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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 
theory explaining itªs depth and beauty; to write about new research directions and 
present it in a way 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. It i 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 collaborators, World 
Scientificªs Asia Pacific 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 this e - 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 

 

Galileo Galiei (1564 - 1642) in his book ©The Assayerª believed that lasting truth in 
Physics can only be achieved by Mathematics, and that those who neglect mathematics 
wander endlessly in a dark labyrinth. He believed that mathematics is the langua ge 
with which ©God has written the Universeª. 

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 
an important physical principle is Noetherªs theorem. This beautiful theorem, in ordinary 
language, says that conservation laws in Physics exactly correspond to symmetries in 
Mathematics. Equivalently: 



3  
 

http://gonitsora.com  

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 bstraction brought it 
the epithet of ©abstract nonsenseª. It led to the evolution of other abstract algebraic 
theories as well as th e branch of mathematics called ©Homological Algebraª which 
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 application of  a mathematical concept called «Fourier 
analysis'¬ and the use of Fourier transforms. The Fourier transform can be thought 
of as a t ool that takes points from the «spatial domain¬ to the image which lies in 
the «frequency domain¬, by decomposing 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 reconstruction, etc. 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 behaviour 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. Independently, mathematicians developed a theory called Lie theory to study 
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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 of 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 r analytics 
is witnessing a whole new development of «internet mathematics¬ which teases out 
mathematical concepts from abstract 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 mathematicians purely out of interest, and as «mathematics 
for its  own sake¬! Galileo was perhaps right in his observation that mathematics 
holds the key to understanding many mysteries of Nature. 
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.@SGDL@SHBR HM SGD wQD@K½ world 

Manjil P. Saikia 

 

One of the most misunderstood and abused subject of all is 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. 
But very few are aware that whatever Google does is because of a single mathemat ical 
quantity called an ©eigenvectorª. The mathematics that Google uses is quite advanced 
and is obviously beyond the mastersª level curriculum. 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 and 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 
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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, it is 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 the ©Mathematics of Planet Eath 2013ª or MPE 2013 in 
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 
studentsª minds and only then will they be able to understand what the great 
mathematician Carl F. J. Gauss meant when he said ® «Mathematics is the queen 
of all sciences, and arithmet ic is the queen of mathematics.¬  

http://gonitsora.com/
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ŃśŃŘť ŗŊ̣ōřɢ 
ĥŁŅ ŉŅƨŏ 

 

Ńǝ˃ļŏ, Ńǝ˃ļŏ ĢŭŒ Ńǝ˃ļŏĜ ġĿǝŏŁĭ ŌªŸňŏĞ ŃŒŐňŖŞģ Ņģ ŅŏŀŒŌ ŀŌŞ ŸŀŐĭ? ŸņŏŮŏ ŋɺŏŌļ 
ĩŖĭňŖį ŋŏļķŏ ȑŏĳ ĢŭŒ ĢŐĴ ŸľīŃŏŭŖķŏŖļŏ ŐŃŖŉŊ ŁŏĸľŏŀĜ ŸŀŏŮŏŐŭ ĢŭŒ Ÿľģ! ŸŅŏĭ ġňŁ 
ŐŃǻŏŅ ňŏŖįĜ ņŏŀĮŀŭ ŐŃŉŏň ŁľƨŏĮŀŭŗň Ĳ˙ łŒŭŏŖňŏĞ¯ ĩŐļŞŏī ŐŃ̜ŐŃľǝŏňŞ ŁŏŃŗň ľŒģ 
ĢŖňŏĭŃŊƨ ĢŖĳĜ ġɫļĠ ŐļŐŀ-ĲŏŐŭ İɂŏ ĢŭŏŅļ ĩİŒŅȃ ŅŏŐŭŃ ŁŏŐŭŅĜ ĩģŃŒŐň ńŏŐŃ ĲĭőĮŀŭ 
ŀőňŏ ŃŒķŏŅŖķŏ ŸŌĞŐĲ ŐľŖňŏĞĜ ŋĭŖňŏ ňŏģķ ŀŒŅŏģ įªňĜ ŐĮŐŭĭőŖŭ ļŭŏŖŃŏŭŭ ȖőĻ ŸŁŏŌŭ ńŏĞŐŌ 
ĢŐŌňĜ ĲĭőĮŀŭ ŸĭŏŅň ġğŉļ įŏŖķŏ ĩŐŭ Őľ Ĳ˙ ľŒķŏ ŅŒŐľ ŐľŖňŏĞĜ ĩĭ ŃŒĴŏŃ ŸŀŏŮŭŏ Ģŀɯģ 
ŸŅŏĭ ĢŃŐŭ ĿŐŭŖňĜ ŋɺŏŌŖķŏŭ ȑŏŐɫ ŁŏŌŐŭ Ņģ ġŀǝ ĩĭ Ĵįļļ ŸŋŏŅŏģ ŁŐŭŖňŏĞĜ 

