
of Rayleigh's, he used his master's definition of
normal modes and imposed a reasonable
condition, which he derived and which is
almost identical to the well-known Bloch
condition in solid state physics. He derived a
simple (and what I would now describe as a
simplistic) form of lattice dynamics. At last he
had a theory which could be used. He could
now count the number of lattice frequencies in
crystals which were almost identical to those
observed in R S Krishnan's excellent Raman
spectra of NaCl, diamond, etc. He was able to
calculate the actual frequenCies using the
concept of force constants and nearest
neighbour interaction and. again the agreementwas almost exact. He computed the specific
heats, using the idea of E.insteinian oscillators
and with no adjustable parameters whatsoever,
and here again the agreement with experiment
was extraordinary. With this success, he was
convinced that Born was completely in error
and so mercilessly attacked Born's theory.
Because of his persistent attacks he provoked

new interest in lattice dynamics and the Born
protagonists broke the haBowed glass caske~ and
looked in - and 10 and behold, new physIcs
literally poured out, revealing the innate richness
of Born's theoryl The concept of singularities
emerged (which strangely was also discovered
in Raman's laboratory by his student K 5
Viswanathan) and it was finally shown that
Raman's theory is just a small part of the more
comprehensive Born theory.
If Raman had presented his papers as a
simple physical approach of deriving optic~1
modes or of obtaining the phYSical propertIes
of crystals, it would have been considered
significant or even important at that time. But
Raman would not have it that way. He could
not see the missing elements of his theory.
Rayleigh's definition was right, his derivati.on of
the Bloch's condition was right - but alas, It was
only valid for travelling waves. Raman ha?
imposed a travelling condition on a standing
wave situation. It did explain many important
features but it was very limited. Raman had
leaned heavily on his intuition, which had never
failed him from 1904 to 1939, but now it let
him down badly. But the greatest sadness, and
the pity of it, was the bitterness this awful
controversy created between two old and dear
friends.

11. Max Born in India
The story of Max Born in India is an
unbelievable one. Like Mahendra Lal Sircar
other visionaries appeared, who felt science was
the only path to salvation for India. J N :ata was
one such and he conceived of the IndIan
Institute of Science. But the Viceroy, Lord
Curzon, felt that this conception was a seditious
act and so tried to abort it. The Institute did,
however, come into being in Bangalore
sometime after J N Tata's death. But with his
death the fire went out of the Tatas till it was
kindled again, only much later, by the present
Tata ORO}. In between, the Tatas leaned heavily
on the British. The Director and many in the
faculty of the Institute were always British. There
was a strong feeling - quite justifiably - that
what work was done at the Institute, with the
British Resident as Chairman, subserved British
interests. Even so, at the height of the civil
disobedience movement in 1933, Sir C V
Raman was appointed its first Indian Director.
Perhaps his British knighthood impressed the
Government of India and the Tatas.
Raman, however, believed in excellence per

se and was further convinced that if ever India
was to make any economic advance it could

only be based on such excellence. Says Max
Born, "Raman found a sleepy place, where very
little work was being done by a number of
extremely well-paid people". Raman went in
there like a bull in a china shop. He started
improving not only the intellectual but the
physical environment. He planted beautiful
flowering and avenue trees: the aesthete that
he was, he made the Bangalore Institute the
garden it is now. He started workshops to make
precision instruments, as a strong base for
experimental research and for that matter even
for industrial research. He started new schools
of research; he blazed new trails in physics - in
colloid scattering, ultrasonic diffraction, Brillouin
scattering, crystal transformation - and put the
Institute on the scientific map of the world,
some say for the first time. He then identified
gaps in knowledge in India and adopted the
strategy of trying to recruit to the Institute faculty
from among the reputed scientists who were
fleeing from the tyranny of Hitler. Could his
strategy have worked? In retrospect we know a
similar process of the influx of German refugees
into the United States improved the quality of
science there by orders of magnitude. But unlike
the United States, India was still a slave nation.
Raman had a long list of subjects, which
stirred the imagination and some of which were
practical too. Quantum mechanics, radioactivity,
crystal chemistry - the handmaiden of modern
materials science - vitamin chemistry,
enzymology and so on. In his list of people to
attract were Max Born, Hevesey of radioactivity
fame, V M Goldschmidt (the father of solid state
chemistry whom Hitler had insulted and
disgraced), Ewald, Kuhn and a host of others.
Many on his list got the Nobel Prize much later,
testifying to Raman's discernment. Many of them
in fact agreed to come, but finally did not
because of what happened to Max Born.
Max Born (and his wife Hedi) came to India
first on a short assignment. "We liked Lady
Raman right from the beginning" says Born and
"When Raman appeared he looked to Hedi like
a prince from the Arabian Nights". Later he
says, "Frankly I like Raman very much, in spite
of his all too human drawbacks, his conceit, his
naivete, his way of bringing himself into the
light". Born continues "He is an excellent
physicist and so devoted to the Institute".
Born enjoyed his stay and his lectures were
greatly appreciated. Raman decided to offer him
a permanent position. Lord Rutherford was
appointed Chairman of the Selection Committee
and Born's name led all the rest. In a meeting at

the Institute Raman spoke of the extraordinary
merits of Born as a scientist, as a teacher and
as a human being. Then unbelievably, a
professor at the Institute, an Englishman, spoke
in the most derogatory manner about Max Born,
referring to him as one rejected by his own
country, a renegade, and therefore a secondrate scientist, not fit enough to be a member of
the faculty of the Indian InstItute of Science. All
this about the great Max Born. One could have
wept - we know Born did.
After this public insult Max Born could not
possibly accept Raman's offer, and all the other
German professors naturally refused to come.
India missed an incredible opportunity, and
Raman too lost all hopes of revitalising the
Institute. Why did Raman fail? I quote: "The
English faculty resented working under an
Indian, Raman. They gained the ear of the
Colonial government who could easily put
pressure on the all-tao-willing Tata group".
Another quote - "Raman, far too conscious
of his superiority, made people feel small in his
presence" and finally to quote from a letter
Born wrote to Lord Rutherford asking him to
intervene when all went against Raman: "There
is no Indian physicist of the rank of Raman. No
man can compare with him in regard to vigour
and intensity. This European intensity which
Raman exhibited seemed to make many Indians
suspicious of him".
It was a battle between excellence and
mediocrity and mediocrity won hands down.
The authorities decided to dismiss Raman. He
was forced to resign his Directorship and only
by the intervention of Lord Rutherford could he
retain his professorship and so continue to be
in India and do scientific research. It is revealing
that just a week after these incidents happened
Raman wrote a very remarkable scientific paper
which was published in Nature.
At the time Raman was being disgraced in
Bangalore, one of his friends (Born or
Rutherford - I do not know who), thinking that
he might like to leave India to lick his wounds,
proposed him for the prestigious Zeeman Chair
in the Netherlands. Raman was selected but was
in a dilemma, as he was reluctant to leave his
-country. Because the name Raman rhymes with
many European names and because he had
won the Nobel Prize, the City Committee
(which had to approve all the university
appointments) thought at first that he was of
European origin. When they learnt he was an
Indian, the appointment was cancelled, saving
Raman the trouble of deciding what action to
take.

Zachariasen, the doyen of X-ray physicists,
told me this story in 1965. When Raman visited
Chicago in the twenties as A H Compton's
guest, Compton invited him to lunch, as also
Dean Gale, who was a specialist in optics and
was familiar with Raman's work but whom
Raman had never met. At the Faculty Club,
when Gale came in and saw the complexion of
the man sitting with Compton, he just looked
straight through them and walked away.
Zachariasen said that although Compton felt
immensely ashamed of his countryman's
behaviour, he was rather relieved that the
incident had passed without Raman noticing it.
I discovered later that Raman had, in fact,
noticed it, but kept his silence as he did not
want to embarrass Compton. Raman said: "As
in India, there are many stupid fools in every
country. I would like to remember the United
States as the country of Jefferson and Franklin,
Walt Whitman and Thoreau, Edison and
Graham Bell, or my own friends Millikan and
Compton".

