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Preface

To whet our hunger for knowledge in our childhood as well as later, we realized
that some information is not readily available. To make such kind of information
available to our younger generation as well as others, we made a small effort in
that direction by launching the online bilingual (English and Assamese) magazine,
Gonit Sora on 21st April, 2011. To prepare articles related to some ma thematical
t heor y e xspépthiandibeagty; to write about new research directions and
presentitin away acc essible to youngsters; to encourage students as well as others
to appreciate the hard work of many mathematicians in creating the mathematics that
is ubiquitous in the achievements of science and technology by publishing their
interviews and biographies; to provide solutions and exercises for students participating
in Mathematical Olympiads and other examinations; to provide career guidance for
students in need, etc are the main aims of the website.

In fields such as acting, sports, music, politics, etc th ere have been many different
groups and people who actively bring forth the stellar performances in those fields.
But in science and mathematics, only a small pool of individuals are aware of the
latest developments and stay updated with these fields. Iti s our duty to give impetus
to improving this gap in information distribution. With this wish in our mind, a team

of two has transformed into a family of over dozen team members, excellent writers,
collaborators and our esteemed readers. Amongst our many collaborates, World
S c i e & AsiafPacti@ Mathematics Newsletter, Mathematics of Planet Earth and
Shutterstock.com are the primary ones providing us support in different ways. In the
compilation of this e - book, we have used numerous illustrations from shutterstock.com
Till date, we have published over 550 articles in various categories on the website,
and from those we have selected just 70  articles to include in this e - book. It is
hoped that new readers will get an overview of our articles from this effort. We also
hope that every reader will find something of interest in thise - book.

At the end, we would like to humbly request our readers to send us any article
about mathematics and/or science and technology that they may wish to publish in
Gonit Sora


http://shutterstock.com/
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The unreasonable ubiquity of Mathematics

Prof. Sujatha Ramdorai
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Galileo Galiei (1564-1642) i n hi s b o obelievedthatlasthgteuthine r 2
Physics can only be achieved by Mathematics, and thatthose who neglect mathematics
wander endlessly in a dark labyrinth. He believed that mathematics is the langua ge
with which ©God has. written the Universe?

This seems uncannily true as the years pass and mathematical ideas and techniques
find applications in various other subjects, and the applications of mathematics becomes
more pervasive in technology. In this article, we will illustrate this with five examples,
the first one in physics, the second in computer science and the remaining ones by
way of applications in modern technology and the web.

One of the most striking results in Physics which unifies abstract mathematics with
animportat p hysi cal pr istheoierp. Thés baadifultheoeem hinendifary
language, says that conservation laws in Physics exactly correspond to symmetries in
Mathematics. Equivalently:

For every continuous symmetry of the laws of physics, there must

exist a conservation law.

Conversely, for every conservation law, there must exist a continuous symmetry.



For instance, the conservation law corresponding to symmetries that are invariant
under spatial translations (i.e. the laws which are independent of the position) is
the Law of Conse rvation of Momenturm. The conservation law corresponding to time
translational symmetry (i.e. the laws that are valid independent of time) is the Law

of Conservation of Energy. In mathematics, the concept of continuous symmetry is
dealt with in a precise f ashion using the language of groups, and Noether's theorem
provides a bridge between the conservation laws and the symmetries.

Category theory within mathematics is a highly abstract and formalized branch of
mathematics which encapsulates in a succinct manner various phenomena in
mathematics. This theory was first introduced by Samuel Eilenberg and Saunders Mac

Lane around the middle of the last century, in connection with the study of a branch

of mathematics called Algebraic Topology. This high level of a bstradion brought it

the epithet of @tdedt® the evalution of otines abstraceafgebraic
theories as wellasthe br anch of mathematics cwhicH ed O©OH
itself has contributed to newer techniques within mathematics. Today category theory

is used in theoretical computer science and also in physics.

Let us now turn to technology. Imaging equipments are commonplace today. A key

theory that underpins this is the applicationof a mat hemati cal concept
a n al yand tlse'use of Fourier transforms. The Fourier transform can be thought
ofasat ool that takes poi nt s tbtheamagetwhiehliesmpat i al

t he «fr eque,nbyydecdmposiag an-image into its sine and cosine
components. This tool has applications in the areas of image analysis, image filtering,
image reconstruction and image compression. Today it is applied in the areas of
image recognition, image reconstructiopetc. Discrete Fourier transform is used in the

study of digital images. The inverse Fourier transform plays a key role in modern

medical imaging techniques.

Control theory is an area that concerns itself with the analysis of control systems
that are prevalent in engineering. A major branch of control theory is optimization.
Control systems are devised to control an object with the purpose of influencing its
behavior so as to achieve a desired goal. Optimization techniques are needed to
optimize the behavur of such systems. The underlying mathematics in control theory
is the classical calculus of variations. Control systems are today applied in steering
and navigational tools of various transportation systems for example, cars, ships,
aircraft. Independetly, mathematicians developed a theory called Lie theory to study



certain objects Lie groups that occur in nature. To every Lie group is associated an
algebra called it as Lie algebra. Today Lie theory is being used in Control theory
to study control problems by reinterpreting them as problems on Lie groups. The
states of the system under study are ode led by elements of the Lie group and the
control aspects as elements of the associated Lie algebra. Control theorists have
realized the enormous advantages d such a reinterpretation and it is becoming more
common for instance, in the area of robotics and the design of robots.

As a final example, we mention two applications of what was developed as abstract
or pure mathematics in the internet. All of us today  use search engines on the
internet in a variety of ways. The underlying mathematical theory for this application
comes from a branch of pure mathematics called Ergodic theory, which itself is
related to Lie groups and another area called Dynamical statemen ts. Today search
engines on the web use a whole under grid of mathematical concepts, encompassing,
set theory, logic, linear algebra, graph theory and sophisticated techniques from
ergodic theory. In fact, the explosion of data and the accompanying need fo ranalytics
iswithesshng a whol e new devel opmentwhichfteasedontt er net
mathematical concepts fromabstract mathematics that is relevant for applications on
the internet.

The other application is of course the use of large prime numbe rs in encryption,
especially for exchanging information securely on the internet. The underlying
mathematical concept in this case is that of bijective functions, and the use of
bijective functions for which one of them is traversed easily while the other  requires
sophisticated mathematics. An example is the operation of multiplication. The inverse
operation is factoring; while large numbers can be easily multiplied today by many
computing devices, the converse operation of factoring requires sophisticated results
from number theory and there is no known algorithm for efficient factoring of large
numbers. However, if a prime factor of a given large number is known, then there

is a chance that the converse operation can be simplified and solved. This underlie s
the need for understanding prime numbers, which in itself is an old area of pure
mathematics!

All these examples amply illustrate the diverse applications of mathematical ideas

which were studied by mathematicianspur el 'y out of i nmathemiats s t an
forits own s!d&hliéee was perhaps right in his observation that mathematics

holds the key to understanding many mysteries of Nature.
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Manjil P. Saikia

One of the most misunderstood and abused subject of allis  mathematics. Students
see it with such fear that they start hating it without even knowing the reason for

this hatred. Very few non - mathematicians appreciate the fact that mathematics is
indispensible for all of the real world happenings. They seem to see  the subject as
so abstract that it becomes very hard to make them see the contrary picture.

For most of us, the day begins with the ubiquitous name is internet search, Google.
Butvery few are aware that whatever Google does is because of asingle mathemat ical
guantityca | ed an ©eThegmathematicstthatiGdogle uses is quite advanced
and is obviously beyond the ma s t devekcurriculum. But that in no way means
that people should not appreciate it. The underlying principle is very simple indeed.
What Google does is that it assigns a pagerank to each web page that it accesss,
this is based on other web pages that link to it and some of its content. If a web
page with higher pagerank links to your website than that in turn increases your
pagerank ard so on. But this is easier said than done. The web is a collection of
more than a billion web pages and it is increasing at the rate of millions every
week. What Google does is that it uses two branches of mathematics called linear
algebra and graph theory to make its work easier and to implement its algorithm
smoothly. This is just one application of mathematics in our daily life.

Take another example of the credit card or debit card that one uses frequently. The
entire process of accquiring money or doin g transactions online is based of a simple

\



mathematical concept of prime numbers. The entire process can be described in so
little a space and time that it would seem absolutely impossible for this method to
work. But such is the unreasonable power and eff ectiveness of mathematics, that it
makes not only this work but many other wonderful things too.

You name any technology that you use frequently and chances are that there is a
substantial amount of mathematics involved in it. Take for example GPS navigation.
The basis of GPS navigation is simple sperical geometry which any high school
student with enough motivation will be able to master in a day or two. Mathematics

is not really that abstract as some of us might think. Infact for people who have
devoted their life to mathematics, itis really the supreme form of beauty. Mathematical
truths unlike other forms of truths are absolute, most of them are intangible but in

no way does that mean it is less important.

The public perception of mathematics is just because of the way we are led to
believe right since our childhood about the subject. We are not shown real world
applications of the subject and somehow the beauty of this subject is lost in the
myraid symbols and equations that students are forced to master. This lack - lustre
method of teaching is omnipresent all over the world, and is a serious cause of
worry for academicians, specially mathematicians.

Most of the time, mathematics is abused as being just a tool for other subjects of
study like physics or engineering. The truth is actually physics and engineering are
just slower younger brothers of mathematics who are entirely dependent on it to be
in existence. The language of the world is not written in terms of physical constants
or quantities, it is infact written in the beautiful language of mathematics. But this
language is too abstract so that the one who is not initiated into it, will always be
lost in this abstract setting. That is the bane of mathematics and she will perhaps
always live with it.

However, it has entered the pysche of many people all across the world that people

must be initiated into the ways mathematics influences them, and thus they have

formed an initiative called t heor @MER0IBI@mat i cs
short. This program launched worldwide with over a hundred partnering institutes have

really made an impact with making the common man aware of how mathematics

influence the world around them. In India the partnering organisations are the
International Centre for Theoretical Sciences (Bangalore) and Gonit Sora

( http://gonitsora.com) as a magazine partner. Initiatives such as this will perhaps

be able to make the hatred and fear of mathematics di sappear from the young

st udemmndssand only then will they be able to understand what the great
mathematician Carl F. J. Gauss meantwhen hesaid ® « Mat hemati cs i s th
of all sciences, and arithmeti ¢ i s t he queen of mathemati cs.
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In Conversation with Prof. Ken Ono

As part of the National Mathematics Day 2014 on 22" December, Gonit Sora
( http://gonitsora.com) in association with Sciensation Media (Pune) and
Gyanome.orgorganised a mini web conference wherein various eminent mathematicians
from India and abroad shared their perspectives on mathematics. For Gonit Sora,
Manjil P. Saikia had a conversation with Prof. Ken Ono which we reproduce here
verbatim (except for correction of slight mistakes and eliminating speech pauses,
etc). The conversation was transcribed by Kritashri Sukanya and A nanya Guha.

Prof. Ken Ono is the Asa Griggs Chandler Professor of Mathematics at Emory
Univesity in the USA. He is a well - known number theorist and is recognised
throughout the world for his work related to the mathematics of RamanujanHe has
held numerous positions earlier and also serves on the editorial boards of numerous
reputed journals specialising in number theory. Recently his work on mock theta
functions was selected by Discover magazne as the second best scientific work of
the year (2014).

Manijil: Thank you very much Sir for accepting our invitation.

http://gonitsora.com
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Ken: Oh you are welcome.

Manjilk1 t 2 s a great pleasure to have you speak
conversation with you regarding your work re

all we would like to know how you got interested into working on areas influenced by
Ramanujan.

Kenn Actually it@s a very |l ong story. .

r st |

high school in the early 19802s. My f ather

retired from Johns Hopkins, he was one of the many mathematicians who made a
gift, he ¢ ontributed to this bust that Paul Granlund made of Ramanujan and I first
learned about Ramanujan because of that story and well to make a long story short
| never forget about Ramanujan, | watch the Nova special and before | knew it |

was a graduate student i n Los Angeles in early 19902s

passed away, Basil Gordon was really quite a distinguished number theorist and he
told me about the various Rogers-Ramanuj an?®s identities
wanted to work in areas of Math influe nced by Ramanujan. So it was quite accidental
but you know | believe in fate.

Manjil: Was your father a big influence in your early career and your love for
Mathematics?

Ken: Oh absolutely. If my father had been anything other than a Mathematician |
am sure | would have been doing something else. But as a young boy we had
traveled all over the world for conferences and | just fell in love with the lifestyle.
My father would spend afternoons in his study with his notepads thinking and a
couple of times we ha ve traveled to certain places talking about things that he was
passionate about. Well when | started college my plan was to become a Doctor but

| did not do well in Organic Chemistry so that was the end of that and so |
switched to Mathematics. So my father played a very central role largely because he
was following his passion and work was not work for him, it was a love.

Manjil: What kind of Mathematics do you do? Can you give a simple example for the
school students or the college students.

Ken: Yes,one of t he things that | really 1like
of number theory that | work on is very simple to describe. Often the proofs involve
complicated objects but the point is usually very clear. One of my favourite functions

is the function p(n), the partition function. It is a simple count so if you work as
students or anyone, in how many ways can you add up numbers to get numbers

you would be talking about partition of integers and so one of the functions | am

most interested inis p(n)a  nd it acts in how many ways can you add up numbers

and

abou



to get 4 when we don?t take into accounts

In how many ways can you add up numbers to get 6? It turns out that there is

11 and these numbers the p(n), they grow at an incredible rate and Ramanujan
was very famous for discovering in the early 20 ™ century some divisibility properties.
It turns out that every 5 ™ partition number starting at 4 is a multiple of 5 and some

of my recent works about 10 yrs. ago, | general ized that to number i other than 5.
Ramanujan together with G. H. Hardy, were the first persons to really come up with

a very good theorem about the size of these numbers and how rapidly they grow
and two years ago with my collaborator Jan Brunier, we visi ted the Hardy- Ramanujan
formula and found a different kind of formula and so my relationship to Ramanujan
involves lots of things: Mock Theta functions, Modular forms and other types of
objects but perhaps my favourite one just is related to adding and cou  nting, his work
in the partition functions.

Manijil: You have been a major exponent of the partition function. In recent years you
have given us many outstanding results. For example the work that you have mentioned
with Jan Brunier. Can you briefly descrile what your work in that area is?

Ken: Oh yes. As | said that the partition function grows at a very rapid rate and
Hardy and Ramanujan determined the growth of p(n) as n goes to infinity. So,
what we like to dois find a formula. A formula wherein you fin d the partition number
p(n). What Hardy and Ramanujan arrived at was an asymptotic one which gives
with very reasonable accuracy these numbers. They were later perfected to get so
called the perfect formula for the partition numbers where p(n) is expressed as an
infinite sum, a convergent infinite sum and so that was the first kind of exact
formula. But what we derived is a different kind of formula that comes from the
theory of harmonic mass forms. We proved that the partition numbers p(n) are
sums of algebraic numbers. So, for every n it turns out that there is a roughly
square root of n algebraic numbers with a special value of a function that we find
which is a special kind of Maass form. There is a universal single object called
Maass form which helps u s in getting our result.

Manjikl had the pleasure of | i st ®@Gonfaremceintdewy o u
Del hi and there you mentioned that Ramanuj an

theory and so on. Can you tell us in which areas in wrk is influenced apart from
Mathematics?

Ken: Well sure. There is work of people like Sameer Murty, Atish Dabkolar and Don
Zagier who show that we can have what are called multi - centered black holes using

or

the mock Jacobi Forms. The firstexample ofthisf or ms ar e Ramanuj an?2s

Functions, formulas of Ramanujan in his last letter to Hardy. Using much work in
the last year and a half in this kind of Mathematics, we are now, infact, we have

(

\



just finished a paper which | wrote with John Duncan and Mike Griffin which is

available on the arXiv. It is about the subject of moonshine and in it we explain

how the asymptotic properties of Mock Modular forms are related to three dimensional

guantum gravity theory and so it turns out that the MathematicsofRama nuj an?s | as
letter has lot to do with quantum gravity, representation theory of the sporadic groups

like the monster, there is a so called Umbral Moonshine conjecture that we have

just proved and this is all related to the very stringy kind of Mathematics

Manjil: Wh a t do you think was the i mpact of Ram
Mathematics? Would he had been a different mathematician if he would have got a
different education?

Ken: Oh'! That2s a great guestion. I asgtonso gl a
because right now in the United States, we subject our students to many tests many

examinations and sometimes we think that we are missing the point. While Ramanujan

was a two times college dropout, he was brilliant and so | think if Ramanujan were

to be born today, he would be in danger of losing his genius. We would be

subjecting him to ordinary course work, ordinary routines of examination and test
course and his credit was t hat his parents
something that we in t he US can understand: how you could continue to believe in

your child when you do not understand what they are doing and all the external
evidence from examinations suggest that the
something about the makeup of his f amily and | give his parents a tremendous

credit. | think his strong belief in himself played a very important role. Whatever

influence was there in him from the environment that he grew up, | am sure it had

a very important role.

| am a consultantonthe movi e project «The Man who knew
Dev Patel who will play Ramanujan and Jeremy Irons will play G. H. Hardy. Before

we started shooting the film, we had hours of discussion with your very problems

and you see when you watch the movie, a b eautiful scene in England where
Ramanujan has a spiritual moment. He is sitting before a column design and he has

his discussion with Hardy that «you know my
and there is a big conflict internal and external where Rama nujan has to know how

to explain his ideas to Hardy not just mathematically but also culturally and personally

and these are the things | think would be very difficult to replicate today so to

answer to your question | wish if | had either a Time Machine, | wished to back

in time and totally exhibit what the circumstances were in his home because they

had been quite special and | think we have to give his parents quite a bit of credit

for allowing him to pursue his Matdamaitat i cs



won&t make any sense certainly as a parent
me.

Manijil: Since you mentioned the spiritual incident that you say will there in the movie, so
there has been instances in various print articles or people habe this sense of belief that
Ramanujan was a very spiritual man. Infact one of his very famous quotes is th8An
equation had no meaning to me unless expresses a thought of God". So according to you
how much is it true?

Ken: Well, this is a very difficult question to answer because | have never met
Ramanujan. You know, | know some people believe that there is n o truth on the
divine interventions of his works. My answer to that is when people ask me personally
how | arrive at my findings....  thats a hard moment... thats still magical... | can...
if you are to ask me if my work were in some sense spiritual.... | would have to
say YES. | don't know. What it is about...you know thinking about a problem for
many days or hours and then finally having a solution come to you...popping to
your brain...!! How can that not be somehow a spiritual...or special moment.
Whether that is related to something religious or divine. NO. | think to each is own

but certainly I think every mathematician, every theoretician, everyone who loves the
art, everyone who loves the music certainly has to agree that there is something
absolutely spiritual beyond human component to appreciating these arts and sciences.

Manijil: According to you what is the single most important lesson that Ramanujan’s life
teaches us?

Kenn Ramanujan?2s | ife teaches us?
Manijil: Yes.

Ken: Well this is what | get from Ramanujan's life. Ramanujan first of all overcame

many great obstacles. He become a world leader and teacher of western science,

western mathematics. That's just great distances geographically. He overcame great

cultural barrers those days. | can't even begin to understand. And all the time he

was basically alone in England. And had very few close friends. We learn from

that2s a triumph full human spirit. This wa
confident individual. And we can all learn from people with that exhibit that kind of

strength.

Manijil: In present day India we do not see so many brilliant mathematicians like
Ramanujan. There are many well known mathematicians in India but there is still no one
in that class. So what do you think is lacking?



Ken: Well...I would put it this way... We don't see many brilliant mathematicians

like that at all ever. So | would like to place Ramanujan in group today consist of

people like Terry Tao, Jean Perre Serre, some of the great pe ople like this come

along very infrequently. And when they do come along you just have to appreciate

and celebrate them for their accomplishments and achievements that they provide to

the rest of us. In terms of training young students today, well it is tr ue you have

to learn a body of work before you can make contributions. And it is harder now

certainly that in Ramanujan's days. But like | said one thing... one of the things we

should learn is that...obviously he was very confident scientist and one who d idn't

follow trends. He was a trend setter. And may be we need to invite our students

to be a little bit more daring. Often our best PhD students and Post docs. work on

problems which are 90% near completion when they start. If you are working towards

the conjecture there may be a large number of experts working around round the

problem. Waddling away and refining the problem so that you can really understand

it. And then conjectures are proven. That?ads
some people to t ake some much more brave approach to mathematics. Start at least

investing some efforts in terms of attacking those problems where looks like you are

running into a brick wall. We need some people to run into the brick walls if we

are to ever break through t hose wal |l s. Now that?&as kind of
need people like that and Ramanujan was someone certainly like that.

Manijil: Can you describe to us a typical day of your work?

Ken: Atypicalday...! ( Laughg Well not very differentfromyours.1li  vein Atlantam
Georgia well known for having terrible traffic. So it takes me one hour to commute
towork. I come into my office or some days | lecture. On Mondays and Wednesdays

| have either one or two classes. And the rest of my day | spent at my desk or
my black board which is actually a glass board, talking to my PhD students and my
Post Docs. And apart for that sometimes | travel. | travel quite a bit. Well my
typical day is quite relaxed. | also exercise and do triathlon so | find time to swim,

bike and run. And | have two children. My daughter is now a college student so |
don't see very much of her. My son is in 10th grade in high school. So we have

two more year with him. And yes, my days are fairly simple | think.

