Face to Face
This section features conversations with personalities related
to science, highlighting the factors and circumstances that
guided them in making the career choice to be a scientist.

Face to Face with Professor N Mukunda∗
Prof. N Sathyamurthy talks to Prof. N Mukunda
Professor Narasimhaiengar Mukunda, known for his contributions to several areas of mathematical and theoretical physics, is the Founder Editor of Resonance: journal of science education. Prof. Mukunda has had a long research stint, first at the Tata Institute of Fundamental
Research, Bombay followed by the Indian Institute of Science, Bangalore. He specializes
in theoretical particle physics, mathematical physics, mechanics and theoretical optics. Prof.
Mukunda is a champion of education (in particular physics education) in India and is a prolific
author. He has served as the Vice President of the Indian Academy of Sciences, pioneering and
chairing the Science Education Programme of the Academy.

Prof. N Sathyamurthy (NS): Professor Mukunda, first of all, on behalf of the Resonance
team and on my own, I want to thank you for agreeing to this face-to-face for the readers of
Resonance. Before we proceed further, I want to felicitate you on your 80th birthday.
Prof. N Mukunda (NM): Thank you very much, you and your whole team.
NS: From what I know from the records, you received your undergraduate degree from Delhi
University (DU) and went to the Training School in Bhabha Atomic Research Centre (BARC)
(then called the Atomic Energy Establishment Trombay Training School) before you decided to
go to Rochester to pursue your PhD degree with the great physicist Professor E C G Sudarshan.
After doing a postdoc with him at Syracuse, you returned to India, initially to the Tata Institute
of Fundamental Research (TIFR), Mumbai and then to the Indian Institute of Science (IISc)
Bangalore. Can you tell us what made you go to the United States (US) and what made you
come back to India?
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NM: It’s an interesting story to remember from 60 years ago. A little bit of clarification on
what you said: after the one-year Training School at the Atomic Energy Establishment, I was
a student at TIFR for about a year and a half (from August 1959 up to January 1961), and then
I went for graduate study at the University of Rochester in the US.
NS: Could you go to the Training School after BSc in those days?
NM: It was not normal. All my fellow students came after a masters. In my case, I had done
undergraduation in mathematics from DU. But they were willing to accept me in the physics
batch at the Training School even though I didn’t have a masters. So it was very fortunate.
NS: Were you in the top of the list or something like that?
NM: That part, I don’t know. At the time of joining the Training School, I did not know, but at
the end of one year, I was ranked first in physics.
NS: That’s really remarkable. You did mathematics and then you topped in physics.
NM: I had some exposure to physics as an undergraduate because it was a subsidiary subject.
For that matter, I studied even chemistry as a subsidiary in Delhi University. But this is what
happened. Now, why did I go to the US to study? There was a gentle, very relaxed atmosphere
among us, especially the students of theoretical physics in those days at TIFR. In those days,
we were not encouraged to immediately register for PhD. We didn’t have guides assigned or
anything of that kind. And I think it was just a feeling from the family side also that it is better
to make the eﬀort and get a PhD. We had a peculiar naı̈ve notion. We thought we could be
in TIFR all our lives, and never worry about a PhD! But it was not a wise thing to go in that
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direction. So, I went as a student to Rochester. Initially, I was not going as Sudarshan’s student,
but, after the qualifying exam in May 1962 (I knew him personally and he had been a great help
to me), I asked if he would be my guide and he agreed, and that is how it happened. So that’s
where I went, and after my PhD in 1964, I spent two years as a research associate at Princeton
University. Then a year and a half at Syracuse University. Sudarshan by then had moved to
Syracuse, and then I came back to India.
NS: So, it is not that you stayed with Sudarshan all along.
NM: No. My work with him in a sense began around 1962. And we worked together wherever
he was and wherever I was. We were in touch, and we were collaborating up to about 1989.
NS: Wow, that long!
NM: Almost 30 years.
NS: So, you could do a PhD in two years’ time?
NM: Yes. In retrospect, I feel that he treated me too lightly, in the sense that he did not make
me work hard enough. I wish he had challenged me more than he did. That is a feeling, in
retrospect.
NS: That is also partly due to the American system that the thesis is only a partial requirement
for the degree?
NM: That is true, and the system in which each university of good standing handles its PhD
students all on its own. There is no such thing as an external examiner for the thesis. Standards
are maintained by mutual cooperation so that spirit was there.
NS: Mainly by your thesis supervisor and partly by the colleagues?
NM: Yes. And for the viva examination, there was one member from the mathematics faculty,
another from physics and, the Chairman was from some other faculty; so it was all done inhouse.
NS: How many hours did the viva voce last?
NM: Approximately an hour and a half or may be two.
NS: The reason I asked is because my thesis examination lasted almost three hours, and I know
cases where it went on much longer until the candidate said,“ I’m sorry I do not know”.
NM: That did not happen, and I have not come across many cases of that duration.
You asked me about how I returned to India. This was a special set of circumstances at that
time. Many of us young students in TIFR in that period (the late 1950s and early 60s) were
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sent by the Institute to diﬀerent universities in the US to do our PhD, get some experience and
then return. Many of my fellow students were also sent in this way. Our positions in TIFR
were protected for as much as six or seven years, and we could come back to those positions.
NS: If I understand right, in TIFR when you were a PhD student or when you joined, you
joined as an employee of the organization.