12. The Indian Academy of Sciences
In 1934 he started the Indian Academy of
Sciences. His detractors said that he did this to
pre-empt the formation of another Academy
which was in the offing (later to become the
Indian National Science Academy). There may
be an element of truth in this accusation. But as
Raman asked: "How can Indian science prosper
under the tutelage of an Academy which has
on its Council of 30, about 15 who are
Britishers, of whom only two or three are fit
enough to be even its Fellows?" With the
passage of time, and looking at the names of
these Council members, one can hardly
disagree.
In any case the best scientists from all over
India and particularly the young ones, were
elected into his Academy. He used his personal
prestige and that of the Indian Academy to
encourage scientific talent wherever it was
found and in whatever field it showed itself.
Distinguished scientists were always at the
annual meetings - at "Raman's travelling
:::ircus", as he called it - which were usually
held at university towns. He and his troupe
were the greatest salesmen science ever had in
this country. How many gifted men have
admitted that they took to science just because
~hey had heard Raman lecture.
He started and published many scientific
au rnals. Just before he died he said: "Do not
:lllow the Academy journals to die, for they are
;ensitive indicators of the quality of science

done in the country. They will tell us whether
science is really taking root in the country or
not" .

13. Raman's obsession with science
I do not have the time to elaborate on all
his exploits - how at 60 when he retired from
the Indian Institute of Science he started the
Raman Research Institute; how he lost all his
life's savings, and how he went round the
country collecting money, saying that our
greatest men, Buddha, Shankara and Gandhi
too, were beggars; how the factories he had
started sustained his Institute.
Neither have I the time to tell you of how
deeply disappointed he was with the way Indian
science was going after independence; how it
seemed to him that the administrators of science
had no faith in the inner strength of our country
and how they looked outside more and more
for inspiration; how strongly he felt that the
universities, which till then had played the role
of identifying and generating talent, were being
denuded and desertified by the .exodus of
scientists and teachers to better-paid positions
in large impersonal governmental laboratories;
how he disagreed with the philosophy that
expenditure in science was equivalent to
progress or growth of science and technology,
how in this process quantity was invariably
mistaken for quality and how therefore he
became a strong critic of Government and its
policy, and so dissociated himself from it by
refusing governmental funds for his Institute.
When one hears of all this, one may conclude
that his major activities were to start and run
research institutions and laboratories, train
students, get them lucrative positions, establish
and publish scientific journals and persuade
scientists to publish in them, establish Academies
to encourage talented scientists, give popular
lectures in schools and colleges to persuade the
youth to devote themselves to science, fight
anything that he felt was being done to decrease
the self-respect and self-reliance of the country.
All this he did and that too with gusto, but all
these activities were subsidiary to his one real
preoccupation and passion, that of doing science.
Pursuit of science was the only reason for his
existence, nothing else mattered. From 1905 to
1970, day in and day out, he did science. For 35
years when his intuition was at its peak his
science was almost unmatched. This intuition did
begin to decline but not so his passion for
science. He published 475 papers and wrote 5
remarkable monographs - a total of 4000 printed
pages on topics so varied that one's mind boggles.

It was truly /'affaire d'amour with Nature mostly with sound and light - a prolonged
passionate affair lasting 65 years.

14. His choice of problems
Raman had a nose for significant problems and
he chose them with elan whether they were for his
own research or those of his colleagues. I shall give
two examples. When young Vikram Sarabhai came
to work with him, Raman informed him of the
chance observation in Germany that cosmic rays
also make imprints of their tracks on photographic
plates. Sarabhai said later that Raman exhorted him:
"This is the most appropriate technique for our
country. Perfect the process of making these
photographic plates, study cosmic rays at high
altitudes using balloons; there may still be a Nobel
Prize lurking in it for you". But it was Cecil Powell
of Bristol and not Sarabhai who did pursue this line
of research and was in fact awarded the Nobel
Prize for his work.
From his mineral collection Raman gave crystals
of ioUte and amethystine quartz to Pancharatnam,
saying, "If you study these, you will surely advance
crystal optics, but you may even perceive some
strange properties of light itself'. As a result
Pancharatnam published a series of papers on the
generalised theory of the interference of light, which
has in fact now become part of the standard
literature on the subject. In 1954 Pancharatnam also
discovered what Michael Berry (one of the most
perceptive authorities on wave phenomena) calls
the Pancharatnam phase, a property of light which
reveals new directions even in purely quantummechanical applications.

15. Some of Raman's researches
Some of Raman's researches and discoveries
were so outstanding, like the Raman Effect (1928),
the Raman - Nath theory (1934-1936), his studies
on Brillouin scattering (1933-1940), and the soft
mode process (1938-1940), that they
overshadowed many of his other beautiful and
significant contributions. Just listing all the scientific
problems Raman tackled will take too long. I shall
therefore choose only a few - almost at random to indicate the eye and ear he had for beauty, the
concern he had for basic questions and the range
of his scientific interests.
When he listened to the notes of the ectara (a
single-stringed instrument) commonly used by the
poorer itinerant musicians of India, he made a
detailed study of it and discovered many
unforeseen acoustical properties which led him to
design a new type of sonometer! He found that in
the Indian veena the overtones do not die down
rapidly, and that they behave in a manner quite

different from most plucked stringed
instruments. He deduced that it is the curved
bridge which endowes this class of instruments
with the property of producing the normally
forbidden harmonics, rendering their sound
closest to the human voice. His keen ear
detected that the Indian concert drums (the
mridanga and the tabla), unlike most drums of
the world, are not musically defective. They are
in fact capable of producing harmonics (at least
five of them), mainly because their ancient
deSigners had centrally loaded the stretched
membrane. His magnum opus in acoustics was
his tome On the mechanical theory of bowed
strings of the violin family, which is referred to
by acousticians even today, 75 years after it was
written. One can only marvel at his
experimental skill in producing remarkable
vibration curves of great precision and
sharpness, much before the triode valve or the
condenser microphone were invented. He
extended his acoustical studies on whispering
galleries to show that the striking beauty of the
pearl, the gem that does not require the services
of a lapidary, is essentially because it is a leaky,
spherical optical whispering gallery.
His pioneering studies on the sound
produced by impact led him to propound, with
rare insight, the mechanism of the breakdown
of solids due to impact, a field that he was
amongst the first to open up. The renowned
polymer chemist Staudinger used Raman's
phenomenological theory of viscosity to
correlate the viscosity of polymer solutions with
the states of polymerisation of the molecules.
Raman was amongst the earliest to suggest that
optical birefringence and magnetic anisotropy
should be used to predict (or to verify) the
arrangement of molecules in a crystal, a
procedure followed up so ably by his students
S Bhagavantam and K 5 Krishnan.
The obsession he had for the beauty of the
haloes he saw surrounding the sun and moon,
when a thin cloud (of water droplets) came in
front of them, resulted in his discovery of the
speckle phenomenon as early as 1919. It led to
his theory of X-ray diffraction of liquids (with
K R Ramanathan), the calculation of the X-ray
structure factor of an atom, and the classical
derivation of the Compton Effect formula. It
should be noted that X-ray topography was also
discovered in his laboratory (by G N
Ramachandran), when studying the
imperfections in diamond.
He discovered and explained one of the
strangest cases of image formation, that of a
sharp image forming not at one point but