Manjil: What advice would you gve to your doctorate or post doctorate students?

Ken: | take graduate advice very seriously. There is no single speech that | give to
my students. | love my students and have many of them. And they are very
important to me. So what | like to do with my stu  dents on an individual basis is
first to figure out what their skills are. There are many ways in which you can be

a successful mathematician. You could be someone who invents an area. You could
be someone who could be continually learning and because you have ended up



learning so much, you could adapt ideas and transport them or import them into
other questions. There are other students who are great problem solvers. They just
need to be presented with problems and they can solve them. So on and so forth.
One of the firsts things | do, is | try to understand very clearly what individual
student strengths are. | tell them what | think their strengths are and we discuss
what would be good sorts of question for research plans. And by the time they are
third year graduate students we usually come to very clear agreement on what kind
of projects we will work on. Hopefully they already have had some papers that are
published. And the last 2 or 3 years the graduate scholars is about professional
planning. What do y ou have to prove and what do you have to establish to get to
the next level, where your thesis makes you someone who is in demand. And so
what do | tell my students... | see them every day. Infact right before we were in
chat with you, we were in lunch. An d these are the kind of things that we talk
about.

Manijil: So according to you how should one student choose his problems, the one that
he wants to work on?

Ken: Itreally depends. So | have had students who ended up working in a Langlands
Program. People who are big picture kind of mathematicians and there it takes great
patience. You know those students who read for 1 to 2 years without even attempting
a problem because in those subjects it takes much more, much greater investment
in time before you have the right to really think about a problem. But | also have
other students who are wizzes of solving problems. And so for them they might write
a thesis in which they might solve 6 to 7 problems that were proposed by number
theorists recently. | guess the m ost important thing is to recognize your skill. How
patient are you? Are you a big picture mathematician or a problem solver? You like
learning something new every day maybe you would be the kind of student that just
learns so much that they place themselv es in a position that they can solve problems.
So this is very much a case by case analysis.

Manjil: What are some of the most outstanding unsolved problems as of today in
mathematics?

Ken: Oh . .| Let's see. We | | I have veryTwihi gh h
Prime Problem ". We now know that there are bounded gaps between primes. 2

years ago we learnt that there are bounded gaps around 70 million due to the great

work of Tony Zhang. Now the bound is down to 246 through the work of Polymath

8b, the crowd sourcing project headed by Terry Tao and there had been so much

great work on primes in the last year and a half. | think in the coming 4 - 5 years

we should expect more great era.



Interms of other areas | think  umbral moonshineand some string theory in co nnection

to mock theta functions we begin to see some very very big theorems. So from the
very classical problems in analytic number theory to the most modern stringy type
mathematics. | think we will be a big problem solve in very near future.

Manjil: You mentioned the polymath project. How efficient do you think this kind of

massively open mathematical research is?

Ken: Ah..! That's a great question. There are certainly many math problems that
cannot be...that are not well suited for a polymath project. =~ The Twin Prime Project,
polymath 8b was perfect for this because the method that was invented to obtain
bounded gaps in prime is a combination of many many different kinds 2 estimates and
many different kinds of inequalities where individuals could be exper ts on one particular
component and by optimizing each of the components you arrive at this great theorem.
So | think problems that require like that can benefit from croud sourcing you know
probably could be problems like this. Problems where theorems are obtained by
assembling many many different lemmas and propositions, where the end result is
only good as the weakest proposition. So the ideas; this aren't big picture ideas,
the big picture paper probably come first but in the final analysis to get the mo st
optimal theorem, questions like this again problems where lots of little lemmas and
propositions come together in a very precise way, where the result is only as good

as the weakest one. May be these are probably the kinds of problems best suited

for polymath projects.

Manijil: What is your favorite mathematical result?

Ken: Well | think the proof of Fermat's Last Theorem has to be the highlight of my
mathematical career. | still like talking about it as if it was last year. That was a
great mathematicalmoment.

Manjil: So any previous question you mentioned about the upcoming movie on

Ramanujan? Can you tell us a little more about that movie?

Ken: It's going to be great. Everybody should watch it. This movie is based on the
famous biography by Robert Kanige] the book "THE MAN WHO KNEW INFINITY".
And Matthew Brown he is the screen writ er and also the director for the film, has
adapted the book and has written a beautiful screenplay. Filming for the movie is
now finished. | spend much of the summer in London at the PINEWOOD STUDIOs,
working with the actors and the art departmentonthis movi e. And |

to be fantastic. Jeremy Irons is a great job playing G. H. Hardy, Dev Patel is the
wonderful Ramanujan. There is footage actually filmed at Trinity College in Cambridge.
This is the first time filming for a major movie has eve  r been permitted in Cambridge
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at Trinity College. | am very happy for that. | have already seen the trailer, it's
gonna be fantastic. | hope you watch it.

Manijil: So you have had a major role in the movie. You have been credited in the IMDB
listing too. So how was the experience? Have you enjoyed it?

Ken: | had a time of my life. Actually I am still working with the film. | knew

nothing about making movies before this pro
amazing, what this film makers do. So days on are v ery busy. It starts very early

in the morning as a very tight schedule. Art department is fantastic. We had one

artist. Her name was Liz. Her one job was to master Ramanujan’'s hand writing.

And she would reproduce 10 copies of Ramanujan'sfirstlettertoH ardy. The attention

and detalils is that specific. And so | had a great time. And | think it will be great

movie.

Manijil: Since you mentioned Ramanujan's first letter to Hardy. So | have a question |
wanted to ask to someone for a long time. If you get sucla letter from some unknown
mathematician would you read it? And would you comment on it?

Ken: Very good question. | do get letters occasionally from people claiming to prove
something like the Riemann hypothesis. Because of my experience with Ramanujan,
| do take a look at this letters. | probably shouldn't admit this but even false
conjecture very false proof of Fermat's Last Theorem or the Riemann hypothesis. |
will still get them refereed. | would insist somebody please read these papers. Even
though with absolute certainty | know we will have a mistake because they are from
amateurs. | do insist somebody read them and then submit it to me. Please don't
circulate that, | don't want to get many more of this. But you are right. Because of
what | know about Ramanujan, | think probably | am in the more of careful people.

| take it as a responsibility and as a part of editorial boards of various journals to
make sure each paper is evaluated.

Manjil: How do you see Ramanujan's work in the coming year, say 25 ges from now.
How do you see his work?

Ken: Oh.. T h a taggreat question..! Well Ramanuja's work is ubiquitous. People
talk about Ramanujar@Petersson conjecture and analytic number theory. | am sure
25 years from now people would still be talking about that. | think the circle method
that gives rise to formula for the partition numbers. People would still talk about that
because we are using that in connection with math physics. My prediction is that
those would probably two main areas in mathematics that will still be using
Ramanujan’'s work 25 years from now. The mock theta function will certainly be



important in 25 years. May be there are some others that is quite important but
that's a quite a bit of work.

Manijil: To someone who is a young student who want to do something in mathematics.
Who want to pursue acareer in mathematics, what sort of books would you recommend
they should read?

Ken: | think that depend on the age. Once the student has finished high school

algebra and trigonometry, | still recommend the great book by Hardy and Wright

'Introduction to Number Theory'. This days there are also high sort of combinatorics

books.. These subjects are quite fashionable now like additive combinatorics. And |

think it2as important for a young student to
addition to the standard course, the standard abstract algebra, and the standard

analysis books. | would recommend a nice diversified cross - section of books.

Manijil: For someone who is from developing country like India. It gets very difficult to

them to get access to the recentmaterial, the recent research material or internet
connectivity in the remote areas in India. At least from the part of India that | come from,

it2as very difficult to access internet or to
how should a student use the resources that are already available to cultivate his own

progress in mathematics.

Ken. Ok thatas very difficult for me. Because
internet in my pockets£f well cell phoSomes. And
of the books | have described are quite old. The book by Hardy and Wright has

been around for decades. | would hope that a local school library would have those

books. So for a student having access to most recent most cutting edge mathematics

probably isn't so vital. Because at the young age you want to be inspired and you

don't have to read about the latest work to be inspired by progress in mathematics.

So some of the books that | have described like Hardy and Wright is a classic and

| would hope t he student could find those books.

Then the next best thing is try to find a local mentor. A local college or a local
math teacher because the more people you knows who have access to these, the
internet and books the opportunities the student are going t o end up getting. And
so | would hope that there is such facilities and such opportunities in place even in
rural India. So I'll be in Koumbakunam for 10 days and even there you can go to
government college and find books. | think we have Internet at the h  otel may be
limited but it is true that | hope that the Internet becomes readily available in India.
And | hope that happens in the near future.

Manijil: The final question. So which is your most favorite Ramanujan result?



Ken: My favorite Ramanujan result..l don't know that | could pick one favorite out
of all. I would pick top three.

One would be his study of congruences for the partition function and his Tau
functions. Thats given birth to so much beautiful mathematics. Even it inspired Serre
when he developed the theory of Galois representation which was assembled by
Deligne in his Fields medal work.

Secondly | probably would say his development of the circle method with Hardy. This
is one of the crowning achievements of classic arithmetic number theory of its day.
People still use it.

And thirdly, is his work on mock theta functions. If Ramanujan’s last letter to Hardy
had never been received then | am not sure what | would be doing right now. From

the last 5 or 6 years | have been studying those works a nd developing it in a
more modern perspective and the applications. There are so many applications. We
are actually writing a book. | am writing a book with Amanda Folsonm of Yale and
Kathrin Bringmann of Colonge. | think its going to be 600 pages and its going to
be on mock modular forms and applications.

So my three favorite contributions are Ramanujan theory of congruences for p(n)
and tau(n), two his work on the circle method with Hardy and three his imagination
in terms of seeing that there is atheory  of mock theta functions. All fantastic works.

Manijil: Thank you very much Prof. Ono for you time.

Ken: Thank you Manjil. My pleasure!
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An Interview with Prof. Sujatha Ramdoral

Prof. Sujatha Ramdorai is an Indian mathematician currently associated with the
University of British Columbia, Canada. She is also a professor in the School of
Mathematics at the Tata Institute of Fundamental Research, Mumbal. Prof. Sujatha is
an internationally reputed algebaic number theorist whose work on Iwasawa Theory
Is widely respected. She is the first and only Indian to win the prestigious ICTP
Ramanujan Prize in 2006 and also a winner of the Shanti Swarup Bhatnagar Award
in 2004. She was a member of the National Know ledge Commision from 2007 to
2009. She is at present a member of the Prime Minister's Scientific Advisory Council
from 2009 onwards and also a member of the National Innovation Council. Recently
on a visit to Tezpur University, we took an interview of her. Her TIFR home page
can be found here and her UBC home page can be found  here

The interview was taken by Manyjil P. Saikia and Pankaj Jyoti Mahanta We are also
grateful to Dr. Rupam Barman and Dhrubajyoti Ozah for their help. Below are the
replies of Prof. Sujatha to our queries.

Gonit Sora (GS): How did you become fascinated by mathematics when you were young?
Was there anyame in particular who motivated you towards mathematics?

Prof. Sujatha (SR):No one in particular£. but | earning
family and my grandmother ©s | ifelong intere
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herself, influenced me to a large extent. As for my interest in mathematics, | guess
| was attracted to abstract thinking and structured formalisms. | did well in math in
school and this contributed surely.

GS: What are the skills and requirements needed to become a good mathematioa
Please describe a typical day of your work.

SR: An appreciation of abstraction, intellectual discipline and rigour are definitely
necessary.

There is also however an el ement of intuitior

Earlier when | was focusing more on research, it would be spent reading papers,
trying to learn new areas and looking for problems and working on problems. | have

had the good fortune of having worked with many collaborators and when it is

collaborative work, it is usually intense a s we try to complete our work during a
fixed time.

Today, | am also involved in teaching, supervision and other policy matters. |
therefore read a lot of related articles in science. While teaching, a lot of time goes
in towards preparing lectures, assignments, talking to students, etc. | am also lucky
now to have had a few good students who are very capable. | usually suggest
research problems in areas | think that are central in mathematics and quite an
amount of collaborative learning happens.

GS: Whatdo you think is the role of mathematics in our everyday life?

SR: Today mathematics has made inroads in different areas of science, as you will
perhaps agree, is pervasive in our everyday lives. But more subtly, a good training

in mathematics helps you develop your analytic faculties and to think logically. Pure
mathematics by itself, finds unexpected applications in areas ranging from medical
imaging to internet security, transport planning, etc to name just a few.

GS: What does your current research dealsvith? Please explain briefly.

SR: | currently work in an area of algebraic number theory that is called lwasawa
theory.

This is a systematic area today that is used in trying to solve deep open problems
in number theory. It has its origins in the work of a great Japanese mathematician,
Kenkichi lwasawa, in the middle of the last century and has grown today to a vast
area with many mathematicians working in it. It is difficult to explain it in simple



terms but combines tools from algebra, number theory and representations of Galois
groups.

GS: Do you ever get to see applications of your discoveries in other fields of study? If
S0, is there any specific application which is your favourite?

SR:Not yetf£ Right now, I only see solemg of th
applied to other areas within mathematics. This is true even of our work. Some of

our results in lwasawa theory used ideas and tools from other areas of mathematics

like non- commutative algebra, k theory, etc.

GS: You are a major proponent of the Iwvasawa theory; can you explain it in brief for
our readers?

SR: We all know the field @ of rational numbers. There are finite extensions of this
field which has some algebraic invariants attached to it, called the class number.
Iwasawa began his ivestigation in understanding how this invariant changes we go to
larger and larger finite extensions of @, eventually reaching an important infinite
extension called the cyclotomic extension of @ These ideas were later found to be
fundamental in studying rational points on elliptic curves, and in attacking a central
problem in the theory of elliptic curves, called the Birch and Swinnerton - Dyer
conjecture. These ideas are also applicable in studying the Galois representations and
| work in this broad area. lwasawa th eory provides a philosophical explanation for
why something mysterious as the Birch and Swinnerton- Dyer conjecture should hold
at all.

GS: As a women mathematician, was there any difficulty in pursuing your work? Is there
any kind of social stigma relatedto women in mathematics in India now?

SR:Not really£l would not say "~ social stigma?d
difference.

Not just for women mathematicians, but for women working in general. They are
expected to "~ pr ove? dtwbrk wereds suehsa p@dsurehisonoie a n
so prevalent towards men. Also, support systems are lacking in our country but |

am very pleased to see that institutions and organizations are now trying to tackle

this.

GS: You did your Masters Degree course in disthce mode. Why did you opt for such a
medium? Was it a hindrance in your progress in mathematics?



SR: | got married when | was quite young and my daughter was born soon after.

It was unclear where my husband would settle down, we were in Bangalore and

there were chances that he might have to move to Bombay. Distance education thus

of fered a reasonable solution. | don&t think
forms of technology being available, | would think it is an option to be explored.

However | want to stress that it cannot replace a good teacher. It can be an

excellent supplement, but we stand to lose if we think we can replace teachers with

technology. Used judiciously together, it can be a winning combination.

GS: What are the main problera in mathematics education in our country? What is your
hope about solving these problems?

SR: For years, we followed an elitist system of choosing the best and caring for the

best. I have no problems with this but ~the
system of concentrating on a few at the cost of developing and improving a larger
"better® base was neglected. It continues to

for the big tension and competition. Just as there is a spectrum of abilities in a
socidy, we should concentrate on developing a reasonable spectrum of institutions,
where the best are of course supported but where there is also a decent chance
for the others to improve. An educational institution should be measured by what it
makes of an in dividual who enters it. For mathematics education | strongly feel that
we should support school and college teachers. We hear a lot of stories about
teacher absenteeism, lack of work culture etc but no one speaks of the thousands
of teachers who are dedicated, and work hard in a system that is designed to make
someone feel frustrated! In the NKC document (National Knowledge Commission),
we outlined some steps towards improving math and science education in the country.
| also feel that there should be a con tent movement in the country, especially in
developing quality content in the vernacular languages. With the explosion of internet
connectivity, we are going to be in a situation where content is precious and secure
and not for free. This will create a fur ther content divide between the rural and
urban settings. We should ensure that this does not happen. Atthe National Innovation
council, under the chairmanship of Sam Pitroda, we are working towards tackling this
problem and addressing math education in government rural schools.

GS: You were a part ofNational Knowledge CommissioiNKC) and the Prime Minister's
Scientific Advisory Council. What kind of steps would you suggest for the popularization
and development of mathematics education in India?

SR: Please see my comments above. | also want to see lots of youngsters like you
participating in such a movement. Today the internet and mobile platforms offer
limitless possibilities.



You can create portals and coordinate peer - to- peer learning, etc. And all this can
be done with little financial backing. What is needed more than money today is
commitment, passion and drive. | am optimistic that there are lots of youngsters and
teachers who will be happy to participate in such a movement, and that we will see
difference in a dozen years or so. We also need to focus on the universities and
colleges. This will take a long time but it is an investment of effort and money
which should no more be neglected. We also need to bring a variety of new areas

of mathematis and devise courses around them. This will help people with a good
mathematical training in finding employment that is outside of academia.

GS: Do you believe that India has a convivial atmosphere for the study of mathematics?

SR: What has happened in Ind ia- and the world- is that education at all levels have
become democratized. So Higher education is not elitist as it used to be. In our
country, the problems that it has caused is more acute because of the neglect in
the education sector and other systemic malpractices that took root in the last thirty
years or so. This has driven away a large number of people who would have liked

to be associated with education. We need to change this. | also feel that there are
enough elite research institutions now and we should focus on the universities,
colleges and school education. We have a broken pipeline when it comes to
connecting school education and higher education and research. So the short answer
is "No, not wholly?2a. But we Bandlédopethiewillcapabi l
happen. This needs thought and engagement at multiple levels and developing and
training a whole new generation of younger leaders in large numbers.

GS: How different are the students from other countries as compared to India?

SR: | think many other Asian countries have realized similar problems and are
approaching it systematically. Students from many other countries that | have come
across are more independent and enterprising. We have very good students in our
country but their exposure is limited and their potential not tapped to the fullest
extent. With connectivity and the internet, this is surely bound to change. | already
see many youngsters, especially those from smaller cities and villages have a
tremendous zeal and energy. We need to have a system that does not disappoint
them and provides them equal opportunities.

GS: You were awarded the prestigious Ramanujan Prize, how has it influenced you and
our country? You were the first and only Indian to win it; do you see anyonelge from
India getting honoured in a similar way in the near future?

SR: I was lucky to be awarded the prize. It has of course helped me in many ways
and making new contacts. Of course | see lots of others winning this prize from



India in the future. Butt he overall goal and focus of education and research should
not be on prizes. One should strive continually to learn, do good work and make
things better for the next generation.

GS: What kind of work in Number Theory is going on in India? What are the majo
contributions by Indians in this field?

SR: There are people working in Analytic Number theory, Algebraic number theory

and transcendental Number theory. In addition, there are also people working in

arithmetic geometry, a relatively modern and deep area. One of the big results in

recent times was the solution of deep conj
Chandrashekhar Khare, in collaboration with Jean Pierre Wintenberger from France.

There have also been major contributions from all the areas me ntioned above.

GS: The recent announcement of celebrating 2012 as National Mathematics Year is
indeed a welcome step. How do you think it will impact the present mathematics scenario
in the country? What about Assam?

SR: While it is good in creating awaren ess, such events by themselves are not likely

to make a difference, unless there is a plan, strategy and long term vision. You

know, this is my first visit to Tezpur; | had visited IIT Guwahati earlier. | cannot

tell you how pleased | am to be here, to see this beautiful campus, the country

side, the hope and optimismE£. The peopl e ha\
these universities come up in Assam. We should not fail them, with the people from

the northeast, we should try hard to improve the overall ed ucation and employment
opportunities, as well as the infrastructure. The youngsters from this region have a

key role to play in this, and | am very happy to see some of the young facu Ity

from math deparments in IITg and Tezpur rise up to the occasion.

GS: You are associated with many different activities including editing major international
journals and also giving lectures around the world, how do you manage to keep up with
your work regularly?

SR: It is difficult but not impossible. Again email and inte rnet have to some extent
simplified organizing events and structuring
networking with like minded people so that delegating responsibilities and sharing the

work makes things easier.

GS: Nowadays mathematics is a vassubject and knowing more than a few fields is next
to impossible. Has this in any way hindered the knowledge development of the subject?
How can someone wanting to become a professional mathematician select his branch?



SR: | don?2t think he khnaoswlhe dngdee rdeedv etl opment £ |t
course there will always be downsides to anything. We cannot devise perfect systems.

As for youngsters selecting their branch, they should have an open mind, talk to

others in the field and follow their passion and their hearts. | truly believe that if

you are a researcher with an open mind and boundless curiosity, you can change

areas of work over the years.

GS: In your opinion who are the most innovative mathematicians at the present age?
What kind of work dothey do?

SR: | don?t want to comment on this. There a
mathematicians. | am not fully competent to pass judgments on such a vast subject
and community!

GS: What mathematical magazines or journals are good for someone in andergraduate
programme in math?

SR: Unfortunately, we have almost none in India. But | think the American Math
Monthly is good. The American mathematical society ( www.ams.orghas a very rich
website with lots of information. Their journals (Notices, Bulletin) are not very
expensive. The United Kingdom too has a few good journals for teachers and
undergraduates.