NM: Exactly, at a junior level. But at that time while there were professors and faculty members
in TIFR, not every one of us as a student had a supervisor. Personally, I was given the complete
freedom to read whatever I wished to for about a year and a half, with guidance from some of
the faculty. But this was a tradition in TIFR at that time. My experimental physics colleagues
were sent to Rochester to work on cosmic rays. Others were sent to the University of Chicago
to work in theoretical physics and so on. So this was something that happened during the
growth of TIFR at that period. But it stopped after some time. So, we were fortunate that for us
to come back to India, there was a position ready and available. That made it so much easier.
NS: A friend of mine used to call it ‘guided anarchy’!
NM: Yes, you can call it that. In that period, again, I stress, we had all the freedom to read, to
discuss, and to do what we wished to do in theoretical physics. When we felt like going abroad
for a PhD, we were encouraged to do so. And what more can you ask for, than being told,
“yes, you can go spend five or six years abroad and come back; your position will be waiting
for you”.
NS: Was there a bond?
NM: No, in my case as I did not receive a salary during my years on leave, I did not have to sign
a bond. Neither did my colleagues. But this very unusual set of circumstances probably lasted
only till the early 1960s because, by the time I came back in 1967 to TIFR and saw students
working under TIFR faculty, the situation was diﬀerent. They did not have to go to the US to
get a degree and come back to a job which was waiting for them. That phase was over. But I
was fortunate to be in that phase. That’s why it helped me to come back.
NS: You had a job already.
NM: Yes. There was no need to wonder, “Where shall I go back to in India?”
NS: Then why did you move to IISc, Bangalore?
NM: That comes some years later. As I told you, Sudarshan and I continued collaborating
wherever we were. He moved in the US first from Rochester to Syracuse and finally from
Syracuse to Austin, Texas. And I in the meantime had come back to TIFR in Bombay. But
we continuously worked together, and he would make visits to India to Delhi University and
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Madras University practically every year, and then we would again meet. Around 1971 or so,
it turned out that Prof. Satish Dhawan, Director of the Indian Institute of Science and Dr D S
Kothari, the UGC Chairman worked together to persuade Sudarshan to come to Bangalore to
the Indian Institute of Science and set up a new Center which he did in 1972. It was called the
Center for Theoretical Studies. When that took place, I was in touch with him, and I moved
from TIFR to IISc, at the end of 1972.
NS: It’s interesting that this happened in those days like this; that you could continue to collaborate with him and yet retain your identity. But, today, the community would look at it
diﬀerently. Would you like to comment on that?
NM: I would put it this way. One thing is, communication in those days was very slow and
painful. When I say we were in touch with each other all the time, I would write an airmail
letter, it would take 12–14 days to reach him, then he would reply by an airmail letter which
would take another 14 days. Still, the collaboration was possible. For one thing, we did
not have Xerox facilities in the country at that time. So, we had to write every manuscript
with carbon paper, make two copies, mail one and keep the other for safety and so on. This
was the mechanics of the collaboration, but collaboration continued. But today, I find that
the mechanics of collaboration with people abroad is much more eﬃcient and way easier. I
find young people, much younger than me in diﬀerent areas of theoretical physics, constantly
collaborating with someone in France or the US, and so on. The number of collaborations an
individual young man or girl in India has is very very healthy; a very large number. In my
days, that number was less, and I think that between Sudarshan and me there was a special
relationship.
NS: Knowing you, you must have maintained the entire correspondence. Do you have a file on
it?
NM: Yes, I have them. I have a file, but I have not looked at it for a long time. Since you’ve
asked about it, I will tell you. When Sudarshan passed away roughly a year ago, Prof. K R
Sreenivasan, a very distinguished Indian in the US and an Honorary Fellow of this Academy,
went through all the correspondence in Sudarshan’s collection, and then he wrote to me that he
saw many of my letters to him. So, they are all there.
NS: Unfortunately, in this country, many of us do not maintain records. But I am glad you have
kept the record of your correspondence with Sudarshan. Maybe somebody can do a PhD thesis
on that.
NM: That should be somewhat later in the future, but I just want to mention again the special
circumstances which we had in TIFR for students to be sent by the Institute and welcomed
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back after their PhD. If I may mention the names of my colleagues who went through similar
experiences, you know many of them, I have a list of them: Prof. Divakaran, Prof. Rajasekaran;
they both went to Chicago University to work with Dalitz. My slightly senior experimental
physicists in TIFR, Dr Lavakare and Dr Appa Rao were both sent to Rochester to work in
experimental emulsion technique. And then, S S Jha. He was sent to Stanford, to work with
Felix Bloch, I think. Virendra Singh went to Berkeley to work with Geoﬀrey Chew. Others I
should mention are K V L Sarma and T P Das. So, this was not something isolated. It happened
in several cases of this kind. After that, this pattern changed because the faculty strength within
TIFR was slowly building up.
NS: Did Sudarshan also go in the same arrangement when he went to Rochester?
NM: Since you ask about him, let me mention that I have discussed his life and these circumstances in detail in the February 2019 issue of Resonance. In his case, he joined TIFR as a research student around 1952. Initially, he was working in experimental emulsion physics. Then
he had a very strong theoretical interest, and was encouraged in that direction by K S Singwi,
the senior theorist. It so happened that in 1953, Marshak from the University of Rochester,
who was a friend of Homi Bhabha, visited TIFR, gave some lectures, met and had discussions
with Sudarshan, and was very impressed with him. He then suggested that Sudarshan go to
Rochester to work for a PhD. For some reason, the actual move to Rochester was delayed by a
couple of years, but then he did go.
