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 When C. V. Raman passed away, 
Sivaraj took on considerable responsi-
bility to ensure that the Academy ful-
filled the dreams of its founder, by  
enhancing and strengthening its activi-
ties, specially its publications. I had the 
opportunity to work closely with him 

during that period. I still remember the 
meetings to start Pramana, and the varied 
discussions on starting new journals, and 
widening the membership of the Academy. 
I believe that the Academy has been emi-
nently successful in these and other en-
deavours. It was enjoyable working with 
Sivaraj closely, specially when I became 
one of the first secretaries of the Academy. 
Sivaraj served the Academy in various 
capacities and we all owe him much for all 
that he has done for the Academy. 
 No account of Sivaraj is complete with-
out the mention of Satish Dhawan. My 
friendship with Satish also goes back to 
1959. He was the moral conscience  
of the academic community. Satish and 
Sivaraj were always close friends, and  
I claim that I belonged to the same cluster. 
I have no doubt that Sivaraj and Satish 
were jointly responsible to bring me back 
to Bangalore from Kanpur in 1976. Siva-
raj was then at the National Aeronautical 
Laboratory, Bangalore where he success-
fully set-up the first proper materials re-
search laboratory in the country. 

 Sivaraj is a scholar and an idealist. He 
is a scientist inspired by two great souls, 
Raman and Dorothy Hodgkin. His sharp 
wit and eye for the essence are remarka-
ble. He is a fine human being and is truly 
humane. He has been a source of encou-
ragement to many a scientist in the country, 
and is one of the treasures of Bangalore 
and its scientific traditions. He has been 
blessed with a charming companion whom 
we all dearly love. Due to various pre-
occupations, I have not met Sivaraj and 
talked to him as frequently as I should 
have in the last few years, but I have 
always considered him to be one of my 
dearest friends and well-wishers. I know 
that he is there, and I feel reassured with 
that knowledge. 
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Ramaseshan’s Chitra connection* 

I met Ramaseshan for the first time  
in 1972 in the old CSIR guest house  
in Delhi. I had then returned to India 
from the US after many years and made 
an uncertain start in the Safdarjung  
Hospital as a cardiac surgeon. I was 
asked to meet him by Nayudamma who 
took note of my plea for developing 
biomaterials and medical devices tech-
nology in India. Rigid compartmentali-
zation is the bane of science and I had 
long recognized, not two, but many cul-
tures among scientists and intellectuals. 
The meeting with Ramaseshan came as a 
breath of fresh air because here was a 
master physicist who not only under-
stood the problems of introducing mate-
rials into a living system but even shared 
the excitement of developing an artificial 
valve which had to open and close 
100,000 times a day for a minimum  

period of 10 years before getting appro-
val for implantation! We hit it off  
immediately and our contacts grew even 
though I could achieve little during my 
year’s stay in Safdarjung Hospital. My 
next stop was the IIT, Chennai where 
Arcot Ramachandran offered me a Visit-
ing Professorship in the Division of 
Biomedical Engineering with permission 
to operate in the Railway Hospital, Peram-
bur thrice a week. My assignment in the 
IIT included teaching a course in physi-
ology, contributing to seminars and in-
teracting with M.S. students whose 
projects covered almost everything in 
medical sciences. I was however disap-
pointed that R&D received low priority 
in the IIT scheme of things; a student 
could spend three or four years, for ex-
ample, on the modelling of a valve for 
his Ph.D. without getting any closer to 
making a prototype. As the students were 
bright and enthusiastic there was no rea-
son why each project could not have 
been chosen and planned with techno-