ŐĲňŐŅň ŸķŏŁŐŀŖķŏ ĢŐŌŐĳňŖŌ, ĩŖŀŖļ Ōĸŏǂ ŸĭŏĸŏŖķŏŭ ňŏģķŖŃŏŭ ˨Őň ĥȅň ĢŭŒ ŐŃŉŏň ŸňĹŭ 
ŁľƨŏĮŀļ ĩĮŀ ġ̍  ɦĳŐŃ ńŏĞŐŌ ĥȅňĜ ňįŖļ ĩķŏ ŅŔľŒ ĭɄ̮ ŭĜ ŸĭŏĸŏŖķŏŭ ̍ őĭŏŭŖŃŏŖŭ 
ŹĭŐĳň, «ĢŅŏŭ ĴŏŐļŭ ŐŁļŏŭ ŤťŨļŅ ĴɴŐľŀļ ŸļīĞŗň ŋĭŖňŏ ŅŏŀŮŭ ŋǻɛ ǳĻŏŅĜ¬ 
Ĳ˙Ŗĭģķŏ ŸŅŏŌŏŐŭ ŸľŐĮŖňŏĞ, «ĩŭŏ, ĩŞŏ ĴŏŐļŭ ŐŁļŏŖŭģ ĳŐŃ! Ĺŏĸ ŸĲňŏĥŐŭ ĢŭŒ ŀőňŏ 
Ĳ˙ŌŏŖňŖŭ ĩŞŏ ĢŅŏŭ ŋĭŖňŏŖŭ ǻɛŏŭ ĴŏŐļŭ ŐŁļŏĜ¬ 
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ŸķŏŁŐŀ ńŏŐį įªňĜ ŸŋŖŞ ĢŐĴŭ ŃŏļŐŭ ĭŏĭļĮŖŀģ ĥŐňŞŏģ ňªŸňŏĞĜ Ń̯Ńŏŭ ŸļīĞŭ ĴőŮŀő 
ŁŐŝŖĳŏĞ ņŐľī Ģŀ ĭŏŅ ŀĽĭŏŭ ŃŏŖŃ ŸļīĞŭ ĲŅŒ ĴőŮŀ ŐŃŮŭĻőŖķŏŖĭ ŁŐŝŃŗň ňªŸňŏĞĜ ʺőĻŭ 
ŃŏīĞ ĲŒĭļ (ŃŏļŐŭ ĭŏĭļĮŀŭ) īŁŭłŏŖň ŸļīĞŭ ŸĭģĮŀŅŏŀ ĳŐŃ ʬŏģĹ ŹŌ ĢŐŌ ĢŐĳňĜ 
ġªŭ- ļªŭ ĢĮŭŖŃŏŭ ŭıŏ ŐĲŞŏĞŌőŖŭ ŐĴŐňŐĭ ĢŐĳňĜ ŸļīĞŭ ĥȲň ŌŏĞŐŌŖķŏŗň ĩŃŏŭ Ĳŏģ Ņģ 
ľłŏŖķŏ ŁŐŝŃŗň Ģŭʓ ĭŐŭŖňŏĞĜ ǳŃɲŖķŏŭ ŐŉŖŭŏŀŏŅ ĢŐĳň ĢŐĳň ©ĴŏŐļŭ ŐŁļŏªĜ 

  

ťŧ Ģįʱ, ťŤŨţ ĲŀĜ ģĥŖŭŀŏĳ ̄

ĩģ ŋĭŖňŏ Ģŭʓ ŹŌŐĳň ĢŐĴŭ Łŭŏ ǳŏŞ ŤŨţ Ńĳŭŭ ĢįŖļĜ ŅŏŀŮ ĴŏŐļ ŸļŐļŞŏ ŋʏœĻƨ 
ŐŃĭŏŐŉļ ŸŌŏŮŏ ŀŏŐĳňĜ ŸįŏŖķģ ŁŔŐĽŮőĮŖŀģ ŤŬŦ ķŏ ȖŒǰ ńŏįļ ŐŃńȍ ĢŐĳň ģŞŏŖŭ ǳŐļŖķŏ 
ńŏįŖĭ ĩŖĭŏ ĩŖĭŏĮŀ Ÿľŉ ŸŃŏňŏ ŹŌŐĳňĜ ĩģ ŐŀŅƨŅ ŊŜņɩ ŭĲŀŏ ŹŌŐĳň ĩŖŀ ńŏįŖŃŏŭŖŭ 
ŐļŐŀķŏ ńŏįŭ ŅŒŭ̈ő ŐļŐŀĴŀŭ ĴŐŭŞŖļĜ ĩŞŏ ťţţţ Ĳŀ Ņŏŀŭ ĭĽŏĜ ĢŖŅŐŭĭŏ, ĴŏŅƨŏŀő 
ĢŭŒ ŭŏŐĳŞŏ ŀŏŅŭ Ÿľŉ ŐļŐŀĮŀŭ ŅŒŭ̈ő ġĽƨŏǂ ŭŏʰŁŐļŖĭģĴŖŀģ ĩģ ŊŜņɩŭ įŭŏĭő ĢŐĳňĜ 
ťţţũ Ĳŀŭ ťŪ ŸĳŖɷ̖ŭŭ ŅŏĴŐŀŉŏ ŮŏŐ̜ğķŀ ĲŌŭŭ ĩķŏ ŸįŏŁŀĭȖļ ģŞŏĭ ŭĲŀŏ ĭŭŏ ŹŌŐĳňĜ 
ņŏŭ ŀŏŞĭ ĢŐĳň ĴĴƨ Ńªĳ, ŸĴŏŌŏŀĳ ŭŏī, ńňŐĹŅŏŭ ŁŒȃŀĜ 