continuously on all points on a line when light
emerges after travelling along a singular
direction in a birefringent crystal. He
propounded the geometric theory of Fresnel
diffraction in which the intricate diffraction
pattern could be simply deduced as due to the
interference of a few rays emanating from edges
and-roles whose pos'ltions are easily identifiable.
Only in recent times has optical theory been
rewritten to make these rays meaningful in such
situations,' thus catching up with Raman's
intuition three decades earlier. The first
qualitative statement of the presently accepted
theory of the scintillation of stars, as due to the
random corrugation of the plane wavefront
arriving from a distant star, due to the density
variations in the atmosphere, was given by
Raman. He claimed to have made a most
intriguing observation of a second type of
twinkling of stars, due to the statistics of photons
striking the retina. He made detailed studies of
the not-too-well-known property of the unaided
eye to detect polarised light (as bees seem to
do).
The similarity between periodic precipitates
in nature and wave phenomena had been
noticed previously. But Raman (with K Subba
Ramaiah) gave substance to this analogy by
actually detecting in these precipitates the
existence of phase relationships in the form of
interference and diffraction effects. Raman's
study of the scattering of light brought out many
important prescient conjectures much ahead of
their time. He suspected the periodic
compositional segregation in minerals,
corresponding to what are known today as
modulated structures. In the very first paper on
the subject, Raman argued that the large
Rayleigh-like scattering of light in complex
glasses must be due to sizeable compositional
variations, marking the beginning of a powerful
way of probing a class of systems and
phenomena not fully understood yet. Finally,
Raman considereQ protein molecules in solution
in which probably for the first time the protein
is thought of as a thermodynamic system and
not particles like dust.

16. later extensions of Raman's researches

the interplay of geometrical optics with wave
optics, is another case in point. The so\ution to
the wave equation was given in which the wave
is shown to be made up of three sheets joined at
the cusp which travel along the caustic surface in
which three images are to be expected. The
principles elucidated by Raman and
Pancharatnam for terrestrial mirages were
reintroduced many years later for cosmic mirages,
the formation of multiple images by distant
quasars caused by the gravitational bending of
light by intervening masses. Efforts to model these
"gravitational lenses" also give a prominent role
to an odd number of images and the cusped
wavefronts moving along caustic surfaces. In fact
the Raman-Pancharatnam paper will therefore be
remembered not only for the wave-optical
treatment of the image but also for the
clarification of the associated geometrical-optical
limit.

17. His last days
On October 2nd 1970 Raman gave his last
Gandhi Memorial Lecture. For the first and only
time in his life he asked of his large audience
permission to anSwer questions sitting down! At
the end of October he collapsed in his laboratory,
the valves of his heart having given way. He was
moved to hospital and was expected to die within
four hours. He survived and refused to stay in
hospital, as he preferred to die in his Institute
home, surrounded by his flowers. When he asked
and was told that there was little chance that he
could lead a normal life, he refused any
medication, since he would not care to live in
any way other than what he had always done.
Two days before his death he spoke of his hopes
for the future of his Institute. He held a meeting
of the Board of Management of the Institute,
conducted the proceedings from his bed, dictated
the minutes of the meeting, introducing in it the
sentence, "Since Sir C V Raman was not in a
position to hold a pen he requested that the
minutes be taken as signed by him". He
instructed his secretary to make sure that the
travelling allowance was paid to the members.
He died peacefully on the morning of 21
November 1970 and there was a simple clean
cremation with "no mumbo-jumbo" in the
gardens of his Institute, according to his desire.

Many of Raman's researches had a much
wider application to many other situations. For
example the mathematics needed in the multiple
beam dynamical theory of electron diffraction is
just that introduced by Raman and Nath twenty
years earlier to deal with the diffraction of light
by ultrasonic waves.

What were the characteristic features that set
Raman apart from most others as a scientist and
a man?

The remarkable paper by Raman and
Pancharatnam on mirages, which brings out

I have never seen anyone who enjoyed
science so much. The sheer joy of seeing things

18. Uniqueness of Raman
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and doing scienc~ filled him with exuberance
and excitement. He had an incredible zest for
life. He enjoyed his food, his jokes, his travels,
his story books and novels, his fights and
quarrels. Yet the enjoyment he had for his
science was something apart. In this pursuit it
was as H his ego disappeared comp\etely 'm the
presence of effulgent Nature. Yes, he was truly
lost in the wonder and beauty of what he was
trying to comprehend.
I have never seen him in fear - he was a
man truly unafraid. He feared nothing, no
situation, no one and no authority and in this
respect he was very different from those around
him.
We are celebrating the centennial of his
birth. The question we should ask is, "Is Raman
relevant today?" Once, after he had made a
very pungent attack on the manner in which
universities were being neglected and despoiled,
I asked him whether he had not been too harsh.
This provoked a long discourse on the need to
express one's opinion with honesty. He said:
"Even a man of sensitivity and imagination can
become bound and unfree when he has to
falsify his feelings. If he forces himself to say
that he likes what he dislikes and that he
believes what he does not believe, then he will
nave to pay tne prke 'In tnat his spontaneous
and his creative faculties will dry up".
In his day, Raman was amongst the very few
who stood up and spoke their mind. Today we
have a very much larger number of scientists in
this country but one scarcely hears any of them
speaking out.
The main purpose of celebrating a great
event like the Raman centennial should be to
derive inspiration from it.
YDung scientists must learn to enjDY doing
science as Raman did and to stand up to
authority and speak their mind. Only then will
the future of science in our country be assured.

Council for the
Triennium 1989-91
The outgoing Council held an election in
December 1988 to constitute the Council for
the next triennium 1989-91. The composition
of the new Council is as follows:C N R Rao, Indian Institute of Science,
Bangalore
- President

o

Siddiqi, Tata Institute of Fundamental
Research, Bombay
- Past President

A Chakravorty, Indian Association for the
Cultivation of Science, Calcutta
R Chidambaram, Bhabha Atomic Research
Centre, Bombay
S Dhawan, Department of Space, Bangalore

S S Jha, Tata Institute of Fundamental Research,
Bombay
- Vice-President

S K Joshi, National Physical Laboratory, New
Delhi

- Vice-President

V Krishnan, Indian Institute of Science,
Bangalore
- Secretary
R A Mashelkar, National Chemical Laboratory,
Pune
G Mehta, University of Hyderabad, Hyderabad

N Mukunda, Indian Institute of Science,
Bangalore
R Narasimha, National Aeronautical Laboratory,
Bangalore
- Vice-President
R Nityananda, Raman Research Institute,
Bangalore
V Radhakrishnan, Raman Research Institute,
Bangalore
- Treasurer
M S Raghunathan, Tata Institute of Fundamental
Research, Bombay

P Rama Rao, Defence Metallurgical Research
Laboratory, Hyderabad
H Sharat Chandra, Indian Institute of Science,
Bangalore
- Secretary
G Srinivasan, Raman Research Institute,
Bangalore
- Editor of Publication,>

M S Valiathan, Sree Chitra Tirunal Institute for
Medical Sciences and Technology, Trivandrum
- Vice-President
M Vijayan, Indian Institute of Science,
Bilngalore .

Honorary Fellows
elected in 1988

S S Krishnamurthy, Indian Institute of Science,
Bangalore, for his studies in inorganic chemistry.

Sydney Brenner, Molecular Genetics Unit,
Medical Research Council, Cambridge, UK

lalji Singh, Centre for Cellular and Molecular
Biology, Hyderabad, for his contributions to
molecular biology.

Heinz A Staab, Professor of Chemistry, MaxPlanck Institute for Medical Research,
Heidelberg, F R G

Fellows elected
In 1988
Balwant Singh, Tata Institute of Fundamental
Research, Bombay, for his work in algebra and
algebraic geometry.
G Baskaran, Institute of Mathematical Sciences,
Madras, for his studies in theoretical condensed
matter physics.
A N Bhaduri, Indian Institute of Chemical
Biology, Calcutta, for his contributions to
biochemistry and enzymology.

