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Editor’s Message 

 
Once again we are happy to bring this 
year’s TAA Newsletter “SAMPARK” to 
our TAA members. The online            
edition has gained excellent popularity 
among readers since 2008.  It contains 
important TAA events such as Public 
Lectures by distinguished alumni, and 
also their life and work at TIFR.  
 

We are happy to note that the TAA  
membership is increasing due to         
students' enrollment as TIFR deemed 
University is playing an important role 
in enhancing the future alumni. We   
also hope, the Newsletter would make 
a significant contribution in helping            
members to stay connected. 

 
 

 

Enjoy Reading! 

 
 
 
 
 
 
 

Dr. R. S. Chaughule 
rctifr@yahoo.com 
Ex. Tata Institute of Fund. Research 
Adjunct Professor,  
Ramnarain Ruia College 
Mumbai 
 

 

 

 

 

 

Dr. Sangita Bose 
sangita@cbs.ac.in 
UM-DAE Center for Excellence in Basic 
Sciences, (CEBS) 
Mumbai 
---------------------------------------------------- 
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From the Patron’s Desk 

The TAA has continued to be active in various tasks this year, engaging with the 

alumni as well as the public. The Public Lectures by eminent speakers organized 

by the Association  brought forth illuminating perspectives on crucial scientific 

and societal issues. The recognition of excellence at different levels starting from 

the students all the way to alumni who have made immense contributions in 

their chosen fields goes a long way in emphasizing the basic goals to which the 

Institute is committed. This year TAA chose two faculty members for the           

Excellence in Teaching awards, in mathematics and chemistry.  It also honoured 

three former faculty members with Excellence awards for their achievements 

throughout their careers at  the Institute and recognized the efforts of several 

colleagues who have obtained patents for their innovations.   We are also proud 

to learn of the accomplishments of our alumni spread out across the globe. In 

this connection, let me mention the prestigious IBM Fellowship awarded to Dr. 

Ajay Royyuru,  who graduated in 1994. The Institute is also going through an   

interesting phase with several scientific challenges that we are excited  about 

and at the same time adapting to the rapidly evolving  situations both nationally 

and internationally.  

I understand that the TAA now wants to reach out more effectively to the alumni 

and is revamping its website to make it more attractive and useful.   This is a 

very good initiative and I look forward to more interaction, feedback and help 

from the alumni in sustaining and enhancing our scientific stature.    

 

 Sandip Trivedi 

Director, TIFR and Patron of TAA  
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TAA President’s Message 

It is indeed a pleasure to extend my greetings to you all, as the President of my alma mater’s Alumni              
Association. My association with TIFR started over a half century back, when I joined as a graduate 
student in the Theoretical Physics Division. During these years I have seen TIFR grow in stature and 
strength to have been recognized as a symbol of excellence in scientific research.  
 As the Institute always chose quality over numbers, we are a very compact body today. However, 
our strength lies in the respect with which many of our members are regarded in the scientific      
community. As many past members are spread all over the globe, our effort to bring them under the 
umbrella of TAA has only met with a partial success. It is my appeal who read this newsletter to 
bring this to the notice of any such person with whom they might be in touch.  
 In our endeavor to make sure that those who graduate from here henceforth continue to be            
associated with the Institute through the TAA, we encourage the current research scholars to          
become Associate members of TAA, which would then get converted to full-fledged membership 
when they graduate from here.   
 As 2016  is coming to a close, it is a good time to look back on TAA activities in the past year.  
We celebrated the National Science Day on 29th February by a lecture by Prof. K. Rustagi on 
“Photonics- Science and Engineering”, a very appropriate topic in the context of the previous year 
having been the ‘Year of Light and Light Based Technologies”.  The annual TAA J.R.D. Tata lecture 
was delivered on the 29th July by Dr.  A.  Kakodkar on “Getting Ready for Knowledge Era” to a packed 
audience at the Homi Bhabha Auditorium. 
 TAA was actively involved in Founder’s Day celebrations on the 30th October. On this day we        
honoured some of our distinguished alumni and bestowed awards on the current scientists for their  
excellence in research and teaching and those who have obtained patents. On 23 November, the TAA 
members interacted with the members of the UGC’s National Assessment and Accreditation Council 
(NAAC) offering their views on the way the young TIFR University should take shape. 
Though our membership is very limited, I believe that our members, many of whom are well           
established and respected in their profession, can be of immense help to the Institute. This can be 
done by their offering to help build linkages with other centres of excellence within and outside the 
country, by offering guidance to the senior research scholars in choosing appropriate places for post
-doctoral research and those seeking employment in academia. We have just launched a website 
which we expect will become very helpful to our young members in this context and we appeal to 
senior  members to provide valuable inputs so that the  website may remain vibrant.  
TIFR lost one of its most illustrious alumni Prof. MGK Menon who was its Director for several years, 
on 22nd November 2016. We offer condolences to the TIFR family for this irreparable loss.  
Finally, I would like to thank our editors for their effort in bringing out this issue which I trust our 
members would enjoy. It would be my attempt to persuade them to bring out, may be a slimmer    
version of the same, sometime in July as well. I also appreciate the help rendered in this connection 
by Ms. Margaret D’Souza who has been associated with the publication since long. 
We are indebted to TIFR administration and in particular to the Director, Prof. S. Trivedi for their 
help in connection with our activities. 
I wish you all a very Happy New Year! 
 
Dipan Ghosh 
TAA President 
Former Professor IIT Bombay 
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TAA Public Lectures 

 

 

 

 

 

 

 
 

 

 
TAA -National Science Day Public Lecture on Monday, February 29, 2016 by 
Prof. Kailas Rustagi  at 4.00 p.m. in the Lecture Theatre, TIFR. 

“Photonics- Science and Engineering” 
  

 

 

 

 

 

 

                

                              

 
           

          TIFR-JRD Tata Public Lecture on Friday, July 29, 2016 by Dr. Anil Kakodkar, at    
5: 00 p.m. in the Lecture Theatre, TIFR.        

      “Getting ready for knowledge era” 
 

TAA organized two public lectures in 2016,  

One was held on the National Science day, 29th  February by  Prof. Kailash Rustagi who was        

associated with TIFR, BARC, RRCAT, IIT-B. He held visiting positions at several Labs in France and 

Germany.  At present he teaches at UM-DAE CEBS, University of Mumbai.  

The other was the TIFR–JRD Tata Public lecture on 29th July by Dr. Anil Kakodkar, INAE Satish 

Dhawan Chair of Engineering Eminence, Chairman Technology Information, Forecasting and      

Assessment Council, Former Chairman, Atomic Energy Commission. 
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Dr. Anil Kakodkar is an eminent nuclear engineer and a widely acclaimed leader of 
the Indian Nuclear Programme for many years. He was the Chairman, Atomic Energy 
Commission and Secretary to the Government of India, Atomic Energy, during the 
years 2000‐2009. Currently he is INAE Satish Dhawan Chair of Engineering Eminence 
at BARC. Dr. Kakodkar devotes his time primarily on issues related to energy,            
education and societal development. 
 
Dr. Kakodkar's sterling leadership led to a significant boost to India's nuclear power      
programme notwithstanding the uranium supply constraints. He has seen India 
through challenging times, sustaining the country's energy as well as strategic goals.  
As a great believer in fundamental science and its implications for long term            
progress, he championed observer status for India at CERN (European Centre for            
Nuclear Research), partnership in the ITER (International Thermonuclear                   
Experimental Reactor) project and exemption for nuclear trade from Nuclear                   
Supplier's Group (NSG) besides several international cooperation agreements in the 
area of nuclear power, acquisition of uranium and nuclear research. 
 
Dr. Kakodkar has also given notable leadership to human resource development in 
the country. Establishment of NISER (National Institute of Science Education and               
Research), DAE‐Mumbai University CEBS (Centre for  Excellence in Basic Sciences) 
and HBNI (Homi Bhabha National Institute) are among several of his initiatives in this 
direction. He has chaired several national committees and governing boards of many 
institutions like IIT Bombay and IUCAA. Dr. Kakodkar has won numerous professional 
awards  and   recognitions at the international and national levels and has been        
bestowed Doctor of Science (Honoris causa) by many academic institutions.  For his 
stellar  service to the nation, he  received the Padma Shri in 1998, the Padma Bhushan 
in 1999 and the Padma Vibhushan in 2009.   
 

“Knowledge, society and economy together form a three 

legged stool.  Society and economy invariably remain 

connected. That’s an imperative of human survival.” 

Dr.  Anil Kakodkar 

Introduction of Dr. Anil Kakodkar: Speaker for  

TIFR-JRD Tata Public Lecture 2016 
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Getting ready for knowledge era 
Dr. Anil Kakodkar : TIFR-JRD Tata Public Lecture 2016 

(Reproduced with permission from Physics News 2016 published by the        
Indian Physics Association) 

Preamble 
Knowledge evolution has been central to 

well being and prosperity of societies. In 

the context of the knowledge era that is fast 

emerging, this has become crucially         

important. Economy of nations and           

societies and their relative competitive     

advantage is now strongly linked to their 

capability with respect to knowledge and 

knowledge products. Raw materials,        

human resource and technologies are the 

three basic  ingredients to support          

economic activities and wealth creation. 

Leveraging latest knowledge is the key to 

maximize gains in respect of all three. We 

are now by and large a raw material           

resource poor country. Our demography is 

very favourable and is potentially the       

engine for our growth. Sustaining our 

growth and our relative competitive         

advantage however depends on the level of  

knowledge empowerment of our people 

and knowledge products they can bring 

out. This is a major challenge for our         

education and S&T system. The challenge is 

even bigger in the context of rural India 

where two thirds of Indians live. 

 

Introduction 

India was known to be the richest country 

in the world till about 1700 CE. India was 

also a seat of knowledge with strong       

cultural and  trade influence the world 

over. The decline of Indian economy in     

relative terms thereafter roughly coincides 

with the latter part of Mughal and the     

subsequent British rule over India. This 

was also the period over which the            

Industrial revolution took shape. One 

can conjecture that India could not 

withstand the competition posed by 

industrial era. While there may have 

been a variety of factors, beyond the 

control of the Indian society that was 

under the foreign rule, that led to this 

situation in a country that was a leader 

in knowledge and technologies of the 

time; we now need to recognize the 

new opportunities and challenges of 

the emerging knowledge era and        

ensure that independent India does 

not lag behind in the new competitive 

environment. We also need to build 

more robust systems and structures 

that are not vulnerable to negative     

influences arising out of external and    

internal factors that may arise.           

Expectedly, thanks to our large youth 

population presently, the relative GDP 

of India has started showing signs of 

improvement in independent India. 

Ensuring a quality of life of our people 

at a level commensurate with other   

developed countries would however 

necessitate our per capita GDP to            
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match at least in $ppp terms, with per    

capita  GDP in those countries. There are 

however a number of structural / policy 

corrections as well as deep seated             

socio-cultural transformations, particularly 

in the education, research and innovation 

domain; that are necessary to ensure that 

we can sustain the relative global            

competition even as India approaches the 

top slot in just GDP terms to begin with.   

Efficient translation of new knowledge to 

competitive products is the key to success 

in today’s interdependent world. We need 

to be able to build a competitive              

 technological edge to win this         

competition. Clearly education,           

research and innovation framework in 

the country is the crucial factor in our 

ability to succeed in the new paradigm.  

Apart from their impact on economy, 

technologies bring in several essential 

strengths to the nation. Technology is 

the key to comprehensive national 

power. Technology enables strategic 

autonomy against restrictive regimes 

that may be driven by external            

political, economic and military          

interests. Sui generis understanding of 
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technologies enables robust decisions that 

avoid vulnerabilities that can arise out of 

vendor driven decision making about     

technology choices and related policies. 

Most importantly, technology empowers 

citizens and societies. This however is a 

double-edged matter. Along with induction 

of technologies, there is also a need to     

prepare societies to comprehend impact of  

technologies and recognize issues of  ethics 

value system involved. Sustaining and      

cultivating the constructive mind set in the 

context of new technologies particularly 

among the youth must keep pace with 

emergence of new technologies on the    

scene. 

 Current scene 

While there is recognition of the        

importance of high quality in              

education, high excellence in research 

and a conducive innovation eco-system 

for national economy, our education 

and research outcomes are far short of 

desirable expectations in this context. 

‘ASER’ reports brought out periodically 

by Pratham tell us about of the state of 

our school education. In the context of 

our higher and more particularly    

technical education, employers are     

often not able to find employable      

candidates even as there are a very 

large number of unemployed          
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graduates. Most of our higher education   

institutions do not do any significant        

research. There are a few institutions 

where good research does take place.   

However even here, translation of research 

outcomes to marketable technology      

products are far from being satisfactory. 

There is thus an urgent need to enhance 

the level of excellence as well as a rethink 

in orientation in our education, research 

and innovation eco-systems such that our 

youth can realize their full potential and 

simultaneously enable access to such    

quality education and research                   

opportunities to all, bridging the urban-

rural as well as rich-poor divide. Talking 

about research, thanks to interventions  

implemented by DST, research output as 

measured through research publications 

from India has significantly gone up in     

recent years. We, at the moment invest 

around 0.8% of our GDP in R&D. While 

there is a strong case for enhancement in 

this level of investment and take it to a level 

of around 2-2.5% of GDP to make it        

comparable to countries with whom we 

would like to compare; we need to be also 

conscious of the fact that, in absolute 

terms, we actually spend more or            

comparable money on R&D as compared to 

countries like Israel, Canada, Sweden,   

Switzerland, Finland and even UK. We also 

need to recognize that our expenditure per 

full time equivalent S&T professional is   

actually comparable (in $ppp terms) with 

best in the world. We thus need to 

question our not being able to be    

comparable with the countries listed 

above in terms of technological           

capability that can dominate the      

market place. Clearly we need to make 

our investments in R&D much more 

productive in this context. 