logy transfer in view. I remember dis-
cussing these issues more than once with 
Ramaseshan who did not dismiss my 
concerns as scientists generally tend to do. 
Needless to say, the valve project made 
no progress during my IIT interlude. 
 Like in the affairs of men, there is a 
tide in the life of ideas and the upswing 
for the valve project coincided with my 
move to the Chitra Institute, Trivandrum 
in 1974. Side by side with the commis-
sioning of a speciality hospital, a project 
proposal for the development of PVC 
and titanium for medical applications 
was approved, among the first few, by 
the SERC for funding. My co-investi-
gators were Ramaseshan in the NAL and 
Gowarikar in the VSSC. The project 
gave me an opportunity to bring two bio-
medical engineers including Bhuvanesh-
war who had been a keen student in the 
IIT, as Research Fellows to Chitra and 
create a rudimentary facility for R&D. 
Looking back, it is remarkable that our 
tiny group could develop a pulse dup-
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licator, test the samples of imported 
valves and publish a paper in those far-
off days! A Research Fellow worked 
under Ramaseshan in the NAL for fabri-
cating a valve housing of titanium, which 
was shown to be feasible. 
 Why develop a prosthetic heart valve 
which is available in the market? Why 
re-invent the wheel? The short answer to 
these questions is the desperate need of 
poor patients who are priced out by the 
imported valves. Nothing could be more 
painful or more unfair than the denial  
of a surgical procedure to a patient on 
the ground that a life-saving device is 
beyond his or her means. There were 
other reasons too. The technology of the 
heart valve is complex and demands high 
level inputs from materials science, engi-
neering and cardiac surgery. It is the 
very complexity which limits the deve-
lopment and successful production of 
valvular substitutes to no more than two 
or three countries in the world. The mas-
tery of the valve technology would imply 
the growth of self-confidence and the crea-
tion of a self-regenerating base of R&D 
which would make it possible for the 
country to develop any medical device of 
importance for our health services. We 
dreamt that India would cease to be a per-
petual borrower of medical technology and 
would have something to lend in return! 
 The valve project picked up momen-
tum when a new campus for biomedical 
technology was acquired by the Chitra 
Institute. From a humble start in an out-
house, Bhuvaneshwar built an excellent 
laboratory where instruments for testing 
the performance of materials and devices 
were designed and made; Neelakantan 
Nair organized a Tool Room which could 
fabricate metallic components of the 
valve to desired size and design; Arthur 
Vijayan Lal, a veterinary surgeon, made 
ready an animal care facility and proce-
dure rooms where heart valve replacement 
could be done in sheep with predictable 
survival; our colleagues in pathology, 
toxicology and other divisions extended 
support whenever necessary. To manage 
the multidisciplinary team, the newly 
acquired campus needed a leader with an 
uncommon combination of abilities. My 
first choice turned out to be wrong and I 
turned to Ramaseshan for help. It was on 
his initiative that A. V. Ramani left the 
NAL and joined the Biomedical Wing of 
the Chitra Institute to preside over a  
decade of technologic growth. The valve 
project had Bhuvaneshwar as the prin-

cipal investigator with Ramani and col-
leagues providing constant support through 
innovative suggestions, trouble-shooting 
and close monitoring. 
 The real test of any team lies in how 
well they manage crises which are not 
uncommon in the development of com-
plex technologies. We had more than the 
usual share of misfortunes – and the tri-
umph over setbacks was facilitated by 
Ramaseshan who was a guardian angel 
for the project. The successful model in 
the market is the third in our develop-
mental series and puts a veil over models 
1 and 2 which failed. 
 A prosthetic valve has three parts – a 
metallic housing, a disc or ball which 
functions as an occluder and a sewing 
ring of plastic fabric fitted around the 
housing for surgical fixation. Our model 
1 featured titanium for fabricating the 
housing, polyacetal (Delrin) for a disc 
and polyester for a sewing ring. The major 
and minor struts between which the disc 
was suspended had been electron beam 
welded in the valve housing. To our dis-
may, the model died quickly because the 
major strut fractured at the weld after  
a mere 100,000 cycles in Bhuvanesh-
war’s wear tester when our target was 
380 million cycles! It was Ramaseshan  
and Valluri who arranged for a study of  
the strut fracture at the NAL, which showed 
that weld embrittlement had caused the 
failure. It did not escape our notice that 
around the same time a reputed manufac-
turer abroad had given up welding in 
favour of an integrally machined hous-
ing. Ramani took the lead in switching 
the housing of the Chitra valve from 
welded to the integrally machined mode. 
On the lighter side, it used to puzzle me 
why the titanium housing was showing 
wear in the wear tester while the soft 
polyacetal disc seemed immune! It was 
the opposite of what one expected in 
materials science or human relations, for 
that matter. Failing to find a physical 
explanation, I remembered the famous 
verse in Mahabharata ‘The gentle over-
comes the hard; the gentle overcomes the 
not so-hard; there is nothing the gentle 
cannot do; therefore the gentle is the 
stronger’. My speculations came to an end 
when Ramaseshan took a close look at 
our wear tester and made an accurate diag-
nosis. The wear chamber was made of 
mild steel and the rust particles formed 
in the fluid medium (water) had got  
embedded on the plastic disc; every time 
the disc tilted, the rust-embedded surface 