ŸŋģŋŅŞļ ŁŔŐĽŮőŃŏŋő ŃŏŭŒŗĭŖŞ ĢɓŖĭɮőĭ ĢŐĳňĜ ĢɓŖĭɮőĭļŏŭ ĭªňŏ ĹŏŮŖŭ ŅŏŀŮ ĴŏŐļĭ 
ŅŐňŀ ĭŐŭ ŭŏŐĮŐĳňĜ Ÿŋģ ŁŐŭŐ˄ŐļŖĭ ĢŭŒ ġŐĿĭ ĴňĴň-ŁķŁķŗĭ łŒķŏģ ļŒŐňŐĳň Ń'ĳ, 
ŸĴŏŌŏŀĳ ŭŏī, ńňŐĹŅŏŭ ŁŒȃŖŀĜ ŸļīĞŖňŏĭŭ ňȖǝ ĢŐĳň ŸŋģŋŅŞŭ ġĽƨŗŀŐļĭńŏŖŮ ľŒŃƨň 
ŸľŉŋŅœŌĭ ŐŀĴŭ ġĿőŀ ĭŭŏĜ ĩŞŏģ ĢŐĳň ŅŏŀŮ ĴŏŐļŭ ŐŃŀŏŉŭ ǳĽŅŖķŏ ŐłŐŭıŐļĜ 

ĩģ ŐļŐŀĮŀ ŸľŖŉ ġŐļ ŸįŏŁŖŀ ĢŭŒ ŋɫŁƨŖŀ Ÿŋģ ľŒŃƨň ŸľŉŋŅœŌŭ ŸįŏŁŀ ļĽǝŖŃŏŭ ŋğǡŌ 
ĭŐŭŃŗň Ģŭʓ ĭŐŭŖňĜ ŸļīĞŖňŏŖĭ ŃŏŞŒŅɇňļ ŭŏĹŏŖŭ Ŀŭŏ ŸŁňŏŃ ŸŀŏŮŏŭŏ ˝ɺĲŭ ņŏŀŭ ŃǝŮŌŏŭ 
Ģŭʓ ĭŐŭŖň ĢŭŒ ŸĭģŃĳŭŅŏŀŭ Łŏĳļ ŸĭŖŅŭŏ ĢŭŒ ŋŏĿŏŭĻ Įŏňő Ĳ˙Ŗŭ ŸľĮŏ ŸŀŏŖŁŏŮŏ 
ǳņŒŐȍī ŐŃĭŏŐŉļ ĭŐŭŖňĜ Őĭ̋  ŁŔŐĽŮőŭ Ń̯ ŋğĮǝĭ Ÿľŉ ŸļŐļŞŏī ġŐļ ġŀŒɳļ ĢŐĳňĜ 
ŐņŋŅŞļ ĩģ ŐļŐŀĮŀ ŸľŖŉ ǳņŒŐȍŭ ŀļŒŀ ŀļŒŀ ĢŐŌňŏ ŐŃĭŏŐŉĭ ĭŐŭŐĳň Ÿŋģ ŋŅŞŖļ ŐĭĳŒŅŏŀ 
Ÿľŉļ ŅŏŀŒŖŌ Įŏľǝŭ ġńŏŮļ ńŒŐįŐĳňĜ ľŒŃƨň ġĽƨŀőŐļŖŞ ŅŏŀŒŌĭ ĴŒŭŒňŏ ĭŐŭŐĳňĜ ŸŋŖŞ ĢŖŅŐŭĭŏ, 
ĴŏŅƨŏŀő ĢŭŒ ŭŏŐĳŞŏŭ ŃŏŖŃ ňȖǝ ǳŏŐɺ ŋŌĴ ŹŌ ŁŐŭŐĳň, Őĭ̋ ĩģ ĥŖəŉǝ ŐŋŐɛļ ŸŌıŏŭ ŹŌ 
ŐĽŞ ŐľŐĳň 'ŁŭŅŏĻŒ ġˁ'ģĜ ťţţŨ Ĳŀŭ ťŪ Ģįʱļ Ń'ĳ, ŭŏī ĢŭŒ ŁŒȃŖŀ ĩģ ǳĭʢŖķŏļ ĲŌő 
ĭŐŭŐĳň, ņŏĭ ŅŏŀŮ ĴŏŐļŭ ģŐļŌŏŋļ 'ǳŖĴȉ X' ŀŏŖŅ Ĵŀŏ ņŏŞĜ ģŞŏŖļģ ŁŔrŏ ŁŔrŏŗĭ ŭŐĲļ 
ŹŌŐĳň ŅŏŀŮ ĴŏŐļŭ ˺ğŋŭ įŏĽŏĜ ĢŖŅŐŭĭŏŭ ĩŐŭĴ'ŀŏ ŅŭŒńœŐŅļ ŤŨţ Ńįƨ ŐĭŖňŏŐŅķŏŭ ġȷňļ 
ļŏŭ ńœ-ŁŔrŭ Łŭŏ ŸĭģŃŏŉ ŐŅķŏŭ ļňļ ĩĭ ŸįŏŁŀ ĲŌŭļ ĩģ ǳĭʢ Ģŭʓ ŹŌŐĳňĜ ŁŔŐĽŮőŃŏŋőŖŞ 
ńœ ŸŀŏŖŁŏŮŏŗĭŖŞ ǳŏŞ ťţ,ţţţ ļőȒ ŃŒŐɛŋʏɳ ŅįĴŒĭ ģŞŏŗň ǳŐļŃĳŖŭ ĢŅľŏŐŀ ĭŭŏ ŹŌŐĳňĜ 
Őņ Ńĳŭŭ ŦũŨ Őľŀŭ ǳŐļ ŐľŖŀ Ťť-Ťŧ İɂŏ ĩŖĭŭŏŖŌ įŖŮŊĻŏ ĭŐŭŐĳňĜ ġŀǝĽŏ ŅŔļŒǝľɇ 
ŐŃŌŏ ŹŌŐĳň ĢŭŒ ģŞŏĭ ĩķŏ ľŒİƨķŀŏŭ ŭŒŁ Őľ ŁŔŐĽŮőŃŏŋőŭ Łŭŏ ňŒ̇Ůŏģ ŭĮŏ ŹŌŐĳňĜ ĥŖəŉǝ 
ŅŏŖĽŏĞ ĩķŏģ ĢŐĳň¯ 'ŁŭŅŏĻŒ ġˁŭ ˶ŏŭŏ ĢɓŭȖŏ'Ĝ 