GS: There is a problem getting recent issues of journals and books by the students in
this part of the country.lIs it in any way hindrance to a career as a mathematician?

SR: Well, if internet connectivity improves, this should not be a hindrance. Also,
today with more money available in education and the advances in technology, this
should not be a serious problem. It is more a question of planning.

GS: What kind of advice would you give to the students of math? What do you think is
the most essential quality for someone to become a mathematician?

SR: Work hard, follow your interests and heart and not the mob! Essen tial qualities:
Rigour, Hard work, discipline.

GS: What kind of advice would you like to give to the young researchers from this region?
SR: Be proactive, try to network with others from within India and outside.

GS: In your spare time, what kind of hobbis do you have? Do you read poems, novels
etc?
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SR: | read poems, especially (translations of) Japanese poems fromthe 7 ™ century

onwards; | prefernon-f i cti on books, Il knit, |isten to r
GS: If you weren?t a mat hvamwbe?ci an, what el s
SR:l would have |l oved to be a dancer, with an

GS: What is your opinion about Gonit SorawWww.gonitsora.conj? Any advice to improve
our website?

SR:lam so pleased with this activity! It looks very good. | hope you team up with
others doing similar work. Please get in touch with Professor Vijay Kumar Ambat
from Cochin University; he too is interested in math education and has lots of useful
information rdevant for your website. The country needs youngsters with energy to
start on such activities and build meaningful virtual communities. Also, please look
up the innovation portal of the National Innovation Council. We need the education
portal there to be active and | will ask someone from the innovation council to link
up with you.

Gonit Sora thanks Prof. Sujatha for giving some of her valuable time to us.


http://www.gonitsora.com/
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An Interview with James Maynad:
2014 SASTRA Ramanujan Prizevinner

The prestigious 2014 SASTRARamanujan Prize was awarded to Dr. James Maynarg
a 27 year old mathematician from Oxford University who specializes in number theory.
The prize, established in 2005, is awarded annually to young mathematicians for

outstanding contributions in the areas influenced by the mathematical genius Srinivasa
for the prize has been |

Ramanujan T he age [ mit
Terence

achevements in his brief life span of 32 years. Previous winners include

http://gonitsora.com
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Tag Manjul BhargavaKathrin Bringmann, and many other famous names. The prize
will be awarded on 22 December, 2014 at SASTRA Un iversity to commemorate
Ramanujan’s birth anniversary in a special function.

The prize recognizes his recent paper on small gaps between primes to appear in
the Annals of Mathematics in which he establishes the sensational result that the
gap between two c onsecutive primes is no more than 600 infinitely often. His latest
achievement is his announcement of the solution to the $10,000 problem of  Paul
Erdos concerning large gaps between primes (also announced independently and
simultaneously by Kevin Ford, Ben Green, Sergei Konyagin and Terence Tag.

Dr . James Maynard obtained his BA and mast e
Cambridge University. He then moved to Oxford where he complete a DPhil under

the supervision of Professor Heath- Brown. He joined Magdalen as a Fellow by

Examination in 2013. In the academic year 2013 - 2014 he is on leave of absence

from Magdalen as a CRM - ISM postdoctoral fellow at the Université de Montréal. His

reseach interests are in classical number theory, in particular the distribution of prime

numbers. His research focuses on using tools from analytic number theory, particularly

sieve methods, to study the primes.

Gonit Sora was fortunate to take an interview of  Dr. Maynard, which we reproduce
below. The questions were contributed by Bishal Deb and Manyil P. Saikia

Gonit Sora (GS): Congratulations sir on your winning the SASTRA Ramanujan Prize.
How do you feel about it?

James Maynard (JM): It is wonderful to receive such a prestigious prize! It will be
my first such prize, and it is a great motivation to continue working in number
theory. It is very humbling seeing the amazing list of previous winners of the prize.

GS: Will this be your fir st visit to India?

JM: | went to India on a family holiday 3 years ago, so this will be my second
vist ®l 2m | ooking forward to coming back! Last
(mainly around Rajasthan) so it will be interesting to see some of southern In dia.

GS: Do you have contacts with any Indian Mathematician?

JM: | haven@t had any direct coll aboration wit
winners of the Ramanujan prize (Professors Bhargava and Soundarajan) both have
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an Indian background and have done absolutely fantastic work in closely related areas
® | always make sure to read anything they produce at it is always illumin  ating.

GS: How did you get interested in mathematics?

JM: 1 @2ve always | iked mathematics since | fior
describe precisely what it is that really got me interested. Certainly the exactness of

the subject, the subtleties and the beauty of some of the ideas involved all played

their part.

GS: Is there someone you would want to mention, someone who inspires you or
someone who has had a great impact on you?

JM: I f eel |l i ke I 2ve been helped enotomshps!| y by
of my various teachers from high school through to my PhD supervisor, and | owe

a huge amount of thanks to all of them. In terms of inspiration it is mainly the

historical mathematical greats ® Gauss, Riemann and such who inspire me.
Ramanujanof course, certainly fits into this category.

GS: Can you describe a typical working da y of yours?

JM:1 tend to take a fairly relaxed approach
so |21l normally wake up quite | ate, and the
mat hematics in the morning. 1211 haffemoohunch \
I work on my research. This typically in
paper in detail, and trying to work out if the key ideas can be applied to a problem

that 1 2m working on. My desk is normalfly a <c
paper where |1 2ve tried out failed ideas.

GS: Can you tell something about your recent discoveries to the general reader?

JM: If someone pays for something online, all the information is encrypted to prevent
a criminal obtaining their credit card details. This encryption uses prime numbers,
and if the primes had a very different distribution to what we believe, then the
information could be very insecure and a hacker could obtain the credit card details.
My work can be seen as a first step in ruling out th e possibility of such strange
distributions, although mathematicians typically like to study these problems for their
intrinsic interest and beauty.

GS: What are your current research interest? Can you describe some of the problems
that you are working on at present?


http://gonitsora.com/riemanns-hypothesis/
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JM: 1 @2m wor king mainly on t he ®thisigstllimpmani on of

research interest. There?s a huge number of
particular I 2m trying to see iIif theredare sc
using the techniques developed in the study of small gaps between primes, as well

as trying to branch out into other questions on the distribution of primes.

GS: What do you think of the twin prime conjecture? Do you think the liminf will
goto 2? Whatm otivated you to work on such a classical problem in number theory
like the the Twin Prime Conjecture?

JM: 1 2m confident that eventually mathematici a
but | think we really need some fundamentally new ideas to prove it . There are

some barriers which mean that the current me:
are infinitely many pairs of primes which differ by at most 6.

One of the appealing parts of prime number theory is the fact such that easily stated
problems can be so difficult ® the twin prime conjecture is a great example. At first
| was just trying to learn about the subject, and one of the best ways to learn is

to try to improve the current techniques slightly. When | tried to do this, | realized
that maybe there was a way to improve the approach of Goldston, Pintz and Yildirim,
who had the strongest previous results.

GS: Is it always a good idea for a young mathematician to start with a major open
problem?

JM: Certainly not! | think it is a good idea for a young mathematician to have an
appreciation of what the “~big problems?2 in
mathematicians are doing fits in with this, and what the technical obstacles to these

problems are However, | think most of mathematics progresses in increments, and

it is very unlikely for any mathematician to suddenly produce a proof of a famous

problem from thin air. My work definitely was a result of me studying work of many

other mathematiciansaa d t hi nki ng about active topics, r
prove the twin prime conjecture.

GS: It has been seen that very surprisingly some results similar to yours have also
been found by other mathematicians. Are their methods totally different fr om yours?
What would you like to say about it?

JM: The original result on bounded gaps between primes due to Zhang, and recent
work on large gaps between primes by Ford, Green, Konyagin and Tao both used
really quite different techniques to me. It is certa inly slightly surprising that these
results have come out so close to one another, but it is fascinating how different



techniques can be applied to answer the same question. The same method on small
gaps between primes was independently discovered by Tao at the same time ® |
think this is just a pure coincidence.

GS: Are you a contributor to the polymath project? Please say something about the
polymath project.

JM:1 took part in the 'Polymath 8b2 project o
was a very interesting (and fun) experience. It was very unusual for me to work

in such a large group and so publicly ® one really needed to lose inhibitions and

be wilingto post i deas that we?2re fully formed (an
everyone to see. There was almost daily incremental progress, which was also very

different to my typical research projects. It was great fun to be part of such a nice

enthusiastic groyp, which was led particularly well by Tao via his blog.

GS: It is sometimes not possible for students in developing countries like India to
get access to quality information, how does one circumnavigate this obstacle if one
is interested in math?

JM: Thisi s difficult, and | 2m not particularly
Fortunately the Internet has been a huge aid in thisregard ~ ® there are now a large

number of available mathematics resources online. There is currently a move for

research to be mor e freely accessible on the Internet ® most new papers are first

posted to arxiv.org for example, which | read daily and is freely available.

GS: Apart from mathematics what hobbies do you have?

JM: Outside o f mat hematics |1 2m an Arsenal FC soc
alternative music and | enjoy debating with
also a bit of an addict for gadgets/computers and good food and drink.

GS: Do you have any message to give to our website?

JM: Thank you for the interview, Il 2m gl ad th
numbers at the moment!

Gonit Sora wishes Dr. Maynard all the success in his future endeavours.
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An Interview with Prof. Swadhin Pattanayak

Prof. SwadhinPattanayak is the founder director of the Institute of Mathematics and
its Applications (IMA) at Bhubaneshwar. Apart from being a very good mathematician,
he is also an inspiring teacher. At present he is a professor of mathematics at IMA.

Prof. Pattanayak was on a short visit to Tezpur where he was kind enough to give

us an interview which is produced below verbatim.

The interview was taken by Parama Dutta, Nilufar Mana Begum and Manjil P. Saikia
with assistance from Pranjal Pratim Borgohain, all students of Tezpur University.

1. You have had a long and distinguished career in mathematics, what motivated you into
taking up mathematics as a career?

Many things have motivated me towards Maths. One such was | really liked Science
and scientific experiments. In the process of learning Physics, Chemistry | found the
broad uses of Mathematics. But that was quantitative and it worked but didn't work
to the extend it should have worked. That was in high school, and gradually | began

to realize that | need to know mo re mathematics to understand these things. Although



| have an equal interest in mathematics, but for learning physics properly | came
into mathematics.

2. Was there any particular inspiring teacher?

Yes, there were many. There was Prof. Ramanath Mohanty an d then there was
Prof. Siva Prasad Mishra. Prof. Mishra encouraged me to learn physics although he
was a teacher of mathematics. These were the two people who encouraged me
deeply.

And there was self - study. | read and read and read. There was hardly any bo ok
in the library which | haven't read. If | didn't understand something, then | read the
required things. Most of the things | learned myself, because if you ask others than
they might not have the time to give you.

3. How do you think mathematics influeces today's world?

Mathematics is certainly very useful. Every missile you launch, every aircraft you
build, every encryption you do, every coded message you send there is very powerful
mathematics involved. Then there is the design of aircraft which invol ves a significant
amount of mathematics. There is the mechanical part and then the aerodynamical
part. The aerodynamical part requires a lot of mathematics.

When | did my PhD | wanted to find out a class of operators which is a very
abstract thing. But the way | did it, | found out some methods to determine when
would these operators be invertible. And | left it at that. But ten years later | found

that electrical engineers, electronics engineers and control engineers were using some
of my tools and said th at this new method was quite useful to them.

4. You have been actively engaged in research in Probability Theory, Relativity, Fourier
Analysis and Functional Analysis. Can you tell us in brief about your research?

See this is interesting. | never learned p robability when | was in India or when |
was in US. | was once looking at some work of my friend and then found some
mistakes in his work. In this way | started learning probability and then guided a
few students. My original work was in functional analysi s. Since | liked physics so |
also worked on areas which lies in the border of mathematics and physics.

5. What kind of specific problems that you worked on?

Oneis on operator theory, and then finding out some geometrical meaning in analysis.
Then there is quantum mechanics and trying to understand in terms of general
relativity. Not many people have given answers and | have been also trying that.



6. Amongst all your achievements, which one do you feel is the most significant?

The most significant | would say is that many students have taken up mathematics
after coming into contact with me. They thought that they would not be able to do
research, but have since then made a mark as some of the best researchers. One

of my students, Gadadhar Misra of [ISc, Ban galore has also won the Bhatnagar
Award. So | would say that | have been able to enthuse students into Mathematics
and that is a significant achievement.

7. What was your motivation in establishing IMA?

Well this that is to one of them is to encourage rese  arch and to search and nurture
talent. That@as what we have been doing
other researchers to visit us. Young undergraduates from places like Guwahati and
Pondicherry also visit us to do summer research. We also encoura ge school students
into mathematics, we organise two- week camps in IMA and encourage them to solve
problems at their level like Olympiad problems.

Besides that we wanted to have a good library and the IMA library now is one of
the best libraries in Indiat oday.

8. Were there anyone who helped you in this effort?
Yes there were many people.
9. Do you think your motivation in forming IMA has been successful?

Well its hard to say, because it's just 15 years now, but the fact that IMA is making

a mark in India has been encouraging. Although not to the extend but still | am
happy. Now the IMA will be going to merge with the ISI and then we can have
things which now we cannot have.

10. We have seen that most students in India do not opt for mathematics as a career
choice. What do you think is the reason behind this? Is there a dearth of facilities in India
for mathematics?

Well, one of the reasons is that they go for softer options like going to engineering.

But to make good engineers we need good mathematicians wh ich we do not think
about in India. We have so many lITs in India, the first came in Kharagpur in 1951,

but tell me one technology that developed in India. All the steel plants that came

in India have been using foreign technology like German, Japan and Ru ssian. Even
the ubiquitous mobile phone that we are using is Finnish (Nokia). If you really
need to develop great technologies, we need good mathematician.
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It's a chicken and egg problem. | know many good places cannot offer courses
because of a non - availaility of teachers.

11. How do you compare the mathematics education student in other countries to that of
India?

Our education is a bit backward compared to what is happening in the other countries.
Why is it that we have to read at masters level what oth  ers read at undergraduate
level? We are behind by at least 20 years in most areas. We need to refurbish

our curriculum. To refurbish our curriculum we need good teachers. At some stage
some teachers have to take courage to learn new thin gs and instil it in to students,
that is what | did before | went to Stony Brook.

12. What is your advice to young students of mathematics?

The first thing is try to see if you like it or not. Then you must try to solve
problems, you can take help if you are stuck. But you mu st enjoy mathematics. It
is not isolated like algebra or analysis, but its binding and is deeper and beautiful.
You must be courageous in trying to solve hard problem.

13. It has been noticed that mathematics is feared very much amongst the common
people. Is there a way to remedy this?

That is very unfortunate. It is not only in India but even elsewhere. Math is one
of the most natural sciences that developed. From primitive times math has been
developed by man for his use. It is a natural gift of man and should be followed
to blossom and not be forced into the ground. We must make children enjoy math.

14. Apart from mathematics, what other things do you enjoy?

| like history and also to work for people. That is why | try to help children who
are economicaly or socially backward. | am not saying that | was very successful,
but I like to help them.

15. What are the scope of mathematics students after their master's programme?

There is for sure PhD program. Within India, at least for now there are many places
where you can do a PhD. If you want to take Computer Science as a career then
you can do MTech in it after your MSc. Then we have DRDO that recruits people
with Masters Degree in Math. They recruit you as Scientist B and then promote you
toC,Detcupto I, according to your work. If you are working there then you will
be asked to use your skills to develop new methods of guiding and tracking missiles,
and tracking and decoding encoded messages. Your former president Dr. A. P. J.



Abdul Kalam was a scienti st at DRDO. If you have good aptitude for math then you
can go to DRDO.

16. It is seen that nowadays more focus is given on the college and university level math
education, don't you think that school level math education should also be taken into
account?

Yes, that is true. There is International Math Olympiad. China is coming first if you
look in the last 10 years. India's position is very low, even Iran is above us. This
is because we do not give too much emphasis in school level, but Chinese do that.

17. It is seen that in the transition of school to college and then college to university
students fail to appreciate mathematics. Why does that happen?

It is because we never make students learn how to enjoy mathematics. We tell them
only how to fear math. Usually math is associated with a cane. With that we can
never do good math at the school level.

18. How do you compare an Indian math student to a student abroad?

| can tell you my own experience. When | went to US | found that | was very
backward, but within a couple of weeks | was the frontrunner. It is not that we are
not talented. Many thing | did not know then, but | learned them on my own, solved
problems all by myself and then beat everyone in my class, Indians, Americans and
Chinese.

19. Is this yaur first visit to Assam?

No, | have visited many times. | came first way back in 1993. | have come to
Guwahati many times, but to Tezpur this is the first time. The Assamese people are
very hospitable and | enjoyed this visit a lot. | would like to come ba ck again if
possible and | find a lot of cultural similarity between Assam and Orrisa.

20. Your comments on Gonit Sora?

| wish it all success, and I wish it helps children to learn more and like mathematics.
And maybe Assam will have India's first Fields' Medallist.

We thank Prof. Pattanayak for giving us his valuable time.
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An Interview with Prof. Bruce C. Berndt

Prof. Bruce C. Berndt.
Photo: Zakir Ahmed.

http://gonitsora.com




Bruce C. Berndt is an American mathematician working on analytic number theory.
Prof. Berndlt is at present, Professor of Mathematics at the University of Illinois,
Urbana Champaign. His main research interest lies in the works of Ramanujan and

he has taken the task of ed iting and collecting all the results of Ramanujan under
one roof In a series of 5 books titled
Springer Verlag. He along with his numerous collaborators has furthered our knowledge

of the mathematics of Ramanujan. He is at present working with Prof. George E.

« R a

Andrews on a 4 volume series on «Ramanuj an?@s

published more than 200 research papers and has authored or edited more than 10
books on the life and works of Ramanujan. Recently, Prof.  Berndt was on a visit
to India, and as part of that visit he spent a few days at Tezpur University where

Goni t Sora. com managed to get an I nterview O0I

found here

The foll owing are Prof. Berndt?s replies

Prof. Nayandeep Deka Baruah, Manyil P. Saikiaand Pankaj Jyoti Mahanta.

GonitSora (GS) How did you become fascinated by mathematics when you were young?
Was there anyone n particular who motivated you towards math?

Prof. Berndt (BCB)As a youngster, | was mainly interested in sports, firstin baseball,
and then later in football and especially track. | wanted to become a sports writer.

In high school, | had an excellent m athematics teacher named Mr. Free. In college,
W. Keith Moore was my teacher in many mathematics classes, and it was he whom

| wanted to emulate and become a mathematician.

GS: What type of math questions intrigued you most when you were in high school and
why?

BCB: | did not have any particular subject or kinds of questions in high school that
| liked more than others.

GS: What do you think is the role of mathematics in our everyday life?

BCB: This is a hard question to answer, because the answer will be different for
different people.

GS. What are the skills and requirements needed to become a good mathematician?
Please describe a typical day of work.

t o


http://www.math.uiuc.edu/~berndt

BCB: Of course, at the outset, one needs some skill in mathematics. However, the
main requirement is the willingness to work. | have taught many gifted students, but
the only ones who became successful mathematicians were those who worked hard.
On the other hand, | have taught many whom | thought would not do particularly
well, but who worked very hard and gr eatly exceeded my expectations.

GS: Do you ever get to see applications of your discoveries in other fields of study? If
S0, is there any specific application which is your favourite?

BCB: Some of Ramanujan2s work has hadinan i mp
statistical mechanics.

GS: What does your current research deal with?

BCB: As in the past several years, | have devoted almost all of my research efforts

toward proving the entries in Ramanujan2s |
few years, | have concentrated on entries in analysis and analytic number theory. |

have also thought a lot about the partition - theoretic implications of many of

Ra ma n u |- aeniés glentifies.

GS. What motivated you towar ds under standi n
mathematics to the wider world? Was there any specific incident?

BCB Wor king with Ramanujan?s mathematics for
to become interested in him as a person and the culture from which he came. This

interest eventually led to two books with Robert Rankin that are part mathematical

and part cultural. Because of this acquired background, | now have a vehicle to

communicate mathematics to a wider populace.

GS: You have had numerous fruitful collaborations with many mathematicians froindia,
how far do you think collaborative math is better than trying to do it on your own?

BCB: | wrote over 30 papers before | had my first co - author, who was the famous
|l ndi an number theorist, S. Chowl a. -drawihghought
on the wisdom, creativity, and insights of a

From then on, | have enjoyed the collaboration of several wonderful co - authors.

GS: What mathematical magazines or journals are good for someone in an undergraduate
programme in math?

BCB: The best journal for undergraduates to read is the American Mathematical
Monthly. Mathematics Magazine is at a slightly lower level and is also a very good
journal for undergraduates to read.



GS: How do you see the current Indian sceneof math as compared to the rest of the
world?

BCB: It is remarkable that in India considerable, excellent mathematics is being
conducted under heavy teaching loads and without much access to current journals.

GS: You have been to India many times in the past, are there any particular incidents or
anecdotes from these visits that you are fond of?