After his PhD and his postdoctoral stint in Harvard, there was some talk about his possible
return to TIFR, but it did not happen. It was a few years before my time. So, whether the way
in which students were sent and came back were similar or not, I do not know. But I have given
you quite a few examples of my own contemporaries who went to diﬀerent universities in the
US and came back to TIFR. This is how it happened.
NS: I want to ask you something else now. You are an authority in classical mechanics and
quantum mechanics. You have specialized in group theory. I’ve listened to some of your
lectures. They are lucid, they are well-prepared. But many of your technical writings are
diﬃcult to read. Would you like to comment on it? Partly, it reflects my inadequate knowledge
of mathematics I guess.
NM: Not really. First, of course, I should apologize for having caused you and others diﬃculty
in reading my technical papers! The aim of writing the papers was not to cause diﬃculty.
But I will put it in this way. From the very beginning, my interest was somewhat on the
mathematical side. And I mentioned that for a year and a half when I was a student at TIFR, I
was left completely free to read and pursue whatever I wished to. There were two books which
I studied very carefully during that period, and which have shaped my interests throughout.
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One was the book of Paul Dirac – The Principles of Quantum Mechanics. The second one was
by Hermann Weyl – The Theory of Groups and Quantum Mechanics. These two are classics
of the physics literature, and I spent a year and a half going through them. That I think shaped
the way I would think, and I would write. But, I must add, I have always tried to put in a lot of
eﬀort in writing carefully. In writing in such a way that the reader is helped to go along when
reading. The matter may be technical; that may be unavoidable, but still, you should write in
such a way that the arguments are presented in a proper sequence, etc. All I am trying to say
is that it is not easy to write well, but it is a skill that has to be deliberately cultivated. Many
young people these days, I find, are a little bit careless or maybe that’s a strong word, they want
to get on with the job. They don’t put in as much eﬀort as they should in writing well.
NS: So, you would like the reader to work as hard as the author of the book in learning whatever
(s)he is learning?
NM: Yes. If it is something rather technical which cannot be avoided, at least you present it
in such a way that it is helpful to the reader. That is where the skill of writing well comes.
Nowadays, I know that the Academy and the Current Science Association are holding training
sessions to teach students how to write better. In bigger institutions, I am sure, in IISERs,
and IISc, there is a deliberate eﬀort to help PhD level students to write well. After all, the
impression you create, the reputation you create for yourself depends on how well people
understand what you are saying. So, it is understood and appreciated. It may be necessary to
train students to learn to write well. For me and my colleagues, it came naturally. This eﬀort
needs to be made.
NS: Yes, I understand. I tried to read the book by Dirac, and I would confess I did not go beyond
the first few pages. I want to come back to Dirac. You wrote a wonderful book comparing Paul
Dirac and Niels Bohr. I remember reading it while travelling by train from Kanpur to Kolkata.
Actually, I had told you that in person. Would you like to compare the two for our readership?
NM: Yes, that’s a very nice question that you have asked me. Let me say first that that little
book is a collection of articles and talks on related aspects put together along with a talk on
Bohr and Dirac, which comes in the title of that book. It comes from a talk which Prof. C N
R Rao had asked me to give for an INSA Council meeting at IISc in 1985 summer. I enjoyed
writing it, and then he encouraged me to put together a few similar articles. Then there was
a talk I gave at the Indian Academy of Sciences Annual Meeting in 1986 at Varanasi, and
that came out well. Now, you asked me if I could compare Bohr and Dirac with one another.
That’s a very nice question. And it’s very nice to have to answer it. They had very diﬀerent
personalities. One thing we have to remember is that there was an age diﬀerence of 17 years
between them. So they are from, you can say, slightly diﬀerent generations. And Bohr was
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Dirac’s teacher in a wider, larger sense. As a physicist, Bohr had a very philosophical way of
thinking, whereas Dirac was more formal and more mathematical.
Actually, when you read Bohr’s writings, it is very diﬃcult to understand what he’s trying to
convey. His writing is not so lucid in the sense that it’s very dense. Dirac’s writing is, you said
you had diﬃculties but I would say, he is more direct. He is more clear, and I studied his book
on quantum mechanics in that period in TIFR along with my fellow students. So, there was an
opportunity to discuss with each other, and we were able to make progress. I said that these two
personalities came from diﬀerent generations. And their best work was done at diﬀerent phases
in the creation of quantum mechanics and quantum theory. At one point in one of his writings,
Dirac says that Bohr took the most diﬃcult first step in the creation of the quantum theory.
That was a very wonderful way of expressing how important the work of Bohr was. But, as I
said, Bohr’s writing is not easy; everybody acknowledges it. In a humorous way, people say
Bohr’s speech and his handwriting were respectively inaudible and illegible. In both respects,
Dirac was much better. But they had a lot of regard for each other. And this is what I have tried
to convey in that short article in that little book.
NS: If I remember right, you had mentioned that Dirac would think about a paper in his mind
before he started writing. Whereas Bohr would repeatedly dictate and correct to arrive at the
final version. Who is your role model?
NM: My role model, it is easy to say, is Paul Dirac. Because I was fortunate enough to have the
chance to learn quantum mechanics after the Training School and learned it seriously through
his book.
NS: You could have gone to work with Dirac.
NM: That was not a feasible option. Yes, that was really a practical matter in that period. The
financial support for students from India to do graduate studies in sciences was available in
many good universities in the US. But it was much less in countries like the UK or Europe.
That was mainly the reason. So, as I said, all the colleagues of mine who went abroad from
TIFR went to the US.
NS: Did the American University support you?