On taking a closer look at say top 15 

items of our imports and exports, one 

finds that most of the goods/product 

categories in both lists are common 

with imports dominating the exports. 

Total balance of payments                   

corresponding to these 15 items even 

after excluding oil imports amounts to 

around $ 60 billion. Clearly                

competitiveness of our value addition 

activities needs to improve a lot with 

technology having to play a major role. 

There are of course notable exceptions 

like the vehicles,  pharmaceuticals and        

clothing. However, industry duly      

supported by Govt. policies seems to 

have played a far greater role here. 

Clearly there is a need to focus on 

translation of our knowledge and      

research to technologies that would 

make value addition in high import   

areas globally competitive. 

Recently Technology Information          

Forecasting and Assessment Council

(TIFAC) has come out with a            

Technology Vision 2035 that looks at 

Indians in 2035 and their needs and 
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prerogatives. The exercise has identified a 

spectrum of technologies for meeting the 

prerogatives and also worked out road 

maps in different technology areas for the 

country. Clearly our R&D efforts need to be 

geared up to ensure that the future         

technology needs are met through made in     

India products specific to our needs. 

 

The way forward 

There are several transformations that we 

need to bring in to make our R&D              

investments more productive and enhance 

our national competitive edge. Presently, by 

and large, a restrictive silo mind set       

dominates us.  This has to change. We need 

to build strong linkages between                

education/teaching and research.  Further 

a University or a research institution 

should become a confluence of academia, 

industry/society where one seeks original 

achievement and knowledge creation 

through individual research on one hand 

and at the same time promote development 

of technologies and solutions for industry 

and society through group research on the 

other. Pursuing fundamental research       

devoted to knowledge creation, which 

could also lead to disruptive technology 

and applied research necessary for          

sustained technology evolution, together 

would need a major cultural shift to be 

brought in through sustained and         

painstaking efforts over a significant period 

of time. While the design of the            

research framework within a 

knowledge institution has to be based 

on institutional mandate, the         

framework must enable translation of 

outcome of research effort across the 

full spectrum of potential benefits 

ranging from a forward push to 

knowledge frontiers to creating a 

sharper technological edge and larger 

economic gains for the nation/society. 

Such translation could be done within 

the institution or in collaboration with 

closely linked sister institutions or 

through other modes of broader       

networks among institutions. A degree 

of hand holding over a period of time is 

however essential in all modes. In any 

case the nation cannot be deprived of 

the potential benefits out of                 

investments in R&D simply because of 

lack of interaction among people or   

institutions across the research      

translation chain. The institutional    

value system thus should create a    

motivating environment for such   

translation without in any way            

diluting excellence with respect to   

primary institutional mandate. The 

yardsticks of measuring excellence in 

diverse set of activities involved would 

need to be evolved carefully. Basically, 

we need to be able to account for      

impact on peers in core area of the     

individual researcher, impact of         
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downstream partners and impact of his/

her efforts in technology translation on the 

society/industry. The overall assessment 

should then integrate these impacts with 

due recognition of overall institutional 

mandate. Seen in above context, we have 

two basic challenges in our higher             

education and research system. The first 

one relates to quality in whatever the        

institutions or its members are  doing.     

Unfortunately, the performance of a larger 

fraction is inadequate. There are a number 

of interventions now in place to correct the 

situation. The second challenge relates to 

creating and nurturing right ecosystem in 

our institutions so that the translation of 

research for economic benefit of the nation 

is facilitated. While there is awareness on 

this count and a few good examples do    

exist, much more needs to be done.  

A look at the correlation between the    

number of PhDs in science and engineering 

in areas that lead to new technologies and 

the national GDP, for different countries, 

underscores the need to enhance the       

output of such PhDs in our country. We 

should target reaching around 20,000 such 

PhDs annually to be competitive with      

major world economies. At present, we 

may be around one fifth of this number. 

There has indeed been a major push to PhD 

output from IITs, some NITs and other      

engineering education institutions in last 

few years. There is optimism that the target 

would be achieved in next 5-10 years. 

Over and above high quality education 

and research institutions with right 

eco-system, we also need a more      

conducive environment to support     

entrepreneurship among university 

graduates and others to take a          

technology from the University to   

market place. In this context, it is       

interesting to recognize that our IITs 

have been ranked (at 4th position) at 

one stage, among the top 10                

universities of the world in terms of 

producing founders of new ventures 

that have attracted investments. This 

however has happened outside India. 

In principle, we have larger number of 

IITians back here in India. Further the 

total number of engineering graduates 

that India produces is around 200 

times more. Founders from IITs during 

the period Jan. 2009 to July 2014 have 

attracted more than $ 3 billion            

investment. Imagine the potential of      
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 IITs contributing to India’s economy with 

right environment to support                      

entrepreneurship here. Trends of such a 

thing happening are already visible. If the 

quality of all or most of engineering          

education institutions in the country        

becomes comparable to IITs, that could    

become the single largest factor to boost      

India’s economy.  

While encouraging the startups and more 

broadly the culture of taking university     

research to market place, we need to        

recognize that such translations have to   

negotiate a number of valleys of death. This 

invariably requires efforts which at times 

are much larger than demonstrating a  

proof of principle in the laboratory. 

Our support system for such            

translation is however much  smaller 

in proportionate terms. While we need 

larger support systems for this          

purpose, more importantly such       

support must be characterized by    

synergistic symbiosis between            

academic and commercial domains 

with the commercial domain playing           

increasingly greater role as we move 

from research to development to     

commercialization. Academic domain 

should however remain connected 

through out  although the level of     

participation may progressively               
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 decrease. Over and above the new         

technology push, for research-technology 

commercialization translation to move         

forward, one needs to create a significant 

policy as well as market pull. Demand     

driven R&D thus assumes importance not 

only in creating the necessary pull but also 

in shaping our innovation eco-system. This 

later aspect is important in the context of 

present state of our R&D system. The areas 

where such demand driven R&D could be 

given impetus can be decided on the basis 

of medium to long term national/strategic 

priorities. Our laboratories and industry 

together, can be challenged to develop 

products that can meet an identified      

functional need. While a partial financial 

support for a few (2 or 3) most attractive     

proposals can come through public funds, 

such products if they qualify specified     

performance criteria could be given          

assured trial business of reasonable size to 

begin with. The product must with stand 

market competition thereafter. It is                

important that such schemes are driven by 

user ministries in the Government. As   

mentioned earlier, demonstrated success in 

this mode would also motivate industry to 

invest in product development involving 

knowledge institutions for their own    

product development efforts. 

Another mode of demand driven R&D 

could be to work out domains of                 

pre-competitive research based on national   

priorities in consultation with relevant           

industry bodies and task our                

laboratories to work on them on        

priority and with involvement of the 

industry. Availability of such public 

funded relevant open source 

knowledge base would then enable    

individual industries to shorten their 

product development cycle and also 

reduce development costs. 

Market entry of a domestically            

developed new product is a challenge 

in itself. There must be strong policy 

support for at least a limited scale field 

deployment of any technically well 

qualified new development,               

notwithstanding the absence of large 

scale deployment experience.  

While pursuing a domestic product   

development, one should also pay      

attention to the entire supply chain 

and address the issue of vulnerability 

that can arise as a result of any input 

element being blocked at a later point 

in time. Alternative sourcing strategies 

must be in place. Under the make in    

India initiative as also under the offset 

arrangements linked to mega purchase 

items, a lot of new technology is          

expected to be deployed in the country. 

It would be important to link our 

knowledge institutions to assimilate 

and internalize these technologies as 

fast as possible. 

For India to develop a competitive edge  
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in technological terms, we need to pay      

attention to aspects described above. It is 

clear that while Govt. interventions may be 

necessary, our scientific community     

transforming itself is of crucial importance.   

 

Rural Development 

Rural development in India needs to be   

given a special focus. Two third of India 

lives in villages with less than half per    

capita income as compared to urban areas. 

Bridging the urban rural divide at least in 

terms of livelihood opportunities is thus a 

matter of urgent necessity in our country. 

The emerging era of knowledge driven 

economy that facilitates democratization 

and decentralization of economic activities 

is thus a great opportunity for                

transformation of rural horizon. CILLAGE – 

a knowledge integrated sustainable village 

livelihood development model, that            

leverages new and appropriate                

technologies, aims to eventually create a 

knowledge      society in rural context, even 

as it starts creating additional livelihood 

opportunities in villages around a selected 

knowledge   institutions. In the CILLAGE 

concept, a local Higher Technical Education 

Institution (HTEI) serving as a Knowledge 

Partner (KP) hosts a Rural Human and     

Resources Development Facility (RHRDF) 

and linked with local community institu-

tions and NGOs, works for deployment of 

appropriate technologies for enhanced    

livelihood and related educational and 

knowledge support in the                 

neighborhood.mTechnologies chosen 

are initially in the field of water, power, 

fuel, new seed multiplication, tissue 

culture, agro-processing, agro services, 

health and sanitation through waste           

management, training and skill          

development programmes along with 

ICT enabled infrastructure for           

constructivist school education with 

sharable OERs (Open Education         

Resources). To facilitate sustained and 

comprehensive engagement between 

RHRDF and the neighbourhood, a   

number of AKRUTI (Advanced 

Knowledge based Rural Technology   

Initiative) subcenters need to be         

established in proximity with existing 

schools. RHRDF and AKRUTIs would 

be the bridge between HTEI and the 

neighbourhood to spread technology 

enabled livelihood, ICT enabled school 

education etc. on one side and solving 

problems in implementation of new 

technologies and search for new R&D 

problems on the other. The eco-system 

so created could also participate in    

deployment of other Govt. Schemes. 

Spread of technology adoption and 

continuous access to new technologies 

could create better livelihood              

opportunities in rural domain that 

eventually compare well with              

opportunities in urban domain thus       
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leading to convergence of best of city (i.e. 

opportunities for self-progress, modern in-

frastructure around HTEI etc.) with best of 

a village (i.e. clean, calm and eco/human-

friendly environment). Thus, the selected 

cluster of villages (Cillage) around a          

vibrant knowledge institution can be         

expected to become preferred working    

destination for young innovative and       

creative generation for leveraging local    

human and raw material resources on one 

side and new knowledge technologies on 

the other. Cillages could thus become     

places, better than both cities and villages 

and may become the preferred habitats for 

the new age society in most of emerging 

India. 

This approach is being tried out on an       

experimental basis at Pandharpur Cillage 

in Maharashtra.  

 

Nurturing culture of innovation in 

schools and colleges 

To prepare young generation to be effective 

participants of the emerging knowledge  

society and nurture a spirit of innovation, 

we need to pay attention to them right 

from their time in schools and colleges. The 

learning environment around them should 

be fully capable of nurturing their               

inquisitiveness and addressing their          

curiosity. For this purpose, apart from their 

formal structured engagement for learning 

science, students should have access to          

science & innovation activity centres 

(SIACs) that enable self-learning and 

understanding of science concepts 

through unstructured hands on          

experimental science activity under 

the guidance of mentors. Such SIACs 

should be established at least one in 

every district and be accessible to     

students in a time-sharing mode. 

Spirit of innovation not only entails 

ideas to address a challenge or to      

create a new improvement but more 

importantly the ability to successfully 

implement the idea to its logical end. 

Today we have a large number of 

MSME units that have a number of 

technical problems that they are not 

able to attend to because of their        

difficulties either related to working 

capital or availability of qualified        

engineer. Most of these problems are 

within the capability of engineering 

college students who in any way are 

required to do project work in industry 

as a part of their curriculum                  

requirements. It is thus important that 

as a part of this   requirement, the     

students are mentored to actually solve 

a problem in industry. Quite apart from 

meeting an important industry need, 

such opportunity for students would 

be a valuable learning experience in 

terms of solving real life problems      

leveraging the knowledge acquired by 

them in the college. Such MSME           
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Internship schemes, aimed at actual       

problem solving in industry, for                   

engineering college students has been      

piloted by TIFAC as well as Rajiv Gandhi 

Science and Technology Commission. There 

is a need to scale this activity up to reach 

throughout the country through                 

appropriate Govt. schemes. 

I have earlier mentioned about the link    

between the number of PhDs in science 

and engineering in areas that lead to      

new technologies and the national GDP. 

Clearly, there is a need to encourage        

connections between such research and 

relevant industries. CII-Prime Minister’s 

fellowships for PhD scholars has been       

designed with this objective in mind. The 

number of such fellowships should become 

commensurate with our national needs. 

Finding such PhD scholars in adequate 

numbers is however a challenge at present.  

Concerted efforts are required on part 

of both academia and industry to 

translate new knowledge into new 

technology on a massive scale. 

Research Parks located in or around a 

University where industry carries out 

its own R&D with close two way        

linkages between industry researchers 

and university faculty as well as         

students, facilitate nurturing an         

ambiance of high tech innovation that 

benefits both the students as well as 

the industry. Together with incubators 

and research activities in the               

university, they contribute to a          

comprehensive innovation eco-system 

in which students can be nurtured 

through real life innovation experience 

while they acquire knowledge. The 

number of such research parks in the 

country are few.  Their number is               
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growing. However, we need them in large 

numbers, say in hundreds. 

 

Closing remarks 

It is clear that we need to do a lot in terms 

of knowledge empowerment of our society. 

Taking into account our large youth         

population, large disparities in terms of 

learning opportunities, rapidly growing    

influence of knowledge on economy and 

imperatives of our being competitive in 

view of our large domestic market; there is 

an urgent need to prepare our society to be 

ready to meet challenges and benefit from 

opportunities of the emerging knowledge 

era. We can’t afford to lose out the way we 

did during the industrial era. Knowledge, 

society and economy together form a three 

legged stool. Society and economy             

invariably remain connected. That’s an     

imperative of human survival. While that 

may sustain trade, without knowledge    

linkages, the values and wisdom could be a 

casualty. Knowledge is therefore an           

essential element for stabilization and     

sustenance. A deeper engagement of 

knowledge with society and economy also 

contributes to technology that makes both 

society and the economy stronger through 

deeper values and wisdom. 
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TAA: Thank you for giving us an opportunity to talk to us for the TAA    
newsletter. Can you tell us about your childhood, early education and what 
got you interested in science at the beginning?  
 