BCB: When | first visited the Government College in Kumbakonam in 1984, | was

with R. Balasubramanian, now the Director of the Institute of Mathematical Sciences

in Chennai. We had not contacted anyone at the College before our arrival. Upon

meeting administrators and teachers at the college, | was asked to give a lecture

on Ramanuj an?s notebooks,whentreachedthe auditoramd ay . At
later that day to lecture, all the seats were taken, while other students were positioned

at outside windows to hear my lecture. It was a very humbling experience. Visiting

Ramanuj an2s home was very atams pithrSi Jagaki, My t w
Ramanuj an?s widow, were highlights of my | i
husband from her.

GS: This is your first visit to this part of India. How has been the experience till now?

BCB: | had not realized that travel to and withi  n this area would be so difficult, but
the efforts have been very rewarding. | have stayed at several campus guest houses
in India, but the nicest has been the one at Tezpur University. The food has been
great. | could not ask for kinder, more generous hos pitality.

GS: We have come to know that you like Indian food very much, especially sweets. How
do you like the Assamese cuisine?

BCB: | unwittingly answered this question while answering the last question. | love
paneer, and | have never experienced so man y dishes featuring paneer. | wish that
| had time to try all of them. Indeed, | also like Indian sweets; there is not one

that | do not enjoy.

GS: What are your views about the intellectual atmosphere of Tezpur University?

BCB: | had not thought very much  about Tezpur University before my arrival. The
facilities are excellent, much better than | anticipated. | appreciate the quiet
surroundings of the campus. It should be an

GS:. There is a problem getting recent issues bjournals and books by the students in
this part of the country. Is it in any way hindrance to a career as a mathematician?



BCB: Access to current research journals cannot be overemphasized. However, it is

much easier than in the past to stay abreast of w  hat is happening in mathematics,
because the internet puts one in contact with the WebPages of mathematicians,

meetings, and other aspects of our subject.

GS: In your spare time, what kind of hobbies do you have?

BCB: | enjoy listening to classical music, not only western classical music but
traditional music from other countries such
classical music, in particular, Karnatic music. | also follow sports, especially the

football and basketball teams at the University of lllinois.

GS: If you weren't a mathematician, what else would you want to be?

BCB: When | entered college, | wanted to become a physicist. By the end of my

first year, | decided that | liked mathematics more than physics, but | continued to

take as many physics courses as | could fit into my schedule. | also thought that |

might coach track while being a college mathematics teacher, but being a mathematics
professor is too demanding to allow coachi n.
team for six years.

GS: Do you plan to come back to Assam again in the near future?

BCB: Well, | really do not have any further plans. Of course, it would be very
enjoyable to return.

GonitSora.com thanks Prof. Berndl for his time and patience answering our questions.
We hope he wunravels further mysteries of Rar
fruittul Iife.

[Introduction by Manijil P. Saikia.]
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An Interview with Professor Sir Michael Berry

Sir Michael Victor Berry is a professor of physics at
the University of Bristol. He specializes in semi -
classical optics (asymptotic physics and quantum
chaos) applied to wave phenomena in quantum
mechanics, and other areas such as optics. He is
famous for the Be rry phase, which is a geometric
phase observed in quantum mechanics and optics.

Sir Berry is recipient of numerous prestigious awards
including the Wolf Prize, the Dirac Medal and Prize,
and the lg Nobel Prize for physics.

Sir Berry visited CMI during the first week of April
2015, wherein we had the chance to ask him some
— questions regarding his life, work and interests.

What follows is the text of the interview.

Q : Do you have a role model, somebody who inspired you to pursue physics?

A :lt'san interesting question because | had an unusual scientific trajectory in the
sense that | didn't work with a senior person ever in my life, except once. In the
1970's | wrote a paper with one of senior colleague together. But when | was a
graduate student | didn't write anything with my supervisor. He was very helpful to
me but we never wrote down anything together. So, | am sort of self - constructed.
However, there are a few people that | enormously admire. Of course there are the
usual people we all admire | ike Einstein, Newton, Dirac and so on. Dirac comes
from my city Bristol. | often walk past the house where he was born. But among
people who have specifically inspired me there is an applied mathematician called
Joseph Keller, who is now 90 something and s till very active. He is in Stanford. |
admire him. | have admired him from many decades but | only met him some
decades after | encountered his work. And then there is some lIrish physicist G.C.
Stokes. He influenced me and in fact this dates from a visitt o India, many years
ago, 1988, the centenary celebration of C.V. Raman, a hame you know ofcourse.
And a number of people didn't arrive at this meeting in Bangalore and | was asked

to give more lectures. So | gave a number of lectures on different aspects o fmy
research and then suddenly | realised that every single lecture | was speaking about
was based on some idea that went back to Stokes. So | found out much about



him. I admire him very much. Though his style was very different from mine, he's
somebody | admire but | wouldn't call him role model. And then J.L. Synge, an
Irish relativist who had a wonderful clarity in his writings. | met him when | was a
graduate student indeed. Almost by chance he influenced the whole direction of my
future research. In my own department there was a tradition of geometrical thinking.
No one is mathematical as me but still geometrical and pictorial thinking which |
absorbed after a few years in Bristol and that has affected me and some of those
people in particular the way in which some of them have avoided bureaucracy in
their lives in organizing things. | have also avoided have been as closest you could
think to role models but no one is exactly a role model. | am sort of largely self -
constructed but | have influenced ina number of ways.

Q : What motivated you to take an interest in physics?

A : As a child | was fascinated by astronomy. | think great many physicists and
mathematician's started out by being fascinated by astronomy as children. It's
interesting. You can speculate why. It isn't really clear to me. We live in a world
where children as me listen to the news or they hear it, they see the newspapers.
There's alot of trouble in the world. It's somehow comforting to look at these realms
very far from all of our tro ubles. Of course, | now know that the universe is an
extremely violent place and our earth is a
that's just a guess why astronomy is so attractive. A world that's beautiful and away
from our human troubles. But a nyway | went to university and realised
that, astronomy is based on physics and physics has beautiful ideas in it which then
superseded the astronomy. | still like astronomy as a member of the public but |
am not... this isn't the center of my research.

Q : Could you describe a typical working day of yours?

A : Many years ago | gave a series of lectures in Chicago and my host was a

very distinguished statistical physicist Leo Kadanoff. He is a very famous physicist.
After the lectures | gave on subjects ver y different from his, he said, "It is very
interesting for our students to hear you, to hear somebody who hasawell - articulated
research plan." | said to him, "Leo you are mistaken." Often when | go to work

in the morning | have no idea what | going to th ink about that day. So it might
appear to you as though | have a work plan but often | don't. However, if | am
intensely involved in a problem this occupies me continuously. So wherever | am,
when | am at home, when | am half asleep or whether | am at work by my office
| am thinking all the time about this problem and technicalities, usually mistaken
thoughts. | mean most physics you do is wrong but one makes some progress and
so | don't really have a plan as such. | actually don't. I am organised person,
things like limited work | have to do, the bureaucratic kind like booking air tickets.



| am flying different parts every week to another country, booking air tickets and
arranging hotels all | do very efficiently. But it is not what | would call my working
day. | do that to leave myself space. | try to reply almost instantly to emails and
just to get them out of the way some people leave them for several weeks but |
can't do that because they worry me all the time. | think | should be
replying and | do it.Th en | get on to thinking about physics or mathematics or
whatever.

Q : What do you do in your free time?

A : Cook. | like walking and | occasionally go to cinema. | read a great deal. All

kinds of books like philosophy, novels and history. Now | am reading  a book about
Newton's studies of the chronology of events in human civilization based on the
Bible. He spent more time in his life on this, which we now think is a kind of
nonsense actually than he did on physics for which we admire him. | am also
reading a novel that my son gave me. So, | read a lot and | like cooking. That's

what | do. | like to walk also. | don't get much chance but there's a lot of nice
countryside where I live. When | visit places not so hot as India. | like to walk.

Q : So, like the Berry phase, is there also a Berry recipe?

A : No. Not at all. | mean | cook food from all countries. | love to make Indian

food actually and also Brazilian food. There are many different things. But my favorite
activity is to come home, my wife and | don't quarrel much on who is going to do
the cooking. We both like it. But almost my favourite is to go home, look inside
the fridge, see what is there and make something which will never be repeated. So
this is opposite of having a recipe. Well | do occasional ly like to follow recipes but
nothing in particular.

Q : What movies do you like?

A : I don't like musicals. | have recently seen the movie about Stephen Hawking. |
saw it while coming here on a plane. And there is another about Alan Turing. |
liked both o f them. These are two recent movies that | have seen.

Q : What is your favourite genre of music?
A : Jazz of all kinds.
Q : Any favourite artists?

A : Oh yes. | mean there are different musicians who reach deep into the heart in
different ways. | dream of doing a piece of theoretical physics which has the same



immediacy and beauty as one note from Louis Amrstrong's trumpet. There is a
saxophone playe called Sonny Rollins who's been playing for almost 70 years and
| have 30 or 40 of his CD's. This music touches very deep into me. The quality

of the sound he makes is particular approach to melodic improvisation. And to
mention the famous people like Du ke Ellington and | like the great people related to
this realm of music. Melody

Q : What about the younger artists, who do covers of great songs? Do you listen to them?
How do they fare compared to the greats of the earlier times?

A : Not that much but the re are some very good musicians who aren't so old. |

occasionally hear them. | don't know the latest of them but of course now it's

possible with the improvements of technique that people make for people to copy

and sound like these musicians from older ti mes. It is fun to listen to them but of

course it is not the original. Even if you do it perfectly, it is not the same as

creating. You know there are people who are much more mathematically proficient

then Schrodinger when he wrote his wave equation. But he is a great man unlike

the others. lt2as only because he created the

Q : What about improvisations and reinterpretations?

A : Ohyes and no. That's a standard procedure in jazz. It's that, there are certain

mel odi es which thetme? aaed| ake ©Sngmey a varie
each of whom has his own way of interpreting and I love that. | mean those are

called standards. | like this. Yes, there is another thing. There is something about

jazz which is, | wonder how to write about thisi  n more detail, which is a bit like

theoretical physics. The improvisation of a group of jazz musicians, the way they

bounce ideas of each other, they exchange, suddenly improvise and then repeat

S o0ome. lt2as | i ke the kind of phgsimisisr er sati on bet

Q : And now for a few technical questions... How do you explain Berry's phase to a
layman?

A : When you reverse your car to park into a small space, you sometimes find that

you were not very efficient in doing so. Yet you still had some distanc e left from
the curb. It takes a lot of maneuver to get close to the curb while you park. And

there is a reason for this, because while driving you have two things to do, drive

and steer. And these two activities don't commute with each other. If they dot  hen
you can do all the steering in your garage before you left home, but you can't.
Now while parking you make a series of periodic maneuvers or cyclic series of
changes and after each cycle the car shifts. Now this idea is a geometrical idea,
you can change something periodic cyclically to make shifts so it doesn't come back



the same as before. This is a branch of geometry is called parallel transport, and

the geometric phase is an application of this idea to the oscillations you get in

waves. In a wave so mething is vibrating all the time, if you slowly change the

conditions under which the wave is propagating in such a way that you come back

to the same conditions as you started, that's called a cycle. If you ask what is the

state of oscillation of the wav e which is called the phase then the answer is not

what you thought it was. It is not the sum of the little individual oscillations. There's

the partial essence of geometry. | call it a kind of quantum memory. The ordinary

oscillation takes place even if y ou don't change anything present there all the time.

To answer the question «How |long did your tri
phase partially answers the question of «wh:¢
would say, using this analogy with car parking.

Q : What are the applications of Berry phase?

A : Well that's a good question. | am not so interested in that. Actually | am very
happy when people say that they are applying it. There is something called adiabatic
guantum computing and the dream is that this type of phase might be like the basis

of techniques for making a quantum computer which diminishes the liability to external
noise. The problem with quantum computing is that it's a very delicate, coherent
thing and while a computation is goin g on you mustn't look at the processing. Indeed
any influence from outside produces which is called de - coherence, washes out the
delicate interference that enables quantum computers to be efficient. The idea that if
you base a quantum computer on something geometrical, that's less vulnerable to
the influences from outside than the techniques that people use at present. Well
there's a large activity called adiabatic quantum computing based on geometric phase
mostly as theory and there are a few little test e  xperiments. But as you know a
guantum computer doesn't exist yet so it's only rocked that has a serious usefulness.
So there's that and in optics there are various kinds of optical switches based on
polarization that have been proposed and they work. | am  not sure how practical
they are compared with other switches. There are many applications within science
namely condensed matter physics, the whole subject of topological insulators, quantum
hole effect and aspects of graphene, the geometric phase is centr al to all of those.
But that's all within science. | think to answer a question if you mean an application

in the lives of people who are not scientists; if you mean that within the realm of
science there are many alike.

Q : You recieved the Ig Nobel prizealong with Andre Geim for "The Physics of Flying
Frogs". Could you tell us more about the experiment and the Levitron?

A :In 1995 or 1996 | was visiting Zurich with a friend who said there is a very
interesting toy shop in Zurich( a scientific toy shop). It has the name "Aha!".



Well, this toy shop in a little street called Spiegelgasse is immediately below the
apartment where Lenin lived when he was planning the revolution and it's just up as
street from the cafe where he used to sit. It was then where t he cafe owner made
the famous statement: "Those guys will never make a revolution. They are only
talking."

Anyways | went to this shop and there was the levitron. The levitron, you know
what itis, itis a scientific toy where you have a magnet inside the solid wooden
base or plastic and the spinning top, which is magnetised, which you spin and
suspends above it. And | was immediately fascinated by this toy and | made them
some comments. | was thinking all the time about it, "Oh this looks like the kind

of a macroscopic analog of the kind of traps in which scientists hold microscopic
particles." You k now "how does it work; how ..." , the shop assistant was, | would
just say stupid. She said, "Oh we are not interested in these details. We try to
understand the universe as a whole." Idiotic (!). The American expression is
©airhead?. But still |l sai d, "1 "I buy
have." Okay. So | couldn't. But then somebody bought me one and | spent a long
time understanding how it worked. Now, ofcourse it was invented. Now, it was
invented by people who had planned applications which | read and they did not
understand the physics at all. There's a fundamental theorem which you applied
rigorously would have told any physicist that it was impossible to levitate a magnet
above another. But there's a little loophole which | discovered and saw how it works
but it is very delicate. There is a tiny tiny region of stability and you have to make

sure that the magnetic field balances gravity s o they have equilibrium in this narrow
region where you have stable equilibrium. It's a geometrical thing which evolves
through the force of the magnetic field, it's a technical calculation which | was very
happy with and | published it and for a time I wa s giving lectures. This levitron is
quite tricky to operate because of its delicacy. Indeed since magnetism of a lump of
metal depends on temperature, if you raise high enough you get the Curie temperature
and it disappears. The height at which the top is  hold at equilibrium depends on
temperature and you have to change little weights on the top to make sure that you
stay in that stable zone. So that's quite delicate and most of the time you fail. |
became very good at it because if you give lectures theny ou must make sure that
you can achieve it in a lecture theater with people. So | managed to do it. I'll tell

you a funny story. | was in Bangalore and | was invited to give a lecture. My son
suggested | should give the title, "Levitation without Meditation ". So | gave this title
and my host called me and said "Look, | am a bit worried about your title because

it might attract the wrong kind of person. Can you supply an abstract technical
enough to repel such people?” Well | did it and on the day of the lect ure the
email came advertising my lecture, "Levitation without Mediation." | was so angry
that | called them and | said, "Look, you've ruined the title. Please send an email
with would create otherwise | am not giving the lecture." Well | gave it. So | was



giving this lecture in a few places. It was popular. People liked to hear it. It was

a good story. But, one place | went to there was a specialist on magnetism. He
said, "Do you know that there's a guy in The Netherlands who's levitated a frog."

| was, "N o0, it sounds like non - sense. You know, it couldn't be." He talked about
as though it is completely different but then | had looked at what the guy had done.

He hadn't published it. It was on a website. It was the early days of the internet.

And then | real ised that it is sort of the same because it works because the frog

is water, | mean it's basically water. And water is diamagnetic, diamagnetism is also
little circulating electrons which is like a spinning top. The theory is not exactly but
almost the same. But he, this guy, | went and met him. He'd done his experiment.

He had a huge powerful magnet than other of the magnets on condensed matter
physics. And the unique feature of his magnet of 16 tesla, which by the way used

6% of the electricity supply of the town where he was so he was only allowed to
use it on non - peak times when people won't be cooking their dinners and so on.
So, the unique feature was that it wasn't at low temperatures and it wasn't in a
vacuum, it was in air. So he thought he'd try th is idea of repelling but he found it
very difficult to tune the magnetic field, the position and so on. He did it, empirically.

But | gave a theory which precisely to a few millimetres indicated why he had to
use the conditions that he had found empiricall y. So we wrote a paper together. |
did the theory and it was his experiment. And then after sometime he called me
and said, "I have been invited to accept the Ig Nobel Prize. Should | accept it?"

And | wrote him and said, "Look, it's a kind of fun thing in America. Some people
don't like it. They think they are making fun of science but they're not, actually. So

if you find yourself in Harvard when they have this rather stupid ceremony, | don't
see any reason you shouldn't accept it." But he telephoned the  guy Marc Abrahams
and said that | would accept it given that you give it to Berry as well because we

did this together, he did the theory. So that's how | came to be involved but |
didn't go to the ceremony as | had a conference commitment somewhere else a t
that time. But anyways it's rather kind of silly thing. So that's the story of the frog.

It's essentially the same as the levitron, not exactly and | did the theory and Andre
Geim, who later went on to get the real Nobel Prize for graphene, different thi  ng,
he did the experiment.

Q : A couple of philosophical questions... Do you believe in God?

A : No, not really. You know, let me tell, my brother is religious. | am Jewish. |

am not religious at all. My brother is a rabi. He is a minister of religion he t hinks
| am religious but simply not in the usualway  because he thinks what | do amounts
to a kind of worship of the universe in its deep structure. Well he can make that
definition if he wants and we are very good friends although he knows that | would

be never be converted. | am a lost cause to him. But what | do n't agree with is



any of the organised worship and the rituals and the sacred books. But | want to
say something, i t fery important to say this. There are people, my brother being
one of them, with whom | deeply disagree on these kinds of matters. Howeve r, |
also am aware that there are many people with whom | disagree, whom | respect
enormously as human beings, | really do and a number of them are among my
friends, not just my brother. On the other hand there are people with whom | agree
and whom | disli ke so much that | wish | didn't agree with them. So it's much
more complicated. It's not a simple thing at all. But if you would ask me the straight
forward question in the usual way if | believe in one of the many religions, the
answer is no. Now let me t ell you. We have in England a famous atheist called
Richard Dawkins and he was talking to a priest and the priest said, "Do you believe

in God?" And he said, "No and actually nor do you." And the priest said, "What

do you mean? Ofcourse | do." So he saidt  hat "Do you believe in Ra, the sun
God?" "No." "Do you believe in Thor?" "No." "Do you believe in Vishnu?" "No."

"There are about 6000 different gods that believe in and yo u believe in only one
of them." So you are almost the same as me. So just a fun resp onse | know that
in Hinduism you have many Gods, that's a very healthy thing. Hinduism seems to
be, apart from some nasty politics, seems a very tolerant religion. | understand that
and sympathise with that very much.

Q : There is even a branch of Hinduisnthat's completely atheistic.
A : Yes, | know. There are many different branches within. Yes.

Q : In your opinion does good research come out a specific purpose or end in mind or do
the ideas come out organically?

A : Both. You know, | was speaking in this room this morning and a very important
concept is that chance favours the prepared mind. So sometime it can seem that
some chanced remark that somebody makes, you know the geometric phase, |
discovered it after somebody during a lecture asked a particular question and not
before that. | thought about this question and | realised there was something deep
there and it took several weeks then | found the phase. | might have found the
phase otherwise. | had all the ingredients in my mind. It didn't happen that way, it
happened almost by chance, but as | say, the prepared mind. On the other hand,
sometimes you can really say, "I want to work this damn thing out.” And you work

and you work and you work and then you do or you don't but if you do that's the
organizd problem solving and | do both, so do happen.

Q : Given the fact that most research today focused on "fashionable" topics, how do you
think academia can help students to pursue topics they are really curious about, rather
than these "fashionable" topics?



A : It's a good question. | think that certain fashionable topics are very interesting
and worth studying. Topological insulators, graphene, string theory, you know all
those. My own taste is not to work on those things. | never advise other people to

do it or not to do it. But as | again said this morning, | am not a very competitive
person. | wouldn't like to everyday see on the archive and see what people publish.