NM: Yes, of course, we could not go unless we had financial support through teaching assistantships.
NS: It is not that TIFR paid for your stay in the United States.
NM: No, not at all. In all the cases I mentioned, we were given leave of absence. Just to go
back to your earlier question about Sudarshan, up to about 1960, in the papers he had published
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while working at Rochester or at Harvard, he writes a byline, “On leave of absence from the
Tata Institute of Fundamental Research, Bombay, India.” He was not being paid by TIFR. But,
from 1961, that byline does not appear in his papers. So, it means that in that period, somehow
the decision was taken that he would not come back. The intention must have been that he
would come back when he first went to Rochester. But it did not work out that way. In my case
and with Rajasekaran, Divakaran, Virendra Singh, Jha, K V L Sarma and T P Das, all of us
came back. As far as I know, our positions were protected. But I did not have to sign a bond,
and I was not paid during my absence from TIFR. So, no pay no bond. Yes, but the position is
very important in this country.
NS: You’ve been a champion of education, particularly in physics. You have been responsible
for revamping the physics syllabus for NCERT. It is very diﬃcult to write for students at that
level while you are doing research at the forefront of physics. How did you manage that?
NM: Well, it was an eﬀort. By the way, it lasted in my case from about 1986 up to 1996. It
was a ten-year involvement with the NCERT textbook writing. And it was part of a team eﬀort.
Many others worked with us, and I feel it is not at all easy to write in a proper way at the school
level. If you are a good research physicist, it does not imply that you can write well at school
level too. It may not be true. The skills needed, the way of presentation, the psychology of the
student, these are things a research scientist may not know. So, my own feeling is that the skills
needed in these two areas are diﬀerent. We had a facility with language and tried to write as
well as possible. But still, I am not sure how good a job we did. For one thing, the size of the
textbook we wrote became enormous, and my impression is that in the later years, there has
been an eﬀort to reduce the volume. Even today, that is continuing. And after our involvement,
other groups of people have joined the eﬀort and rewritten what we wrote. I would like to see
truly qualified school level teachers work with people on the research side and jointly write
these books for the school level. We were all taken essentially from research institutions or
institutions where teaching was at the master’s level, you can say, and asked to write the school
text. I don’t think that is the healthiest way to do it. You must search for and find the most
gifted school level teachers you can get and help them to work with others and write books.
That’s my feeling.
NS: I enjoyed reading the two volumes of physics book that you and your team wrote while
helping my daughter prepare for classes eleven and twelve. You mentioned you spent ten years
in this whole exercise. That is a lot of time for a researcher. Do you have any regrets on that?
NM: No regrets at all. It is just that if the whole thing had been planned, thought out and
organized a little bit better and more eﬃciently, everybody would have been happier, and the
end product would have been even better than what you described. But my feeling is that
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the help from the NCERT side was mainly of a secretarial nature. It was not involved in the
creation of the textbook itself. That was left to all of us from IISc or the Regional College in
Mysore and other institutions where research was the main focus. They can contribute, they
can give ideas about the science, but writing for a school student requires very special skills,
and it will be wrong for a person like me to assume that because I’m in a research institution,
this will be easy for me. That may not be true at all.
NS: I know some colleagues wrote to you criticizing the book saying it’s at a higher level than
what is necessary. But I guess, as a first step, that was unavoidable.
NM: Possibly true. Since your own background is in chemistry, I can relate something which
we experienced during that NCERT book writing program. In physics, we wanted to use certain
mathematical ideas to explain physical laws. At a certain stage in the writing, we would find
when comparing notes with the mathematics book writers that the mathematics syllabus was
not dealing with the things we wanted to use in physics. They would take a little more time
in the curriculum to reach the mathematics which physics was asking for. The same thing
happened in physics vs chemistry. We would take a lot of eﬀort to introduce quantum ideas
in the physics treatment. And here were the chemists, who were talking about wave functions
right in the beginning because it was important for them. So, this kind of mismatch – the
chemists wanted physics ideas before the physicists could reach them; the physicists wanted
mathematical ideas before the mathematics curriculum would reach it – was there. So, this
was the relationship between diﬀerent subjects. I think more interactions between the diﬀerent
groups of writers and more discussions would have helped.
NS: At the instance of the Academy, you brought out a white paper on science education in
India in 1994. You are also the Founding Editor of Resonance. Next year, we enter the 25th
year. How do you look at Resonance over a period of 24 years?
NM: Well, Resonance is something very close to me. First, I would like to mention that you
were also a member of the team that wrote that white paper. So we were in it together. The
decision for the Academy to start a Journal of Science Education came from that white paper.
And I would say that it was a great privilege, a great opportunity given to my colleagues and
myself to create this journal. This we did during the year 1995. That is when Professor Rama
Rao took over as the President of the Academy, and he supported us completely in our eﬀort.
About the journal itself, I would like to mention that it was a wonderful experience to work with
people, just deciding what this journal is going to look like and the discussion of ideas. Some
of the names I should mention here: Rajaram Nityananda was on the first group of editors;
Raghavendra Gadagkar, J Chandrasekhar, who migrated to the US later, Gangan Prathap with
an engineering background, P N Shankar, who passed away recently, Alladi Sitaram and Uday
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Maitra. We, all of us together, conceptualized and created this journal. A little bit of history
about the name of the journal: my contribution was to say, “We have to select the name. Under
it, it will say, a journal of science education.” So, I said to my colleagues, “You fill in the
blank above”, and the person who suggested this name Resonance was J Chandrasekhar. He
had some experience when he was a student at IIT Madras. Anyway, that name came from
him and this logo of Resonance, the wavy line you see, was created by P N Shankar. I would
like to mention this because people otherwise may not know. So, feelings about Resonance
over the years: A lot of people have contributed and worked very hard to produce it. Today,
I feel the production quality is excellent. The content also is very good. There have been
statements in the early years that some of the articles were not easy to read for the audience for
whom we were writing, which would be high school, plus two level students and undergraduate
students. This was a complaint many times expressed in the early years. I feel that, in general,
the number of people in the country who can write well for science education is very small.