SPEAKER: I was born and brought up in Madhya Pradesh. My          
mother had started a Montessori school at Khargone. My primary  
schooling there was in Marathi medium and secondary education in    
Hindi medium. My teachers in mathematics and science had                
probably  kindled my interest in new things. That led me to choose a     
career path that required you to do new things all the time.     
 
TAA: What and who inspired you to reach to the current position? 
 
SPEAKER: Reaching a position was never an objective for me. The               
opportunity to meet a large number of challenges presented by the three 
stage nuclear power programme was a strong motivating factor. There 
have been several people around who perhaps propelled me at different 
stages knowing my track record and performance. However, it was Dr. 
Ramanna who guided and mentored me in to domains well beyond my 
current assignments at various stages in my career.    
 
TAA: What challenges did you face and how did you overcome those            
challenges during your journey so far? 
 
SPEAKER: The challenges have been many since every assignment 
had something new. Even so, I would like to highlight (1) building Dhruva 
reactor which was a original concept realized through a number of first 
of the kind technology implementations, (2) rehabilitating the two power  
reactor units of Madras Atomic Power Station which at one stage      

Dr. Anil Kakodkar before his public lecture  at TIFR 

Interview of Dr. Anil Kakodkar conducted by Dr. R.S. Chaughule 

Continued…. 
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appeared to be on the verge of being written off following the failure of 
their reactor internals, (3) pushing through a thermonuclear test during 
the May 1998 nuclear tests campaign despite severe constraints, (4)        
sustaining and growing nuclear power programme despite uranium supply 
constraints and  earning recognition as a responsible country with            
advanced nuclear   technology, (5) opening of international civil nuclear     
co-operation without compromising strategic programme or its autonomy 
and (6)   major expansion of  research and human resource development 
infrastructure with thrust  on new technologies linked with mega science 
initiatives; as the crucial ones with major implications. Overcoming these 
and such other challenges involved detailed attention to understanding of 
the complexities related to technologies involved, team building                 
recognizing knowledge and skill competencies, building competencies in 
gap areas, risk assessment and management, management of stakeholder 
linkages etc. A crucial factor has been to maintain a broad based approach 
to pursuit of scientific research and  development so that the system is      
always able to address technological challenges effectively and promptly.  
 
TAA: You have visited many countries. Is there a national style of research? 
What is your take on how things have changed in India over the last ten 
years? 
 
SPEAKER: There are obvious differences with country specific           
features. However key common features are the linkages between             
university research and national laboratory research as well as between 
basic research and demand driven industry research, strong orientation 
and commitment to national problems,  conducive innovation eco system, 
mobility of researchers across institutions .  
Things are changing for the better in our country. There are a few success 
stories both in public funded as well as private funded R&D. However those 
should become a rule rather than exceptions.  
 

 
 Dr. Anil Kakodkar delivering his public lecture  at TIFR 
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TAA: You have had a distinguished 45-year career in the DAE, capping it 
with your retirement as Chairman of the AEC and Secretary of the DAE. 
What was its most satisfying part at the international level?  
 
SPEAKER: I think the view of the world towards India has changed. 
From a country on which technology embargos were clamped to a          
country recognized as country with advanced nuclear technology with 
which technology co-operations are sought. We are now in the            
mainstream as a de-facto country with nuclear weapons. India now       
enjoys a far more respectable status and can aspire for becoming a       
permanent member of the UN Security Council.   
 
TAA: Which position did you enjoy Director of BARC or Chairman of the 
AEC? 
 
SPEAKER: Both!  
 
TAA: What was the most challenging assignment of your career? 
 
SPEAKER: Preventing NPCIL from suffering losses as a result of        
inadequate uranium supplies due to delays in mines development was a 
tough challenge involving multiple dimensions. This involved, apart from 
expediting enhanced uranium production through opening of new mines, 
exploiting unconventional uranium sources such as monazite and           
depleted uranium, technology inputs into exploration to enhance           
domestic uranium resource base and extracting more energy from            
uranium by reconfiguring reactor cores. It is these efforts that were at the 
core of success in creating access to uranium from world markets and at 
the same time enlargement of domestic uranium resource base by nearly 
three times.  
 
 
 

 
 

Continued…. 
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TAA: Any comments on 2008 INDO-US Nuclear Agreement and views on 
NSG? 
 
SPEAKER: Prior to shale oil and gas appearing on the horizon in a 
big way, it was increasingly becoming clear that the fast growing Indian 
economy could create two global challenges; 1) global warming and 2) 
volatility in energy prices. Rapid growth in nuclear power in India thus 
appeared an attractive solution to both and also suited the business        
interests of major nuclear suppliers since embargos were anyway           
ineffective in restricting India’s self reliant technological advances in the 
nuclear domain. This was also  consistent with the emerging geo-political 
reality. The process was evolving over 6-7 years. We now have the NSG 
waiver and civil nuclear agreements with US and many other countries. It 
is important that we become a regular member of NSG. I think this will 
happen sooner than later. 
 
TAA: Is there a special incident that you would like to share with us?  
 
SPEAKER: Protecting our strategic programme and its autonomy 
while negotiating civil nuclear co-operation with US was a major                
challenge. There was a need to cope with a complex non-proliferation 
oriented legal framework in US and internationally on one side and               
significant Indian eagerness to go closer to US on the other. This led to 
my getting almost isolated with huge pressure building on me to                 
compromise on the red lines that were drawn.  Some on the US side even 
publically described me as a 600 lb gorilla in the room.  At a key meeting 
on the Indian side on the eve of a summit, I almost stood as a minority of 
one while deciding on the negotiated text. That firmness did lead to           
renegotiation of the text and full protection of Indian interests.    
 
 
 

Continued…. 
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TAA: Any comments regarding what you see at TIFR? 
 
SPEAKER: To my mind TIFR has had a wonderful heritage in terms 
of doing scientific research. While remaining at the forefront of                 
fundamental research, TIFR did serve as a fountainhead of some critical 
technologies for the country. Country’s first computer, RF and microwave 
technology, GMRT are some shining examples. Today India desperately 
needs to build capability to quickly translate latest research findings into 
new high technology products of relevance to improved quality of life of 
our people. TIFR, either by itself or in conjunction with other                         
laboratories with complimentary capabilities, could lead such efforts and 
set an example for rapid scale up of such capability in the country.   
 
TAA: Learnings and insights from your overall experience that will be      
useful to TIFR community and particularly to the youngsters 
 
SPEAKER: Experimental efforts in fundamental research invariably 
involve recourse to cutting edge technology that may impact several               
domains of national interests in future. Now that TIFR is a University, 
apart from training students and preparing them for a research career, 
we could look at career interests of students from a broader perspective 
and facilitate their pursuing diverse options such as research, technology 
product development, deployment of high technology for societal               
development and so on. This would not only enhance the impact of TIFR 
on the broader society domain but also create a larger interest in                     
scientific research among young students. 
 
 

Dr.  Anil Kakodkar delivering his public lecture  
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TAA: What do you think are the new research areas at TIFR? 
 
SPEAKER: With research groups at Mumbai and at five other                   
centers, research at TIFR covers a broad spectrum. There is also                     
emphasis on interdisciplinary research particularly at Hyderabad. There 
may be merit in some consolidation through greater focus on more                 
important problems.   
 
TAA:  How do you think TIFR can get leverage from its distinguished     
alumni, like IITs or IISc does, for example? 
 
SPEAKER: Spectrum of IIT and IISc alumni is perhaps much broader 
in terms of both the numbers as well as the domains they cover. As I have 
mentioned in reply to an earlier question, there is merit in catering to 
much wider career interests of TIFR students. That will also lead to a 
much broader alumni network. Even so alumni are important stake   
holders of the institution with urge to contribute to their alma mater             
leveraging their first hand familiarity as well as fresh ideas from domains 
of their present engagement. There are several facilitations that the 
alumni can do particularly for the present day students as they aspire for 
their further career. I am certain TAA is seized with some of them.     
 
TAA: What about your non-physics activities? 
 
SPEAKER: I have been a mechanical engineer by training, nuclear 
engineer in early career activities, science and programme manager in 
later career activities and policy maker/advisor of late.   
 
TAA: Dr. Kakodkar, it was a pleasure to be in conversation with you. 
Thank you very much. 
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Prof. P.C. Agrawal joined TIFR’s Cosmic Ray Group, conducting balloon-borne              
experiments, as a Research Associate in 1962. After his PhD from Mumbai University 
in 1972, he joined the California Institute of Technology, as a Research Fellow. He was  
involved in several balloon and rocket experiments in X-ray astronomy. He led  the   
Indian X-ray Astronomy Experiment (IXAE) in 1996 which produced new insights on 
neutron star and black hole binaries. Focusing on the characteristics of various types 
of cosmic x-ray sources, he has made notable contributions in the area of                    
Experimental High Energy Astrophysics. His research used a variety of instruments 
flown in balloons, rockets and satellites both in India as well as in the USA covering a 
wide spectral band from 0.1 keV to 100  keV. 
 
He was the NASA-NRC Research Associate at Jet Propulsion Laboratory, Pasadena in       
1978-79 and at NASA Marshall Space Flight Centre in 1987-88. He was Visiting               
Professor at Institute of Space and Astronautical Sciences, Japan in 1984. He received 
the Vikram Sarabhai award for Space Sciences in 1985 and M.P. Birla award for            
Astronomy in 2003. He retired from TIFR in 2006 as a Senior Professor. He was ISRO 
Chair Professor from 2006-2009 and Satish Dhawan ISRO Professor from 2009-11. As 
Principal Investigator of ASTROSAT, the Indian satellite mission for astronomical 
studies, from its inception in 2001 till 2011, he was largely responsible for the design 
and development of the Large Area X-ray Proportional Counter (LAX PC) instrument.  
 

 

 

 
“TIFR is one place in India where Big Science and Table 
Top Science coexist harmoniously. ”         
Professor P. C. Agrawal 

Introduction of Prof. P.C. Agrawal: Speaker for  

TAA -National Science Day Public Lecture 2015 
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TAA: Thank you for giving us an opportunity to talk to you for the TAA 
newsletter. To start with, could you tell us how you got interested in physics. 
 
SPEAKER: I was fortunate in having very good teachers of Physics in my 
college. I should especially name Prof Namjoshi who taught us Physics in 
BSc. He used to explain the basic physics concepts very clearly as he had 
excellent grasp of the subject. He did not use any notes during teaching 
and used to derive every equation and formula in the class by writing on 
the black board. He used to call us even on holidays and Deepavali          
vacation to take extra classes. I owe my interest in Physics largely to him.  

    

TAA: Can you tell us about your childhood and early education. 
 
SPEAKER: I was born in a small town known as Ratlam which was a 
princely state in Madhya Bharat later merged in 1957 into present    
Madhya Pradesh. Till the age of 9, I studied in a Pathshala run by a         
private teacher. On my cousin’s insistence, I joined the Government     
Middle School in 5th class. I passed Matriculation examination in 1957 
and was the only one to secure first class among about 80 or so students. 
My science, mathematics and English teachers in high school days were 
very good. I was particularly influenced by my English teacher Shri Yawar 
Hussain Naqvi (fondly called Chacha by students) who had a deep love 
and understanding of English poetry and prose. I then joined 1st year of 2 
year Intermediate (Science) course in the same college. I was fortunate in 
having a very good Physics teacher Shri Gokharu in Intermediate classes 
who used to explain basic physics concepts with great clarity. My liking 
for Physics started to develop in those 2 years. I passed Intermediate 
(science) examination in 1959 with first class. When I was in Inter 1st 
year, the Government Inter College got elevated to a Degree college. This 
paved the way for my further studies as my parents were not in a            
position to support my studies outside Ratlam. I joined B.Sc. course with 
Physics, Chemistry and Mathematics as the subjects. We were only 8    
students in the class and hence received personal attention from our 
teachers. I passed B.Sc. in 1961 with 71% marks and got degree from 
Vikram University, Ujjain, the second university in M.P.  
 
 
 
 

Interview of Prof. P.C. Agrawal conducted by Dr. Sangita Bose 
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TAA: What challenges did you face and how did you overcome those       
challenges during your journey so far? 
 
SPEAKER:  My medium of instruction till Matriculation was Hindi for all 
the subjects. It changed to English from Intermediate classes. Initially I 
was apprehensive whether I will be able to follow the lectures in English. 
After a few days it became clear to me that I could follow every lecture 
very well and could answer questions in fluent English. This was due to 
good teaching of English in high school and due to my habit of reading 
English books. 
            When I graduated with BSc degree my future was uncertain. For 
post-graduate studies one had to go to Indore or Ujjain. My father’s         
financial position was precarious and there was no way he could finance 
my education. During BSc days I was supporting my studies with a    
scholarship from a Trust and by giving Physics tuitions. Fortunately I     
received a scholarship of Rs 80/- per month for pursuing MSc from two 
Trusts. I secured admission in MSc (Physics) course in Holkar College,   
Indore but was finding it tough to survive on the scholarship money. 
             After about a month one evening I was pleasantly surprised to get 
a letter from Atomic Energy Department stating that I was selected as a 
Physics Trainee in the AEET Training School (now known as BARC            
Training School). I had completely forgotten that about 2 months ago I 
had gone to Mumbai for the interview. Since I did not get any                
communication after the interview, I assumed that I was not selected and 
forgot about it. This was a God sent offer for me. I lost no time in              
accepting it and joined the Training School in Mumbai.  
              Initially I had apprehension whether I will be able to compete 
with others most of whom had MSc degree (in a batch of about 45               
Physics Trainees we were 9 BScs). Poor performance in the very first 
Mathematics test depressed me but I resolved that I must study harder 
and succeed in future exams. Finally I passed out from the Training 
School with 6th position in order of merit. It was customary in those days 
that top students were offered position in TIFR. I was interviewed and             
offered position of Research Associate in High Altitude Studies (HAS) 
Group in July 1962 which was engaged in studies of primary cosmic rays 
using electronic detectors flown in balloons. 
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TAA: Tell us something about your stay at Caltech? 
 