K S Krishna Swamy, Tata Institute of
Fundamental Research, Bombay, for his work
in cometary astrophysics.

M G Nadkarni, University of Bombay, Bombay
for his work on ergodic theory and harmonic
analysis.
I A Niazi, University of Rajasthan, Jaipur, for his
studies in developmental biology.
P Ratnasamy, National Chemicaf Laboratory, Pune,
for his studies in catalysis.
A B Roy, M L Sukhadia University, Udaipur, for his
contributions to structural geology.
Probir Roy I Tata Institute of Fundamental Research,
Bombay, for his work in theoretical particle physics.
N V G Sarma, Raman Research Institute, Bangalore,
for his contributions to radio astronomy.
V V S Sarma, Indian Institute of Science, Bangalore,
for his work in computer science.
P K Sethi, SMS Medical College, Jaipur, for his
contributions to orthopaedic and rehabilitation
research.

S Bhaduri, Alchemie Research Centre, Thane,
for his contributions to organometallic chemistry.

R S Sharma, Banaras Hindu University, Varanasi,
for his work in petrology and mineralogy.

D N Bose, Indian Institute of Technology,
Kharagpur, for his studies of semiconducting and
other materials.

A Sridharan, Indian Institute of Science, Bangalore,
for his studies in soil mechanics.

S Chandrasekaran, Indian Institute of
Technology, Kanpur, for his contributions to
organic chemistry.
S K Ghosh, Jadavpur University, Calcutta, for
his work in structural geology.
L C Gupta, Tata Institute of Fundamental
Research, Bombay, for his contributions to
experimental solid state physics.
P K Gupta, Meerut University, Meerut, ,for his
contributions to genetics and cytogenetics.
K T Jacob, Indian Institute of Science,
Bangalore, for his studies in chemical metallurgy
and materials science.
R Jayaraman, Madurai Kamaraj UniverSity,
Madurai, tor his work in bacterial genetics and
molecular biology.
H Junjappa, North-Eastern Hill University,
Shillong, for his contributions to organic chemistry.
R Krishna, Indian Institute of Petroleum, Dehra
Dun, for his contributions to chemical engineering.

S Subramanian, Indian Institute of Technology,
Madras, for his contributions to magnetic resonance
and quantum chemistry.
N Yathindra, University of Madras, Madras, for his
contributions in molecular biophysics.

Associates

1988

Anand Mohan, Banaras Hindu University,
Varanasi ~ Petrology and mineralogy
Ashoke Sen, Tata Institute of Fundamental
Research, Bombay - Particle theory

o Bhattacharya, Raman Research Institute,
Bangalore - Theoretical astrophysics
V K Jain, Bhabha Atomic Research Centre,
Bombay - Inorganic chemistry
Pradip, Tata Research Development and Design
Centre, Pune - Materials engineering
S Ramaswamy, Indian Institute of Science,
Bangalore - Condensed matter theory
Sandhya S Visweswariah, ASTRA Research
Centre, Bangalore - Biochemistry
G Sankar, Indian Institute of Science, Bangalore
- X-ray spectroscopy
V Srinivas, Tata Institute of Fundamental
Research, Bombay - Pure mathematics
N Viswanathan, Madurai Kamaraj University,
Madurai - Chronobiology
S Yashonath, Indian Institute of Science,
Bangalore - Computer simulation of physical
systems.

International
Conference on
Raman Spectroscopy
The International Conference on
Raman Spectroscopy was held at the lACS,
Calcutta, during November 2-6, 1988 as part
of the celebrations commemorating the
Raman Birth Centenary and the Diamond
Jubilee of the Discovery of the Raman Effect.
The programme of the Conference consisted
of about 40 invited talks and 110 contributed
poster papers. The topics covered applications
of Raman spectroscopy to biological systems,
solid state systems, surface phenomena,
resonance Raman spectroscopy, nonlinear
Raman spectroscopy like CARS, time-resolved

Raman Scattering, high-resolution Raman
spectroscopy and new developments in
techniques and instrumentation. The extensive
list of topics clearly demonstrated the power
and ever-increasing use of Raman
spectroscopy in various interdiSCiplinary fields
of research.
The opening talk of the technical sessions
was by A Jayaraman on high pressure Raman
spectroscopy, in which he reviewed recent
developments using the diamond anvil cell. In
the Raman study of condensed matter, A K
Ramdas highlighted the significance of timeresolved symmetry in lattice dynamics as
manifested in the Raman spectra of crystals.
The studies of elementary excitations in bulk
semiconductors, superlattices and
heterostructures in commensurate insulators
and organic crystals were covered in different
presentations.
Coherent anti-Stokes Raman scattering
(CARS) of small molecules and molecular
crystals brought home the novel use of
nonlinear techniques. The reports on
experimental work were very well
supplemented with invited talks on the
theoretical aspects of Raman spectroscopy by
Buckingham, Albrecht, Mukamel and Jha.
The applications of Raman spectroscopy in
biological systems were described by a
number of speakers. These included (i) protein
structure and dynamics (ii) conformational
changes in globular proteins (iii) protein
fluctuations and non-exponential kinetics and
(ivJ charge transfer processes in
metalloporphyrins etc.
The presence of fluorescence
accompanying the weak Raman signals is a
nuisance for Raman spectroscopists. How
fluorescence can be avoided by adopting the
Fourier transform Raman technique, using
infrared lasers, was reviewed by Rabolt.
Raman spectroscopy of isolated small particles
using laser light traps was covered by Kiefer.
A large number of posters, well-presented,
highlighted the current research in
India and abroad. A memorable talk by S
Ramaseshan on Prof. C V Raman was
something special in this Conference.

Raman Centenary
Symposium on
Waves and
Symmetry
As part of the Raman Centenary celebrations,
a symposium on "Waves and Symmetry" was
held at the Raman Research Institute from
December 12 to 15 1988. The Indian Academy
of Sciences and the Indian Institute of Science
were co-sponsors of the meeting. Raman's own
lifelong fascination with waves and symmetry
gUided the choice of the themes and the aim was
to have talks on various areas where recent
interesting developments had occurred. The
opening session was on optics, with N Mukunda
bringing out the role of groups and symmetry and
E C G Sudarshan touching on some aspects of
coherence.
In the session on particle physics,
G Rajasekaran discussed the unified theory of
weak and electromagnetic interactions, in which
symmetry-breaking plays a prominent role.
R Rajaraman then described how the so-called
anomalous theories of particle physics could be
consistently interpreted. In these theories, the
removal of infinities can induce a breakdown of
symmetries.
A session with two talks on symmetry and
symmetry-breaking in condensed matter physics
followed. T V Ramakrishnan described the
development of ideas on the metal-insulator
transition, first envisaged by Mott and now known
by his name. G S Ranganath gave an introduction
to defects in liquid crystals, which show a
remarkable variety of patterns .

in the fifties, which is one of the earliest examples
of the geometric phase. R. Bhandari discussed a
unified description of the polarization and
direction of propagation parameter spaces, which
are used in various experiments. R Simon
described a generalization of the usual rotation
group geometric phases encountered in optics to
situations in which other groups act on the states.
The last session of the conference proper had
two talks on astronomy. The first by R Nityananda
was on the optics of gravitational lenses and their
possible use in studying the mass distribution in
the universe. D Lynden-Bell described recent
efforts to understand the large-scale distribution
and motion of matter in the universe.
There were three evening lectures for a more
general audience. The first, by R Hanbury-Brown,
was on the quest for higher resolution in
astronomy by interferometric techniques,
particularly recent progress in the optical domain.
On the last day of the conference M V Berry
described optical phenomena encountered in
nature which are strikingly different from the more
symmetric and contrived situations of the
laboratory. The concluding lecture of the
conference was by 0 Siddiqi, who discussed
recent ideas on the perception of colour in
relation to the eye and the brain . The last two
lectures were given in the Indian Institute of
Science.
The talks were uniformly well attended, with
many participants from centres all over the
country, apart from a sizeable Bangalore
contingent. They were a treat for anyone
appreciating physics in the broadest sense and
provoked lively discussions. The aim of promoting
communication between people working in
different areas of physics was undoubtedly well
served. It is planned to bring out the proceedings,
which will provide a lasting record of a
memorable Raman Centenary Conference .