ŐŃŖŉŊ ŐŃŖŉŊ ǳŐǞŞŏŖŭ ŐŃȵŏŀőŋĭňŭ ȖŅļŏ ŃŔŐɛ ĭŭŏ ŹŌŐĳňĜ ĩŖŀ ŐŁň ĥŐňīŮŏ ŹŌŐĳň Őņ 
Įğ, ŭŏį, ŐŃŭŐȍ ĢŐľ ŀŏģŐĭŞŏ ĭŐŭ ŸŁňŏģŐĳňĜ ŀŏģŐĭŞŏ ĭŭŏ ŹŌŐĳň ĩňŏŌĜ ĩŞŏģ ŀŌŞ 
ŸļīĞŖňŏĭĭ ĩŖŀ ľŭŮ ŐľŞŏ ŹŌŐĳň ņŏŭ ˶ŏŭŏ ŸĭŏŮŏɂŏŅ ŁľŏĽƨ-ŐŃľǝŏŭ Ĵȃň ŋŅőĭŭĻŖŃŏŭ 
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ŸļīĞŖňŏĭŭ ŅŒŖĮŖŭ Łľǝŭ ľŖŭ īňŏģŐĳňĜ ňįŖļ ŸŋģŖŃŏŭŭ ŋŅŏĿŏŖŀŏĜ ģŞŏŭ ŁŏĳŖļŏ ŋłňļŏ 
Ń̯ ľœŗŭļ ĢŐĳňĜ ŐĭŞŖŀŏ ŁŭŅŏĻŒ ġˁĭ ǳńŏŮŌőŀ ĭŐŭŃŗň ǳŖŞŏĴŀ ŹŌŐĳň ŀļŒŀ ŐĲɫŏ, ŀļŒŀ 
ńŏŃŀŏ ĢŭŒ ŀļŒŀ ľŔŐɦńğįőŭĜ ņŏĭ ĭŔŐǭŅńŏŖŮ ŹļŞŏŭ ĭŐŭŃ ŸŀŏŮŏŐŭĜ 

ģŐļŅŖĿǝ Ũţ ķŏ Ńĳŭ Łŏŭ ŹŌ į'ňĜ ŁŔŐĽŮőŭ Ģŀ ŸľŉŋŅœŖŌ ĭʢŀŏī ĭŐŭŃ Łŭŏ ŀŏŐĳň Ÿņ 
ŸļīĞŖňŏĭŭ ŐŃŭŒŖɛ ŸļīĞŖňŏĭŭ ġȵŏŖļ Őĭ ŊŜņɩ ŭŐĲļ ŹŌ ĢŖĳĜ ġŮŖŉŊļ ǳŖĴȉ ŋłň Ō'ňĜ 
ĢŭŒ ģŞŏŭ ǳŅŏĻ ĢŐĳň ĩĲŏȃ ĥȲň ŸŁŏŌŭĜ 