It's good, physics is very important. | also said | have to repeat it. | was in Korea

last year being interviewed by a newspaper and the first question they asked was,
"When will there be the first Nobel prize in physics for a Korean scientist?" And |
said, "Never if all you do is work on fashionable subjects because although it's good
science, it's developing ideas which originated elsewhere and they'll get the prizes if
there are any." So that's my comment. | don't work on quantum information but |
think it's a wonderful subject and when students say, who are not my student, but
they | always say quantum information, the physics of entanglement is something
where we know really rather little. Even the Hilbert space of three particles has not
been properly explored. It has a fantastically rich subject possibilities which will change
civilization in the way that Maxwell's equations changed civilization and ordinary
guantum mechanics with the transistor and the LASER changed civilization. Leon
Lederman, Nobel Prize winning experimental high energy physicist estimated that about
athird of the gross national product of the industrialised world is a direct consequence
of quantum mechanics. Well that's the quantum mechanics without the modern
entanglement and this so this will have a, you can't predict how it will happen. At

the moment there is something a bit dissapointing which | tell sometimes to my
colleagues in quantum information we've had 25 years or 30 years of quantum
information, wonderful deeper and deeper understanding, but many still unsolved
problems. But the only practical application is to cryptography. Now it's worthwhile. |
don't want people to be able to get into my bank account but keeping of secrets is

not really a positive human thing. | would have hoped that there would be some
more positive application. There will be, | am sure th ere will be. It'll happen. But
so far this keeping of secrets is a kind of miserable thing. You know, you have to
keep some military secrets or like | said your bank account but most things, you
know, | was reading a newspaper article by a famous British w  riter called Howard
Jacobson and the title was something like the Curse of passwords. And he said, "I
had received an email inviting me to a literary festival." And they said, "We'd be
very honoured to have you speak at our festival. To discover the time a  nd place
where we'd like you to speak please login to our website, create an account with a
password and then you'll find a message. You'll see the programme.” So he wrote
them why don't you just tell me that you'd like me to speak at this time and this
place? And they wrote, "It's too complicated of too many speakers." So he says,

"l never replied, | am not going to such a place.” Well very often if | am sent a

paper to a journal | am asked to refer a paper. They say, "Oh you got to login

to our website." And | say to them, "Ofcourse when you refer a paper you don't



publicize the report. And you are discrete, it's not like a national emergency. It's not

so important if somebody discovers what you write so | am not going to do. So

just send me the paper.” So , | don't think this vast technology of keeping secrets
and passwords in the quantum version of it is so important, | mean it's not a
positive human thing which | would like to see. | would like to see some analog of
application of quantum information whid is positive like the compact disk player or
the GPS which changed people's lives in a good way. You know some of the
medical applications like PET scan (positron emission tomography) based on the
annihilation of the positrons emission in your brain. This quantum mechanics and
relativity really helping people although but so far not.

Q : The thoughts and ideas of Einstein, in his time, were a fundamental shift from the
‘conventional' knowledge. Is there a chance that there will be such a shift in our time?

A:Ohit'savery good question. | wouldn't say that Einstein changed the conventional
way of thinking. He changed the previous way of thinking. Of course it's never been
true that members of the public understand Newtonian mechanics, certainly not of
rotating bodies. That's still very complicated. It's a subtle thing. But he did that and
the quantum mechanics people as well did that by creating a theory based on
experiments which involved radically different concepts. Now the problem at the
moment is that quantum mechanics is too damn good. There are no experiments
that contradict it. One day there will be. I'm sure, it's not the last word. And then

in order to accommodate new discoveries there will be, it will take some time, some
theoretical framework viich is radically different, from quantum mechanics will emerge
in the same way that classical physics emerges from quantum in a way that's not
straightforward but it does when you can neglect Planck's constant. But you can't
predict how it'll happen. See quantum mechanics was invented in response to
experimental observations on the spectra of atoms and molecules which just couldn't
be explained in the old classical way. But we don't have that at the moment, we
don't have such experiments. So people do grop e around and people try to find
theories underlying quantum mechanics but none of them is very plausible because
there's no evidence for it. Look, we are a very young species. You know, we have
only been around for a few thousand years as a civilization, a  few hundred years
doing the kind of science we do now. The difference from earlier ideas being the
science that we do now is communal. We talk to each other and even thought we
are proud of our individual achievements we learn from each other. So it's mor e like
a group mind which is more powerful than one person and that's why science
advances so fast but still we are living we are a limited species, you know, there
could very well be aspects of the universe too subtle for us at our present stage

of evolution ever to grasp. So whether we can go seriously beyond quantum
mechanics, | don't know. It depends only on observational experiment. | really can't



predict. As someone says, "You can predict. Prediction's very easy except about the
future." If there is a n alternative theory that predicts a particular thing different from
guantum mechanics then found then great. But there's nothing so far.

Q : What should be the primary motivation for doing science?

A : It's upto people who do it. There are different motiv. at i ons, as you?d
There are many reasons, some people do science to become famous and meet
women or men. Sometimes people do it to earn lot of money. Most scientists don't

do that. They do it because of the thrill of discovery is so wonderful that eve rything
else is insignificant. So most people don't do it for the money. But | can't say what

you should do. | mean there could plenty of scientists who do it for money and
fame who do very good science. People's private motives can vary a lot .But it's

as Feynman said, "It's the pleasure of finding things out" to quote him. And by the
way, just to say, | am still astonished that for my whole career and now that |

have officially retired, people actually paid me money (a salary,) to have such fun.

| am very grateful to be in a society civilized enough to be able to do that.

Q : How do popular science TV programmes contribute in the making of young scientists?

A : It's actually, | think, very important. There's a certain improvement in the quality
of these programmes right now. In particular in Britain we have a guy called Brian
Cox and he isn't like Michio Kaku who stresses the frontiers of physics in the
possible futuristic notions. He talks about the quite mundane things that classical
physics will, but i n a way that is very charismatic and powerful and it's probably
him who has had an influence in enormously increasing the number of students doing
physics in the UK. There was a time, like in the most places in the world, physics
wasn't the most popular su bject. It went down to doing media studies and this and
that. Well, that's different now. Our department is bursting at the scenes. We have
more good applicants than we can accept. You know this is all happening with us
right now. | suspect that a large pa rt of that is due to these TV programmes which
presents science in a way much better than they used to be before. They used to
be purely sensational and kind of personalistic and they are much better now.

Q : You have visited India before. Could you narra some interesting experiences from
your visit?

A : | had lots of interesting experiences in India. The most beautiful day of tourism
| have ever spent many years ago, on the backwaters in Kerala, on the boat from
Alleppey to Kottayam. There were so many, | mean, | am visting many countries.
As | said, | am travelling almost every week to a different country. | was in Brazil
last week, | came back and spent one day in Germany and now | am here, next



week I'll be in the USA, the week after that I'll be in Is rael. Every country has
its interesting attractions. India is particularly rich. I love the food and, you know,
people | meet | enjoy. | haven't had any real contact with the bad aspects which

of course there are as in every country though | don't want to single out a particular
experience. | think they're, in their own places, wonderful. | want to see the snake
park here in Madras because many years ago | wanted to see if snakes really move

in the way that de Gennes got his Nobel prize for polymers which used to move
parallel to themselves. It's a non - holonomic constraint in a one dimensional field
theory. But | did visit the snake park many decades ago and so they do this. Now

| have a snake at home. My son had a pet snake which somehow after 20 years

the thing won't die. It started like this (short), now it's like that (long). And he's
gone away. Hi s girlfriend won?2t allow him tc
it but still | remember that snake is a wonderful place. | would probably either to
there or the crocodile and snake park close by. You know, but these are just little
things. | like just the streets, look at the streets in India. India is a fractal country.
Every street is a kind of the microcosm of the whole. You know, you see everything
ther. You know, people buying and selling all kinds of things, cows across the
streets, holy men walking up the street in front of the lorries and trucks. I love it,

and then there's noise. | was in Kolkata once, | had to call my secretary in the
street and | said, "Before we talk, listen to Kolkata," held the phone up. She said,
"Sounds very noisy." | said, "Yes, it is."

Q : What places are you going to visit during this trip?

A : 1 want to visit this crocodile park which is close by to here, but then there a re
some temples in the place called Kanchipuram that | might visit although as somebody
says that they don't allow foreigners any more in there but | will see the place from
outside. This is an unpleasant development by the way. | know there's a lot of
discussion about it. So, | might go there. Also just for the fun of being driven out,

I'll rent a car and I'd drive through the countryside in India, seeing little villages,
stopping somewhere and having a lunch and somewhere in some little place with
banana leaves, and I'd like this. So that's what I'll probably do here. There's also

a government museum which | am told that it has beautiful things. | am told that
like the government museum in Kolkata, it's in a disgraceful state of neglect and
disrepair. Nevatheless it has wonderful things in it. So I'd would probably see that
too. That's enough. The weekend would be gone by then.

Q : But mainly you'll be around Chennai only.

A : Ya. No, no, | don't have time to visit other places, no. Sometimes | do. I've
visited many different parts of India over the years. But this time not, | am going
home on Monday morning.
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Q : So what message do you have for students of India and across the world who are
watching this?

A : Have fun!
Q : On that note we end this up. Thankyou very much.

A : Thank you. It's my pleasure.

Interview with D. Udaya Kumar

Udaya Kumar Dharmalingam is a well-
known personality who has designed
the Indian Rupee sign in 2010.
Presently he is an assistant professor
at IIT Guwahati. He has completed
his PhD in Design from Industrial
Design Centre IIT, Bombay and was
awarded the first "PhD in Design”
from the Institute. Apart from this he
has achieved countless number of
awards and honors since his childhood
for his outstanding activities. A few of
these awards include "Young Alum
Achiever Award", IIT Bombay, "Young
Achiever  Award”, St John's
International  Residential — School;
"Lifetime Achiever Award", Lions Club
] International, Chennal. He has also
done extensive work in print medium
and he w as involved in many projects such as identity design, posters, brochures,
books, covers, illustrations, information graphics, certificates, banners, hoardings etc.
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In an extensive interview with Uday Kumar, Team Gonit Sora takes a quick peek
into the life of the professor.

You are currently working in the Department of Design, [IT Guwahati which uses some
of the cutting edge technology used around the world like the Oculus Rift. How has been
your experience and how important it is according to you to useuch state of the art
technology for research?

31 have seen only one student wuse this techi
on Game Design. It is good to see students using the latest technologies to develop

and execute their projects, we hope many students will follow suite. It is certainly

important to be update with the technological developments around the world and to

use them to create technically sound and innovative projects.

You have spent a lot of time in IIT Guwahati. You are not origindy from this part of the
country. How have you adapted to the culture change? Did that ever affect your work?

3 The change of place or culture has never affected my work it has only enhanced
and enriched my thought process. Exposure to different culture and traditions help
you to broaden your thinking and mindset in fact one becomes versatile in my
opinion.

Let us talk about the field of Design now. What are the different careers in the field of
Design?

3 Design is a broad term it is associated with ever y field from arts, architecture,
sciences, engineering to medicine. The careers most design schools nurture the
students for can be broadly put under Industrial Design, Communication Design,
Interaction Design, Architecture and Fashion Design.

In India, where Engineering, Law and Medicine are still the leading professions in terms
of the sheer number of students opting for them, do you think the field of Design has
something to offer the students that they might be attracted to this profession?



3 The field of Design has a bright future especially in our country where there is
plenty of opportunity to design. As compared to the past decades, design education
has come far away there are more design schools and institutes, more design
entrepreneurs, professioals and firms and more industrial absorption of design
students. | only see the design graph moving upwards.

What are the recent developments that have taken place in the field of Design that other
institutions in India should adopt?

3 Most design institutions in our country are not behind they are nearly the same.
In comparison to institutions around the world yes, we need to improve a lot like
having more specialized design programme, facilities and faculty members. For this
to happen, there should be mo re design awareness and exposure in our country.

Tell us something about your childhood. What made you enter the field of Design? You
have a political background, with your father being an MLA. How was the environment in
your house?

3 My political backgraund had nothing to do with my upbringing or education; my
father had never spoken about it to us. He kept his profession and family separate;
none of the siblings were involved in any such activity. We were given the freedom
choose what we wanted to become and be ourselves that made us more responsible.
| think that is one of the best things my parents have ever given to me. My school

La Chatelaine laid the foundation of my art and design career. | followed my passion
and made it to School of Architecture a nd Planning, Anna University to do Bachelors

in Architecture and Master2s M. Des and
Bombay.
Students wusually always see the serious

our readers some amusing anecdoteuring your time at IIT Guwahati?

3 There are plenty to share here is one, as usual | went to take one of my
elective class in the morning upon reaching the classroom, | noticed the room was

decor at ed. As soon as | entered the room

you sir 2 wustchocokmte chkelandaifts. | knew it was my birthday but

PhD
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not much happened in the morning other than the phone calls. This was a pleasant
surprise, we all had a wonderful time.

What future plans do you have?

3 My future plan is to excel in design educ ation, motivate youngsters to spend their
time productively and achieve their goals. Secondly, contribute to the nations growth
and development through design.

Finally tell us something about your design of the Indian rupee. How did you zero in on
that design? We are sure that there is some very interesting story behind that design.

3 Itwas never an overnight design it took me a long time to arrive at the concept.

| made several scribbles of the symbols got feedback my friends and faculty members
at Industrial Design Centre, IIT Bombay. After their feedback and suggestions, |
chose four and further worked on it and submitted the final designs.

The symbol denotes Devnagir.i |l etterform ©ORa
(without the vertical stem). Iti s derived from the word Rupiah in Hindi and Rupees

in English both denote the currency of India. | blended both the scripts to make it

a universal symbol. The symbol represents lots of other things too. It symbolic

represents our tricolor flag flying high at the top. It also represents the arithmetic

sign ©equal to? to denote balanced and stabl

Do you have something to say to our readers?

3 A quote from Ma hThe fmae devemision whatiyou datoday -.
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the mathematics of "compressed sensing” -- which allows a measuring device (such

as a camera) to take a medium - resolution picture (e.g. a 100KB image) using

only a moderate number of measurements (e.g. using 30 0,000 pixels of
measurements), as opposed to the traditional approach of taking a massive number

of measurements (e.g. 5 million pixels) and then compressing all that data into a

smaller file (e.g. a JPEG file). This type of approach to measurement may be

useful for some future applications such as sensor networks, where for reasons of

power consumption, one doesn't want to make too many measurements. There are

already some prototype "single pixel cameras" based on this algorithm, and hopefully

these sorts of devices will get deployed in the "real world" in a few years.
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Birth of a Theorem

Manijil P. Saikia

Cédric Villani is a modern mathematical
giant, he has won many coveted prizes
in his life as a professional mathematician
' and is the director of one of France's

most prestigious schools of mathematics. |
had the pleasure of hearing Prof. Villani

speak last year at a con ference in the
Centre where | am currently studying. The
. "= oy for the subject that he is preaching,

@ the knowledge of so many things about

mathematics but above all his charismatic

Y personality made a deep impact on that

3 October morning when | heard him speak .

| Sowhen | got achance to read the book

titled ‘Birth of a Theorem: A Mathematical
Adventureby Prof. Villani, | did not let it
CEDRIC VILLANI skip. I finished the whole book in areturn

train journey from Trieste to Milan and
¢ needless to say | thoroughly enjoyed it.

Theorem

But this book is slightly different than the
other books | have read about mathematics for the general audience. For one, Prof.
Villani doesn't explain explicitly what his theorem is all about. If you have a PhD in
optimal transport or partial differential equations, then you will understand what he is
talking about. But with just a little knowledge of partial differential equations | found
it quite difficult to follow the mathematics that was mentioned in the book. But this
did not in any way hamper my rea ding of the book and understanding what the
author wants the reader to take away from the book. It is not a book to explain
what he does, it a book to explain how he did what he did. For the theorem
mentioned in the title of the book, Prof. Villani won the Fields Medal in 2010, one
of the highest honours any mathematician can ever hope to achieve in his life. So,

it is a given that the theorem will be very deep to understand, even for professional
mathematicians.

The book was originally written in French, and is a best - seller in that language.
The English translation came out earlier this year. The book is written in a style of
writing a diary. The author explains his quest for proving a theorem which would


http://gonitsora.com/mathematicians%e2%80%99-nobel-prize-fields-medal-or-abel-prize/

mean that he will win the highest honour for any mathematician.  Inter spaced in
between the chapters are personal anecdotes, email exchanges with his collaborator
and snippets from the life of other great mathematicians that the author has met or
whom he admires. If you are not a mathematician, or even if you have just a high
school knowledge of mathematics, there is plenty to take away from this book. It is

a journey of triumph and an account of how a brilliant mind works. The book will
change a laymen's perception of a mathematician. Prof. Villani comes out as a very
fun loving man who enjoys music, comics, television and French bread and cheese.
The book shows that even the stuff of legends are based on the needs of the
mortal beings.

This book is a delight for someone like me who aspires to be a professional
mathematician. It gives an account of how hard it might sometimes become to
achieve your goal and that a relentless pursuit of perfection is what will motivate you
and your work. The book was a breath of fresh air for me, as it is completely
different from any other book that | have read. It is not a popular account like that

of G. H. Hardy, nor is it a book like that by Stephen Hawking. This book is
somewhere in between, where the author motivates his personal account of proving
a very important result by not explaining what that result is really about, but by
explaining how he obtained it and why he obtained it. This book chronicles a major
achievement of the human mind, and should be read in that light.

Title: Birth of a Theorem (A Mathematical Adventupe
Author: Cédric Villani

Publisher: The Bodley Head (London)

English Translation: Malcolm DeBevoise

Price: $17.77 (Hardcover)

Rating. 4.5 out of 5
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Satan, Cantor and Infinity

Dr. S. Parthasarathy

Raymond Smullyanthe master story - teller, wears
many feathers on his cap: mathematician, logician,

Sa tan’ concert pianist, stage magician, amateur

astronomer, puzzle master, teacher. He often mixes

Ca n tOr his talents, and creates amazing books on logic
&I . ~ and puzzles, which often call fo r profound
nﬁn l ly reasoning and mathematical deduction. His book,
Min di—tho’gigiliirng Puzzles Satan, Cantor and Infinity: Mind - Boggling Puzzles

(published by Dover Recreational Math) is one
such masterpiece.

In this book, Raymond Smullyan takes a puzzle -
based perspective on the principles underlying the
works of mathematician Georg Cantor, particularly
oninfinity. His fascinating riddles involve probability,
certainty, time, and infinity, and they unfold amid

a landscape populated by honorable knights, lying
knaves, quick witted robots, and other fanciful characters.

This 270+ pages tome, explains 25 puzzles, grouped into 7 parts. Each puzzle is

as intriguing as the other, and demonstrates the inventive genius of the author. Using
an imaginary sorcerer who is really a logician, Smullyan take s us on a tour of logic
and mathematics, including Godel's famous theorem. Which brings us to the pioneering
discoveries of Georg Cantor. Each puzzle is not linked to any other in the book,
and so the reader may peruse the contents in any order.

| chose to read the last part of the book (part 6) which had a tantalizing title "A
journey into infinity”.  This part carries a puzzle, or rather an introspection "What is
infinity?" A very lucid conversation involving the Sorcerer, talks about infinity and the
famous "Hilbert's hotel problem". This led me to my favourite concept =~ paradoxes.
| also found in part 5 "The envelopes paradox". | had written about this paradox,
some time ago.

The book has its fair share of puzzles involving truth - tellers (knights) and liars
(knaves). It has therefore several interesting examples of the usage of Goodman's
principle.


http://gonitsora.com/some-interesting-paradoxes/
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Smullyan not only unveils his puzzles in his own fascinating style. He also giv es
clues/solutions to most of his puzzles. But wait! You need to ponder well, before
you can grasp the puzzle or its solution (my experience).

Finally, this book is not for the mathematically weak - minded. A good knowledge of
Cantor's set theory, and the wo rks of Zermelo, Fraenkel, Russel, Godel, and Lewis
Caroll, would make reading this book, a lot more enjoyable. My closing remark would
be that rather than using this book for entertainment, it can also be a valuable and
innovative tool for understanding mahematics and logic.

Smullyan beautifully sums up his thoughts as follows:  7he moral of the story is that
even fallen angels might benefit from a goodcourse in mathematical logic.

The Steradian Trall

Dhritishna Kalita

Among my recenfSteeads an«Thail -
N. Krish caught my particular attention. Authored as

‘A beautifully written, stylish novel .... a gripping mystery’
Apostolos Doxiadis, New Yo rk Times Bestselli ng Author

THE Book #0 in a series entitled The Infinity Cycle, this
STERADIAN thriller can be considered a fair endeavour in efficiently
;rRAI L (ﬁ&%%%jﬁ ; combining the elements of a mystery and surprise.

This novel is ess entially a fast- paced narrative set in

Chennai, Tamil Nadu. The lead character is an

American professor, Dr Joshua Ezekiel, who arrives in

Chennai for a conference, to present his algorithm on

the ©Shortest Path probl em?2. W
to Dr Lakshman Raman, friend of Jos
distinguished professor of mathematics himself. An

intriguing prologue sets the ball rolling - a scientist,

Jeffrey Williams is murdered and just before his death,

he mentions Joshua?2s name. rOoardokatteangtatrhist t o | ¢
|l ife, Joshua seeks Lakshman?2s help to get to

An unwary Joshua and Lakshman find themselves in the face of a mystery that
needs urgent solving. Wi th Lakshntoadahey br il | i
tread into a trail of clues that lead to the home of the great Indian mathematician



Srinivasa RamanujanThe search doe s not end there: astonishing as it may seem,
the two friends realise that ideas from ancient Hindu religious scriptures have a vital
role to play in this intricately woven web of mystery. A frantic chase ensues, with
attempts being made to take their lives . The trail eventually leads to a major scandal
involving the murderers of Williams that is ultimately made right, thanks to Joshua
and Lakshman.

Author M.N.Krish tries to incorporate the essential ingredients of a thriller and a
murder mystery. The author endeavours to add flavour to the narrative with the help
of his lucid prose. The text is such that the reader would not put the book down
easily. It tries to blend in mathematics and religion: seemingly unrelated elements
that apparently have little in co mmon. Although does not quite live up to sky - high
standards in the arena of thriller - writing already set by Dan Brown, this book is
quite a page - turner.