In the following session, M V Berry introduced
the subject of quantum chaology, which deals
with the energy levels and wave functions of
quantum systems which have irregular motions
as the classical limit. The following talk by P K
Kaw dealt with the thermodynamic approach to
relaxation and equilibrium in plasmas, which has
many successes in problems where a detailed
analysis would be difficult.
An entire afternoon session was devoted to
geometric phases with emphasiS on optics, with
M V Berry introducing the subject (usually and
rightly) described as Berry's phase. S Ramaseshan
described the context of the early work by
S Pancharatnam as a research student with Raman

1',lIt ot the audience dUling the CentenalY Symposium on
Waves and.Symmetry held at th e Raman Research Institute,
Ban galore.

Special Publications
The most permanent of the various steps
taken to celebrate the Birth Centenary of
C V Raman is the publication of the Scientific
Papers of C V Raman in six massive volumes.
These, with two biographies of Raman , are
described below. They are additions to the
thirty-five special publications described in
earlier issues.
1. Scientific Papers of C V Raman - Volume
I Scattering of Light, edited by
S Ramaseshan , 1988, 585 pages.

Volume I of the Scientific Papers of C V
Raman contains 94 papers on the Scattering of
Light. They cover Molecular Scattering, Colloid
Scattering, Raman Scattering, Brillouin Scattering
and also X-ray and Compton Scattering. This
volume also has in it the celebrated monograph
"Molecular Diffraction of Light" (1922), the
famous papers on "The Colour of the Sea" , the
first lecture on the Raman Effect entitled "A
New Radiation" (1928) and the Nobel lecture
delivered at Stockholm in 1930. The pioneering
papers on optical and magnetic anisotropy and
on magnetic, electric and flow birefringence are
also to be found in this volume. Many are of
historic value, showing, for example, how
Raman blazed new trails by discovering such
new phenomena as shear waves in liquids and
soft mode processes in crystals . This is a unique
collection of papers by a master delineating the
growth of a fascinating field, in which the vigour
and lucidity of Raman' s papers speak for
themselves.

2. Scientific Papers of C V Raman - Volume
II Acoustics, edited by S Ramaseshan,
1988, 643 pages.

Volume \I of the Scientific Papers of
C V Raman contains 55 papers in the field of
acoustics, from vibrations and wave motion, the
whispering gallery phenomenon, bowed strings
and the violin and the musical instruments of

India to the diffraction of light by ultrasonic
waves. He was an acoustician par excellence.
This volume has in it the famous landmark
paper on "The Mechanical Theory of Vibration
of Bowed Strings" (1918), perhaps the most
important contribution to the theory of the violin
since Helmholtz, and the English translation of
his celebrated monograph " Musikinstrumente
und ihre Klange" (Musical Instruments and their
tones) (1927). The volume includes six
remarkable papers on the acoustics of Indian
musical instruments - the mridangam and tabla,
the only percussion instruments in the world
which produce harmonic vibrations, and the
tambura and veena, which appear to violate the
Young- Helmholtz law in producing their range
of harmonic vibrations. The volume also
contains the well-known series of papers by
Raman and Nath on the Diffraction of Light by
Ultrasonic Waves (1935- 1936).
Raman, however, never thought of himself
as an acoustician; he was physicist first and
foremost and remained so to the last.
3. Scientific Papers of C V Raman - Volume
III Optics, edited by S Ramaseshan, 1988,
553 pages.

Volume III of the Scientific Papers of C V
Raman contains 63 of his publications on optics.
His celebrated "Baroda Lectures" (1941), a
masterly elucidation of many optical
phenomena, reflects forty years of living with
light. Included are expositions on the geometric
theory of Fresnel diffraction, diffraction by a
sphere and a circular disc, the study of haloes
and coronae and his discovery of the speckle
phenomenon (1919) from observations of the
radiant 'spectrum seen by the eye. The surprising
observations of conical refraction, the wavelike
character of periodic precipitates, the
propagation of light in polycrystalline media and
the remarkable study of mirages, of new
relevance today in the context of cosmic
mirages formed by gravitational lenses, are to
be found in this collection . Unfortunately many
of the remarkable discoveries he made remain
unnoticed .
These optical papers are understandably less
well-known than his work on light scattering on
the molecular scale. But they give a fascinating
picture of how their author approached the
study of light, which was certainly one of his
lifetime preoccupations.

4 . Scientific Papers of C V Raman - Volume
IV Optics of Minerals and Diamond,

edited by S Ramaseshan, 1988, 743
pages.
Volume IV of the Scientific Papers of
C V Raman contains 79 papers on a variety of
topics. The first 21 are on a medley of subjects
ranging from surface tension to zonal winds,
covering the period from 1905 to 1968. The
last set of 16 papers are on a mineral for which
he had a special affection - diamond . Thirtynine
papers deal with colour in nature. All the optical
phenomena in his repertoire were used to
explain the colours of the plumage of birds and
of limestone and marble, the brilliant iridescence
of feldspars of the labradorite variety, the pure
spectral colours of the specular reflection from
potassium chlorate, the schiller of the
moonstones, the fire of opals and the silky lustre
of the pearls. He was among the earlier workers
to worry about what are now called periodic
modulated structures. His phenomenological
theory of viscosity, which was useful to the
polymer chemist, his classic studies of impact
between two bodies and his pioneering work
on the mechanism of the fracture of solids are
all dealt with in this volume.
Raman found many specimens of diamond
to exhibit a symmetry lower than the highest in
the cubic class and attributed its many
properties like Raman activity, infrared
absorption, fluorescence, birefringence, X-ray
topography, etc. to an interplay and
intermingling of these lower and higher .
symmetries. But it was found much later that
the real lowering of the symmetry was due to
the presence of impurities. The papers deal with
this very controversial subject. Although his
vision of intrinsic tetrahedral symmetry in
diamond did not prove to be correct, the
number of studies of this crystal is truly
remarkable and the results of his quest have
come to be of lasting value to the physics of
solids.

5 . Sc ientific Papers of C V Raman - Vo lum e
V Physics of Crystals, edited by

S Ramaseshan, 1988, 849 pages.
VoIumeVl

SCIENTIfiC PAltERS Of C vRAMAN

PHYSICS Of CRmAU

Volume V of the Scientific Papers of C V
Raman contains 89 papers published by Raman
on various aspects of crystal dynamics. The first
set of 14 papers relate to the experimental
discovery by Raman and his collaborators of the
thermal diffuse X-ray reflections as also the
temperature-independent X-ray reflections,
which Raman ascribed to interactions of X-rays
with optical phonons. There was much dispute
about this interpretation of his experiment.
Th e next set of papers are on the theory of
the dynamics of crystal lattices, which was also
the subject of a raging controversy. As a result
of the persistent attack by the Raman school,
Born's well-known lattice dynamics was reexamined, leading to the emergence of the
concept of singularities . These studies finally
showed that Raman's simple theory was a part
of the more comprehensive Born theory.
This volume al so contains a new theory of
elasticity developed by Raman and
Viswanathan, in which the symmetries of stress
and strain tensors and the number of
independent elastic constants differed from the
generally accepted view. These papers also
proved controversial.
In the long run , there is no doubt that
Raman's towering contributions to so many
areas of physics - emphasized by the other
volumes - will outweigh by far his errors of
interpretation and judgement.