Somehow we have to find the people with the talent and encourage them and help them. On
the other hand, until a few years ago, I was informed that something like thirty thousand full
text article downloads of Resonance happen annually. So, that speaks for its reach and the fact
that people find it useful. So, we are doing something correctly, but there is always room to
improve. Most importantly, I think, today the production quality is excellent. It is a joy to see
the way in which each issue is brought out.
NS: You mentioned the choice of the title, Resonance, by J Chandrasekhar. As a chemist, I can
understand. Resonance is a concept very important to the chemists and especially for a theoretical chemist. It must have come to him naturally, I suppose. One thing unique about Resonance
is the tradition that you started, where you focus on a famous physicist or a mathematician, or
a chemist and have an Article-in-a-Box, and reproduce a Classic paper of his or hers. What
made you start this?
NM: I think it was a collective decision. First, let me go back to the choice of the name
Resonance. We were all struggling to find a good name, and I told you what I said to my
colleagues. Whatever that name is going to be, it was to carry the tagline: a journal of science
education; they were free to fill the blank above. When Chandrasekhar said, Resonance, all of
us in the group felt that it was perfect and wondered why we did not think of it earlier. So, that is
the way the journal was named. This idea of featuring a past scientist or a mathematician was a
collective idea. I think the feeling was, for each issue, it would give a focus. But, in each issue,
our idea was that we must have something in each area of science, not exclusively about the
chosen scientist. The only exception I can think of was in 2005 for the celebration of Einstein’s
year of miracles. I think that issue was exclusively about physics. But general philosophy
was, in every issue let there be something for the biologist, something for the mathematician
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and something for the chemist. On the back cover, the portrait of the chosen scientist gives an
overall focus.

Resonance, Vol.1, No.1, Page 6, 1996.

NS: We made another exception of not having a non-living scientist on the back cover recently
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when we did an issue on the periodic table. I hope that is acceptable to you. After all, things
have to evolve. You did choose to write about a non-living scientist. This was a very carefully
considered decision, I guess.
NM: I think so, and I don’t think there was any lack of agreement about it. Everybody felt,
“The person who has done his or her work is no longer with us. We can view the work done
and present it in some sense objectively”. So, there was no diﬀerence of opinion about it.
NS: You know, the country which could boast of J C Bose, S N Bose, Meghnad Saha, Sir C
V Raman and the like at the beginning of the 20th century has not had such tall figures after
independence. Do you think this is because the golden era of physics was over?
NM: The focus of my answer would be not physics alone. My feeling is that we have to accept
the fact that the way science is done today and a hundred years ago are diﬀerent. The sociology
of science has changed enormously. Apart from the fact that the means of communication are
so diﬀerent and so vastly improved, science as a whole is much more competitive today. After
so many decades, it has become much more sophisticated on the experimental side. You know
how much care is needed in setting up facilities and how much cooperation and collaboration
is needed for front rank work. So, these are changes in the way science is approached and
done, which are irreversible changes. Within India, my feeling is (well, I can go back and
borrow some ideas from my article on Sudarshan, I mentioned there), in the era of J C Bose,
S N Bose, and Meghnad Saha, they were all trained in India, and most of their work was done
in India. The next generation, Homi Bhabha and S Chandrasekhar, both of them, did their
college-level education in India and went to Cambridge for PhD, while P C Vaidya and A K
Raychaudhari were trained in India. They stayed in India. So it’s a kind of cyclic phenomenon.
The possibility of going abroad existed after Homi Bhabha’s and Chandrasekhar’s time. After
independence even more, and today even further. But within the country, my feeling is, we still
have to create a supportive and encouraging atmosphere in our institutions.
We have to be forgiving of failures. Sometimes, I feel we judge ourselves too harshly. But,
overall, I feel that if a student tries to do something and makes a mistake, we must encourage
the student, if we know that the talent exists. That is a culture that still needs to be cultivated
in our institutions. When you compare India to many other countries, you find this diﬀerence,
especially in smaller countries. That supportive atmosphere is something that is yet to be
created in most of our institutions. Overall, we still continue to work in somewhat diﬃcult
circumstances in science compared to the situation in the developed countries. This is my
overall feeling.
NS: I guess the kind of atmosphere you get in Cambridge or Harvard, it is very diﬃcult to
say whether that happens in this country. Prof. S Chandrasekhar did his Nobel Prize-winning
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work from Cambridge. Prof. Sudarshan did his pioneering work after leaving this country. For
a country known for fundamental work in mathematics, astronomy and logic, how come we
have not had any breakthroughs? Am I being unduly harsh?