My background of the medical sciences at times forced me to lose track at times:

the mathematical jargm coupled with its extensive incorporation in the investment
processes made it hard for me to grasp some of the points the author was trying

to emphasise upon - but only rarely. My complaint would be that perhaps the
aut horaas treat ment which jusRfallsnghortwof fairnl aveuld havd e |,

appreciated clever infusion of snippets from
tale is that it keeps the reader glued. The mystery intensifies with time, and it keeps

the narrative going. The authordoes n2t mi ss subtl e detail s: h
offer a view of how the mind works, be it that of a cab driver or a middle - class

family.

Personally, | am an avid fan of thrillers, and a recently concluded trip to Chennai

only made this reading experience even better. A page - turner in its own right, |

woul d say that «The Steradian Trail- is a di
and thriller writing, and is at a class above most Indian writers at present.

Title: The Steradian Trail
Author: M. N. Krish
Rating. 3/5

Publisher: Westland

Price: Rs. 295
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The Immortal Life of Henrietta Lacks
Manjil Saikia

The art of writing a scientific biography is a
very difficult one and has been mastered by
very few writers so far. The task becomes all
the more difficult if the subject is somewhat
T = 12 controversial and non conventional. However,
all these factors didn't deter Rbecca Skloot in
| MM O RTAL L IFE her fabulous attempt at telling the story of an
unsung hero of modern science, Henrietta
OF Lacks. The name of Henrietta may not be so
; popular with us, but if you abbreviate her
H ENRIET TA name to Hela, then she becomes something
L ACKS which every biologist and every medical
_ ' professional has not only heard about, but
| ' moist probably seen. HeLa is a cell line that
was taken from Henrietta's cervical cancer
without her knowledge or consent. The book
"The Immortal Life of Henrietta Lacks" by
Skloot tries to tell this story of wonder,
deception, anger, science and miracles.

REBECCA SKLOOT

The book begins by giving a brief account of how Henrietta got her life threatening
cancer and how doctors taking advantage of that took away a tissue sample from
her body that would become the first immortal human cell line in history. The book
tells us in poignant details the story of Henrietta, the woman; Henrietta, the mother
and finally Henrietta, the cells. When her cells were taken in the 1950s there weren't
many laws that asked about patient consent and such, but now the trend is changing
very much. Skloot paints a clear picture of where we stand today with not only
Henrietta's but cells taken from many other individuals. The book questions the
scientists and administrators on issues of ethics and morality and gives some very
compelling case histories.

The cell line taken from Henrietta, now known as HelLa has played a pivotal role in

many major medical miracles. It has been replicated so many times that now it is
virtually impossible to say how many of them are there. HelLa is everywhere, and
every drug tested, every vaccine tested has been possible due to HeLa. The polio
vaccine, your comman cold medicine, etc have all been developed in no small part
due to the help rendered by HelLa. But none of the Lacks family members knew



about this for decades because of the apathy that the scientists and administrators
of hospitals had for them. This bo ok is a wonderful way of rectifying that mistake
and giving Henrietta 'the fame she so richly deserves'.

The book is extensively researched and so well written that it seemed almost
unputdownable at times. Based on many hours of interviews with the Lacks f amily
members including Deborah Lacks, one of the main characters portrayed in the book
and Henrietta's daughter. This book is not only a treat for all the science lovers but

for anyone who wants to read a basic human story that is full of all the basic
human feelings of joy, despair, love, hatred and anger. The book not only tells you

a beautiful story but it raises many basic questions about the way we do science
and about the way we take everything for granted in the name of development of
the scientific enterprise.

Rebecca Skloot is not only a brilliant story teller but she is also someone who
makes her subject appear so human and lively that sometimes it becomes really
difficult not to experience the same feelings as the protagonist of the book. It is
really surprising to learn that this was Skloot's first book. Nowhere in it do we see
any apprehension by the author in bringing out the truth, however painful it might
be. This is really one of the best science books that have come out in the recent
times and deserves to be read widely and appreciated widely.

Title: The Immortal Life of Henrietta Lacks
Author: Rebecca Skloot

Publisher: Picador USA

Pages. 384

Price: Rs. 450

Rating. 5/5
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Feynman
Manjil Saikia

There has been many things told about
. Richard Philips Feynman, both in this website
~ andinother platforms. There has been much
written about him too. In fact, we decided
to devote our first ever video on his life and
works. Such attention to one person, that
. too a scientist is rare. So what made
5 Feynman so special? Apart from the fact
. that he was one of the most original
theoretical physicists the world has ever
seen, Feynman was also a very fun
character. His contempt for authority and his
V Ve : love for physics are widely known everywhere
THE #1 AEW YORK TINES SESTSELLER < (A pldy in academia. There is perhaps not a single
scientist who has not heard about the
Feynman stay and has been not inspired by
that story. | am no exception to this, and |
consider myself a hard- core Feynmanist.

This week, | has the pleasure of reading a book which | have been wanting to read

for a long time. Not an ordinary book but it is rather a graphic biography titled
Feynman written by Jim Ottaviani and illustrated by Leland Myrick For those of you,
who are new to the idea of a graphic book, it is much like a comic book but which

is a tad bit more serious. This book describes the life of Feynm  an in around 260
pages full of very nice illustrations. It tells his story in full, right from his childhood

in Far Rockaway to his life at CalTech, through the Nobel Prize in physics to the
Columbia Space Shuttle disaster. Every good Feynman story finds a place in this
amazing book.

The book may seem a bit childish for grown ups, but | can assure you that you

will have the time of your life with this exciting and wonderfully thought out and
executed book. There is not a single dull moment in the whole sequ  ence of works.
Some parts may be repetition if you know the Feynman lore well, but still this book

will be worth the while just for the amazing illustrations it contains. Both Ottaviani
and Myrick deserve all the credit for bringing out the originality of  Feynman in this
book. The way he talked (which can be viewed in some interviews online) and the


http://gonitsora.com/tag/feynman/
https://www.youtube.com/watch?v=SoNpuBfm70U

way he thought has been aptly portrayed in this book. Readers will recognize some
of the famous photographs of Feynman being illustrated in this work.

The only part that this book doesn't cover quite well is Feynman's work in science.
But given that it is a graphic biography, it does a really good job of trying to
explain the theory for which he got the Nobel Prize in physics. Perhaps addition
about his work on | iquid helium and weak decay or the partron model would have
been an added bonus for physics buffs. But this book is really a wonder, and is a
perfect gift to any child who might be remotely interested in science.

Another fun aspect of this book is the  absence of mathematics, which makes it a
delight for the average person. This might be a turn off for the scientists, but is
really what any laymen would want in a book that talks about science or scientists.
Another really good aspect of this book is that it lists at the end many sources
where the reader can go and look for more stuff. This is very necessary for someone
who is new to the story of Feynman, as some parts of the book might not be clear
without knowing some of the background or some of the jok es that Feynman played
on. But overall, an unmissable book if you love science and the spirit of science.
Three cheers from our side to the authors! And of course to Feynman!

Title: Feynman

Written by Jim Ottaviani
lllustrations by Leland Myrick
Publisher: First Second, New York
Price: $19.99

Rating. 5/5
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The Imitation Game

Manijil P. Saikia

Every now and then, there comes a

movie which sweeps you off your feet,

makes you cry and firmly asserts what

the stuff great man are made of. One

such movie is the recent Morten Tydlum

directed and Benedict Cumberbatch acted

movie «The | miThemtvieon Gam
is loosely based on the biography of

Alan Turing by Andrew Hodges' titled

«Al an Turi ng:Selimtee Eni g ma
World War I, this movie takes us on

an epic journey through one significant

phase of Turing's life as a code breaker

in Bletchley Park, the British code

breaking center during the WWII.

The movie portrays in glowing terms
many of the characteristics that made
Turing the man he is. For the non -
initiated, Alan Turing is considered to be
the father of modern computer science.
His idea of what are now called Turing Machines have lead to massive progress in
computing. Apart from being a first class mathematician, Turing was a master code
breaker and it is his genius that helped the Allies win the war against the Nazis in
WWII. The movie salutes this genius and his code breaking skills in a slightly
dramatized fashion.

The viewer follows Turing's journey of mishap, failure, and finally success of breaking
the German Enigma code with his small team of workers in Hut 8 of Bletchley Park.
In between we get glimpses of his childhood life, which tries to make the portrait of
this great man slightly less complicated and a bit more clear. Cumberbatch plays the
role of Turing to almost perfection. His style and delivery is impeccable and is well
on his way to the Academy Awards standards. In what can be regarded as his best
role till date, Cumberbatch brings forth many essential characteristics of the life and
work of Turing to the screen. He is amply supported by an excellent case andcre  w.
It is a slight surprise that this is director Morten Tydlum's first English language
venture. We are only left to wishing more from his side in the future. Another bonus


http://gonitsora.com/pushing-back-incomputable-alan-turings-ten-big-ideas/

is a power packed performance by Keira Knightley in the role of Joan Clarke, one
time fiancee of Turing.

The film after showing how Turing cracked the Enigma code, goes into the question
of Turing's homosexuality. The end of the movie is a poignant story of how one of

the last ¢ e nt ugenusdes was brutally mistreated by the British gov ernment. The
movie ends with showing a frail Turing after the effects of his court mandated
chemicals rack a havoc in his life. This is followed by a few stills which tries to

put some historical details into perspective. Incidentally, the name of the movi e comes
from a paper of Turing.

Although the movie is extremely well made and deserves all the plaudits it has
earned so far, the fact remains that many historical inaccuracies remains in the
movie. For example, Turing's homosexuality was a bit downplayed throughout the
movie, so was the fact that cracking the Enigma code was a far greater team effort
than was made out in the movie. Some of the bloopers also are easy to catch, the
most prominent being Knightley mis pronouncing Euler's name. But nonetheless, the
movie is a brilliant attempt at saluting one of the modern day giants of the scientific
enterprise and is surely slated to become a classic in the days to come, joining the
ranks of A Beautiful Mind and The Theory of Everything.

Name. The Imitation Game

Director: Morten Tydlum

Lead actors: Benedict Cumberbatch, Keira Knightley
Rating. 5/5

Running time: 114 min
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Mathematics as a Career Path

Manijil P. Saikia

Mathematics as a career choice has been picking up among the students of India
since the last couple of years. But sadly, very few students are aware fully of the
scope they have to study in India. Most go for the local colle  ges and Universities
in their neighbourhood. In this article we shall discuss the avenues that are open to
students after they pass their 12 ™ class in India.

India has a rich tradition in math since time immemorial, and this has led to the
establishmentsof various centres of learning in math and related sciences. In the
present day too, there are various institutes offering math education and research of
world repute in India. Typically the road to an education in math starts after passing
the 12 class in India. A student then has the opportunity to either opt for a BSc
degree or an Integrated MSc degree or a BS degree or an Integrated MS degree.

The two best places in India offehdimdgn a Bac
Statistical Institut¢lSI), Bangalore and the Chennai Mathematical InstitutgCMI),

Chennai. ISl offersaB. Math degree, and admissions are held after a tough screening

test in various centres of India held in late May each year followed by a p ersonal

interview at Bangalore. CMI offers a BSc degree in Mathematics and Computer

Science and another in Mathematics and Physics, admissions to which is through a



written test held in various centres of India in late May each year, which may be
followed up by an interview later. Both I Sl and CMI also admit students who have
gualified in the Indian National Mathematical OlympiadNMO). For ISl they also
have to attend an interview in Bengaluru. For ISI the inte rview takes place at
Bengaluru. Added to that CMI also admits students who hav e qualified in the Indian
National Olympiadin Informatic§INOIl)and | ndian National Physics OlympiadINPhO).
The INMO is held every year on the first Sunday o f February. But to appear in the
INMO, one has to pass the Regional Mathematical Olympig@RMO) wh ich is held
in various centres throughou India in December every year. Simibkrly to appear in
INPhO one has to pass National Standard Exam in Physics(NSEP) and for INOI
one has to pass either o f Zonal Computing Olympiad(ZCO) or Zonal Informatics
Olympiad(ZI0O).

A student can also opt for a BS degree in math, which is a 4 year course. At
present the two best places in India for a BS degree are the Indian Institute of
Technology (11T), Kanpur and the Indian Institute of Science (11Sc), Bangalore. lIT
admits students via the JEE Advanced held every year in April - May. While IISc
admits students via the JEE Mains, JEE Advanced and Kishore Vaigyanik Protsahan
Yojana (KVPY). The KVPY is held every year in November for students in classes
11th, 12th and UG 1st year.

A student can also opt for an integrated BS - MS dual degree course in math offered
at the Indian Institutes of Science and Education Research(IISERs) which is a 5
year course. The IISERs are located in Pune, Mohali, Kolkata, Bhopal and Trivandrum.

The IISERs admit students via KVPY, JEE Advanced. One may also apply via marks
in board exams and then writing the IISER entrance exam which is held in mid July

in the five ISERs. The marks in board exams depends on the INSPIRE cutoff for

the respective boards.

After the BSc/BMath/BS degrees a student has the opportunity to get an MSc or
an MS degree from the many places in India and abroad. They can also apply for
an Integrated MSc- PhD degree offered at some places in India. Ideally the best
places in India for a Masters degree in math are mentioned below:

T CMI, through admission test held in late May
1 ISI, Kolkata or Bengaluru through admission test held in late May

For Integrated MSc PhD programmes the best places are:

1 Tata Institute of Fundamental Research (TIFR), Mumbai and Bangalore admits
through a written test held in May and followed by an interview
T 1ISc, Joint Admission Test for M.Sc. (JAM) followed by an interview at 11Sc



1 The Institute of Mathematical Sciences (IMSc), Chennai admits through the
National Baard of Higher Mathematics (NBHM) exam followed by an interview

T Harish Chandra Research Institute (HRI), Allahabad admits through the NBHM
exam followed by an interview

1 ISERgPune, Mohali, Trivandrum, Bhopal, Kolkata) also has a good Integrated
MS- PhD course and they admit students either via their own exams or NBHM

If a student wants to opt for an Integrated MSc in math then the best place in
India is the University of Hyderabad, which admits students through a written test
held in early June. Various othe r central universities also have the Integrated
progranme, amongst them the best curriculum after the University of Hyderabad is
at the Pondicherry University and Tezpur University. In recent years, many new
Central Universities have also started this course.

A student can also opt for an Integrated MS degree offered at present by the
IISERs, and also at the National Institute of Science Education and Research
(NISER) at Bhubaneswar and Centre for Basic Sciences (CBS) at Mumbai. The
ISERs admits students via JEE Advanced, KVPY and through board exam
performances. While NISER and CBS admits students through the National Entrance
Screening Test (NEST) held every year in early June.

After a Masters degree, a student can pursue a PhD. The best places in India t 0
get a PhD in math are TIFR, IMSc and HRI. Normally these institutes (except TIFR
which has its own exam) accept students who have cleared either NBHM or the
CSIR JRF exam followed by an interview. Students who have been awarded INSPIRE
Fellowships by the Department of Science and Technology (DST), Gol may also be
called for interviews at these institutes. Apart from these, CMI, ISI, 1ISc, IISERs and
NISER also has a very highly ranked PhD programme.

Students studying at all the above institutes are paid f ellowships of Rs.5000 for the
Bachelors students, Rs5000- Rs.7000 to the Masters Students by the DST and
around Rs.12000- Rs.18000 for the PhD students. In CMI PhD students are paid
Rs. 26000 - 28000 for PhD and Rs. 9000 for M.Sc. But recent hike in fellowshi p
for PhD students mean that they might be paid as high as Rs. 26000 in the
coming session onwards.

In this article we have only focused on the best institutes in India. There are many
other quite good places to study mathematics. Among them mention may be made
of the Institute of Mathematics and Applications (IMA) at Bhubaneswar and the
University of Delhi.

http://gonitsora.com/mathematics as- a- career path/
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Top Paying Mathematics Related Ceeers

Tina Jindal

Pursuing a career in mathematics often leads to lucrative salary packages, especially

for those who proceed to complete a masters or a doctorate in the same. This is

because; those who are unafraid to showcase their skills generally turn outto become

«math geeks- with an expertise in data, numb

According to a report by PayScale, the average salary for a math major is USD
70,900 whereas college grads earn about USD 58,600 annually. Your number -
crunching talents will definitely be of value here.

For math enthusiasts, read up to find out the best jobs that are at your disposal,
with opportunities waiting to be grabbed:

1. Economist

The annual median salary of an economist is $91,210.



Their work entails studying and analyzing the effects of different resources like labor,
land, and raw materials on pricing, and their relationship with industry and government.

2. Stockbroker
Their annual average salary is $72,484.

Their job profile entails the purchase and sale of bonds, stocks, and other securities
for institutional and individual clients.

3. Tax Collector
The average annual salary of a tax collector is $50,210.

He is responsible for determining the tax liability and collecting taxes from businesses
or other individuals.

4. Insurance Underwriter
Their average annual salary is $61,182.

They basically assess and analyze the various risks present in potential policy holders
before making recommendations to the companies (insurance) that hire them.

5. Accountant
Their average annud salary is $63,175.

An accountant is responsible for preparing and analyzing the financial reports that
assist managers in industry, business, and government.

6. Astronomer



This is one of the highest paying jobs in the field of mathematics. The average
annual salary of an astronomer is $96,228.

Astronomers use the principles of mathematics and physics to glean the workings of
the universe. It is one of the most exciting professions in the world.

7. Meteorologist
The average annual salary of a meteorologist is $90,183.

They study the motions, physical characteri s

8. Statistician
The average annual salary of a statistician is $74,200.

He is responsible for tabulating, analyzing, and interpreting the numeric results of
surveys and experiments.

9. Financial Planner
Highly paid, a financial planner can make up to $107,222 annually.

This job profile is related to careers in portfolio management. A financial planner
offers a wide range of services that are meant to assist indi  viduals in planning and
managing their financial future.

10. Actuary
An actuary earns an average annual salary of $91,211.

Their job is to interpret statistics so as to determine probabilities of sickness,
accidents, death, and loss of property from natural d isasters and theft.



11.Aerospace Engineer
The average annual salary of an aerospace engineer is $102,420.

There work is more mechanical. They need to
used by astronomers. It is quite a prestigious career.

12.Mathematician
A professional mathematician can expect to earn about $94,160 annually.

This is the best career option for those who major in mathematics. You need to
solve problems. The kind that have a potential to change the world.

13.Computer Scientists
They earn an aver age salary of $103,160 per annum.

Computer scientists resolve complex problems by working on and programming the
core components of computer systems.

14.0Others
Data Scientist: $109,700.
Quantitative Analyst: $103,300.
Data Modeler: $91,200.
Senior Actuarial Analyst: $86,600.

Statistical Analyst: $74,700.

Conclusion The aforementioned salaries have been quoted in accordance with

the figures cited by PayScale and BLS. For a successful career in this line of work
all you have to do is to specialize in a particular field of mathematics and you are
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good to go. You can act ually pick your choice of employment depending on your
interest.

There are several companies that are happy to employ mathematicians at the drop
of a hat. The list can be obtained from  various online job p ortals If you are talented
enough and have the right skill set, you will definitely take home a healthy paycheck.

All the best!

http://gonitsora.com/top - paying mathematicsrelaed- careers/

Five Aspiring Career Options in India
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In India, there are certain career options that can ensure that you secure a good
future and change your lifestyle. Some of them include;

http://gonitsora.com
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IAS: Despite being the toughest exam to crack, it offers one of the best
careersinIndia. The mantrato success in this course include; positive thinking,
methodical scientifically and strategic planning of the studies, guidance,
discussion among peers and time management. IAS coaching in Bangalore and
other major cities and also time management. When searching for IAS coaching
institutes, look for professionals and institutes who offer IAS pre & main exams
coaching and also interview cracking techniques. Sucassful IAS coaching
institutes | i ke Rau?®s, Shankar | AS,
New Delhi, Chennai, H yderabad, Bangalore and Mumbai.

The ICWA course: This course is not one of the simplest. This is because
you will need to clear three exam s, namely foundation, intermediate and a
final exam that are conducted by the Institute of Costs and Works Accountancy
(ICWA). For you to pass this exam, you will need to have a good revision
thorough and systematic plan. There are ICWA programs after grad uation. The
foundation course that requires you to have a class twelve or equivalent exam
from a recognized secondary school. Second, there is the intermediate course.
Lastly, there is the final course, which for you to be admitted, where you
must have passed the intermediate course exam to be admitted.

Android training: Being the most popular operating system for smartphones,
most companies are looking for skills in vain. The courses give you exposure
and opportunities because you get the chance to get tr ained in their offices
and by the end of your course, you as the trainee, get to develop new
software for the American based customers. While looking for an online android
training, you should look for the ones that are reputable, offer free tutorial
vides and unlimited access to their online libraries. A good online android
training session should also have a session for test review and feedback, a
course plan that is well organized and an online orientation session. By
learning Android programming and deselopment well, you become a highly
employable by a wide range of Indian companies and MNC and valued
contributor to your company.