V~umelll
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6 . Scientific Papers of C V Raman - Volume
VI Floral Colours and Visua l Perceptions,

edited by S Ramaseshan, 1988, 615 pages.
Volume VI of the Scientific Papers of
C V Raman contains 85 papers on the work
Raman did in the last decade of his life. It also
contains the charming monograph he wrote,
entitled "The Physiology of Vision". Raman
brought out the important point that the

characteristics of human vision, which play an
important role in the perception of colour, are
as important in deciding the quality of a gem or
a mineral as its optical properties. A simple
method is given by which one could actually
view one's own retina and explore its behaviour
under various spectral excitations. He studied
in detail the remarkable but not too widely
known faculty of the unaided eye to recognize
polarized light and also locate its plane of
polarization. He also investigated the incredible
power of the eye to discriminate colours
differing by as little as lOA.
He was interested in the relationship of
brightness and colour, particularly the colours
of nebulae viewed through small and large
telescopes. He described simple demonstration
experiments to measure the intensity at which
colour perception is lost for different colours.
He considered the possiblity of a new type of
twinkling of stars, due to the statistics of photons
striking the retina, and described how to make
these observations. He was among the earliest
to set out in qualitative terms the presently
accepted ideas on conventional scintillation of
stars, as due to the corrugation of the incident
wavefront due to the atmospheric perturbation.
7. journey into Light - Life and Science of
C V Raman by G Venkataraman, published

by Indian Academy of Sciences in cooperation with the Indian National
Science Academy, 1988, 570 pages.
Venkataraman's biography of Raman deals
with all aspects of his life and work, besides
placing them in a proper perspective vis-a-vis the
overall Indian scene. Thus he descri bes with great
understanding and sympathy Raman's early years,
his work at Calcutta both at the Indian Association
for the Cultivation of Science and as Palit
Professor at the Calcutta University, the discovery
of the Raman Effect and the winning of the Nobel
Prize in 1930, and the jealousy and discord which
followed in its wake, making him leave Calcutta.
He describes, again with perception and
understanding, his years as the Director of the
Indian Institute of Science, Bangalore, and how
his drive for excellence soon got him entangled
in controversy and how he had to step down .
Th en comes the story of his final years at the
Institute he himself had founded, where he
continued his research with the utmost
enthusiasm. Numerous quotations help capture
the mood and excitement of those times. The
book is not only a lively biography of a
colourful personality but also required reading
for anyone with a serious interest in and
concern for Indian science, since the story of

Raman is the story of science in modern India
- an E::'pitome 01 the trial" and tribulation,> of
Il1cll,111 '>eienee Itself during the last (pntury.

8. C V Raman - Pictorial BIOgraphy,
compiled by S Ramaseshan and
C Ramachandra Rao, 1988, 173 pages.
This beautifully compiled volume contains a
collection of photographs, in black and white
and in colour, of Raman from his childhood
days. They were originally assembled at the
Raman Research Institute, at the time of the
celebrations of the Golden Jubilee of the Raman
Effect and the holding of the International
Conference on Raman Spectroscopy in
Bangalore in 1978.
The 236 photographs are grouped under
twelve headings: 1. The early years. 2. Raman

in Madras. 3. Raman in Calcutta. 4. The Raman
Effect - Discovery and the Nobel ceremony.
5. With other greats. 6. Raman in the lab.
7. Raman and his lectures in classrooms and
crowded halls. 8. Institutions he built. 9. Raman
with children. 10. A portrait gallery. 11. On
sound and light. 12 . Raman's world of colours
- Minerals, flowers, birds and insects.

Th e volume contains, in addition, four
articles, dealing more with his life, career and
style, than his science; two are written versions
of talks given by S Ramaseshan - one, the C V
Raman Memorial Lecture given at the Indian
Institute of Science in March 1978, and the
second, the invited lecture given at the

celebrations of the Birth Centenary of C V
Raman at the Indian Association for the
Cultivation of Science, Calcutta, in November
1988. The third and fourth articles were written
on the occasion of the Silver Jubilee of the Max
Mueller Bhavan, and to commemorate the
Diamond Jubilee of the discovery of the Raman
Efffect in 1988.
At the end are reproduced the prefaces to
the six volumes of Raman's Scientific Papers.
These indicate, in brief, the range and content
of the prodigious contributions of the
remarkable scientist that was Raman.

Special Issues of
Journals
Ramanujan Birth Centenary Volume,

Proceedings - Mathematical Sciences, Vol. 97,
pages 1-328, December 1987.
This special issue of the Proceedings was
published on the occasion of the Birth
Centenary of Srinivasa Ramanujan and is
dedicated to him. It contains 26 papers in a
broad spectrum of areas of mathematics
centering around, but not limited to,
Ramanujan's interests, by eminent
mathematicians from allover the world.
Energy Resources through
Photoelectrochemical Routes, Bulletin of

Materials Science, Vol. 10, No.4, pages 267400, July 1988
To coincide with the Silver Jubilee of the
Shivaji University, Kolhapur, the Physics
Department of the University conducted a
National Workshop on Energy Resources
through Photochemical Routes on 21 and 22
May 1987. The Workshop was sponsored by
the University and the Department of NonConventional Energy Resources of the
Government of India and was attended by 75
scientists.
The present volume contains 16 of the
invited lectures and contributed papers
presented in the Workshnp, which deal With
the chemical trapping of solar energy and the
development of various types of
photoelectrochemical solar cells and devices.

Mineral Processing, Bulletin of Materials
Science, Vol. 10, No. 5, pages 401-494,
August 1988.

Under the sponsorship of the Department
of Science and Technology and the
Department of Mines, New Delhi, and the US
National Science Foundation, an Indo-US
Seminar on "Special Topics in Mineral
Processing" was organised by the Tata
Research Development and Design Centre,
Pune, during December 1987- January 1988.
This seminar was held in conjunction with the
meeting of the Indo-US Science and
Technology Initiative (STl) programme in
mineral engineering. There were four technical
sessions, where in-depth review papers were
presented on recent developments in mineraT
processing such as bacterial leaching of ores,
in particular the genetic manipulation of
micro-organisms for hydro-metallurgical
processing, mathematical modelling and
simulation of mineral processing unit
operations, surface chemistry-based separation
techniques for ore beneficiation and
characterization of particulate system.
The present volume contains 11 of the
original research papers presented during the
seminar, representing some of the important
topics of current research in the area of
mineral processing in the country.

Advanced Ceramics, Sadhana, Proceedings
- Engineering Sciences, Vol. 13, parts 1 & 2,
pages 1-156 July 1988.
Due to the steady progress made in our
scientific understanding often in quantitative
terms of the structure-processing-property
correlations in ceramics, they have become
dominant among advanced materials. This
special issue describes some of the remarkable
developments made in the last few years in
the field of advanced ceramics, in contrast to."
traditional ceramics.
The eight papers cover a variety of fieldsorganometallic routes for the synthesis of
ceramics, high temperature ceramic oxide
superconductors, electron ic ceramics, high
temperature fuel cells, light element ceramics
and engineering ceramics. The use of ceramic
tool materials leading to increased productivity
in manufacturing and their use in coating
metallic components for extended life in
severe environments are described in the last
two papers.
The eight papers were also brought out as
a special publication of the Academy,
"Advanced Ceramics," in 1988.