SPEAKER: After obtaining PhD degree from Mumbai University in 1972, I 
received an offer of Research Fellow (a post-doctoral position) in Physics 
Department of California Institute of Technology (Caltech), Pasadena and 
joined there in early July, 1972. I was offered this job to work with Prof 
Gordon Garmire who along with Dr Elihu Boldt of NASA Goddard Space 
Flight Center, was PI of an experiment (A-2)  to study spectral and spatial 
characteristics of Diffuse Cosmic X-ray Background in 0.1 – 60 keV band. 
The A-2 Experiment was selected by NASA to fly on High Energy                        
Astronomy Observatory-1  (HEAO-1).  My responsibility in this project                   
included development of Low Energy Detectors (LEDs) and associated 
systems. This was a wonderful opportunity for me to learn and absorb 
nitty gritty of new detection techniques and space instrumentation. A 
challenging moment came for me at Caltech after year or so when Prof 
Gordon Garmire decided to go on sabbatical for a year entrusting me the 
responsibility of Caltech part of the A-2 experiment. Two electronics                  
engineers and a technician were associated with the experiment. Initially 
I was nervous and unsure whether I will measure up to the task. It also 
involved presenting every 3 months progress report to the Project         
Scientist at Marshall Space Flight Centre that was in charge of the project 
management. I soon developed confidence and was able to carry the               
development work forward. I must mention that I got lot of support and 
guidance from Dr Guenter Riegler, senior scientist at Bendix Corp. who 
were given contract for the mechanical and thermal analysis of LEDs. 
This exposure to space instrumentation and first hand experience in the 
design and development of space-borne instruments , served me well 
when I returned to TIFR in late 1975 in developing X-ray detectors for 
rocket and balloon borne experiments.    
 
                  
TAA: Can you tell about your experience at TIFR? 
 
SPEAKER: After I returned from Caltech, I realized that TIFR had                
wonderful in house expertise and facilities to develop instruments for  
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space missions. The academic atmosphere at TIFR was very lively and 
one could discuss and learn developments in any area of Physics. I can 
still recall the wonderful time spent discussing a host of issues in the 
West Canteen.    
I was privileged to have seen Dr Bhabha closely for about 4 years and 
was lucky to be in the research group of Professor G.S. Gokhale and later 
with Prof. B.V. Sreekantan who gave complete freedom. In the first 5 
years I worked closely with my senior colleague Prof S.V. Damle who was 
very good at the design of electronics and I learnt a lot from him. I also 
had profitable time collaborating with Dr George Joseph who later moved 
after his PhD to Space Application Center, Ahmedabad and rose to                 
become its Director.  Another unique feature of TIFR is that the Institute 
is open 24 hours and students and staff have freedom to work at hours of 
their choice. This plus that fact that most academic staff and research 
students are provided accommodation in the Institute’s housing                 
complex just opposite the Institute, provides an unparalleled opportunity 
for concentrating on the research work.  
Having worked in many top places across the world I have no hesitation 
in saying that the academic ambience and facilities and infrastructure at 
TIFR are among the best in the world and one cannot fault any of these 
for non-performance.  
 
 
TAA: Any memorable incident/anectode? 
 
SPEAKER: In a balloon flight experiment sometime in early nineties, 
after the balloon reached the ceiling altitude of about 38 km, the wind                  
direction and speed suddenly changed. As a result the balloon drifted in 
Ghadchiroli area on the border of Maharashtra and Andhra Pradesh                    
infested with Naxalites. When the Naxalites saw the landed instrument 
with the parachute they thought that it was flown to spy on their                     
activities. They dismantled the instruments and hid different parts in dug 
up pits and covered them up. When the TIFR Recovery Team reached 
there they demanded Rs. Fifty thousand for handing back the instrument. 
The recovery team was unable to pay them and hence they took the party 
of 4 captive and tied them to a tree along with a ransom note. It was a  
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moonlit night and when the Naxals had left the site, the team waited and 
with great efforts they could free themselves. They ran for several kms in 
the jungle till they hit a road. They finally managed to hitch hike on                 
several vehicles and reach Hyderabad after 2 days.  They were very 
frightened and narrated their experience. The X-ray astronomy                            
instrument was developed by my group after several years of efforts and 
we had planned to use it repeatedly in several experiments. The cost of 
the instrument components alone was Rs 25 lakhs and we could ill-afford 
to lose it. It was suggested that since it was my instrument I should go for 
its recovery.  I returned to Mumbai and briefed the Director (Prof V. 
Singh) about this. He suggested that I meet AEC Chairman Dr. Iyengar 
and seek his advice about the course of action. I met Dr. Iyengar at his 
OYC office and he said that he will request the DGP Maharshtra to         
provide Police help to the recovery team at Ghadchiroli. I went to           
Hyderabad and could persuade two members of the earlier recovery 
team and a driver of TIFR to come with me. I did not inform my wife or 
anyone else in the family. We reached Ghadchiroli town and I met the SP 
Shri Raghuvansshi. He was most helpful and arranged a police party of 
around 30 armed personnel with 2 Police vehicles to go to the recovery 
site about 60 km or so km away near Allaplli in deep forest. We reached 
the site in the evening and stayed in the British era Forest lodge guarded 
by the police. Meanwhile the police had rounded up a good number of 
known or suspected Naxalites of the area. Next morning accompanied by 
police party we travelled through rough forest roads and drove through 
several shallow stream beds where Naxalites are known to have             
ambushed police teams. The severe thrashing and threat of killing by    
police worked and Naxals broke down and took the police to places 
where they had hidden the instrument parts. We could recover the         
detectors and major electronics units in fair condition. After returning to 
Hyderabad I called my wife and told her about this adventure. She was 
naturally angry.     
 
 
TAA: Tell us something about the inception of the ASTROSAT project. 
 
SPEAKER: In mid-1996, I wrote a proposal for an “Experiment using  
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large area Xenon-filled detectors for the spectral and temporal studies of 
cosmic X-ray sources on an Indian satellite” and submitted it to Chairman 
ISRO through the Director of TIFR. Dr. K. Kasturirangan, then Chairman of 
ISRO, responded promptly to suggest that a brain storming meeting of  
Indian astronomers be convened at ISRO Hq to discuss this and other 
ideas for an astronomy satellite.  After a series of meetings and intense 
deliberations over the next 2 years, a consensus was reached that the 
proposed mission should be a Multi-wavelength Observatory with        
simultaneous observing capability in Near-UV, Far-UV, Soft X-ray and 
Hard X-ray bands by using 3 co-aligned X-ray and UV instruments          
imparting a unique character to the proposed mission. I was asked by the 
ISRO Chairman to submit a detailed scientific and technical proposal     
outlining the plan of realization of the mission.  
          Due to various reasons beyond my control the detailed proposal of 
the ASTROSAT took nearly 2 years to prepare and was finally submitted 
to the Director TIFR in May 2000, the lead institution responsible for the 
development of 3 of the X-ray instruments, on behalf of consortium of 
TIFR, Indian Institute of Astrophysics, ISRO Satellite Center and other                     
institutions. The Director (Prof S. Jha) endorsed it and sent it to the ISRO 
Chairman for consideration.  Dr Kasturirangan lost no time and convened 
a meeting of leading astronomers and scientists of India at TIFR in                  
September 2000. After a detailed discussion the ASTROSAT proposal was 
unanimously endorsed. Subsequently the proposal was presented to the 
Space Commission and approved by it for the development of the                       
instruments. By January 2001 the first installment of money was                       
released to TIFR for initiating the work.  
Chairman ISRO designated me as the Principal Investigator (PI) of                     
ASTROSAT and Shri Koteswarrao, a senior scientist of ISRO, was                       
appointed in 2003 as the Project Director to prepare a Project Report for 
approval of the Government. The project report submitted in early 2004 
was finally approved by the cabinet in October 2004 and ASTROSAT                
project formally came into existence. 
 
TAA: What were the major challenges for the ASTROSAT project? 
 
SPEAKER:  ASTROSAT was a very complex and challenging mission that  
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involved development of several new technologies for the first time in   
India. This included setting up facility for making thin foil X-ray reflecting 
mirrors by Prof K.P. Singh and his group. Fabrication of meter long     
housings of detectors and collimators of Large Area X-ray Proportional 
Counters (LAXPC) by milling was another daunting task. Development of 
light weight collimator from multilayer strips to collimate X-rays up to 80 
keV was another demanding job that took nearly 3 years. Wiring of       
Anode frames of each LAXPC holding nearly 1400 thin wires of 37 and 50 
micron diameter demanded great skill and agility. All the analogue and 
digital electronics for signal processing of detectors had to be designed 
and developed in house for the X-ray instruments. The fabrication of the 
UV reflecting mirrors of 38 cms diameters required precision polishing to 
realize high reflectivity in 120-180 nm FUV and 220 – 300 nm NUV band. 
This challenge was successfully met by ISRO’s  laboratory for Electro    
Optics Systems (LEOS). Design and development of a bellow based mini 
compressor for use in orbit for the gas purification system of LAXPCs was 
a new and demanding task which was accomplished by ISRO Inertial   
Systems Unit (IISU). The satellite bus also required several new and novel 
technologies achieved by groups of ISAC.      
       Coordination of the activities of 5 instrument teams to meet the 
schedule of the ASTROSAT posed numerous human and sociological 
problems which were ultimately resolved and all the instruments were 
qualified and delivered to ISAC.   
 
TAA: Do you think BIG EXPERIMENTAL projects will be faster to                 
implement now than say 10-20 years ago?  
 
SPEAKER:  The Instrument Teams for all the Payloads were identified at 
the proposal stage itself. There were very few scientists with each team 
having experience in the design and development of space instruments. 
Apart from sound knowledge of the physics, one also needs exposure to 
mechanical design and understanding of the digital and analogue                  
electronics to be able to guide the instrument team. Above all one needs 
management skill in human interface. These attributes develop as one 
gains experience in experimental work. ASTROSAT with 5 instruments      
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was a complex and challenging mission requiring major in house                      
development of technologies which were new. It became clear to me by 
2006 that we had grossly underestimated the magnitude of the task as 
we lacked necessary critical manpower essential for meeting the tight 
project schedule. Hence unless sufficiently experienced teams with                    
variety of skills are involved with essential manpower, even today it will 
be difficult to realize a mission like ASTROSAT in say 5 years. Let me say  
here that internationally also complex science missions take not less than 
8 to 10 years to materialize. It will be a more pragmatic approach to have 
simpler satellite mission with focused objectives achieved with one or 
two instruments. One should be able to execute such satellite projects in 
about 5-6 year time frame.   
 
 

TAA: What in your opinion are the discernible changes at TIFR? 
 
SPEAKER: When I joined TIFR in 1962 the experimental work at TIFR 
was based on the concept of Groups with one or more senior scientists 
leading the group assisted by several young researchers. Every major     
experimental group had dedicated Electronics Engineers and Scientific 
and Technical Assistants possessing skills in electronics and mechanical 
work. Most groups had a small attached workshop with essential           
machine tools for fabrication of parts at short notice using hand drawn 
sketches. This facilitated quick realization of the instruments. Most 
groups like my own gave sufficient freedom and initiative to young                 
persons to develop their ideas. Because of this Group structure TIFR 
could plan and execute major experimental projects like Big Cosmic Ray 
Air Shower arrays, Underground Neutrino and Proton Decay                         
experiments, Pelletron Heavy Ion Accellarator, Big Radio Telescope like 
GMRT, Balloon facility with capability comparable to USA and Balloon 
and Satellite based instruments. Outside BARC and ISRO there is no other 
laboratory which could conceive and complete experimental projects of 
this magnitude. This group concept is fast disappearing from TIFR.       
Earlier development of major instruments was led by experienced                      
research staff with the deep involvement of the scientific and engineering 
team. I may be wrong but in astronomy I discern there a trend of not           



34 

Interviews 

getting involved in instrumentation but rather concentrate only on data 
analysis from foreign missions to have good number of publications.  
 
TAA: Learnings and insights from your overall experience that will be      
useful to TIFR community and particularly to the youngsters. 
 
SPEAKER:  TIFR is one place in India where Big Science and Table Top 
Science coexist harmoniously. Both have their own importance and role  
in the advancement of the frontiers of science. While small size                
experiments and facilities for table top experiments exist in dozens of    
laboratories in the country, TIFR is endowed with the unique tradition 
and capability of conceiving and delivering major experimental               
programmes and facilities. I very much hope that this culture of TIFR will 
be kept alive by the new generation of researchers.  
 