CA coaching classes: Becoming a chartered accountant is an aspiration for
most Commerce Graduates. The Institute of Chartered Account of India (ICAI)
is the governing body for certifying students through a 3 step process. The 3

Nar ay



three steps are the Common Proficiency Test (CPT), Intermediate Course
(IPC) and a final course. The certification is a stringent process where only
3% of the candidates acquire the certification. Given this criteria, if you follow
a rigorous and methodical approach to training, you will be among the
professional elite of India, where you can be immediately employable by large
companies, join a reputed Au diting practice or even start a practice of your
own. Learnito has listed several carefully selected institutes in major Metros
where you can choose to inquire and join.

1 CET coaching classes in Bangalore: The CET exams stand for Common
Entrance Test. It i s compulsory for you to also undertake this exam in case
you want in order to be admitted to professional colleges for and pursue some
professional courses. Forexample, medicine, architecture and engineeringamong
a few others. COMEDK is another exam for the purpose of admissions into
Medicine and Dental streams of study.

To ensure that you nurture your career successfully, look for the institutions having
a good rating at least a rating of 4 out of 5 for imparting the coaching for the
aforesaid prestigious career options. Such a school will most likely have a well -
developed syllabus, experienced and skilled teachers.

To secure a good career in any part of the world and survive comfortably in the
competitive world, ensure that you use the above gu ide to choose a class that can
help enhance your skills. For instance, if you want to become a prolific painter, then
it is imperative for you to choose a reputable painting class to sharpen your skills,
and practice diligently.

But In this age of professi onalism, education has also been professionalized. So, it
has become the prime responsibility of the parents/ guardians of the students to
select a renowned institution so that their children can prepare for such reputed
exams systematically.

Learnito has made its advent as a search engine platform where students and their
guardians can have detailed information about different institutions and the programs
they run.

http://gonitsora.com/five - aspiring career options in- india/
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5 ways a Degree in Mathematics can
Change your Life

Tina Jindal
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Albert Einstein once said that mathematics is the poetry of logical ideas. Rightly put,

the field of mathematics isn2t really about
basically about general truths that can help you understand the co - relation between

ideas. Once you have a deep and profound intuition about how a branch of

mathematics works, you can pretty much use it on any problem with similar relationship
characteristics.

Personal experiences or urban myths may have led you to believe that this sub ject
is mind- numbingly boring and difficult and that mathematicians are dull and uninspiring
individuals who eventually go crazy with all the numbers and symbols. Contrary to
popular belief mathematics not only provides an individual with highly relevant s Kkills,
but offers a flexible foundation for obtaining lucrative jo bs for a secure future as well.



Enhanced Skill Set

Through this subject a student is exposed to an unlimited resource bank required to
understand and change the globe. Such resources are ca pable of enhancing their
skill set while improving their scientific temperament. Analytical and problem solving
skills, sensible thinking, and the capability to think subjectively are some of the
attributes that are manifested through the learnings of math ematics.

By studying maths you can develop an analytical attitude and begin to think critically.
From paying attention to all the assumptions in a given problem to breaking it down
into tractable steps, the skills obtained through this field can be effect ively put to
use in the real world. Be it a scientist or a mechanical engineer, number rules are
employed everywhere.

Such skills are highly valued by prospective employers as well as professional schools
pertaining to architecture, business, engineering, law, etc. A good score in this
subject signals to an employer that you are capable of learning analytical procedures
that in vogue in any job or profession, even if those procedures are not strictly
mathematical. Employers feel that if you can manipulate numbers, you can be great
at any job that requires careful deduction and precise analysis.

Employment Opportunities

As mentioned in the discussion above, organizations look for students with powerful
capabilities in scientific reasoning and troubleshootig. For example, the processing
market employs the assistance of math graduates. Arithmetic is one branch of
mathematics that is at the core of all kinds of processing. Cryptography comes into
play when we use our credit or debit cards. All the different fi  elds give a lot of
appropriate experience required to enhance the employability of a mathematician.

There are several industries that employ a maths graduate. Be it accounting firms,
consulting firms, educational institutions, engineering firms, real estae firms,
publications, or telecommunications companies, thelist is long and endless .

Although an engineering degree is required to become an engineer, students with
bachelors in mathematics can enter this arena as well. From working in the field of
mechanical engineeng to writing articles related to mathematics, there are numerous
career possibilities available today. Rest assured a degree in this field is one of the
most sought after in terms of employment opportunities.
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Broader Horizons

Arithmetic is one subject that is employed judiciously in areas pertaining to lifestyle,
scientific innovation, public decision making, economics, and medicine. The learnings
obtained through the magic of manipulating numbers can open several doors to
technological and societal advanement. It is imperative that you be aware of the
significance of arithmetic and the direction in which it is enhancing.

Arithmetic is about structure and routine, it is about sensible reduction, research, and
computation within these components andstyles. Research work in this field is highly
gratifying at most. It produces creativity while teaching in a clear and logical manner.

In short, it can broaden your horizons in terms of scientific temperament and

employment opportunities.

Networking

Workhng i n any capacity helps build relationshi
you are a teacher or a mechanical engineer, you will have numerous opportunities

to meet eminent personalities and top ranking officials. Interaction could be initiated

through workshops, seminars, conferences, or cultural events. This will not only

increase your link- ups on LinkedIn, but will give the right exposure required for

personal and professional development.

Monetary Growth

A student with a major in mathematics can ear n as high as $136, 000 per annum,
according to payscale.comThe amount varies depending on the job profile; however,
the general pay scale is muc h higher than other branches of science. With unlimited
growth and development, a career in this field will not only sharpen your analytical
and problem solving skills but will help increase your bank balance as well.

Conclusion

It is clear from the afore mentioned discussion that a degree in mathematics can
surely improve your standard of life by opening a vast plethora of educational and
employment opportunities. Although the detailed nuances of mathematics can be very
daunting, embark on the arduous path of becoming a mathematician only if you
sincerely love the subject.

http://gonitsora.com/5 - ways degree mathematicscan change life/
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Can Everyone Become
A Mathematical Genius?

Saurabh Tyagi (Associated with Naukri.com)

For most part of the time that Math has been in existence, it has been
believed to be a sanctuary of select few. Either you are born with

mat hemati cal geni us, or you [ &e8Bftdohét
any way to develop a strong mathematical aptitude over the course of time

through sheer practice and hard work? This post examines the same.

You must have heard it a dozen times from people around you; in fact, chances
are that you yourself mus t have said that math is not your cup of tea. Negative
attitude towards math is quite commonplace and if you as a parent feel weak at
mathematics and freely express it in front of your children, chances are high that
your kids will continue your legacy. Th e truth is that we are using math in everyday
life so often without even realizing it. Math is all about problem solving and activities
like reaching your office in time everyday, or going and buying stuff at the grocery
store also involves simple math. We all use math, however, the perception surrounding

http://gonitsora.com



the tough nature of math makes it difficult for us to realize how good we can be
at the subject.

Is Math a part of your genetic makeup?

You must have wondered a number of times why a formula or a theorem comes so

easy to a person while other cannot even decipher a simple problem. Scientists were

also baffled by this fact and therefore they conducted research to figure out if there

is any particular biological answer to this. In 2011, a study by John Hopkin s University

revealed that young children those who had a highly developed number sense were

also better at solving math problems. This led them to believe that some people are

born with the ability to work with nwumbers.
have revealed that his extraordinary analytical capabilities were a result of a brain

that was different from others.

More than anything it2&s the fear

Most of us think of Math as a monster which cannot be won over no matter what.

If you put a simple pro blem before a group of people you will withess an unknown

fear and a desire to escape. Scientists have discovered a condition called Math

Anxiety which is experienced by most of the normal people out there. Brain scans

have shown thatthe area ofthe brain  triggered is similar to a person who experiences

physical pain. The main problem with math anxiety is that people just give up. Their

mind says they can?@t do it and the fear tha
course, Math is no monster and if it was w e would not have been able to solve

S0 many critical problems of the human existence.

However, it does suffer from an image problem. While you might see a

mat hemat i c iergméerng jpbs as the nardest in the world, the truth is that

almost every job in this world uses Math in one form or the other. For instance,

you might not associate Math with nursing jobs, but nurses routinely use fractions,

additions and algebraic equations to deliver the right amount of medications to their

patients or monitor changes in their body vitals. However high - tech the medical
facilities be, itas necessary for a nurse to



Making Math less painful

When asked what really helped them become good at math, experts generally agree

to the important role of nature and nurture. Factors like environment at home and
schooling have their effect on a child?&s abi
believe that there is a miraculous mathematics gene miss the point that being good

at anything, be it maths or science takes effort. Countries like China which consistently

produces the best mathematicians, put special emphasis on the efforts part rather

thanthe gene t heory. According to Mi ke EIIlicock
has been found from international researches that if parents say in front of their

children that were not good at math, the performance of children immediately

decr eas es . pingSuchude - nobtivadipy statements from your conversations is

the first step towards making your child a good mathematician and ready for  making

career in engineering

Confidence isKey

50 percent of being a mathematician believes that you can solve the problem. You
have to overcome the brain freeze you get when you first look at the challenge.

Practice

Learning mathematics is like learning to play an instrument. You cannot expect to

become adept within a day or two. You have to practice hard in order to come up

with the best possible tune. |It2&s |like | earn
the better you get at it.

lt2as okmay to falte

Do not be disheartened when you get stuck somewhere. Professional mathematicians
or experts also spend most of their career getting stuck at problems. The only
difference is that they do not get discouraged and leave the challenge. Instead they
look at different ways to solve the problem. The cha llenge is what makes it exciting.

Do some lateral thinking under such situation.

http://gonitsora.com/can - everyone become a- mathematicalgenius/
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Career opportunities in Physics after
Class XII

Students who pursue the science stream in Class Xl and Class Xll have ample
opportunities before them. Considered to be one of the most popular streams selected
by students, science comprises of subjects such as Physics, Chemistry and
Mathematics that are taught to students.



Students who study science in Class XIllI study subjects through different modes such
as observation, hypotheses, theories, research, experimentation as well as practical
means.

Students who study Physics can pursue many disciplines after class Xll and they
should shortlist the field best suited for them by determining their personality, interest
as well as aptitude.

Students who study Physics in Class 12 can pursue careers after pursuing a more
specialized coursé&d egree in the following spheres:

Engineering

One of the most popular courses/disciplines that science students consider pursuing
after their Class 12 is joining a BE/BTech course. This is a good career choice
because all the concepts, theories and practic al exposure science students receive in
their Class Xl and Class XlI curriculum prove extremely helpful when pursuing an
engineering degree in college.

Also, when one decides to do engineering after school, they have a lot of choice

to select from. This is primarily because students can select the engineering
branch/discipline which is best suited for them and in which they want to make a
career in. Students are advised to select their engineering branch on the basis of
their aptitude, interests, personaliy as well as their strengths and weaknesses.

Engineering branches which students who have studied Physics in Class XllI can
pursue are as follows:

Aerospace Engineering
Agricultural Engineering
Automobile Engineering
Biochemical Engineering

Bio Medical Engineering
Biotechnology Engineering

Bio Instrumentation Engineering
Bio Informatics Engineering
Broad cast technician Engineering
Ceramic Engineering

Chemical Engineering

Civil Engineering

Computer Engineering
Construction Engineering
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Electrical Engineeing
Electronic Engineering
Engineer Manager Engineering
Environmental Engineering
Food Engineering

Fire Engineering

Industrial Engineering
Instrumentation Engineering
Leather Engineering

Marine Engineering
Mechanical Engineering
Mining & Metallurgical Engineering
Nano technology Engineering
Printing Engineering
Production Engineering

Plastic & polymer Engineering
Highway Engineering

Rubber Engineering

Genetic Engineering
Telecommunication Engineering
Textile Engineering
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Aviation

Another field that is slowly becoming a hot choice for students is aviation, particularly
the job profile of a commercial pilot. Here, a think to note is that only those
aspirants are eligible to apply for flying courses who have studied Physics in their
Class XiII.

Apart from this, o ther eligibility criteria are that aspirants should be physically fit and
should have a passion for flying.

Yes, training to become a commercial pilot can be an expensive affair but students
can take loans and pursue such a career if they meet the eligibil ity criteria and are
passionate about flying.

You can know about the best flying schools/clubs in India  here.

Merchant Navy

Aspirants who want to pursue a career in navigational as well as engineering fields
of Merchant Navy should possess a BSc degree in mechanical field or marine


http://www.shiksha.com/best-flying-schools-in-india-know-the-pilot-s-choice-article-7317-1

engineering. Although this is the eligibility criteria cited by most institutions when they

hire individuals for the merchant navy, however, insiders reveal that sometimes
candidates who have successfully completed their Class Xl with PCM, that is,

Physics, Chemistry, Mathematics may also be eligible to join the merchant navy for

posts such as Deck Cadets. On the other hand, candidates who want to become
Navigating Officers need to secure a Certificate of Competency as mentioned in the
Indian regulations which specify the terms and conditions of Masters and Mates
examinations.

Information Technology (IT)

Another field in which students can pursue a career after studying Physics in Class
Xll is Information Technology (IT). Basically, this is also an engineering field only
wherein job profiles mostly revolve around how to use computers as well as
telecommunicationsd control, store, gather and also to circulate information. Both
the software as well as hardware sectors form a part of IT industry.

Students who have studied Physics can make a career in the below mentioned IT
fields:

Information Technology
Software

Sysems

Application Programmer
Database Administrator
Information Technologist
Medical Transcriptionist
Network Administrator
Software Engineer
System Architect
Technology Manager
Web Developer
Multimedia Designer
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Architecture

The field of architecture is also sometimes considered to be a part of engineering
as a larger study field. Architecture as a career options mostly deals with constructing
buildings and also elaborating on what all needs to be done while constructing these
structures such as - air conditioning systems, ventilation, lightning, structural integrity,
electrical systems and fire safety.



Architecture field requires candidates to be good with sketching and also requires
aspirants to have complete knowledge about different principles laid out in Physics,
so that they are able to create sturdy structures which can withstand the tests of
weather and any other calamity.

Hardware

Another career option available to students who have studied Physics in Class Xl is
® Hardware. Since hardware mostly revdves around working with gadgets, good
knowledge about the principle on which the equipment functions is extremely necessary.

Popular hardware field/career options are as follows:

Hardware Design as well as Development Engineering

Design as well as Develop ment of Computer Hardware
Design as well as Development of Customized Microprocessor
Design as well as development of networking hardware
Service Maintenance Engineers or technician

=A =4 =4 -4 =4

Defense Services

Another arena wherein it is mandatory for students to hav e studied Physics in Class
XIl and Class XlI is Defense Services. So, any aspirant who wants to make a
career in the Armed forces, as an Indian Navy Officer or Indian Air Force Officer
should have studied and cleared their qualifying examination in Physics.

Astronomy

Astronomy as a career field required aspirants to study the motion, effects, forms as
well as dimensions of outer space. So, this career option requires candidates to have
mastered Physics as a subject. In fact, students can become astronomers only after
they have done their MSc or PhD in Physics disciplines such as Astronomy,
Astrophysics, Meteorology or Atmospheric Science.

Environmental Science

Another career option available to Physics students is Environmental Science. This
field entails studying the environment we live in. In environmental science,
environmentalists study aspects such as pollution, climatic changes, energy
conservation, biodiversity, plastic menace as well as global warming.

http://gonitsora.com/career- opportunitiesin- physics after class xii/
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Experiences at an PhD interview at [ISc Bangalore

Neeraj Singh Bhauryal

This is the record of my int erview at [ISc Bangalore for Integrated PhD program in
Mathematics which took place on 28th May. So | was called at 2pm there and
since | was 10th on the list my turn came at 6pm , | was little nervous and excited
too. So the panel comprised of 5  Professors Prof Gautam Bharali Prof Basudeb
Datta, Prof E.K Narayan, Prof Dilip Patil, Prof . Pooja Singla

Prof N- Welcome Neeraj how do you pronounce your last name?

I- Sirit's Bhawwr- yaal.

Prof G.B- So Neeraj you completed your BSc last year and we don't ha ve any
record of yours from last year of what you've been doing, so would you please tell
about that?

I- Sircurrently I'm enrolled in Int - PhD program at ISER Mohali and I've just finished
1st year of M.S there.



Prof B- So why do you want to leave there?

I- Sir I'm interested in Analysis and | think that 11ISc Bangalore is the best option
for me.

Prof G.B - So what courses have you done there?

I- Sir I'm not comfortable with the courses I've done.

Prof G.B- | think | just asked you a simple question?

I- ( named all the courses from 1st year)

Prof G.B- So what are you really interested in?
I- Analysis.

(Profs started discussing amongst themselves on which topic to start, and finally
decided to start Analysis itself)

Prof G.B - 1think you must have seen it before but still can you tell whether the
series B—— converges or not?

I- (| knew the general result that for p>1 the series B converges) Sir it

wil diverge using integral test (  Then | showed that it satisfies all hypothesis required
and thus divergent)

Prof G.B- Can you prove the Integral test? Just give me the idea how it's done.

I- ( Luckily 1 had done its proof while preparing for TIFR's interview, drew the
diagram and explained the details roughly)

Prof G.B- very good.



( This made me more confident)

(Then they were discussing amongst themselves on which topic shall they ask next,
then they decided to come back on Analysis after sometime and started Group
Theory)

Prof P- Can you write some group s?

I- (I got careful not to write any group which can get me in trouble as | knew
next they are going to make out problems from them, wrote (R,+), (Qr0, . ),

(Z,+))

Prof P- You wrote all abelian groups, write some non - abelian groups!

I- (For 10 secs 1 co uldn't remember any non- abelian group, thoughts were coming
in my mind like <em>paani main doob mar beta lISc ka interview hai aur non -
abelian groups ni pata</em>!), then wrote Sn D

Prof P- Okaysois (Q 20, . )cyclic?

I- ( thought for a while ) It won't  be cyclic since it has exactly two elements 1, 11
of finite order while (Z,+) have only one element of finite order so that they both
can't be isomorphic.

Prof B- Okay thenis (Q+,.) ( group of positive rationals wrt multiplication) cyclic?

I- ( thought for a while ) it can't have generator of the type - forany @' Q since

then it won't generate elements of the type -.

Prof B- So you mean (Q+,.) is not generated by - but it may have generator of

the type -.



I- Then it won't be able to generate elements of the type  -.

Prof P- Okay, can you give finite proper subgroup of (Q+,.)?

I- There won't be any since any non identity element in the group will have infinite
order and so cyclic group generated by that element won't fit inside the finite
subgroup.

Prof G.B- (smiles) But isn't there always a finite subgroup for any group?

I- Yes sir the identity group!

Prof P- And what about (R *,.) ?

I- Mam, same reason as above , it won't have any finite subgroups except the
identity group.

Prof P- Is (R *,.) and (R,+) isomorphic?

I- Yes the exponential map will work.

Prop B- Let's come back to Analysis now, can you give a continuous onto map
between (0,1) and ( T11,1)?

I- yes, { X=sin2~ x will work.

( They agreed with that and were discussing that the thing they wanted to ask next
will not work now!)

(Suddenly)

Prop N- What's the value of {-) ?



Prof N- So this example wont's work since 1 is notinthe co - domain.

I- ( then I just drew the line joining the  points (0, T 1) and (1,1)).

Prof B- Write down the function.

- A X=2 X1

Prof B- So you're first stretching the interval and then pushing it back.

I- yes sir ( this idea came in my mind initially but | was not getting the function
and then wrote A{ X)=sin2 " X

Prof B- Now can you give an example of continuous onto function from [0,1) to
(11,1)

I- (1 tried to find some function explic itly for few minutes but failed ) Sir can |
draw?

Prof B- yes you can, otherwise it is tough to write down the  formula.

( I was drawing something inside the rectangle x=0,x=1)~11,)~=1, but was not able
to draw the required one)

Prof B- At least start somewhere at x=0.



I- So finally | drew a function starting from (0,0) and monotone function like sin X
which is increasing its magnitude steadily as x increases and tending to touch both
+1,- 1 but actually not touching them.

( Post interview my friend Soutrik gave an example { x)= x’sin— which really works,
the similar graph | had drawn)

Prof B- So now can you prove that this type of function cannot be one - one?

I- (After thinking for sometime) Sir if this function is one - one then since it is
continuous it will be strictly monotone and thus wherever we startat  x=0, { X) won't
able to take values below A0) and so it cannot be onto, but this is a contradiction
since f is given onto!

Prof B- Okay but for that you need to prove that one - one continuous function must
be strictly monotone.

I- (1did this theorem day before interview, but | was not much confident whether
| remember that one!) yes sir | can prove that.

Prof B- Okay the same idea in that prove works here also so try to use that idea.
(After some time he gave me a hint that use 'Intermediate Value Property")

I- (I was getting closer but not to the point)

Prof B- what if £0)=07?

I- (then I realised how it has to be done) okay so since it is onto it will take
both positive and negative values and so mci 0 st { =0, sothat 7 is not one -
one and similar it can be done for any value of 10).

Prof B - Yes!



Prof N- Let { X: S R be continuous function prove that it can't be one - one or
precisely prove that mx S such that { X)= (12X .

I- (I had no idea for this one)

Prof N- | hope you've done some topology?

- Yes sir.

(After a while)
Prof N- let me give you a hint, consider the function g X)=A{ X 141X

I- ( still not getting anything!) Sir , I think we'll have to make use of Intermediate
value property.

Prof G.B- IVP is valid for intervals not for St

I- (Thought for a while but was  not getting anything)

Prof G.B- Okay Neeraj | think you can do this problem later on.