NM: I think that I have already mentioned how science has become much more competitive
than it used to be. I think, in the early days of the last century, the community of scientists
was quite small, and it was something quite natural and feasible for a person like S N Bose to
do something fundamental and write directly to Einstein, and Einstein paid attention. Many
years later, I read Prof. Nambu of the University of Chicago. Whenever he got a letter from
someone in India, he would take the time to read it carefully, and somebody asked him why
he was spending his time doing this. He would say, “May be it is a letter like what Einstein
got from S N Bose”. But those opportunities are much less, and the numbers are much more
now. This whole field is very competitive. Unless the average level of education goes up
within the country and better quality education is accessible to more students in the country,
you can’t expect the peaks to appear. That is my feeling. Overall, science has become much
more developed and competitive.
NS: Although you have written in Current Science and Resonance, would you like to say why
and how Prof. Sudarshan missed out on a Nobel Prize?
NM: Yes, as you said, I have discussed it in detail in that article. The first great piece of work
which he did was in the domain of weak interaction theory, the so-called V-A theory, which
he and Marshak developed in 1957. It was a major advance in the subject. And it came after
the original work of Enrico Fermi in 1933, and then after many developments, there was the
parity violation work that took place in 1956–57. That was when Sudarshan did this work.
Unfortunately (it’s a historical fact), he was denied proper credit for the work that he did. And
many people for a long time assumed that the V-A theory was discovered by Feynman and
Gell-Mann. The question of the Nobel Prize is not easy to answer. I can only say, Fermi was
not given the Nobel Prize for his work of 1933. The Nobel committee did not select Feynman
and Gell-Mann either for this development of weak interactions. So, it’s a part of a larger
question. You have to think about why he might not have been selected along with Marshak in
the light of the fact that neither was Fermi selected, nor were Feynman and Gell-Mann selected
for this piece of work. It was of Nobel class. But the actual details of how they went about
making the decision are not known to me.
NS: You must have seen the book, Politics of Excellence, which goes into the archives and the
background of the first 50 years of Nobel Prize. The other question I would like to ask is, you
know, the Americans and Germans, they get their hands dirty; the children are encouraged to
play with their toys, break them and so on. You think this has partly to do with why Indians
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are not doing well in experimental science because here we say, “Don’t touch this, don’t touch
that?”
NM: Yes, I agree with you. At least in my childhood, in most of our homes, as young children,
we were not given the freedom to make or break something. If something was broken, you
were punished for it. So the idea that you can try to do things on your own, the opportunity for
that has to be deliberately created somehow in our society. It has not been there. At least up to
50 years ago, it was not there. The idea that you can fix a broken gadget even if it is a toy has
to be encouraged, and it is something that will only change gradually. On the other hand, you
know, in the last few years in the Academy’s discussions, we have been finding that the quality
and level of experimental science in our college curriculum is very low. The Academies have
tried to do something on the physics side, as you know. We may come to it later. But that does
not speak well for the future.
NS: I want to ask perhaps an unfair question. People like Homi Bhabha and M G K Menon did
outstanding work in Cambridge and Bristol and came back to the country and became nation
builders. Do you think they would have done better by being professors in either IISc or TIFR?
NM: That is a diﬃcult question to answer. Of course, I wish Professor Bhabha taught us a
course in quantum mechanics when I was a student in TIFR. I can say that. But if he had done
that maybe he would not have been able to create TIFR or the Atomic Energy Establishment
in the way he did. I think people like him in some sense did not have a choice because they
came at a certain stage in the development of our country. It was soon after independence and
people like him, S S Bhatnagar, K S Krishnan, etc., had very important roles to play in creating
the infrastructure for science in India. Something similar, in a certain sense, Heisenberg writes
somewhere that we are part of a historical process. And the decision is not ours whether we
can work on a certain problem or not. The work will go on, and if we wish to join, we should
join, something like that. So, here you cannot answer this question or even discuss it without
acknowledging the historical circumstances and the period in which they lived. But I also
want to give a counterexample. The great relativist, A K Raychaudhari came a little later, a
generation after Bhabha, but throughout his life, he taught in a college in India. So you have
that kind also. Both types of personalities have been needed.
NS: I guess, it is something similar to what people in Christianity say, “I got a calling”, before
they became a nun or a priest. You are so good at mathematics. Now I know you have been
trained as a mathematician. You also talk and write like a mathematician. In your mind, is there
a diﬀerence between mathematics and physics? Many people say, “mathematics is a language,
whereas physics is the mother of all sciences”. What is your reaction?
NM: Yes, I agree with you that mathematics is a language whereas physics, like chemistry, is
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an experimental science. Physics uses mathematics. Mathematics is indispensable for physics
to make progress, but you cannot say that physical laws come out of mathematical ideas. Ultimately, they come out of experimental science, what you learn about how Nature functions.
Many great physicists, my own role models Dirac and Eugene Wigner have thought and written
about this matter. Some are more mathematically inclined than others. There are no definite
answers to this. These are matters of taste or judgment and sensitivity to the beauty that you
find in mathematics. So, diﬀerent people have diﬀerent approaches to this whole question. It is
clear that mathematics is the language used by physics. But physics is rooted in Nature. This
is the main thing one has to always remind oneself and there is one phrase Dirac used, which I
like very much, in a talk he gave in 1939: “There is a mathematical quality in Nature”. I think
that’s a beautiful statement.
NS: What is your reaction to the recently recorded image of a black hole?
NM: Again, a very topical question, and it features on the cover of one of the latest issues of
Resonance. It’s a breathtaking image. The amazing thing though is how much eﬀort has gone
into the creation of this image. Whatever data has been collected by a large number of people,
the data had to be handled, managed and manipulated so much to end up with this image.
NS: There is mathematics and applied mathematics?