TAA: Prof. Agrawal, it was a pleasure to be in conversation with you. 
Thank you very much. 
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ASTROSAT: CURRENT STATUS 
 
AstroSat, India’s first space              
observatory for astronomy has now 
completed nearly 14 months in a low
-earth (650 km) and low latitude 
(6o) orbit since its launch on          
September 28, 2015.  AstroSat has 
been built by a consortium of Indian        
institutes (TIFR, IIA, ISAC, IUCAA. 
RRI, VSSC) for studies of cosmic      
objects and cover multi-wave bands 
from visible,  ultraviolet, very soft to 
very hard  X-rays simultaneously 
since all its main payloads are quite 
well–aligned in their view axes. The 
adjoining picture shows the          
schematic of the AstroSat’s payloads: 
Three Large Area Xenon Proportional counters (LAXPCs), two Ultra-Violet Imaging             
Telescopes (UVITs), a Soft X-ray focusing Telescope (SXT), a Cadmium Zinc Telluride Imager 
all co-aligned on the main deck, and a Sky Survey Monitor on a rotating platform on the side.  
Multi-wave astronomy and low background by virtue of its orbit is the uniqueness of          
AstroSat.  All the instruments have been performing as per their specifications and sending 
useful data. During the first year after launch the different payload teams performed           
observations mostly for the characterization and calibration of all the payloads, and for the 
cross-calibration with respect to other satellites. These observations have validated the    
performance of the instruments and also led to some interesting new results that are being 
reported in international journals only recently.  Some of the interesting results to come out 
so far are:  a possible detection of hard X-ray (100-300 keV) polarization in a gamma-ray 
burst GRB 151006A with the newly found capability of CZTI, detection of a strong low-
frequency quasi-periodic oscillation (QPO) that changes rapidly with flux in a stellar black-
hole binary known as GRS1915+105, the UVIT discovery of a star hotter than a white dwarf 
as a companion of a blue straggler star in an old (age: 7 Gyr) open cluster NGC 188, a new 
and much more accurate ephemeris (than previously known) of an enigmatic X-ray binary 
(period=4.8 hours) Cyg X-3 using the SXT data in combination with the historical data etc. 
AstroSat is thus competing quite well with several X-ray satellites, current and preceding its 
launch, and leading to new and exciting results in astronomy. AstroSat is now open to Indian 
public (since October 2016) for observations after the proposals are reviewed by an apex 
body. 

Prof. K. P. Singh 
Senior Professor, 
Department of Astronomy and Astrophysics,  
TIFR Mumbai. 
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Awards and Honors : 

 Prof. Amalendu Krishna: Selected for the “Shanti Swarup Bhatnagar 

Prize for Science & Technology” in the area of Mathematical Sciences for 

the year 2016. 

 Dr. Vivek Polshettiwar: Recognized as "Emerging Investigators 2016" by 

Journal of Materials Chemistry 'A', of Royal Society of Chemistry, UK. 

 Prof. Sriram Ramaswamy:  Elected as Fellow of Royal Society (London). 

 Dr. Ankona Datta - Recognized by the American Chemical Society as an 

‘ACS Emerging Investigator in Bioinorganic Chemistry’. 

 Prof. Amalendu Krishna: Elected as a Fellow of the Indian Academy of 

Sciences, Bangalore. 

 Prof. Kedar S. Damle: Elected as a Fellow of the Indian Academy of             

Sciences, Bangalore. 

 Prof. Pratap Raychaudhuri: Elected as a Fellow of the Indian Academy of 

Sciences, Bangalore. 

 Prof. G.D. Veerappa Gowda, Centre for Applicable Mathematics,                   

Bangalore:  Elected as a Fellow by the National Academy of Sciences,    

India (NASI), Allahabad. 

 Prof. Tariq Aziz : Elected as a Fellow by the Indian National Science      

Academy (INSA), New Delhi. 

 Prof. D.K.Ojha:  Elected as a Fellow by the National Academy of Sciences, 

India (NASI), Allahabad 

 Prof. Kalobaran Maiti: Elected as a Fellow of the Indian National Science 

Academy (INSA). 

 Prof. N. Saradha: Elected as a Fellow of the Indian National Science    

Academy (INSA). 

National and International 

Membership of Academies 
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Awards and Honors : 

 Prof. Sandip Trivedi: Elected as a Member to the Council of Indian           

National  Science Academy (INSA). 

 Prof. Ritabrata Munshia: Selected for the “Shanti Swarup Bhatnagar Prize 

for Science & Technology” in the area of Mathematical Sciences for the 

year 2015. 

 Prof. K. Sandeep (CAM, Bangalore): Selected for the “Shanti Swarup 

Bhatnagar Prize for Science & Technology” in the area of Mathematical 

Sciences for the year 2015. 

 Prof. Vidita A. Vaidya: Selected for the “Shanti Swarup Bhatnagar Prize 

for Science & Technology” in the area of Medical Science for the year 

2015. 

 Prof. Mandar M. Deshmukh: Selected for the “Shanti Swarup Bhatnagar 

Prize for Science & Technology” in the area of Physical Sciences for the 

year 2015. 

 Prof. Shubha Tole: Selected for the Lakshmipat Singhania-IIM Lucknow 

National Leadership award in the "Science and Technology, Young        

Leader" category. 

 Prof. Satyajit Mayor:  Elected as a Foreign Associate of the US National 

Academy of Sciences (NAS). 

 Dr. Vivek Polshettiwar: Admitted as a Fellow of the Royal Society of 

Chemistry, UK. 

 Gobinda Majumdar:  Elected as a Fellow of the Indian Academy of          

Sciences, Bangalore. 

 Prof. D.K. Ojha:  Elected as a Fellow of the Indian Academy of Sciences, 

Bangalore. 

National and International 

Membership of Academies 
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Awards and Honors : 

 Dr. Vivek Polshettiwar: Awarded the CRSI Bronze Medal-2017 by            

Chemical Research Society of India (CRSI), IISC-Bangalore. 

 Prof. Sandip P. Trivedi:  Awarded the "TWAS Prize" in Physics for 2015. 

 Prof. Mahan Mj: Awarded the Infosys Prize 2015. 

 Prof. G Ravindra Kumar: Awarded the Infosys Prize 2015. 

 Mr. Kolahal Bhattacharya: Awarded a Special Prize for the paper entitled 

“Method of Images in the Light of Geometrical Optics” in the colloquium 

for the Young Physicists (2015) held by the Indian Physical Society,               

Kolkata. 

 Ms. Anupama Yadav: Awarded two prizes: Best Oral Presentation and 

Best Question Asked at the 27th International Conference on Yeast                

Genetics and Molecular Biology (ICYGMB) in Levico Terme, Trentino,            

Italy. 

 Prof. K.K. Mishra: Has been conferred the "Rajbhasha Gaurav Puraskar" 

by the Department of Official Language, Ministry of Home Affairs, Govt. 

of India for his book on "Khanpan aur Rasayan" brought out by Vigyan 

Prasar (DST). 

 Mr. Nihit Saigal: Jointly awarded the third prize at the colloquium for 

Young Physicists organized by The Indian Physical Society. 

 Prof. Mustansir Barma - Awarded the Gujar Mal Modi Award for               

Innovative Science and Technology, 2015. 

 Prof. Amalendu Krishna: Awarded Ramanujam Prize for Young                 

Mathematicians from Developing Countries by the International Centre 

for Theoretical Physics (ICTP), Italy. 

 

National and International 

Awards 



39 

Awards and Honors : 

Name of the Award: TAA-Geeta Udgaonkar  

Recipient :    Dr. Deepak Kumar 

Thesis Title:  Friction Induced Organisation. 

Name of the Guide: Prof. Shankar Ghosh 

 

Honorable mention: 

Name of the Award: TAA-Geeta Udgaonkar   

Recipient :    Dr. Rahul Dandekar  

Thesis Title:  Studies in Non-Equilibrium Statistical Physics Pattern  

    Formation and Absorbing Phase Transitions. 

Name of the Guide: Prof. Deepak Dhar  

-------------------------------------------------------------------------------------------------------------
Name of the Award: TAA – Zita Lobo Memorial Award for  Biological Science 

Recipient :    Dr. Jogender Singh 

Thesis Title:  Characterization of the molecular mechanisms  
    of prion protein misfolding and oligomerization.  

Name of the Guide: Prof. Jayant Udgaonakar 

  

Honorable mention: 

Name of the Award: TAA – Zita Lobo Memorial Award for  Biological  
    Science 

Recipient :    Dr. Anand Osuri  

Thesis Title:  The effects on rainforest fragmentation  on tree  
    communities and aboveground carbon storage in  

    the Western Ghats. 

Name of the Guide: Prof. Mahesh Sankaran  

 

 

 

-------------------------------------------------------------------------------------------------------------- 

TAA best thesis awards 2015-2016 
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Awards and Honors : 

Name of the Award: TAA-Harish Chandra Memorial Award for Mathematics  

 

Recipient :    Dr. Ananta Kumar Majee 

Thesis Title:  Analytical and Numerical study of stochastic  

     balance laws driven by Levy White noise. 

Name of the Guide: Prof. Imran Habib Biswas  

 

Honorable mention: 

 

Name of the Award: TAA-Harish Chandra Memorial Award for Mathematics   

Recipient :    Dr. Shalini Bhattacharya  

Thesis Title:  Local Langlands correspondences for GL2:Some Applications 

Name of the Guide: Prof. Eknath Ghate  

-------------------------------------------------------------------------------------------------------------

Name of the Award: TAA – Sasken Award for Computer & Systems Sciences  

 

Recipient :    Dr. Bodhayan Roy  

Thesis Title:  Studying Triangulations and Visibility Graphs of 
    Planar Point Sets. 

Name of the Guide: Prof. Subhir Ghosh  

  

Honorable mention: 

Name of the Award: TAA—Chemistry Award  

Recipient :    Dr. Debanajan Bhowmik 

Thesis Title:  Change of Protein Conformation and Function  associated with 
    amyloid aggregation.  

Name of the Guide: Prof. Sudipta Maiti  

TAA best thesis awards 2015-2016 
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Prof. P. C. Agrawal 

TAA Excellence Award 

 

 

 

“For his immense contributions toX-ray Astronomy at TIFR for five decade ssince1962, for originating 

the idea of having a multi-wavelength observatory, providing scientific leadership for the successful 

launch and n-orbit performance of ASTROSAT that put India amongst the few countries with such a   

capability and for his laudable contributions to the X-ray experiments on board Chandrayan.” 

Prof. Agrawal, receiving the TAA Excellence Award 2015 from Prof. S. Trivedi, Director, TIFR. 

 

 

Prof. Spenta Wadia 

TAA Excellence Award 

 

 

“For his significant contributions to non-pertubative quantum field theory, string theory and black hole 

physics, co-discovery of the Gross-Witten-Wadia large N phase transition, for   being among the first to 

anticipate the development of "holography" in string theory and providing a precise derivation of 

Hawking radiation from a statistical model of black holes as D-brane bound states. On a larger scale, 

Prof. Wadia conceptualized and founded the International Centre for Theoretical Physics as a Centre of 

the Institute.”  

 

 

Prof. N. Periaswamy 

TAA Excellence Award 

 

 

 

 

“For his initiation of ultra fast laser based research in India in the early eighties, establishing a state of 

the art lab in TIFR, pioneering the use of ultra fast lasers in providing experimental verification of 

Smoluchowski model for diffusion in liquids and making well recognized contributions in analyzing    

excited state reactions.” 

TAA Excellence Awards 
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Dr. Ramya Purkanti 

Ramakrishna Cowsik Medal 

 

 

 

 

 For her outstanding work in the paper titled “Ancient dynamin segments capture early 

stages of host–mitochondrial integration” Ramya Purkanti and Mukund Thattai” , PNAS 

112 (2015) 2800. 

Dr. Ramya Purkanti receiving the Ramakrishna Cowsik award, 2015 from                   

Prof. S. Trivedi, Director, TIFR 

 

 

 

 

 

 

 

 

 

For her outstanding work in the paper titled “Biomechanical basis of wing and              

haltere coordination in flies” Tanvi Deora, Amit Kumar Singh and Sanjay P. Sane, PNAS 

112 (2015) 1481 

Cowsik Awards 2015 

Dr. Tanvi Deora 

Saraswathi Cowsik Medal 
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Dr. Sudipto Maiti 

                                           Department of Chemical Sciences 

 

 

 

 

“for being an excellent teacher of Biophysics and Mathematical Methods. Through his   

interesting, thought-provoking and energetic lectures, he has been able to motivate and 

inspire several graduate students to explore these fields of knowledge.” 

Prof. Maiti receiving the  award from Prof. S. Trivedi, Director, TIFR 

 

 

 

 

 

 

 

 

“for raising the teaching of graduate courses in TIFR to a new level of excellence through 

his carefully designed courses with meticulous notes and challenging exercises. His text-

book on K-theory, based on a course at TIFR, is world famous.” 

Excellence in Teaching Award 2016 

Prof. V. Srinivas 

Department of Mathematics 
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      Pranay Gorantla 

 

 

  

“for securing the highest score in graduate courses in the Integrated M.Sc-Ph.D.            

programme in Physics” 

Pranay receiving the award from Prof. S. Trivedi, Director, TIFR. 

 

 

 

 

 

 

“for securing the highest score In graduate courses in the Ph.D. programme in Physics” 

Arindam receiving the award from Prof. S. Trivedi, Director, TIFR. 

 

 

        Subhajit Ghosh 

 

 

 

“for securing the highest score In graduate courses in the Ph.D. programme in Physics” 

Subhajit receiving the award from Prof. S. Trivedi, Director, TIFR. 

 Prof. Sukumar Biswas Award for Excellence in  

Physics 2016 

Arindam Pramanik 
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 Prof. Gaiti Hasan,  For having been     

granted the patent, entitled: 

 “The use of inositol 1,4,5 triphosphate       

receptor mutants in Drosophila for     

screening small molecules”  

 

 Prof. Yamuna Krishnan, For having been 

granted the patent, entitled:  

“A process for delivering encapsulated     

neutral bio-imaging molecules, complex and 

process thereof”  

 

 Prof. Yamuna Krishnan, For having been 

granted the patent, entitled:  

“An engineered nucleic acid assembly,      

vector, cell, methods and kit thereof” 

 

 Dr. Dhiraj Bhatia, For having been granted 

the patent, entitled:  

“A process for delivering encapsulated    

neutral bio- imaging molecules, complex 

and process thereof” 

 

Patent Awards, 2016 
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Patent Awards, 2016 

 Prof. Prof. Gayatri Venkiteswaran, 

For having been granted the patent, 

entitled: 

“The use of inositol 1,4,5 triphosphate 

receptor mutants in Drosophila for 

screening small  molecules”  

 

 Dr. Saikat Chakroborty, For having 

been granted the patent, entitled:  

“DNA-based molecular switches and  

uses thereof” 

 

 Dr. Souvik Modi, For having been 

granted the patent, entitled:  

“An engineered nucleic acid assembly, 

vector, cell,  methods and kit  thereof” 

 

 Dr. Yamuna Krishnan, For having been 

granted the patent, entitled:  

“DNA-based molecular switches and   

uses thereof” 
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It is a matter of great pride that Dr. R. Ajay 

Kumar, a former graduate student of the Tata 

Institute of Fundamental Research (TIFR) 

has been selected in the year 2016 for the       

coveted recognition as ‘IBM Fellow’. He is one 

of the 11 selected this year in recognition of 

their innovations and outstanding                

contributions as members of the world-

famous company, ‘International Business  

Machines’ (IBM).  Dr. Ajay Kumar has had an 

illustrious and successful career all along, 

and currently he holds the position of          

Director, Healthcare and Life Sciences          

Research, IBM Thomas J. Watson Research 

Center, New York, USA. 