ťţŨţ Ĳŀŭ ŐĹŖĲ̖ŭ ŅŏŌĜ ĩĲŏȃ ĥȲň ŸŁŏŌŖŭ ŐŃ̜Ńŏŋőĭ ĢĲŐŭļ ĭŐŭ ļŒŐňŖňĜ ĥɏŭ Ģĭŏŉļ 
ĩĲŒĭļ ĩķŏ ĥȲň ŸŁŏŌŭ ŐŃ̜ŭ ǳŐļĴŀ ŃǝŐȍŖŞģ ŸľĮŏ ŁŏŖňĜ ĩŞŏģ ĢŐĳň ŁŭŅŏĻŒ ġˁŭ 
ǳŐļŭȖŏĜ ĢŖŅŐŭĭŏ, ĴŏŅƨŏŀő ĢŭŒ ŭŏŐĲŞŏģ ŋœņƨǝŭ ġŋőŅ ŉŐȍŭ ĴŐŭŞŖļ ŁŭŅŏĻŒ ŐŃŖˊŏŭĻ 
ŐŀŞɩĻ ĭŐŭŃŗň ŋȖŅ Ō'ňĜ ŁŭŅŏĻŒ ġˁ ŭ łňļ ŋŔŐɦ ŸŌŏŮŏ ŉŐȍ ļŭğįŭ ŋŅŏŀ ĢŭŒ ŐŃŁŭőļ 
ĩĭ ŉŐȍ ļŭğį ŸļīĞŖňŏŖĭ ĭŔŐǭŅńŏŖŮ ŋœņƨǝŭ ġŋőŅ ŉŐȍŭ ŋŌŏŞļ ŹļŞŏŭ ĭŐŭŃŗň ŋȖŅ Ō'ňĜ 
Őņ Ģŭʓ ĭŐŭŖň ŅŏŀŮ ĴŏŐļŭ ĩĭ ŀļŒŀ ġĿǝŏŞĜ 

ģŐļŅŖĿǝ ĢŖŅŐŭĭŏ, ĴŏŅƨŏŀő ĢŭŒ ŭŏŐĲŞŏŭ ŹŋŖļ ŐŃ̜ŭ Ģŀ ŤťŪ Įŀ Ÿľŉ ňį ňŏŐįňĜ Ģŀ 
ĭĽŏļ ĢŖŅŐŭĭŏ, ĴŏŅƨŏŀő ĢŭŒ ŭŏŐĲŞŏģ ĩģ ŸľŉŖĭģĮŀĭ ŐŀĴŭ ňįļ ĲŏŐŅň ĭŐŭŖň, ņŏŖļ 
Ńŏĭő ŤŪŦ Įŀ Ÿľŉĭ ŸŌňŏŭŖı ĢŞɏŗň ĢŐŀŃ ŁŏŖŭĜ ŁŔŐĽŮőŭ Ńŏĭő ŸľŉŖĭģĮŀŭ ŃŏŖŃ ŅŏŖĽŏĞ 
ľŒķŏģ ŁĽ ĢŐĳňĜ ŌŞ ĢɓŋŅŁƨĻ, ŀŌŞ ņŒɛĜ ĩŋɺŏŌŭ Őńļŭļ Őŋɛŏɫ ǡŌĻ ĭŐŭŃ ňŏŐįŃĜ 
ŁŔŐĽŮőŭ Ńŏĭő ŤŪŦ Įŀ Ÿľŉŭ Ĳŭĭŏŭ ňį ŹŌ ĩĮŀ ŋŐŅŐļ įĸŀ ĭŐŭŖňĜ ĩģ ŋŐŅŐļŭ īŁŭŖļģ 
Őŀńƨŭ ĭŐŭŃ ŁŔŐĽŮőŭ ǳŏŞ ŨŨţ Ÿĭŏȃ Ĵŀļŏŭ ńŐŮŊǝǂĜ ģŞŏŭ ŀŏŅ ŐľŞŏ Ō'ň 'ŋȹőŮŀő'Ĝ 

ĩģ ŋŐŅŐļĮŀ įĸŀ ĭŭŏ ŹŌŐĳň ŤŪŦ Įŀ Ÿľŉŭ ĳŞĴŀ ŀŏŅ˨ňŏ ŐŃȵŏŀőĭ ŹňĜ ģŞŏŖŭ ľŒįŭŏĭő 
ĢŐĳň ŁľŏĽƨŐŃľ, ĩįŭŏĭő ŸļĴŐʭŞ ŐŃŐĭŭĻŭ ŐŃŖŉŊȵ ġĽƨŏǂ ŭŋŏŞŀŐŃľ, ĩĴŀ įŐĻļȵ ĢŭŒ 
ĩĴŀ ġĻŒĴőŮŐŃľĜ 