NM: Yes. But, what I want to contrast is, if you go back to the day when anti-matter was first
discovered, positron was discovered, it was a laboratory experiment involving one person, Carl
Anderson. He found evidence for the existence of the positron. That was a great discovery at
that time. But you look at the diﬀerence from the 1930’s to today, 70–80 years later. How much
more subtle is the procedure to get the signal out of Nature! It is telling you how the subject
has evolved. Even the discovery of the Higgs Boson a few years ago, when compared to the
discovery of the π-meson. The Higgs Boson discovery required so much sophistication in data
analysis. In the case of π-meson, it was seen visually in an emulsion. This is just another
indication of how the subject has evolved. One just has to accept it. There is one other point
I want to make in this connection because it relates to your question of what mathematics is
and its role in physics. I feel the amazing thing is that when a mathematical description of a
new fundamental law of physics is first discovered, at that stage, you do not know what all the
consequences are in that mathematical formulation. I give you two or three examples.
When Maxwell wrote his equations for electromagnetism in 1865, who knew at that moment
that out of this will come the electromagnetic waves? That explanation of the nature of light
came later. It was not an input to his equations. It was a consequence that came later. I
referred to the discovery of the positron. When Dirac wrote his equation for the electron in
1928, it was to solve the problem of understanding how to put together quantum ideas and
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special relativity. But, out of his equation later came the discovery of anti-matter and the
positron. So, these are examples where we physicists, human beings you can say, are able to
use mathematics as a stepping stone to peek into the secrets of Nature in a sense. But we get the
mathematical formulation first. The consequences and the physical meaning come later with a
lot of eﬀort, and that relates me to the black hole. When Einstein discovered his equations of
general relativity, there was no idea of a black hole in his mind. He was following a set of deep
physical intuitions and explaining the bending of light and perihelion of mercury. Those were
the tests of his theory. The black hole idea came much later, but it has been there all along in
those equations, and it has taken 50 years to bring out all that richness of the equations. So,
it just tells you that the use of mathematics is an incredibly powerful tool, which we are able
to use at the beginning, without knowing all the things that will come out later. That is how
fascinating it is.
NS: Mathematics is, therefore, more than a language. You formulate it, and then you get some
bonus out of it.
NM: Yes. The most successful uses of mathematics in physics are those where unexpected
success has come later. Of course, there are cases of failures also, but the most successful ones
are really stunning.
NS: You mentioned the image of the black hole and God particle. We can also mention the
discovery of gravitational waves also. They all come under megaprojects. For a young physics
student, is there still room to become a great physicist, still room for discovery? I might be
asking a silly question. If I remember right, Max Planck was told that there was nothing new
to discover in physics; everything was already discovered. But then he discovered something
which led to the development of quantum mechanics. Is there room for a young student to
become a physicist, and become a famous physicist?
NM: Well, the question of fame and what you will be able to achieve is hard to tell in advance.
I can only say that as members of the scientific community of this country, we are duty-bound
to provide the next generation with the best possible training we can give them, and then they
have to interact with the world of science which is changing so rapidly. It is true that some
of these famous discoveries are results of megaprojects. So, you do wonder what role there is
for an individual physics student in such a large collaboration. Some of these things involve
hundreds, if not thousands of people. In the gravitational wave detection, the list of authors
is so large. Belonging to an older generation, I do sometimes feel a little bit disheartened.
If you’re part of an eﬀort which involves a thousand other people, what is the contribution
you are able to make? This is a very diﬃcult question. It’s part of the sociology of science
which I mentioned earlier. We cannot wish it away, but the best that we can do is to give our
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students, the younger students the best possible grounding in the subject, and then leave it to
them. It is true that single countries cannot make these discoveries individually at every level in
gravitation and particle physics. It’s multinational collaborations, which is the story in physics
at least. I do not know how it is in chemistry. May be single laboratories still have an important
role in chemistry, compared to physics.
NS: Well, in chemistry also, people are talking about unifying ideas, researchers working together on sustainable chemistry, the chemistry that is of value to the society, etc. Drug discovery requires a multidisciplinary approach. You need physics, mathematics, computational
chemistry and, of course, biology. You have been involved in education for so long. You and
your family are involved in education. We have been able to produce graduates who have
done exceedingly well, sometimes not in the country, but elsewhere. Do you think something
is really wrong with our education system? You did mention about the ambience that is required. You did mention about encouraging students to make mistakes. Would you like to say
something more than that?
NM: Yes, as you mentioned, I have tried to respond to some of these questions in the earlier
questions you have asked. There are no easy or simple answers. All I can say is that we have a
duty to teach our students really well, and we have the ability to do it. But it has to be done in
more places in the country. We have this enormous population of students. How many of them
have access to good quality education? That is something that really bothers me. We have to
encourage good and gifted teachers and help them wherever we find them. And I will come
back to it when we come to the Academy’s activities. What we have to convey to students is
that science is a growing subject. There are important and interesting problems to be solved.
And we have to build in our students, a combination of two things: self-discipline in the mental
sense, care in thinking, and an open-mindedness and a willingness to think of new ideas. I
don’t know if I’m overstating it. But there has been a tendency, certainly during my student
days when we studied physics or mathematics in India that a book written in the West must
be excellent. Now, we have to accept that not every book written in the West is necessarily
a great book. We have to be sharp in the sense that we have to have the strength and belief
in our own abilities. And be open-minded and not flippant. This is what I am saying: selfdiscipline and willingness to think of new things have to be encouraged. Sometimes, I hear
and I read in newspapers and magazines that openness in education is prevalent in some of the
smaller countries. It is there in Finland, maybe in the Baltic republics. But, these are all small
countries. With our numbers, how do we achieve that kind of open way of thinking? Learning
and questioning at the same time. How do we do that here in more institutions? That is a major
challenge. And you know better than me what the diﬃculties are!