After obtaining the Master of Science degree 

from the All India Institute of Medical               

ciences (AIIMS), New Delhi, Ajay joined TIFR 

in the year 1986 as a graduate student in the 

then Chemical Physics Group. As per the              

existing procedures then, he completed the 

graduate course requirements and then 

started working towards the Ph. D. His initial 

assignments were on experimental projects 

dealing with peptide conformation, but soon 

we realized that he had a strong interest and 

motivation for research in computational        

biology. In fact he had already demonstrated 

this ability of his as a Master’s student at 

AIIMS itself, where working under the          

guidance of Prof. V. Kothekar, he had             

published a research paper in an                    

international Journal. At that time I was 

working on the solution conformation of     

nucleic acids (DNA) and there was no         

software available to generate a structural 

model consistent with the distance              

constraints between pairs of Hydrogen atoms 

in the DNA that we would get from the        

interpretation of NMR data.  

I asked Ajay to develop such an algorithm for 

DNA and that touched his heart. Within about 

a year he successfully developed such an     

algorithm and called it as Torsion Angle      

Approach to Nucleic acid Distance geometry 

(TANDY). This was published in J. Biomol. 

NMR and was the first of its kind in the 

world. Starting from a random structure of 

the DNA chain and taking the NMR derived 

distance constraints, the algorithm would   

optimize the various torsion angles along the 

backbone to arrive at a structure that would 

be consistent with the constraints. In         

comparison to proteins this was a very  

By Prof R V HOSUR 

Dr. Royyuru Ajay Kumar, a TAA alumnus, is selected IBM Fellow  

TANDY : Distance geometry 
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challenging task since every nucleotide in a 
chain has six independent torsion angles to 

be optimized as against two in the case of an 
amino acid in a protein. This was terrific    

success indeed. However, this was applicable 
only to single strand of DNA, but it had to be 

developed for double stranded DNA as well 

and that would put additional demands of 

base pairing and proper alignment of the two 
chains. Ajay sorted this out elegantly by      
developing a novel concept called Angle      

geometry and I asked him to publish it as a 
single author paper. Again this was published 

in J Biomol NMR. This algorithm was then 
incorporated into TANDY and that gave us a 

robust method to accurately determine high 
resolution structures of DNA duplexes in     

solution from NMR data. This became a     
highly solicited approach and I was invited to 
contribute a chapter to the prestigious book 

series called ‘Methods in Enzymology’ which 
had brought out a special volume for Nucleic 

Acids.  

Alongside, another student of mine, Ananya 
Majumdar was developing NMR methods and 

strategies for accurate interpretation of NMR 
data for precise extraction of distance and             

torsion angle constraints in nucleic acids. 
Both these required simulation of NMR     

spectra to fit the experimental spectra. Here 
again the  expertise of Ajay became very 
handy and together they developed a        

package called SICOS (Simulation of            

Correlated Spectra). Ajay’s skills in molecular 

modelling and computational biology were 
very helpful to another student of mine 

namely, Ms. Nibedita who was trying to       
determine solution structure of a long (12 

base pair) DNA duplex. This was considered a 
very long DNA for atomic resolution         
structure determination by NMR at that time. 

This collaboration turned out to be a match 
maker too; Ajay and Nibedita became         

husband and wife soon afterwards.  

Ajay finished his Ph. D in 1993 and left TIFR 

to take up a post-doctoral position in the                 

laboratory of Professor Dinshaw Patel, at                 

Memorial Sloan-Kettering Cancer Center in 

New York. Dr. Ananya Majumdar was also a 

post-doctoral researcher there and they                    

continued to work together to improve the 

software they had developed earlier. This   

resulted in CHORDS (Coherent HOmonucleaR 

spin Dynamics Simulation). Both TANDY and 

CHORDS were sought after by software    

companies.  

In the laboratory of Dinshaw Patel, Ajay had 

an excellent profile. He worked on a number 

of Nucleic Acid segments and their complexes 

with a variety of ligands, which resulted in 

outstanding publications in very high profile 

journals such as Nature, Proc. Natl. Acad. Sci, 

USA, J. Am. Chem. Soc etc. He developed     

computational tricks for unravelling the 

three-dimensional structure of a bovine    

version of HIV. 

In 1998 Ajay joined IBM. Ever since, he has 

been growing in stature year after year   

making novel contributions. His work has 

had far reaching implications and has led to 

applications in widely different fields.  

His ambitious project of computing protein 

folding phenomenon led to the                   

development of the Blue Gene                         

supercomputer by IBM which is now used 

for applications in a variety of fields ranging 

from Molecular Biology to weather             

forecasting and more.  

The Genography Project which he started in 

2005 is even more ambitious:. 

Where did we come from? How did we get 
here? The Genographic Project--a joint effort 
of the National Geographic Society, in               
Washington, D.C., and IBM Corp.--aims to                 
answer those big questions once and for all. 
Using genetic data from thousands of people 
around the world, it plans to construct a map 
of human migration, spanning millennia from 
our origins in Africa to the present. 

Dr. Royyuru Ajay Kumar, a TAA alumnus, is selected IBM Fellow  
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The Genographic Project, which began in April 
2005 and is scheduled to run for five years, 
aims to collect DNA and anthropological data-
-such as languages spoken--from thousands of 
volunteers, including more than 100 000 of the 
world's remaining indigenous people. It will 
then study the mutations, called markers, in 
certain stretches of their DNA to infer            
ancestry. 

If this is anthropology's moon shot--as some 
say it is--then its chief rocket scientist is Ajay 
Royyuru, senior manager of the                     
Computational Biology Center at IBM's    
Thomas J. Watson Research Center, Yorktown 
Heights, N.Y. "We get to pursue an innovation 
that will hopefully touch every individual on 
the planet," Royyuru says of the project. "You 
don't get to do that all the time." 

              --IEEE Spectrum, February 2006 

Ajay’s research has brought computational 
biology into the medical arena: Enlisting a 
Computer to Battle Cancers, One by One’.                      
       ---New York Times 2014 

In the new study, the scientists will initially 
recruit 20 patients. They will sequence                   
genomes from tumor biopsies and feed that 
data (along with the sequences of healthy cells 
from the patients) to Watson. Watson will 
identify the mutations in the tumor and draw 
on its medical knowledge to develop a            
hypothesis for how they cause cancer. It will 
then put together a list of drugs that could    
potentially treat the cancer. “All of this is being 
done in seconds to minutes,” said Dr. Royyuru. 
  

Physicians at the Memorial Sloan Kettering 

centre and at the MD Anderson Cancer Center 

in Houston, Texas, are training Watson to     

become a clinical support tool, which entails 

presenting the computer with anonymized and 

hypothetical cases. “For instance, a patient's 

tumour might test positive for deficiencies in a 

gene called STK11 that may respond to the 

diabetes drug metformin”, Royyuru explains.  

                            ….Nature 2015 

CONGRATULATIONS TO DR AJAY KUMAR 

ROYYURU FOR HAVING BEEN ELECTED IBM 

FELLOW. 

 

 

 

 

 

 

 

Prof. R V Hosur 

Senior Professor of Department of Chemical  

Sciences, TIFR, Mumbai 

Director, UM-DAE CEBS, Mumbai 

Dr. Royyuru Ajay Kumar, a TAA alumnus, is selected IBM Fellow  
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(Reproduced with permission from Physics News 2016 published by the Indian Physics   

Association) 

 

  

 

 

In this article, we will try to share this great 
excitement that is presently invigorating the 
field of quantum many-body physics       
stressing on the importance of the                

contributions of the three laureates and        
review the present status of the field. We 
shall particularly emphasize on the               
contribution of D. J. Thouless and J. M. Koster-
litz in the field of two dimensional magnetism 
and superconductivity. Much of the research 
cited by the Nobel prize committee was done 
in 1970s and 1980s which was a period of 
great churning in condensed matter physics 
and indeed physics in general. 

A good place to start our story is the 1982 
Nobel prize in physics [1], awarded to     

Mr. Kingshuk Sarkar’s research focusses on the physics of quantum many- body 

systems. He has worked on the high temperature superconductivity in cuprates, 

thermal transport in graphene and various aspects of cold atom systems. Mr. 

Sarkar completed his M.Sc. from IIT Bombay and currently is a senior graduate 

student in the theory group of Department of Physics, Indian Institute of Science, 

Bangalore. 

Dr. Subhro Bhattacharjee’s research interest lies in the field of quantum con-

densed matter. He has worked in a number of aspects of quantum magnetism 

including quantum spin liquids, various topological phases, unconventional 

quantum phase transitions and more recently on the interplay of spin-orbit 

coupling and electron correlations. Dr. Bhattacharjee completed his M.S. and 

PhD from Indian Institute of Science, Bangalore and is currently a Reader at In-

ternational centre for theoretical Sciences, TIFR, Bangalore. 

Topological phases and phase transitions : Kosterlitz, 

Thouless and the Physics Nobel Prize, 2016 

Kingshuk Sarkar1, Subhro Bhattacharjee2 

1Department of Physics, Indian Institute of Science, Bangalore 560012. 

2International Centre for Theoretical Sciences, TIFR, Bangalore 560089. 

email: 1kingshuk@physics.iisc.res.in, 2subhro@icts.res.in 

The 2016 Nobel prize in physics was       
awarded last October jointly to D. J. Thouless, 
F. D. M. Haldane, and J. M. Kosterlitz "for theo-
retical discoveries of topological phase transi-

tions and topological phases of matter.”[1] 
While this is the third such award in the field 
of topological condensed matter phases (the 
previous two being awarded for integer and 
fractional quantum Hall effects in 1985 and 
1998 respectively [1]), it is the first one 
awarded solely for theoretical progress in the 
field. As aptly pointed out by the Nobel prize 
committee in their press release, "….. thanks 
to their (the laureates) pioneering work, the 
hunt is now on for new and exotic phases of 
matter · · · [1] 
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Kenneth G. Wilson for his pioneering           
contributions to the theory of critical          
phenomena. For the central framework of 
condensed matter physics (and indeed the 
whole of physics), this was marked the        

culmination of a grand chapter that was 
enunciated by the likes of Lev Landau. This 
paradigm, often dubbed in recent literature 
as Landau- Ginzburg- Wilson (LGW)            
paradigm [2], rests on two major ideas– (1) 
condensed matter phases are characterized 
by the presence/absence of symmetries, and 
(2) low energy properties (usually these     
dictate the outcome of experiments) can be 
understood from a suitable symmetric or 
symmetry broken mean field/free theory     
involving the principle of adiabatic              
continuity. 

To understand the core features of 
these ideas, let us take a step back and ask, 
what is the starting point in describing               
condensed matter systems? There are     
roughly three starting ingredients: (a) the 
nature of degrees of freedom, atoms, spins 
etc., (b) the list of symmetries which is present 
in the system which constitutes its symmetry 
group, and, (c) the Hamiltonian which                   
describes how the degrees of freedom                 
interact with each other in a way that is                
invariant under symmetries. The above ideas 
of LGW paradigm would then suggest that 

while the Hamiltonian is always invariant         
under the symmetry, in the thermodynamic 
limit (the number of degrees of freedom, N → 
∞), the ground state of the system may not 
be invariant under all the symmetry                   
transformations. In fact, a central feature of 
many condensed matter phases like                
superconductors or many magnets is– the 
ground state breaks one or more symmetries 
spontaneously. For example, think about a         
system of 2-component unit classical vectors 
described by : 

 

 

 

 

 

    

on a square lattice whose sites are denoted 

by i (as in Fig. 1). The system has different 

lattice symmetries as well as symmetry       

under uniform O(2) rotation of all spins by 
the same angle. A Hamiltonian describing 
such a system is : 

where J > 0 and ⟨ij⟩ denotes sum over           
nearest neighbours. Such Hamiltonians can 
describe the physics of superconducting thin 
films as well as certain magnets.  

 Clearly, the Hamiltonian in Eq. 2 is in-
variant under a global rotation θi → θi + φ, in                  
addition to lattice symmetries. However, the 
ground state obtained by minimizing the                 
energy corresponds to the state where all the 
vectors point in the same direction as shown 
in Fig. 1. This choice of particular direction 
means that the ground state breaks the O(2)
rotation symmetry of the system spontane-
ously and in the thermodynamic limit, once 
one direction is chosen the other directions 
become forbidden due to free energy barriers 
[3]. The particular direction,          

now quantifies the amount of  symmetry            

Topological phases and phase transitions : Kosterlitz, Thouless and 
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Figure 1: A square lattice with two component 

unit vectors at each site. The 

particular configuration shown is the ground 

state of the Hamiltonian in Eq. 2.  
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breaking and hence gives the order  parame-
ter field. Thus the ground state describes a 
broken symmetry phase where  
which is different from the symmetric phase 

which is possible at infinite temperature 
where all the vectors can fluctuate randomly. 