ŋŐŅŐļŭ ŅŒŭ̈ő ĢŐĳň įŐĻļȵĴŀĜ Ĳőŀŭ ŁľŏĽƨŐŃľ įŭŏĭő Ńŏ ģŭŏĭŭ ġĻŒĴőŮŐŃľ įŭŏĭőŖĭŏ 
ĩģ ľŏŐŞ˰ ŐľŃ Łŭŏ į'ňŖŌĞŖļŀ ņŐľī įŐĻļȵ ĴŀĭŖŌ ĩģ ľŏŐŞ˰ ŐľŞŏ Ō'ňĜ ŐņŖŌļŒ ŸļīĞ 
ŋĭŖňŏļŗĭ ġŐńȵ ĢŭŒ įŏʓőņƨǝŁœĻƨ ŃǝŐȍ ĢŐĳňĜ ŸļīĞ ŸĭģŃŏŃĳŖŭŏ ˝ɺĲŭŭ ĭŏŅ ĭŐŭŐĳňĜ 
ŸļīĞĭ Őŋɛŏɫ ŸňŏŮŏŭ ŸȖǭļ ŋʏœĻƨ ̮ŏĿőŀļŏ ŐľŞŏ ŹŌŐĳň ĢŭŒ ŸļīĞŭ ļĽŏ ŋŐŅŐļŭ ŐŋɛŏɫŖĭģ 
ĲœŜŏɫ ŃŒŐň ǡŌĻ ĭŭŏŭ ǳ˃ŏŮ ŸňŏŮŏ ŹŌŐĳňĜ 

ťţŨţ Ĳŀŭ ŐĹŖĲ̖ŭ ŅŏŌŭ Ŧţ ļŏŐŭĮĜ Őŋɛŏɫ ŸňŏŮŏŭ ŸŉŊ ŐľŀĜ 'ŋȹőŮŀő' ŋŐŅŐļŖŞ ŐŀĴŭ 
ŸŉŊŭ ĢŖňŏĲŀŏĮŀ Ģŭʓ ĭŐŭŖňĜ ļĴƨŀő ĢŭŒ ŃŒŝŏ ĢıŒŐňŖķŏŭ ŅŏĴļ ŸŁŐɵňĹŏň İœŭŏģ İœŭŏģ 
ŁľŏĽƨŐŃľ įŭŏĭő ŸĭŏĸŏŖķŏŭ ŐŃŉŏň ŁľƨŏĮŀŭ łŏŖň Ģ˝Ůŏģ į'ňĜ ŋŌĭŏŭőĴŖŀ Ōŏļļ Ľĭŏ 
ŐŭŅ'ķŖķŏŭ ŭıŏ ŃŒķŏŅŖķŏ ȃŐŁ ŐľŖňĜ ňŖį ňŖį ʺőŀļ Ĵȃň ŐĭĳŒŅŏŀ ŋŅőĭŭĻ ńŏĞŐŌ ĥȅňĜ 
ĩĴŖŀ ĩķŏŭ ŐŁĳļ ĩķŏŗĭ ŋŅőĭŭĻŖŃŏŭ ŸľĮŒŮŏģ į'ň ĢŭŒ Ģŀ ĩĴŖŀ ŋŒɯŭŗĭ ĢŭŒ ŋŭňńŏŊŏļ 
ļĽǝŖŃŏŭ ĥŁ˄ŏŁŀ ĭŐŭ į'ňĜ ŸļīĞŭ ŸŉŊŭŉŏŭő Ńŏĭǝ ĢŐĳň¯ ''ĩŖŀľŖŭģ ĢŐŅ ŌŞŖļŏ ŐŃŁȖŭ 
ŁŭŅŏĻŒ ĭŃĲ ŋŏŅŐŞĭńŏŖŮ ĢĞļŭŏģ ŁŭŅŏĻŒ ġˁŖŭ Ģİŏļ ĭŐŭŃ ŁŏŐŭŅĜ'' 