NS: I think, when we were students, the emphasis was not on getting a hundred out of hundred
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except in mathematics; in other subjects, you were expected to get a first-class. But, today the
students and the parents expect every child to get a hundred out of hundred in every subject. I
think this is what is killing us. Would you like to react to that?
NM: I can only react with a sense of sadness and frustration when you read that in Delhi
University, the cutoﬀ for undergraduate college admission is ninety-nine point something.
NS: You have been the Chairman of so many committees on science education. You have been
a staunch supporter of science education. How do you look at the recently created IISERs?
NM: I look at them with great hope and favour. I think all the IISERs are doing very well, and
they need all our support. However, relating to what I said earlier, thinking of the number of
students in the country, the IISERs can only cater to a very small part of the student population.
I think, more generally, there is a need for reasonably good quality colleges supported by the
state. They should be available all over the country. Again and again, I go back to the question
of numbers. Roughly, I would say we have about 700 districts in the country. Should there
not be something like 500 to 700 undergraduate colleges of reasonable quality supported by
the state for a country of this size? Otherwise, we are denying opportunities to so many of our
students. The scale of our problems is not comparable to the problems of any other country,
leaving aside China. Here I would say, I am not talking of science alone but humanities also at
the undergraduate level. Why should the quality of education available to a science student not
be available to the students of humanities, history, literature or languages? This is my feeling.
So, at the college level, what I would hope for in the future (I will not make a distinction among
subjects), is the scale and quality of education.
NS: Well, a similar comment was made about the Kishore Vaigyanik Protsahan Yojana (KVPY).
You took the responsibility of seeing it through for many years. The number of selections is
very small. You are a pioneer in the summer program that was started by the Academy. You
did it also in the Jawaharlal Nehru Centre. The number has gone up probably from a hundred
to two thousand or so. So, what is your view? Is this a sustainable model? Is this number
adequate? Is there anything else that needs to be done?
NM: Well, about the Academy’s eﬀorts in science education, they are now about 20 years old.
They started around 1999–2000. I think they have done well, and they have helped motivated
teachers all over the country. Now, you may say, for a country of our size, this is not enough.
But I would put it this way. This is the best. This is about as much as the Science Academies
can do on their own. The question is whether they should do it. I am convinced that they have
to. Somebody has to create programs of this quality and level. And then, I would hope that
other eﬀorts will come up, learning from this experience. The Academy’s science education
programs have a limitation on how many people they can reach. It is not an argument to say
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don’t do it. Not at all. There was nothing like this previously. Now, there is something, and you
can go beyond the Academies. Other organizations and academic bodies in the country can try
to take up these activities. But then, that has to be planned on a major scale. The main qualities
to be retained by the Academy programs are the kind of flexibility and academic quality of the
material being conveyed.
NS: In the same spirit, you started the Academy lecture workshops throughout the country. You
started the science workshops, particularly in physics for the teachers. How do you think these
initiatives have worked? Do you have any feedback? Would you like to make any comment on
it?
NM: Yes, I stepped down from the responsibility of handling these activities six or seven years
ago. My impression is that the eﬀort to get feedback has been going on within the Academy in
Bangalore. I don’t know the results of it, but I can only say that the numbers have reached the
level of 2000 summer fellowships for students each year. The number of short duration lecture
workshops in colleges across the country has also reached a very respectable figure, close to
200 per year. And then the experimental physics courses run by Professor Srinivasan from
Mysore – that has been a great success story. They have completed 100 Refresher Courses
across the country in so many places, and he has personally gone to direct every one of those
courses. I have a feeling that there are some financial diﬃculties now. I hope they will not
persist because this eﬀort must continue, and other bodies and other groups in the country can
try to take up similar eﬀorts. For example, at one time, we were told that there are Science
Academies in some states in the country. In Andhra, for example, and in other states also. So,
maybe they can take up similar activities within those states. All the Academy’s programs are,
by definition, national in character. This is all I can say.
NS: Before we close, is there any particular message you would like to give to the young
readers of Resonance?
NM: Yes, my message is not restricted to the young readers of Resonance. I would like to
make it slightly wider; so, it is not only to the students. For students, I would say if you have
an interest and an aptitude in science research and teaching, please go ahead. They are very
deeply satisfying, and they go hand in hand, which has been so well realized in the IISERs.
There should be more places in the country built on that principle. But the wider message I
would say is, “As a society and as a country, we have to encourage and support these eﬀorts
and follow them up with ensuring that reasonable careers are available after the educational
process”. For all the eﬀort that the IISERs are putting into combining scientific research and
student training, commensurate career opportunities should be created. Otherwise, it will cause
great diﬃculties. It is not healthy for each IISER to produce such a good number of well-
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qualified, well-trained students, and then they face uncertainty.
NS: The country should be able to absorb them.
NM: Yes. So, it is only at the all India level that one can think of these diﬀerent parts of
activities in unison. One part doing very well must be matched by other parts also doing well.
NS: Professor Mukunda, it was wonderful talking to you about your eﬀorts in science education, physics that you pursued, your heroes, if I can use that term and your overall perception
of science in the country. We hope to do a similar face-to-face interaction with some more
outstanding scientists. On behalf of the Resonance team and on my own, I want to thank you
for your time and for sharing your views with us. Namaskar.
NM: Thank you so much.
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