The temperature at which the system goes 
from the symmetry broken ordered state to 
the symmetric disordered state corresponds 
to a phase transition and the temperature 
can be denoted by Tc. Before we turn to the 
possible value of such temperature, Tc for 
two dimensional systems, we note that the 
transition between the ordered and                 
disordered state can be discontinuous when 
the order parameter jumps from a non- zero 
to zero suddenly (first order phase                 
transition) or continuous, when it goes to    
zero continuously (second order or                 

continuous phase transition). We shall                 
concern ourselves to transitions of second 

kind where interesting physics, requiring the 
sophisticated framework of renormalization 
group, is used to understand interesting 
power-law scaling of various correlation 
functions as well as thermodynamic quanti-
ties like specific heat etc. [3].  

The situation is, however, different for two 
dimensional systems like the one described 
above. To understand, this,  we need to focus 
on the second major idea of LGW paradigm 
(see above). Once we understand the ground 

state for the ordered phase, it is natural to 
ask about the low energy excitations above 
this ground state. Clearly these include spa-
tial fluctuations of    leading to local depar-
ture from the ground state, i.e.                     

….(3) where  represents the 
deviation from the ground state at site i. 
Since such deviations can be arbitrarily small 
for this system as the angle θi can be changed 
continuously (and the same argument ap-
plies for all systems where a continuous sym-
metry is broken, a’la  Noether’s theorem [4]), 
the energy of the state with such deviations     

can be arbitrarily close to the ground state. In fact, 
these states form a set of gapless excitations 
called Nambu-Goldstone mode (see for example 
Ref. [4]) and their gaplessness is protected by the 
spontaneous breaking of a continuous global sym-
metry like O(2) rotations in our case. However, 

this means that at any finite temperature, such 
excitations are always present and hence this 
leads to fluctuations in the order parameter 
whose value decreases from the ground state val-
ue. In a set of very influential works by N. D. Mer-
min, P.C. Hohenberg, H. Wagner and others [5], it 
was shown that in two dimensional systems like 
the one we are considering, at any finite tempera-
ture such fluctuations in the order parameter will 
destroy the ordering in the sense that it would 
renormalize the order parameter to zero. This re-
sult naively suggests that at any finite temperature, 
the above system is in the disordered phase which is 

very similar to the infinite temperature disordered 
phase which is also characterized by   
where the vectors,  fluctuate independently.  

The central outcome of the work by V. Berezinskii 
[6] (unfortunately V. Berezinskii died in 1980 at a 
rather young age of 44) and independently by 
Kosterlitz and Thouless [7] is to show that the 
above naive suggestion is wrong and in spite of 
the order parameter being zero, the low tempera-
ture and the high temperature phases are differ-
ent and are separated by a continuous phase tran-
sition. This transition is called the BKT transition 
after the three above people who worked on it. 

To understand their result, we need to look more 
carefully at the nature of the fluctuations given by 
Eq. 3 

 

Vortices  

The central step in understanding the BKT                
transition is the concept of topological defects of 
the order parameter field. Instead of giving a                  
general description of such defects which can be 
found elsewhere (see Ref. [8, 9]), we focus on the 
system we have already introduced in Eq. 2–the 

XY model in two dimensions.  

Topological phases and phase transitions : Kosterlitz, Thouless and the 
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 On thinking about fluctuations of the     
field, one realizes that there are non-trivial 
configurations, like the one shown in Fig. 2, 
which cannot be deformed continuously to 
the ground state configurations    (Fig. 1).  

In trying to understand why the two field 
configurations cannot be deformed              
continuously into each other, one realizes 
that if one takes a closed loop on a square     
lattice that runs around the plaquette             
denoted with the + sign in Fig. 2, then the     
value of θi in Eq. 1 goes from 0 to 2π once 
while for a similar closed loop in Fig. 1, θi 

does not change at all. Since the two-
component unit vector field      assume             
values on a circle (corresponding to different 
values of   θi ∈ [0, 2π)]) which denotes the 
space in which the order parameter lives, we 
can alternately say a closed loop around the 
plaquette marked with + in configuration of 
Fig. 2 maps to a loop which goes around the 
circle in order parameter space once, while a 
similar loop for the ground state configura-
tion in Fig. 1 maps to a single point in the or-
der parameter space [8, 9]. To deform the 
two configurations into each other one would 

need to create a cut (as for example shown in Fig. 
2 by the dotted black line) in one configuration 
and rotate all spins on either side of the cut by 
finite angle. In the same way we need to create a 
cut in the loop which goes around the circle in 
order parameter space once in order to shrink it 

to a point. Since the probability of this process in 
the thermodynamic limit is negligible, the two 
configurations are stable and are not deformable 
into each other in the thermodynamic limit [8, 9].  

The essence of the above argument is– if any two 
arbitrarily chosen closed loops in the real space 
(here square lattice) maps two order parameter 
configurations to two loops in the order parame-
ter space (here a circle denoted by the value of θ) 
and if the later loops cannot be continuously de-
formed to each other,  then the two order param-
eter field configurations under consideration al-
so cannot be continuously deformed into one an-

other. Thus the above question of which field 
configurations can be deformed into each other 

boils down to the question (in this case) to which 
closed loops in order parameter space (here a 
circle) can be deformed into each other? 

The branch of mathematics that supplies the                 
answer is the study of topological groups, in             
particular the study of homotopy groups that 
tries to precisely answer the question– given a 
manifold (here the order parameter space) 
which closed loops can be deformed into each 
other smoothly (i.e., are homotopic) [8, 9]. Study 

of homotopy groups for our case suggest that if 
we map closed loops (topologically equivalent to             
circle, S1) to closed loops in order parameter 
space (here also a circle, S1) then such loops can 
be distinguished from each other on the basis of 
how-many times they wind the circle in the or-
der parameter space. This winding is an integer 
number and the mapping S1 → S1 gives a set of 
loops characterized by their winding numbers 
such that only loops with same winding number 
can be deformed into each other continuously. 
This set of loops form a group called the first    
homotopy group, denoted in our case by,  

Topological phases and phase transitions : Kosterlitz, Thouless and the 
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Figure 2: A vortex (whose core is denoted by +) 

configuration with winding number +1 (see 

text) which cannot be continuously deformed 

to the ground state configuration of Fig. 1. The 

black dotted line shows the position (arbitrarily 

chosen) of the cut (see text) about which dis-

continuous change needs to be done to deform 

the two configurations into each other.  
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π1(S1) = z, where z ∈ integers which corre-
sponds to the winding number [8, 9]. 

Getting back to the two figures, it is now 
mathematically more clear that a loop 
around the demarked plaquette in Fig. 2               
corresponds to a configuration with a          

winding number z = 1 whereas for Fig. 1, the 
winding number, z = 0. One can draw            
different configurations with the same         
winding number and all those configurations 
can be deformed into each other [8, 9, 10]. 
Further, if one takes two configurations with 
winding number z1 and z2, and fuses them, 
then one gets a configuration with winding 
number z1 + z2 irrespective of how one fuses 
them. The last statement arises from the   
abelian nature of  π1(S1) = z (this is not          
always true, interested readers can think 
about biaxial-nematic [8, 10]). Configurations 

with z (≠0) winding number are called vorti-
ces with charge z. It is curious to note that the 

existence of a well-defined winding number 
of a vortex does not owe its origin to exist-
ence of a global symmetry, but rather the to-
pology of the order parameter manifold, and 
is an example of a topological charge [9]. In 
the present case, the vortices are examples of 
abelian topological charges. It is also im-
portant to note that two vortices with oppo-
site winding numbers can be fused to give z= 
0 configuration. Alternatively, starting from a 
z = 0 configuration and keeping the boundary 

conditions intact, one can only create config-
urations with vortices whose net winding 
number is zero.  

Since the field  is non-uniform for a non-
zero vortex configuration like that of Fig. 2, 
such a configuration has an energy which is 
higher than that of the ground state (Fig. 1) 
configuration. An estimate of such energy 
cost can be obtained by starting with Hamil-
tonian in Eq. 2 and obtaining the coarse-
grained long-wavelength limit. By noting 
that, in the long-wavelength limit (θi - θj ) →  

 θ, one can derive continuum version  of the rela-
tionship between the phase field θ and the wind-
ing number as [10],  

       ……….4  

where the integral is on a loop encircling the vor-

tex of charge z. Similarly the energy of a single 
vortex at origin is obtained (from Eq. 2 by ex-
panding the cosine) as  

 

         ………(5)            

where L is the linear dimension of the system and 
a is a microscopic length scale of the order of lat-
tice spacing. For two vortices, of equal and oppo-
site winding number z, separated by a distance R, 
the energy is given by  

     ………….(6) 

 

as the distortions of  far away from the two vor-
tices do not contribute to the integral. Thus at ze-
ro temperature, as expected, having vortices far 
away from each other costs energy and hence it is 
energetically favourable R ≈ a to have  such that 
there are no free vortices.  

Vortex unbinding and BKT transition  

The situation however changes at finite tempera-

ture where in addition to energy, entropic consid-
erations need to be taken into account and in-
stead of energy, the free energy, needs to be mini-
mized. Here T is the temperature and S is the en-
tropy. For a system of of linear dimensions L, the 
free vortices, if present anywhere inside the sys-
tem, contributes an entropy of the order S ∼ kB ln 
L2. Thus the vortex contribution to the free energy 
is given by 

                ………..(7) 

 

Keeping only the lowest energy, i.e. z = 1 vortices, 

we immediately see that for temperature below, 
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                               …….…..(8)                                   

It is preferable not to have free vortices, 
while above this temperature free vortices 
proliferate. Thus even though for any finite 

temperature there is no “ordering", i.e.,  
there is a characteristic temperature, TBKT 
which distinguishes between two situations 
where free vortices are suppressed/
proliferate below/above this temperature. 
Further note that the above argument            
depends on the logarithmic dependence of 
both the energy and the entropy which              
remain unchanged in a more precise             
calculation. In fact such precise calculation 
can only change different pre-factors and 
hence the actual value of  TBKT which,                
anyway, is a non-universal energy scale.  

The collective works of Berezinskii,              

Kosterlitz and Thouless [6, 7] showed that 
the above two phases in presence or absence 
of vortex proliferation indeed have very                 
different physical properties (see below) and 
they are separated by a continuous phase 
transition with extremely interesting                   
features as we now discuss. Symmetry- wise 
the two phases on either side of TBKT are 
identical and only differs in relation to                 
proliferation of the topological defects, i.e. 
the vortices.  

To understand this transition, let us turn to 
the continuum Hamiltonian in Eq. 5. Note 
that in this equation J denotes the energy cost 
associated with the gradient or twist of the 
angle field θ. This, thus denotes a measure of 
stiffness of the θ field against twist. The value 
of this stiffness, generally denoted by, ρ, is 
the order of J in the microscopic limit. How-
ever, within the framework of renormaliza-
tion group [3, 10] as one integrates out the 
high energy fluctuations of θ, the stiffness,  ρ, 
decreases, i.e. renormalizes. Such downward 
renormalization can be understood as a                       

contribution from the vortices which, when                  

present, allows large fluctuations of θ. Instead of 

tracking the renormalization group flow of ρ, it is 

more useful to do the same for K = ρ/T [10].              

Another parameter, which is clearly important in 

context of the above discussion, is the average 

number of vortices which is expected to change 

sharply across the transition. Again, instead of                   

using the vortex density, it is useful to track the 

vortex fugacity, y = exp[-Evortex/kBT] 10] where 

Evortex is the renormalized energy of a single vor-

tex. Within a real space renormalization group 

calculation [7, 10], as the length-scale is increased 

by a factor of  edl , where dl is infinitesimal, the RG 

flow equations of the two coupling constants de-

fined above are given by:  

         ……... (9) 

         

         ……..(10) 

 

Fig. 3 shows the RG flows of the two parameters K 
and y. The phase transition corresponds to the 
fixed point yC = 0, KC =c/Tc = 2/ . On the other 
hand the two stable fixed points corresponding to 
the low temperature and the high temperature 
phases are (y = 0, K > KC)  and (y = O(1), K = 0) 
respectively . 

In figure 3, every system with parameters in re-
gion A flow to the low temperature fixed point 
where the vortex fugacity, y = 0 , hence no vorti-
ces as this would indicate that the renormalized 
vortex energy Evortex = -kBT ln y → ∞.  Thus it is ex-
tremely energetically costly to have free vortices. 
This is clearly the low temperature phase as dis-
cussed earlier. On the other hand, in the same fig-
ure, systems with parameters in region B flow to-
wards y = O(1)  hence the renormalized vortex 
energy Evortex → 0, and hence it is cheap to have 
free vortices, as in the high temperature phase 
described above. A critical system resides on the 
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line separating region A and B and such criti-

cal systems flow to yC = 0, KC = 2/ This im-

mediately suggests that there is a universal  

jump of K across the critical point whose val-

ue is 2/. 

The difference between the two phases on 
either side of the transition is evident from 
functional dependence of the correlations of 
the field θ. In the low temperature phase 
where free vortices are suppressed, it can be 
shown that the correlation between  (r = 0)
and  (r) has the asymptotic form (for r much                    
(11) greater than the lattice separation) to be 
[6, 7, 10] : 

where = 1/2K. Immediately, this would suggest 
that at the critical point,  = 1/4, which would 

predict universal, power-law correlations at the 
critical point. In the high temperature phase, how-
ever, K = 0 and unlike in regular continuous phase 
transition, power-law correlations are not present 
above Tc. In fact just above Tc the correlation func-
tion C(r) is exponentially decaying with a correla-
tion length  ~ exp[P(T-TBKT)

-1/2 [6, 7, 10] (where 
P is O(1)). Such exponential decay stems from the 
vortex proliferation which is very efficient in de-
grading the correlation by contributing to large 
fluctuations to the phase (r). 