abraded the surface of titanium like a 
sandpaper. The problem was solved by 
fabricating the wear tester from stainless 
steel and adding an anti-rust agent to the 
fluid medium in the chamber. 
 Model 2 inspired high hope because 
the valve housing was integrally machi-
ned from Hayne’s alloy and the disc was 
made of single crystal sapphire, which 
has many attractive properties such as 
inertness, hardness, mirror finish, etc. It 
went through every stage of development 
successfully over a three-year period 
including implantation in the mitral posi-
tion in sheep. In fact, we decided to seek 
the approval of the Institutional Ethics 
Committee for its clinical trial in early 
1990. But disaster struck when one of the 
six sheep with the valve in position sud-
denly dropped dead after several months 
and a necropsy showed that the sapphire 
disc had fractured. We knew at once that 
not only the sheep but model 2 was dead 
and our sustained effort of years lay in 
utter ruin! It was a major crisis when 
friendly and not-so-friendly critics and 
the media mounted a spirited attack on 
the valve project. Once again, our crisis 
management group held long sessions 
with Ramaseshan who suggested a series 
of five possible plastic candidates instead 
of a rigid material for fabricating the 
disc. We took the help of NCL under 
Mashelkar for identifying ultra-high-
molecular-weight polyethylene from the 
candidate list for making the occluder for 
the successful model 3. 
 Another benefit gained from the adver-
sity was the adoption of sub-assembly 
tests for adhesive wear, abrasive wear, 
etc. – before testing the full model – a 
highly economic procedure in terms of 
cost and time. Ramaseshan played a cru-
cial role in the introduction of this proce-
dure. When the Chitra–TTK valve was 
successfully implanted in a patient in 
1991, he took editorial note of the  
event in Current Science and gave us a 
much-needed shot of encouragement. The 
Chitra–TTK valve never looked back and 
has now been implanted in 10,000 patients 
in India. Its market continues to grow to 
the gratification of those who laboured 
long in the Chitra vineyard and espe-
cially of Ramaseshan. 
 Ramaseshan’s contributions to techno-
logy development at the Chitra Institute 
were not limited to the Chitra valve. An 
R&D group in India faces a serious, but 
poorly recognized problem of validation 
in the transfer of technology. A proto-
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type which works in the laboratory may 
not work too well during pilot production, 
which is followed by the R&D group and 
industry blaming each other to their  
mutual detriment. In the eighties, long 
before incubators became fashionable, the 
Chitra Institute set up a facility known as 
‘Techno-prove’ where the R&D group 
and engineers deputed by the industry 
worked together on the basis of an MOU 
under GMP conditions to produce a few 
thousands of a given device over a 2–3 
year period. The Techno-prove ensured 
the success of the transfer of technology 
of the blood bag, oxygenator and the 
Chitra–TTK valve and continues to be in 
active use for the service of the Institute 
and industry. The Techno-prove was a 
brainchild of Ramaseshan and its con-
struction was supported by industry. He 