I- Thank you sir.

So my interview went for around 50 mins and | think questions were not quite
tough. | got to know after few days that I've not qualified the intervi  ew, | think |
was not quick at many places which made them doubt on me and the last one |
couldn't do which made a bad impression before leaving. But it was fun to be at
[ISc where | stayed f or 3 days thanks to Amar bhaiya , the campus is really beautiful
and | really recommend IISc to everyone whose interest area is Analysis as it has
the best faculty in the country.
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Experiences in an interview at CMI

Anjan Debnath

11.45 am. 19" June, 2012.

| was standing outside the door of room no. 5. My heart bit was running like mail
express. | was trying make myself cool and comfortable but | was unable to do so.

| knew it no matter how much struggle | do to make myself easier for the interview,
whenever | would enter the interview room, definitely | would get nervou s. May be
that is why | was sweating.

lt2s been a |l ong time | was waiting for thi
appeared in CMI entrance exam to get admission in M.Sc. in mathematics. CMI,

one of the prestigious institutions all over the India which ever y math student dreams

about to persue the higher study. Although | cracked all most all entrance exams in

Mat hematics for getting admitted in M. Sc. bu
entrance exam. But luckily that time was the second appearance and | did well. |

knew it I will be called for final merit list and bingo!! After the final list was

published, | found my name at the top of the list. Unfortunately | was unable to

join CMI that year. But | made it again this year. | can remember | was attend ing
National level training program in Differential Equation in IIT Delhi during middle of
June and my friends asked me «How will you a]

detached from the study materials. = | was s



level. | knew that the moment | would get the question paper, | would be able to

write the right answer because my concept was clear. After appearing and getting
selected alll most al l entrance exams of pre:
thenwhathad | learnt? And it happened. | can remember the invigilator was laughing

at me during the exam hour of CMI written test. She asked me after the exam,

«Youdid well, isn2t it?- 1 replied Skesmied ma?2 am.
«t he way you teeemed likesyou Havenvgtteni all the answers. Am |
right?- &bumtad,l .« Y covered 9 Hownwthtmedidl00. =
you take?-eftetpgpldb wmMnutes. =

«Anj an. Hey you therel!!- one interviewer was
wascal ling me. I r e-t realinyedd ftroo nt hney Cn@eMhor y r ec
sirPtease wait few minutes. We?2l|| <call you s

got faster again.

Today was a shiny day. CMI viz Chennai Mathematical Institute campus was very
beautiful. Entire campus was full of white building. And they were glowing after the
reflection of sun. | came here through the CMI shuttle which departed from IMSC,
another A grade level research institute in mathematics in Chennai. In the shuttle, |

wasseated. «lnterview today huh?- qudatthei on ca
person and &sss.wer«ceHimm.« What?s gAmujranamknj an D
sir.- «All the best for t od astrengtedingsttackéde d . I

my mind, most probably he would be in the interview panel. And | was right. After

reaching CMl and getting down fr om t he buBRlegaselgeandwaitid me, «
theclass room 5. We dhaloln2dalklinoyo b.u4 i mmedi at e
knowing that afterfew mi nut es, I have to enter ©Othe op
12.05 pm.

«Anj ann-

«-Yes sir?n

« Everyones wai ting for you. Pl ease come. =
| kept my college bag in the classroom. Then | marched towards the Interview room.

It was a big hall after all. Actuallyitwa s aclass room. | saw at least 7 professors
were sitting there. Each was sitting individually in a different style and each was
occupying one desk. It seemed | i ke their att



start your biopsy-. | dle vfdhe clasd far htlink at geasiln t h e mi
minute. The person whom | met in the shuttle was also there. He asked me

«Pl ease be seated-. Il took my sit but | was ¢
panic Anjan. Everything wil+JustafterffewmementsVe wo n
all interviewer started laughing. | became confuse if | should join them or not.

Then it began.

«- S0 Anjan, in your application you have written that you have done something on
Number theory. =

« Yessir. -

« You mean researchworkrig h't ? =

«Ummf£ya you can say that sir. -

«Ok. Will you please tell wus something about

«-Sure sir.- | mo,v etdo d kb tthhee dalrkdpaperdsonst ar t e d
Beal@s Conjecture which is the g.ediheywerdei zati o
looking at each other. | knew it why. If a student says he had done something on

Fermat&s Last Theorem, well , at ftotaldisbeliefmat h p
|l cont Nmwed LT« means Fermat?2s Last theorem s
number greder than 2 then the equation x"+y"=z" will have no integral solution.

Beal @s conjecture is al mosty, garen® - @ise then . It
x2+yP=z¢ will have no integral solution provided a, b, c are natural number greater

than 2. -

«-0Ok.So how did you proceed?~

«- Coming to that point sir. First of all, | considered a more general form of this
equation and | et ££~

I won?@at make the reader bore after descri bi
research area so | need to skip it.

« Hmm. Impressive. Have youshown your paper t o nadegmyone vye
head | eft to right and right teofthemtértiewer« We | |
advi semgwayA shall we ask you something from
replied.

« Wich topicwouldyou prefer ?-



« ammm, number theory sir. -

«0Ok. What have you studied in Number theory?

«GCD, Congruence theory, Bi nomi al t heor em,
l awg. =

«What 1is primitive root ?n-

«Suppose n is any natur al hnhwmbedoar dl, ~-sbadt €
the set U(n)={ r is natural number such that (r,n)=1 i.e. r and n are relatively

prime}. Then- =

«Suppose that?-mn, iesne& .o flehwedne i mtervupt eld me.
then the set will be simply {1,3,5,7} . = He aw A&detlten? Why did you
stopped? See, r is not bounded. =

| looked at my write up. Opps!! | made my first mistadrdwil «Sorry
be{10rOn..}= 1 told.

«Oohthle-chuckled. «Please continue. -

«Now under the multiplgcatpbdbn-tAgai set was$li

l's it multiplication or something else?- the
and then replied that multiplicat i on modul o n wBuwtl dy obue dihdenrdet. m
it = told myself so wheaindgpolite | answeredehim, i ng no
«sorry sir, my mistaken-.

| understood my biopsy had been started already.

« Ok , |l eave it Anj an. Suppose that as you S
ableian?- «Of course sir=-, |1 told. «Wory?- 1t h¢
is multiplication modulo n and that is c¢commu

downbut then againotweylstarbedcyebic?-

«No sir, U(n) is not in general, gand2pEc -but i
«Wat i s p here?n

«p odd prime. I f n is any one of this formt

One of them f i Cangouprbvetheécask of2 tp? -«



| was stunned. At that momentitwasnotc omi ng t o my headary |l t ol
sir, I don&t know-.

He staredatmeandaf t er f ew moments he told,/)igNo pro
cyclic then can you write the structure of
relation between U(n) and Z/nZ group. | started writing the isomorphic relations

one by one. But then | got stuck and start  ed thinking.

|l was very tensed this time. After few minut
what aboutU(2 P = whi ch I til] then didn?2t write.
compl et ed t he Isithsstyaur lidd e yoa wantedadcontrike | ute more? - |
relied,si«N thatas all . -

They point out one of the relation between them whichwas U(  p)=Z/( pin )Z.
| was asked, «whatp)i3a-tlher opdigad , ef«iUt(s

«-~Can you prove that?n-

«-Let us consi der t peThenagwe dan ged tha?thehunibers
prime to p are nothing but p, 2p,3p, £, 17 pvVviz. SOE£. =

«-~Ok that?as enough! We understood you can do i
| relaxed myself again. Thank god!

Meanwhile another professorenterd t he room. He became my next

now | am giving you a number theory probl em
agreement.
«-Prove that the binomial coefficient nCr 1is

Some times in life just a little problem can be a great di saster. That day this was

that type of question. Countless number of times | had used this but when | was

asked to prove it, Il don?@t Kknow what had haryg
started mumbling. | tried. | wrote the combina tion formula, thentoldt h e m, s weA

know product of r consecutive integers is divisible by r! so it will be integer. Hence

we are done. =

«-Ok then prove that product of r consecutive

uf f ! I was feeling myself atheOAmpit mamay thde,e? s
person attacked this side then other person from other side. | was totally drooled,
«sorry sirn-.



«wel | Il t8s easy. You can use induction. -

I didn2t wunderstand where | should wuse i nduc«
did some calculationbut t hen t he pr of e $svayreasp Bupposentisd, « |
true for all n and all r such that O Or On right? Then use the triangle rule
nCr+nC(r-1) =(n+1) Cr . It wi || be done. =

| did exactly whathe s ai d. Then | s mie$,gpodare mi gha me, «Y
«-Easy isn?2t it? Did you know this before?-

| agreed to him.

«- All right. Shall we ask you from any other topic? You see, if you are going to
do PhD, then you have to know the subject material very clearly. Which book did
you followed for Numberthe or y ? -

«~~-Ni van Zucker mangfg. =

«- But that book is not enough. It is full of theory. Better you should focus on

theory part also. What are the other subject
| repRAl gdbra, Real analysis, Complex anal ysi
«-Whichbook did you follow for abstract ?-

«- Sir, personally | studied Gallian (the interviewer nodded his head with appreatiation)
for problem solving and for theory, our course instructor provided the notes. She
used to make her notes from couple of books.

«-~What are they?n-
«-Artin, Her stein, Dummi t and Foote and some
«-Shall we ask you from analysis?=

«-~Real ? =

« Ok, as you wish. Suppose that X, Y, Z be there metric spacet.

Another interviewer interrupted hi mAnagkwai t w
supposethatfisareal valued function such thatits second derivative is discontinuous.
Can you give some exampl e?n



The former interviewer seemed |ittle disappo
to write, make it correct and complete. You ar e a math student so yo

or change what you write here. You may take
«-Yes sir. Pl ease give me some time then | <ca
«-Hmm. Take your time. =

| started scribbling on the board. Seeing that | was fa r away from the answer, the
professori msked, «H

I | ooked at hYomsedlepamtidculcari zation wil | n o
on general. Suppose that you are given a function of  C’ class. How can you get
ao class function?n-

How comeon eart h that could be a hint to my pro
was silent.

« What operation helps us to geta4 ™ degree polynomial from a given 5 ™ degree
pol ynomial ? -

«-lts differentiation, sir . =

« What operation helps us to get 5 ™ degree polynomial from a given 4 ™ degree
pol ynomial ? -

«-I ntegration-, smile came back to my face. I

After that it was easy. | make the polynomial function with component wise part
discontinuous at exactly one point. Then integrate it. While | was adjusting the

constants, they concluded the interview, «toh
I stopped. Took out the handkerchief, remov
do you feel askedwTheywe heysmi |l i ng.otlhimegplsiped,i ad N

«~Have a good day then. =

After then, there was nothing to do. | came out fro m the room and watched my
watch itwas 1.10 pm So at | east one hour | have spen

Phew! That was a day of  my life.
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Interview Experience at CMI (MSc in
Applications of Mathematics)

Neha Sangwan

This is my interview experience at CMI for MSc in Applications of Mathematics. The
syllabus for MSc in Applications of Mathematics includes single variable calculus,
linear algebra, theory of equations, combinatorics and some other topics from class
12" syllabus.

There were two classrooms for the interview process. In one classroom all the
students were waiting, and in the other classroom, the interviews were going on.

There were two professors taking the interview. For each interview the average time
was 30 - 40 m inutes. In the interview, the professors had a copy of the application

form | filled while applying and my written exam.

They saw my profile in the application form, and were little surpri  sed to know that
| had done BE.



Interviewer: Oh, BE?

Me: Yes sir, | did BE in electrical engineering from Delhi College of Engineering.
After that | joined Mahindra Two Wheelers, R&D, in Pune as Electrical designer.

Interviewer: | see, what was your work profile?

Me: My role was to design electrical systems like startin g system, charging system
etc. for two wheelers, particularly scooter. Say for example, while designing charging
system, we have to ensure that the power generated by magneto should be more
that the total power consumption of all loads of the vehicle. Othe rthan that | have
also worked on various technology projects.

Interviewer: Okay, did you use any specific statistical or numerical methods in your
work.

Me: Not much sir, it was based more on experiments and tests.

(They were not much interested in what | did in my company until and unless it
involved mathematics.)

Interviewer: Then how come all of a sudden you decided to pursue mathematics.

Me: Sir, it was not sudden, | was interested in mathematics from class 12 but |
started preparing seriously last year only.

Interviewer: Okay Neha, have you studied analysis? | mean, calculus.

Me: Yes sir.

Interviewer: sequences, series?

Me: Yes



Interviewer: What do you mean by convergence of a sequence?

| explained by using the 14 definition.

Interviewer: Prove that if the sequence of continuous functions converges uniformly
to a function then that function is also continuous.

The same question came in written exam.

did the proof correctly in the interview. The in terviewers asked some questions about
small details in the proof e.g. | used the word limit function, they asked me the
definition of it. | used the symbol f,( X) , they asked me which 7 is this.

Interviewer: What is a series?

| gave the definition. l used the word partial sum. They asked me what partial sum
is. Whichever new word | used, | was asked to define it.

Interviewer: Is the series — convergent?
Me: Yes
Interviewer: How?

| started proving it using integral test.

Interviewer: How are you doing i t?
Me: Sir, | am u sing integral test to prove it.

Interviewer: What is integral test? Why will it work?

| told that sum of series is bounded by integral of — and | plotted the graph of —

for positive x. They were asking me how you can say that it is bounded. The
mistake | had made was that | plotted the graph from zero when the sequence

d i



started from 1 (it was going towards infinity near zero so area was not bounded).
| realized it soon and plotted it from 1.

Interviewer: Have you studied linear algebra?
Me: Yes
Interviewer: What is a positive definite matrix?

(I had not studied positive definite matrix part properly so | was hoping them not
to ask from this but | guess it is their favourite part. There was a question on this
in written exam also.)

Me: A matrix with positive eigenvalues.

Interviewer: Is this the definition of positive definite matrix?

Me: Suppose we have an nxn matrix 4 and avector x ofsize 7,then x"Ax should
be positive.

Interviewer: For which x?

Me: For all x

Interviewer: Are you sure. Is it true when  x is null vector?

| got little confused. | started solving  x’Ax for 2x2 matrix.

Interviewer: Don&t solve, just think.
Me: It will be zero for null  x
Interviewer: So, it should be positive for all  x not equal to 0.

Me: Yes



Interviewer: Using this definition can you prove that eigenvalues of a positive definite
matrix are positive.

| proved it by multiplying X" to the equation Ax=<x.

Interviewer: What is the rank of a matrix?
Me: It is the number of independent rows or columns.
Interviewer: What do you mean by independence?

Me: If | have vectors, x,%, £x, and scalars a,&, £a, then the only solution to
the equation axitax+E +a,x=0 is a=a=E =a=0.

Interviewers: Thank you Neha. Results will be announced tomorrow.

Me: Thank you sir.

Based on my experience, these are the s uggestions for those preparing

Read and understand all the definitions and theorems. You should be able to define
all the terms. Understand an d practice the proofs of theorems. Practice past year
papers for written exam. | used the books mentioned on CMI website. In addition,

| also did assignments and referred notes of linear algebra and calculus with theory
course from MIT OCW. The assignments also have solutions. MIT courses will be
particularly helpful for students coming from different background and who have not
studied these topics in classroom. Other than this, for all my doubts and queries |
referred math.stackexchange.conh always got excellent solutions there.

So, though the number of students getting selected every year is less, but if your
concepts are clear, you will definitely get a seat. So, be confident.

( Disclaimer: The conversation written above is based on what | remember from the
interview. They are not the exact words of me or the interviewers. )


http://ocw.mit.edu/courses/mathematics/18-06sc-linear-algebra-fall-2011/
http://ocw.mit.edu/courses/mathematics/18-014-calculus-with-theory-fall-2010/
http://ocw.mit.edu/courses/mathematics/
http://math.stackexchange.com/

crvation
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Some interesting paradoxes

Dr. S. Parthasarathy

A paradox is a fascinating and intriguing concept, studied by linguists, logicians, and
philosophers. This article presents an overview of paradoxes and presents some
examples.

What are paradoxes?

Simply stated, a paradox (or a logical paradox) is a statement that is apparently
true, but contradicts itself (might be true and false a  t the same time, or can neither
be true nor false). A very interesting resource for such discussions is the Internet
Encyclopaediaof Philosophy.

A simple example

The most common example of a paradox is the statement:  This statement is false

A closer look at the above statement will show the inherent contradiction. If the
statement is true, it is false (by its own admission). If the statement is false, it is

a true statement because it confesses that it is false. A varia nt of the above
statement is when a person states | am a liar.

http://gonitsora.com



Imagine entering a village where some men are liars, and some are honest (speak
the truth always). How do you recognize a liar/honest person, just by asking that
person? The puzzle becomes much more confusing, if the men chose to be
liars/honest men, on randomly chosen days.

Have you stopped beating your wife?

A paradoxical scenario can be extended to ridiculous every - day situations. An example
of this would be when you are asked, "Have you stop  ped beating your wife?" This
is not a simple question which can be answered in YES or NO, because the answer
may lead to some undesired misinterpretation.

YES : | used to beat her, now | don't.
NO : | used to beat her. | continue to beat her.

Your audiene might still need to be taken slowly through the answer, before they
clearly see the point you are trying to make.

Smullyan's trap

Consider this puzzle which Raymond Smullyan used for getting his girlfriend to marry
him. Raymond Smullyan is an exceptionally talented person. He is an amazing
mathematician, logician and magician, concert pianist, and an author, all rolled into
one. The following story was narrated by Smullyan himself in a video presentation:

When Smullyan, the master of puzzles, met his dat e, he challenged her to a logical
puzzle.

The contract: Smullyan was to make a statement. If the statement were true, the
date had to give Smullyan an autograph. If the statement were not true (i.e. it is
false), the date should not give Smullyan the autog raph

The innocent date did not see a trap, and agreed to the contract.
Now, the statement Smullyan made was:
You will give me neither an autograph nor a kiss

If this is a true statement, the date would give Smullyan neither an autograph nor
a kiss. This would contradict the contract made earlier (a true statement must get



an autograph). On the other hand, if the statement was not true, it had to be
false. In wh ich case, the date would give either a kiss or an autograph. By contract,
the date could not give her autograph for a false statement, and had to give
Smullyan a kiss. Smullyan built up a "double or quit" game based on this puzzle
and collected all the ki sses he needed, till the point where the date had to quit by
agreeing to marry Smullyan.

This is one clinching reason where paradoxes could be beneficial (to some) and
harmful (to others). Hence it is important to study and understand logical paradoxes.

Paradoxical rules

Consider the statement Every rule has an exception If this statement is true, it has

an exception therefore the statement is not true. And, if this statement is false, the
rule has no exception. Hence it is true.. That makes it an excepti  onally paradoxical
paradox!

Mathematical paradoxes

Sometimes, you need to use maths and symbolic logic to recognize and break a
paradox. Here is an example.

The two envelopes problem

Two Envelopes Paradox: You are taking part in a game show. The host offe  rs you
two envelopes, each containing some money. She tells you that one envelope contains
exactly twice as much as the other, but does not tell you which is which. You may
choose one, keeping the money it contains.

Since you have no way of knowing which e nvelope contains the larger sum, you
pick one at random. The host asks you to open the envelope. You do so and take
out a check for $40,000.

The host now says that you have a chance to change your mind and choose the
other envelope. If you don't know anyth ing about probability theory, particularly
expectations, you probably say to yourself, the odds are fifty - fifty that you have
chosen the larger sum, so you may as well stick with your first choice.



On the other hand, if you know a bit (though not too much) about probability
theory, you may well try to compute the expected gain due to swapping. The chances
are you would argue as follows. The other envelope contains either 20,000 080,000,
each with probability .5. Hence the expected gain of swapping is

[0.5x 20,000] + [0.5 x 80,000] - 40,000 = 10,000
That's an expected gain of $10,000. So you swap.

But wait a minute. There's nothing special about the actual monetary amounts here,
provided one envelope contains twice as much as the other. Suppose you opened
one envelope and found $M. Then you would calculate your expected gain from
swapping to be

[0. 5x M/2] +[0.5 x 2M] - M=M/4 and since M/4 is greater than zero you
would swap.
Okay, let's take this line of reasoning a bit further. If it doesn't matter what M is,

then you don't actually need to open the envelope at all. Whatever is in the envelope
you would choose to swap.

Well, if you don't open the envelope, then you might as well choose the other
envelope in the first place. And having swapped envelopes, y ou can repeat the same
calculation again and again, swapping envelopes back and forth ad - infinitum. There
is no limit to the cumulative expected gain you can obtain. But this is obviously
absurd.

And there's the paradox. Now, you will need some mathematics (probability theory)
to break the paradox. Is there something wrong with the computation of the expected
gain from swapping? This analysis is reserved for a sequel to this article

[The author invites suggestions, queries and remarks from readers of thisrtcle. The
author invites particularly members of the academic community (both teachers and
students) to react.]

References:
1. Raymod Smullyan, https://en.wikipedia.org/wiki/Raymond Smullyan

2. Internet Encylcopedia of Philisophy, http://www.iep.utm.edu/par - log/

3. Raymond Smullyan, The lady or the tiger ? And other logical puzzles, Times
Books, New York, 1982.
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Nilotpal Kakati, HS 2nd year
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