Experiments  

The XY model in Eq. 2 correctly captures the low 
energy universal behaviour of a class of magnets, 

but, most importantly, the Hamiltonian of the su-
perfluid systems like He4 which are described by 
an order parameter  Φ = √s e

i   (where s is the 
superfluid density and  is the phase of the order 
parameter) can be cast into the from given by Eq. 
2, where j  s. Thus one expects thin films of su-
perfluid He4 to exhibit the above physics. While in 
this article we shall not describe these wonderful 
experiments, indeed such measurement have 
been made with support for BKT physics with 
clear signatures of low and high temperature 

phases. We briefly mention that BKT transition 
have been observed in thin film superconductors 
e.g. NbN ultrathin films [11], Josephson junction 
arrays [12] and atomic condensates [13]. In addi-
tion, there is overwhelming support of such phys-
ics in XY type models from numerical calculations 
[14, 15].  
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Figure 3: The RG flow diagram for the XY model 

whose flow equations are given by Eqs 9 and 

10. The BKT transition corresponds to the un-

stable fixed point y = 0 and KC = 2/. The two 

other stable fixed points corresponding to the 

low and high temperature phases are given by 

(y=0, K > KC) and (y = O(1) and K = 0) respec-

tively. The arrows indicate the direction of RG 

flow. All systems with initial conditions in Re-

gion A flow to the low temperature phase 

which is characterized by zero vortex fugacity 

(y =0) hence no vortices whereas all systems 

with parameters in region B flows to the high 

temperature phase with finite vortex fugacity 

(y = O(1)) (hence vortices proliferate). 
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Topological phase transition and topological phases of matter : D. Haldane and the 

Physics Nobel Prize, 2016. 

The contributions of Kosterlitz and Thouless in topological phase transition has been discussed 
above in the article by Sarkar and Bhattacharjee. 
The third winner of this year’s Nobel prize Duncan Haldane used similar ideas to lower                  
dimensional magnetic systems. The best known theoretical model for describing magnetic           
interactions in an assembly of localized spins is the Heisenberg model, the Hamiltonian for which 
is given by 

For, J > 0, the ground state is ferromagnetic, i.e. the spins are aligned along the direction of the 
magnetic field. The order persists even when the magnetic field vanishes, though the alignment 
would now be in an arbitrary direction. Thus, in spite of the Hamiltonian being spherically         
symmetric, the ground state rotational symmetry is spontaneously broken.  
The  J < 0 case, known as the antiferromagnetic Heisenberg model can be solved exactly in one    
dimension using the Bethe ansatz. The ground state of the model is a collective singlet which       
entangles spins at all the sites. The elementary excitations from the ground state at zero field are 
linear combination of two elementary excitations, known as spinons, which are S=1/2 objects and 
the spectrum is gapless. It was generally believed that this gapless nature would remain valid even 
for higher spins.                                                                                                                                            
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Topological phase transition and topological phases of matter : D. Haldane and the 
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In 1983, Haldane1, using a new technique, mapped the large spin, one dimensional Heisenberg 
model on to a nonlinear sigma model. Crucial to the derivation of the derivation of the nonlinear 
sigma model was the analysis of certain phase factors that make the quantum mechanical weight 
of spin configurations have both positive and negative weight. Haldane showed that integer spin 
chains have positive weight for all configurations while the weight of half-integer spins has a sign 
that is determined by the topology of the configuration. The quantization of magnetization showed 
an intrinsic difference between the case of integer spins and half integer spins in that the spectrum 
of the former indicate the existence of a gap in the long wavelength limit. Based on this Haldane 
conjectured that the existence of the gapped spectrum is a characteristic of integer spins. Though 
no exact solution for S=1 Heisenberg chain has been obtained, numerical simulations as well as 
experimental evidence bear out Haldane conjecture for integer spins.  The short range correlations 

decay exponentially and the excitation spectrum has a gap   ~ 0.41J at q = . Though there is no 
local order parameter, there is a string order parameter between a pair of sites  i and  j, defined by  

which captures the hidden symmetry breaking in the Haldane phase for S=1.  The value of the 
string order parameter has been estimated to be 0.3743 in the Haldane phase |i-j| as  separation        
becomes very large. 
A model which is closely related to the Heisenberg model is the AKLT2 model described by the 

Hamiltonian 

which can be solved exactly for S=1 chain. The ground state of the model is the valence bond states 
with a single valence bond between neighbours. The model shows a gap in the spectrum at zero 
field, and is characterized by a string order parameter having a value of 4/9. 
 
I thank Prof. Kedar Damle for his help in connection with the above note. 
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During the morning hours on Tuesday, November 22, 2016                

Mambillikalathil Govind Kumar Menon passed away at his residence in 

New Delhi with his wife, Mrs. Indumati Menon (ne e Patel) attending by 

his bedside.  My heart goes out to Indubehn who had been his partner 

and companion for over 65 years – mere words cannot express our deep 

feelings of this loss or assuage the pain of separation Indubehn and their 

two children, Preeti and Anant Kumar are feeling at this time. Children 

who called him Goku-dada, friends and fellow scientists, administrators, 

entrepreneurs, industrialists, ecologists, and indeed innumerable men 

and women are saddened by this loss.  It is only the alchemy of time, 

during which his great contributions to science and to the nation are 

recalled repeatedly, that will transform our feelings into a celebration 

of the remarkable life of achievement and service of Professor M. G. K. 

Menon.  A noble soul has given up the corporeal frame emaciated by 

decades of toil in the service of humanity – his spirit lives on.   

In his own time he was a legend; there was no responsibility he could not bear and there was 

no impasse that he could not resolve, that he was affectionately called by his friends and         

colleagues as Magic–Menon, – he could make anything happen, if it was for the general good.  

He was born at Mangalore, Karnataka on August 28, 1928, had his early education in Tamil    

Nadu, obtained his Bachelor of Science degree studying at Jaswant College, Jodhpur, Rajasthan, 

affiliated to Agra University.  Thence, he moved to the Royal Institute of Science, Bombay and 

earned his Masters of Science working under the tutelage of the famous spectroscopist           

Professor Tawade, at whose instance he went on to work with Professor Cecil F. Powell (N.L.) 

at the University of Bristol, England.  There he discovered several events in nuclear emulsions 

exposed to cosmic rays, showing that the same particle decayed into either two or three pions.  

This discovery caught the attention of Dr. H. J. Bhabha, then the director of the Tata Institute of 

Fundamental Research, Bombay. Bhabha, in his lecture and in the ensuing discussions,            

emphasized the importance of the discovery in the context of the need for the violation          

fundamental symmetries of “charge conjugation” and “parity” at the International Conference 

of Theoretical Physics, Kyoto and Tokyo (1953) – a discovery that stimulated the theoretical 

work of Nobel laureates T. D. Lee and C. N. Yang.  After holding prestigious post doctoral         

fellowships in the United Kingdom for three years, Menon joined Tata Institute of Fundamental 

Research, Bombay, at the invitation of Bhabha and integrated himself effectively with the        

research groups working in the field of cosmic rays.  His expertise, energy and enthusiasm     

added considerably to the productivity of these groups, who were already very active with     

programs initiated by Dr. Bhabha.  With Professor Gokhale he rapidly enhanced the capabilities 

in scientific ballooning; this sub-orbital program was the precursor for the initiation of the 

highly successful Space Program in India.  Along with Professor Sreekantan and his group he 

was responsible for the discovery of first interaction of a cosmic-ray neutrino in the deep        

underground detector at the Kolar Gold Fields, and for setting strong bounds on the lifetime for 

the decay of protons, violating baryon-number conversation.  It is not surprising that he was       
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honored with the S. S. Bhatnagar Prize and with the election as a Fellow of the Royal Society 

(London) early in his career.   

The close rapport that was established initially between Bhabha and Menon because of their 

shared interests in K-meson physics became progressively deeper as Bhabha observed how 

Menon could easily integrate himself into several different groups and play the leadership role 

not by any authority vested in him but by his focus on the objectives and his desire to serve.  As 

Dr. Bhabha’s responsibilities grew with developing the atomic energy program in India and in 

channeling international attention towards peaceful uses of atomic energy, progressively    

greater responsibilities pertaining to the Tata Institute of Fundamental Research fell on       

Menon’s shoulders, and he soon became the main force to implement Bhabha’s vision for the 

growth of fundamental research and a variety of technologies, not only within the portals of the 

Tata Institute of Fundamental Research but also in the wider arena of independent India.  Upon 

the untimely demise of Bhabha in an air crash over Mont Blanc in 1966, the responsibility     

increased multifold on Menon’s shoulders, first as the Director of the Tata Institute of             

Fundamental Research, then progressively as the prote ge  of Bhabha working for development 

of the infrastructure for science and technology across the country: 

Tata Institute of Fundamental Research was one of the most prestigious institutions in the 

world and its director Dr. Bhabha one of the most respected theoretical physicist and a           

visionary in the forefront of India’s scientific and technological development.  As Menon took 

over the office of directorship of Tata Institute of Fundamental Research, and was faced with 

the challenge of continuing seamlessly with the wide-ranging initiatives Bhabha had taken, he 

was as yet unknown to the wider community of scientists, technocrats and high-level               

administrators in the Government of India.  Thus he was viewed with some reserve, with the 

question whether he can fill-in for such a great man as Dr. Bhabha.  With the advice and strong 

backing of Mr. J. R. D. Tata, support of his scientific colleagues and by the sheer strength of hard 

work and perseverance, Menon carried on with Bhabha’s initiatives smoothly.  His reputation 

grew steadily not only within the scientific community but also more broadly, including in the 

higher echelons of the Government of India.  He soon became an esteemed colleague who could 

be called upon to shoulder multiple responsibilities.  His limitless energy, attention to detail 

aided by an excellent memory and a fine sensibility allowed him to function well. 

In 1971 he was appointed as the Secretary, of the newly constituted Department of Electronics, 

Government of India, a position he held concurrently with the Directorship of Tata Institute of 

Fundamental Research.  He set up the infrastructure for policy-making, research and               

development and administrative control of this department.  The department under Menon 

funded electronics research in strategic areas, founded the National Center for Software          

Development, National Informatics Center, Computer Maintenance Corporation and several 

State Electronic Development Corporations to promote manufacture of electronics                

components, instruments and consumer products.  The fruits of these efforts are abundantly 

visible in India today.  A lesser man would have faltered under this burden of responsibilities, 

but the sudden demise of another Indian stalwart, Dr. Vikram Sarabhai added further              

responsibilities – Menon became the interim Chairman of the Indian Space Research                                      
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Organization and the director of the Physical Research Laboratory in January 1972.  As soon as 

Menon took charge he started a quiet search for persons of the right qualifications and          

temperament. Within a year’s time we saw Dr. Satish Dhawan at the helm as the Chairman 

ISRO, and Professor U. R. Rao as the Director, PRL.  It is appropriate here to note that Menon 

was also responsible in persuading Dr. V. Radhakrishnan, the world famous radio astronomer 

to take up the Director’s position at the Raman Research Institute vacated by Professor               

C. V. Raman’s death.  We know that each of these institutions have blossomed wonderfully un-

der the new leadership, bearing ample witness not only to Menon’s deep perception of the 

strengths of his fellowmen but also to his gentle persuasive powers which make people willing-

ly dedicate themselves to public service. 

Menon’s contributions to our Nation, which began so spectacularly, moved from crescendo to 

crescendo, he was appointed in 1974 as the Scientific Advisor to the Defense Minister with a 

charge to serve also as the Director, Defense Research & Development Organization.  These     

responsibilities he would take upon in all earnestness, develop an appropriate policy and     

profile for their growth, find the right persons to carry out the objectives and quietly withdraw 

leaving them in the forefront, while his advice and support was always available just for the 

asking. In 1978 he was appointed as the Secretary , Department of Science  Technology,           

Director General Council of Scientific & Industrial Research, and subsequently as a member of 

the Planning Commission (1982 – 89), which accorded him an opportunity to draft the         

Technology  Policy Statement (1983) and play a wider role in the national development. He 

was the Chairman, Scientific Advisory Committee to the Cabinet (1982 – 85) and Scientific     

Advisor to the Prime Minister (1986 -89). He served as the Union Minister for Science 

&Technology and for Education for a year before he was elected to the Rajya Sabha in 1990 for 

a six-year term. 

His contributions were not limited only towards the growth of science and technology in India 

but also extended internationally.  He initiated along with Professor Abdus Salam (N.L.) the   

formation of  the Third World Academy of Sciences that has been responsible over the last 

three decades in the growth of scientific temper* and technological growth in developing    

countries.  It is not possible to capture the measure of this great man within the compass of this 

brief memoriam.  A more comprehensive perspective may be gained of the loving, tireless     

endeavors of M. G. K. Menon by perusing through the two festschrifts and a few articles written 

about him cited at the end.   

At a time when a noble personality has passed away let us not  merely be silent witnesses and 

beneficiaries of his incomparable contributions to our nation and rest content in the warmth of 

affection and love that he bestowed upon us.  But let us take inspiration from the strength and 

purity of purpose with which he toiled hard for the betterment of his fellowmen, and do our 

best to broadcast and emulate his values, and serve society the best way we can. 

---------- * -------------*-------------- 

“What we need is the scientific approach, the adventurous and yet critical temper of science, the 

search for truth and new knowledge, the refusal to accept anything without testing and trial, the 
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the capacity to change previous conclusions in the face of new evidence, the reliance on observed 

fact and not on pre-conceived theory, the hard discipline of the mind—all this is necessary, not 

merely for the application of science but for life itself and the solution of its many problems." —

Jawaharlal Nehru (1946) The Discovery of India. 
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Essays on Particles and Fields (Festschrift in honor of MGK Menon on his 60th birthday),   

edited by R.R. Daniel and B.V. Sreekantan (1989, Indian Academy of Sciences), Bangalore. 

Festschrift in honor of MGK Menon on his 88th birthday, edited by Manju Sharma, Girjesh 

Govil and PN Tandon (Indian National Academy of Sciences). 

The Master Conductor, Frontline (publishers of Hindu) 25, issue17, August 16,(2008), by R. 

Ramachandran. 

MGK Menon: Administrator, institution builder; man who took IBM head on, F. INDIA,Nov 

23, 2016, by Dinesh C Sharma. 

Living Legends in Indian Science –Mambillikalathil Govind Kumar Menon, Current Science, 
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