was the first Chairman of the Techno-
logy Transfer Committee of the Chitra 
Institute and played a major role in 
bridging the gap between the Chitra 
laboratory and industry. He did not hesi-
tate to don the hat of the Chairman of  
a joint sector company which manufac-
tured the blood bag developed by the 
Chitra Institute – he was as committed as 
the rest of us to the scientific and com-
mercial success of Chitra technologies. 
 As I recall my long and precious asso-
ciation with Ramaseshan, memories and 
images crowd in my mind. He is a quint-
essential scientist but much more; a tech-
nologist with a sharp eye on practicality; 
a colleague who cheers and inspires his 
team; a speaker who moves his audience 
and even holds them spellbound when 
speaking on Raman or Ramanujan; a con-

noisseur of literary style; to all these shin-
ing qualities, the gods gave him a keen 
sense of humour to the regalement of his 
friends. It is curious that we hardly ever 
touched upon questions relating to faith or 
religion even though our free-wheeling 
discussions covered everything from 
archeometallurgy to zeolites! Neverthe-
less I am persuaded that his credo would 
be of a piece with the summum bonum of 
human existence – truth, happiness and 
beauty (Satyam, Sivam, Sundaram). 
 It is a privilege to salute Ramaseshan 
on his 80th birthday. 
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S. Ramaseshan, the teacher* 

Prof. Ramaseshan started his career in 
physics as a student of C. V. Raman. 
Like most of Raman’s students he also 
was infected with optics, a subject that 
he loves even to this day. In retrospect 
we can say that his association with  
Raman had a lasting impact on his tastes 
in science in general and physics in par-
ticular. Anything in optics interests him 
and everything else in physics he tries to 
translate into the language of optics. What 
is more, he has managed to pass on this 
infection to a few of his students. And 
we are amongst that fortunate few. It is 
probably not an understatement if we say 
that his entry into the domain of crystal-
lography was again through optics, in 
particular through optical diffraction. But 
it was only a sojourn in crystallography 
and not a migration to it. When we joined 
as Research Fellows he was already a 
renowned crystallographer. But when 
crystallography became an industry to 
determine crystal structures he chose to 
phase out of it. It was during his withdra-
wal phase from this area that we were 
with him as his students. Only we knew 
that he was undergoing a ‘phase’ trans-
formation. This period also coincides 
with his move from an academic institu-
tion to a laboratory dedicated to scien-

tific and industrial research. We did 
academic research in an environment 
charged with applied research. 
 We briefly sketch here the personal 
recollections of our association with 
Ramaseshan during his stay at the National 
Aerospace Laboratories (NAL), Bangalore. 
Those days it was called the National 
Aeronautical Laboratory. He had moved 
in a few years earlier to build and deve-
lop its Materials Science Division. Here, 
he was involved in both pure and applied 
research. In scientific (pure) research he 
was occupied with problems in crystal 
physics, high pressure physics, piezo-
optics, neutron-optics, disordered struc-
tures and scattering processes in metallic 
and magnetic systems. Of course he had 
not completely given up formal crystal-
lography. In industrial (applied) research 
his interests were in stress analysis of 
air-frame structures, corrosion in metals 
and alloys, electrochemical machining, 
composites and opto-electronic materials. 
We were surprised at his wide spectrum 
of research interests and even wondered 
how he kept track of all these activities. 
This was all the more an enigma since he 
always met daily each one of us and 
spent enough time on the research prob-
lems that we were working on. When the 
problems that we were occupied with 
reached an exciting stage he would always 
meet us many times a day and this would 

go on for days. A meeting with him 
would often go beyond the problem on 
hand. Being an excellent teacher he could 
enthuse the student in related topics as 
well. Thus we learnt lot more than what 
was necessary for a mere paper or a 
problem. He would repeatedly stress that 
physics was like cheese and that one 
could enter it anywhere and get out of  
it anywhere else. This is probably why 
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S. Ramaseshan (circa 1960s). 
 