ģŞŏŭ Łŏĳļ ġĻŒĴőŮŐŃľįŭŏĭő ĢįŃŏŐŝ ĢŐŌňĜ ĩĴŀ ˝ɺĲŖŭ ŸĭŏŖŀŏ ŀļŒŀ ļĽǝ ŸŁŏŮŏŭ ľŖŭ 
ĩķŏ ŸŃĞĭŏ ŌŏĞŐŌ ŅŏŐŭ ŸļīĞ ŐŀĴŭ ŃȍŃǝ Ģŭʓ ĭŐŭŖňĜ ʺőŀĮŀļ ĩķŏ ĢĲ̯Ůŏ ĴőŮŭ ĳŐŃ 
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łŒȃ ĥȅňĜ ŅŏŖĭŏŖķŏŭ ľŖŭ Ģĭŏŭ ĢŭŒ ġŋğĮǝ ŸĭŉŖŭŖŭ Ģ˝ŭŏ ĴőŮŖķŏŭ ŃŭĻ Łŏļň ŌŏňĿőŞŏ, 
ĢŭŒ ĭªŭŃŏļ ĭªŭŃŏļ ŸŋĥĴőŞŏ ĢŐĳňĜ ġĻŒĴőŮŐŃľ įŭŏĭőŖŞ Źĭ į'ň ̄''ĩģŖķŏŖŮģ ĢŅŏŭ 
įŖŮŊĻŏŭ ŸŉŌļőŞŏ ĥŁŏľŀĜ ŐĴ Ģģ...Ĝ ĩģ ńŏģŭŏĳŖķŏ ġŐļ ĲŭŅ ġŮ˄ŏŖķŏ ĴőŞŏģ ĽŏŐĭŃ 
ŁŏŖŭ ĢŭŒ ģ Ÿĭɵŏŭ ļĽŏ ĩģĹĳ Ÿŭŏįŭ ńŏģŭŏĳŭ ŐŃĭŏŉŭ ŃŏŖŃ ĥŁņŒȍ ŁŐŭŖŮŉ ŋŔŐɦ ĭŖŭĜ 
ŸļŖŀ˄ňļ ĩģ ľŒķŏ ľŒŭŏŖŭŏįǝ Ÿŭŏįļ ĢǞŏɫ Ō'Ńŗň ŋŏĿŏŭĻ ŸŃŖȉŐŭŞŏ ĩķŏŖŭģ ǳŖŞŏĴŀĜ ģŞŏŭ 
ŋʍŋŏŭĻŭ ŸņŏŖįŐľ ľŒģ ŅŏŌļ ģĥŖŭŏŁ ĢŭŒ ŐļŐŀŅŏŌŭ Őńļŭļ ŋŅǡ ŁŔŐĽŮőŖĭ ĢŅŏŭ ľĮňŗň 
ĢŐŀŃ Łŭŏ ņŏŃĜ'' 

ģŞŏŭ Łŏĳļ ŐŃŐĭŭĻŐŃľ įŭŏĭőŖŞ ŐŀĴŭ ŃȍŃǝ ľŏŐı ĿŐŭŖňĜ ŸļīĞ ĩŐŃĿ ŸŅśňŭ ŃǝŏĮǝŏ 
ĢįŃŝŏŖňĜ ŸļīĞŭ ŅŖļ ģ ŸļĴŐʭŞ, ĢŭŒ ŸļĴŐʭŞļŏģ ŅŏŀŒŌŭ ŅįĴŒŭ ŐŀĥŭŀŖŃŏŭĭ ǳńŏŮŏŐ̎ļ 
ĭŖŭĜ ĩģ ŐŃŐĭŭĻ ġŐļ ĭŅ ĢŭŒ ŋŏĿŏŭĻ ņɩģ ģŞŏĭ Ŀŭŏ ŸŁňŏŃ ŸŀŏŮŏŖŭĜ ĩģ ŐŃŐĭŭĻ Ŀŭŏ 
ŸŁŖňŏŮŏ ņɩ ŸĭŮň ŸļīĞŖňŏĭŭ Ōŏļļ ĢŖĳ ĢŭŒ ŸŅśňŐŃŖĿŏ ĩķŏ ŸņŏĴŀ ˄ŏŀļŖŌ ŸŁŏŮŏ ņŏŞĜ 
ģŞŏŭ ˶ŏŭŏ ŅŏŀŐŋĭ ŐŃĭŏŭŖĭ ĿŐŭ Ģŀ Ģŀ ŉŏŭőŐŭĭ ļĽŏ ŅŏŀŐŋĭ Ÿŭŏį ŋŔŐɦ ĭŐŭŃ ŁŏŐŭĜ 
įŐļŖĭ Őŀļǝ ŃǝŮŌŏņƨǝ ŋŏŅǡőļ ģŞŏĭ ŃǝŮŌŏŭ ĭŐŭ ŐŃ̜ĴŞ ŋʓŮ ŌªŃĜ 

ĭȖļ ŋĭŖňŏŖŭ ĭªŃňįőŞŏŐĮŐŀ ŸĭŏŮŏ ŌªňĜ ĩģŃŏŭ įŐĻļȵĴŀŭ ŸĭŏŮŏŭ Łŏň ĢŭŒ ŐŀĴŭ 
Őŋɛŏɫ ŐľŞŏŭ ŋŅŞĜ ŸļīĞ ĩĮŀ Łǭļ ŸļīĞŭ Őŋɛŏɫ ĢŭŒ ļŏŭ ĥŁņŒȍ ĭŏŭĻ ĥŖʦĮ ĭŐŭ ļŏļ 
̮ŏȖŭ ĭŐŭŖň ĢŭŒ ĭŖň, «ŃɲŒįĻ! ŸņŏŮŏ ĲŏŐŭŐľŀŭ ĢŖňŏĲŀŏŭ ġɫļ ĢŐĴ Ņģ ŸŅŏŭ ĲŒŜŏɫ 
Őŋɛŏɫ ĩģ Łǭļ ĥŖʦĮ ĭŐŭŖňŏĞĜ ĢŉŏĭŖŭŏĞ ĢŖŁŏŀŏŖňŏŖĭ ĢŭŒ ĲŭĭŏŖŭ ģŞŏļ ŋɴŐļ ĴŀŏŃĜ¬ 
ĩģŃŒŐň ŹĭŖŞģ ŸļīĞ ŸĭŏĸŏŖķŏŭ Łŭŏ īňŏģ įªňĜ 