Obituaries
K. Krishnamurti, a Foundation Fellow of the
Academy, was born in a village near Kakinada
on November 2, 1902. He obtained his Master's
degree from the Calcutta University in 1925,
winning a University medal and a prize. After
working with Prof. C V Raman at the Indian
Association for the Cultivation of Science,
Calcutta, he left in 1926 for England on a
Madras Government Research Scholarship. He
worked with Prof. F G Donnan at the Imperial
College, London, on the scattering of light in
colloidal solutions and gels and obtained his
D.Sc. degree in 1929. He spent some months
with Prof. T Svedberg at the Uppsala University,
working on centrifugal studies of gelatin
solutions, before he returned to India in
September 1930 as Professor and Head of the
Chemistry Department at the Government
College of Science, Nagpur. He became its
Principal in 1938 and retired from service in
1957. He worked as Professor of Chemistry in
the University of Baghdad, Iraq, for four years
after his retirement.
Dr Krishnamurti's studies in colloids and
surface films included the scattering of light in
colloidal solutions of protein in the course of
aging and slow coagulation; mutal coagulation
mechanisms, effect of changes in surface
tension, viscosity, volumetric relatIonships, and
influence of adsorbed ions; ultramicroscopic
study of gelatin solutions; adsorption equations
and adsorption isotherms; adsorption and
changes in electrical conductivity in bacterial
growth and of animal cells; electrical
conductivity of thin films; relation between
solubility and absorption spectra of sparingly
soluble salts.
The College of Science, Nagpur, achieved a
prominent position in the field of science
education in the country under his able
stewardship. He loved and enjoyed teaching.
He was insistent on students developing a sense
of discipline and discrimination from within, in
development of sports, games and physical
training. His evidence before the Mudaliar and
Radhakrishnan Commissions for all-sided
development speak eloquently of his clear
educational vision.
His outstanding qualities were his unflagging
energy for student welfare, his enthusiasm for
chemistry and his universal curiosity for other
sciences. Sensitive and cultured, his passion for
the welfare of the College of Science, Nagpur,

was well known. His colleagues and students
mourn a man shy but courageous, who, while
discretion caused him to be reticent at times,
was unfailingly friendly, and who, in friendship,
was generous, honest and steadfast.
In spite of heavy teaching and administrative
duties, he continued his research activities
guiding research scholars and published three
books in the last few years of his life on "Some
principles of chemical reactions" (1984),
"Solubility of electrolytes and other researches"
(1986) and "Some basic principles of sciences"
(1988).
He passed away on 8 December 1988 at
Pune. He leaves behind his wife and five
daughters.

Krishnasamy Ramiah, a Foundation Fellow
of the Academy, was bom on 15 April 1892 at
Kilakarai, a small coastal town in Ramnad district
of the erstwhile Madras Presidency. After a
brilliant career at the Agricultural College,
Coimbatore, where he won gold medals for his
academic performance, he joined in 1914 as
Research Assistant to the Economic Botanist of
the College. In 1926 he was deputed to England
for higher studies in Agriculture, with
specialization in genetics. By research and
course work, he obtained his post-graduate
diploma in agriculture and an M.Sc. from
Cambridge University.
In 1930, he waS appointed Paddy Specialist
of the Madras Presidency. In that capaCity he
produced scores of new rice varieties,
contributed to the genetics of rice and in
general helped in increasing rice production in
India. His deep knowledge of genetics and
biometrics helped him to develop a multi- _
pronged strategy for elevating and stabilizing
rice yields. In the beginning, he concentrated
on direct selection and hybridization, resulting
in rice varieties such as ADT 3, CO 4 and GEB
24. later, in collaboration with N Parthasarathy,
he initiated work on wide hybridization and
induction of mutations with X-rays. His work on
gene identification and symbolization,
construction of linkage maps and classification
of rice varieties according to grain quality still
remains a classic. Above all, he was one of the
earliest to understand the close correlation
between plant architecture and response to
good soil fertility and water management.
He had worked on rice breeding for
twentythree years, when he was transferred in
1937 as Geneticist and Botanist in the Institute
of Plant Industry in Indore, where he made
valuable contributions to the genetics of cotton.

With Prof. Joseph Hutchison he worked on the
standardization of descriptions for cotton
varieties and jointly published a monograph on
the subject.
In 1946, he joined the Central Rice Research
Institute (CRRI), as its founder-director. India has
the largest area under rice in the world and he
was anxious that CRRI should become the
centre for the origin of many new findings
relevant to the improvement of the quality of
life of rice-growing families. His scientific
leadership and impartiality created an
atmosphere of harmony that gave the young
workers in CRRI a sense of purpose and pride
in their profession.
Realising that rice probl~ms should be
tackled not merely at the national level, but at
an international level, Ramiah suggested to the
United Nations Food and Agriculture
Organisation (FAO) that a co-ordinated
programme of rice breeding should be
organised among the South and South-East
Asian countries. This involved the production of
new hybrids by crossing important local Indica
varieties from different countries with selected
varieties from Japan, where the production per
acre was the highest. The underlying idea was
to combine the non-lodging straw and fertilizer
response and, therefore, high yield of the
Japonicas with the medium and long freecooking grains of the Indicas, as also their
resistance to blast disease.
This Indica-Japonica hybridization scheme
was implemented at Cuttack in 1952 and the
resulting F1 population supplied to the
participating countries for further follow-up
action under their soil-climatic complex. A
major outcome of the Indica-Japonica project
was the production of new hybrids such as
Malinja and Mahsuri in Malaysia and AOT 27 in
Madras state. The hybrid Mahsuri proved a great
success in Andhra Pradesh and other Indian
states, resulting in a substantial increase of
production of high quality rice. Still more
significant is the fact that rice breeders of
important Asian countries came together for the
first time and benefitted by each other's
experience.
He published in 1952 his monograph "Rice
breeding and genetics". A system of gene
symbolization for rice based on the model
adopted in maize by Emerson et al was also
formulated by Kadam and Ramiah. These
publications are still widely used by rice
scientists.
Ramiah joined FAO in 1951 as Expert on
Rice Production and Breeding, stationed in

Bangkok. His job was to help in restoring the
war-ravaged rice economies of Asia. He
undertook long visits to every rice-growing
country to work with national scientists and
policy-makers in getting an effective programme
of rice research, training and development
organized. Recognizing the critical role of
genetic material in rice breeding, he helped
FAO in the preparation of a World Catalogue
of Rice Genetic Stocks. He actively promoted
purposeful co-operation in research and training
among rice-growing nations. The need for a
structured institutional mechanism for promoting
such co-operation led to the establishment of
the International Rice Research Institute (lRR!)
in 1960 in the Philippines, by the Ford and
Rockefeller Foundations, in collaboration with
the Government of the Philippines and the
University of the Philippines at Los Banos. He
played a key role in shaping IRRl's research
priorities in its formative years.
Ramiah returned to India in 1957 and served
for eight years as Special Officer in the Indian
Council of Agricultural Research. In addition to
studying the causes of low rice yields in various
states, he reviewed the working of the various
Agricultural Research Institutes in the country.
In 1965, he accepted the position of ViceChancellor of the Orissa University of
Agricultural Sciences and Technology for a
period of three years. He gave concrete shape
to the concept of an agricultural University,
namely first, it should pay integrated attention
to teaching, research and extension education,
and second, it should foster a systems approach
to the use of the climatic, land, water, labour
and credit resources available to the farming
family, through integrated attention to crops,
livestock and fisheries.
With Dr B P Pal he helped to establish the
Indian Society of Genetics and Plant Breeding.
What is, however, not known so widely is the
critical role he played between 1964 and 1967
as Chairman of the Panel of Scientists appointed
by the then Union Minister of Agriculture, Shri
C Subramaniam, in shaping the present phase
of India's agriculture evolution. The scientific
transformation of our agriculture and the High
Yielding Varieties Programme in wheat, rice and
other crops were the outcome of the Panel's
recommendations.
In 1968, in recognition of his scientific work,
he was nominated to the Rajya Sabha for a
period of six years. He was Chairman of the
Parliamentary Committee that studied the
problems of agricultural labour.

In appreciation of his scientific work and the
active role he played in scientific education, he
was awarded the International Rice Year Medal
(1961) and the Sunderlal Hora Medal of the
Indian National Science Academy (1969). He
was honoured with Padma Shri in 1955 and
Padma Bhushan in 1970.
He passed away at Banga/ore on 2 August
1988.
In the passing away of Sekharipuram
Venkateswara lyer Anantakrishnan on 17
January 1989, the country has lost a pioneer in
the area of physical organic chemistry. In a
message sent on the occasion of his sixtieth
birthday celebrations C V Raman had said, As
a professor at his college in Tambaram, he has
been a source of inspiration to a whole
generation of students and has helped to create
in their minds an appreciation of the significance
of research in any course of advanced scientific
studies." An inspired generation of students has
carried this message successfully to other
institutions and university centres in this country
and has established flourishing schools in
physical organic chemistry.
/I

Anantakrishnan was born on 4 October 1908
at Ponnani in Malabar district of the erstwhile
Madras Presidency. He had his early education
in Madras and Cuddalore and studied in tltJe
Government Victoria College, Pa/ghat, and later
the Presidency-College, Madras, from where he
obtained his SA degree in 1928 and the
Masterrs degree in 1931.
He joined the Universtiy College, London,
and came under the influence of Sir Christopher
K Ingold. The work on the additive reactivity of
ethylene derivatives earned him the Ph.D.
degree of the ,Univeristy of London in 1934.
Back in India he joined the Travancore
Sugars Ltd as chemist and later as a Chemical
Assistant at the Government Test House,
Alipore, Calcutta. His keen interest in
academic activities brought him to the
Annamalai University in 1937, where he
accepted the Chair of Chemistry. While his
research work at Annama!ai University was
mainly in the field of reaction kinetics, his
interest extended to the area of natural
products. He moved in 1942 to the Madras
Christian College, Tambaram, where in the
Department of Chemistry, essentially an
undergraduate teaching department til/ 1958,
he carried on his pioneering research work in
various areas of chemistry, despite the
lack of physical facilities and financial
resources.

He not only initiated work in the study of
organic reaction mechanisms by kinetic studies,
such as bromination of olefins and oxidation of
organic substrates and ester hydrolysis, but also
worked in such diverse areas like dipole
moments and structure of molecules,
diamagnetism and molecular structure, UV, IR
and Raman spectra and solvent influences on
reaction rates. He was elected Fellow of the
Indian Academy of Sciences in 1938, of the
Royal Society of Chemistry in 1951 and of the
Indian National Science Academy in 1967. His
students, in acknowledging the debt they owe
him, have instituted an Anantakrishnan Lecture
Endowment at the Madras Christian College.
He leaves behind two sons and three
daughters.

Srinivasan Krishnaswamy passed away in
Madras after a brief illness on 20 November
1988. He had just begun his second five-year
term of office as the Vice-Chancellor, Madurai
Kamaraj Universtiy.
He was born in 1926 in Tanjore, as the
youngest of three sons of Rao Sahib K S
Srinivasan and Mangalam. He grew up in a
liberal joint family in a palatial house "Sri
Bagh". After his schooling in Tanjore, he joined
Presidency College, Madras, where he took his
B.Se. degree in Zoology.
He joined the Zoology Research Laboratory
- of the University of Madras in 1952 for research
under Prof. C S Gnanamuthu and obtained both
the M.Se. and Ph.D. degrees from the University
of Madras, working on pelagic, sand-dwelling
and parasitic copepods. His work on the fine
structure in the Copepoda, on electrical
potentials in the Isopoda, respiration in the
Copepoda, the chemical composition of
animals, biochemical studies in sea urchins,
osmoregulation, regulation of chlorides, sodium,
potassium and total free amino acids, transport
of sugars, etc is well known. He spent a few
years in the UK, where he obtained another
Ph.D. and a D.Se. degree from the University
of Southampton.
In 1962, he jOined the post-graduate
research extension centre of Madras University
at Talli1kulam in Madurai. He went on to build
the School of Biological Sciences in what soon
became the Madurai K;amaraj University.
He attracted a group of colleagues, who,
under his influence, performed to international
acclaim and peer recognition. Research and
teaching in the areas of molecular biology,
biochemistry, photosynthesis, microbiology,

immunology, environmental biology,
chronobiology, neurophysiology, animalbehaviour, aqua and fish culture, cancer biology
and biotechnology in Madurai Kamaraj
University owe their existence to him.
Among his interests In his last days were the
Science and Technology Entrepreneur Parks
(STE~), bioinformatics, biotechnology, computer
sciences, management sciences, science
communication and performing arts.
Simple and diffident to a fault, he was a
superb organiser and the most generous of
'colleagues and friends.
He collapsed in the Vice-Chancellor's
chambers on a Sunday afternoon, having
suffered a stroke from which he never
recovered. In his death the Madurai Kamaraj
University lost its ablest architect and the
country an outstanding scientist. He will be
sadly missed by his many friends, colleagues,
students and admirers.

lakshminarayanapuram Krishna Iyer
Ramachandran passed away on 11 August 1988
at Hyderabad after a brief illness.
Born on 30 MarchI 1928, he had his early
education in Travancore, now part of Kerala.
He took his B.Se. degree with the first rank in
1948 from the Universtiy of Travancore,
followed by the M.5c. degree in Biochemistry
in 1951 and the PhD. degree in 1953, both
from the University of Madras.

actively participated in the elucidation of the
structure of tobacco mosaic virus (TMV) protein
during his stay at the Biochemistry and Virus
Laboratory, University of California, Berkeley.
His investigations laid the foundation for the
oxidative modification of indole groups in
proteins with N-bromosuccinimide. He
elucidated the structure of the peptide antibiotic
gramicidin A, and identified new amino acids in
plants, such as homoarginine, deltahydroxyhomoarginine and also Noxalyldiaminopropionic acid, a neurotoxin in
kesari dal (Lathyrus sativus). He carried
out extensive investigations on the structureactivity correlations in polymyxin, gramicidin
and other antibiotics. In recent years he had
been actively working on bovine thyroglobulin,
chemical modifications of proteins, toxins of
animal venoms, especially the role of
magnesium ions in their structure-activity
relationships, biosynthesis of lathyrine and the
complex peptide antibiotic thiostreptan, and the
mode of action of cardiotoxins.
A well-known protein chemist, he played a
crucial role in the growth and development of
biochemistry and biochemical education in the
courltry. He was elected a Fellow of the
Academy in 1974. As a member of the Editorial
Board of the Indian Journal of Biochemistry and
Biophysics and the Journal of Biosciences, he
played a pivotal role in the develop.rnent of
these journals.
He leaves behind his wife and five children.

He worked from 1953 to 1959 as a postdoctoral fellow and a Research Associate/
Research Biochemist in Canada and the USA.
Returning to India in 1959 he worked for 3
years as a Research Fellow in the Biochemical
Laboratory, Madras, and the Department of
Biochemistry, Indian Institute of Scierlce,
Bangalore. He again worked as Visiting Scientist
in the USA from 1962 to 64. He returned home
in 1964, joining as Reader in the Department of
Chemistry, Osmania University, and became
Professor in 1970. In 1972 he took over as
Professor and Head of the Department of
Biochemistry, which post he occupied till his
death.
Proteins and peptides fascinated
Ramachandran throughout his research career
spanrling more than 40 years. His original
contributions in ear/ier years included the
structure of proteins, iodine interactions in the
thyrOid gland, studies on proteins of wheat
especially gliadin, new isothiocyanates for
sequencing of peptides and proteins, and the
protein hormones of the pituitary gland. He
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