ŐŁĳŐľŀŏ ŐŃ̜ŭ ǳŐļĮŀ ŃŏļŐŭĭŏĭļŭ ŐŉŖŭŏŀŏŅ ĢŐĳň¯ «ŤŪŦ Įŀ Ÿľŉŭ ĢɓŋŅŁƨĻĜ¬ 

ŐŃ̜ŭ ŤŪŦ Įŀ Ÿľŉ ťţ Įŀ ŅŌŏ ŉŐȍŉŏňő Ÿľŉŭ ġĿőŀ ŹŌ ŁŐŭň, ņŏŭ Ōŏļļ ĢŐĳň ŁŭŅŏĻŒ 
ġˁ Łŭŏ ĢɓŭȖŏŭ ĥŁŏŞĜ 

 

Łŏĳŭ Ũţ Ńĳŭļ ŁŔŐĽŮőŭ ģŐļŌŏŋ ĿŒŅŒŌŏŭ ľŖŭ ŋňŐŀ Ō'ňĜ ǳŐļŖķŏ ŸȖǭŖļ ǞŅŉĠ ĥɳļ ġĽƨŏǂ 
̮ŏĿőŀ ŸľŉŖĭģĮŀŭ ŸŉŏŊĻ-ŐŀŖˈŊĻ ļĽŏ Ō˃ŖȖŁ ŃŏŐŝ ĢŐŌňĜ Ńŏĭő ŤŪŦ Įŀ Ÿľŉŭ ġĽƨŀőŐļ 
ǞŅŏ̎ŖŞ Ÿĭŏıŏ ŹŌ ĢŐŌňĜ 

ĩģ ŋŅŞŖļ ŃŋŒɲŭŏŭ ŃŒ˙ļ Ĵɴ Ō'ň ĩĴŀ ŃǝŐļǞŅő ĿŅƨ ǳĲŏŭĭŭĜ ńŏŭļŃŊƨŭ ĥɏŭ-ŁœŃŭ 
ġŭŒĻŏĲň ǳŖľŉ ŀŏŅŭ ĩĮŀ ľŒįƨŅ ǳŖľŉļ ĩģĴŀŏ ŅŌŏŁŒŭŒŊŭ ĢŐŮƨńŏŮ İȃňĜ ŸļīĞŭ ĿŅƨģ 
ŁŭŏĿőŀ ŸľŉŖĭģĮŀļ ĢŖňŏŜŀŭ ŋŔŐɦ ĭŐŭŖňĜ ŐŃ̜ŭ ǳŏŞ ŨŨţ Ÿĭŏȃ Ĵŀļŏģ ŸļīĞŭ ĿŅƨ ǡŌĻ 
ĭŐŭŖňĜ ĩģĴŀŏ ĿŅƨ ǳĲŏŭĭŭ ĿŅƨŭ ĥŖəŉǝ ńįŮŏŀŭ ĢŭŏĿŀŏ ŀŏŐĳň, ŸļīĞŭ ĿŅƨŭ ĥŖəŉǝ 
ĢŐĳň̄ ©ŐŃȵŏŀ-ĲĲƨŏªĜ ŁŭŏĿőŀ ŭŏʰŋŅœŌŭ ľŒįƨŅļŗĭī ľŒįƨŅ ġȷňŖŃŏŭļ ŁŏŌŏŭ-ŁŃƨŖļ, ŌŏŐŃŖŞ-
ŃŀŐŀŖŞ İœŐŭ ŸļīĞ ĩģ ĿŅƨ ǳĲŏŭ ĭŐŭŖňĜ ǳŐļĮŀ įŏĞŮļ ĩŖĭŏ-ĩŖĭŏķŏ ŐŃȵŏŀŖĭɮ ˄ŏŁŀ 
ĭŐŭŖňĜ ġŀŒɳļ Ńŏ ŁŭŏĿőŀ ŸľŉŋŅœŌŭ ĲŭĭŏŭŋŅœŖŌī ĩģ ŸȖǭļ ŋŌŏŞ ĢįŃŝŏŖňĜ ŐŃȵŏŀ 
ĲĲƨŏŭ ˝ŭŒ˰ ŸļīĞ ǳŐļĴŀ ŃǝŐȍŭ Ģįļ ľŏŐı ĿŐŭŖňĜ ňŏŖŌ ňŏŖŌ ŁŭŏĿőŀ ŸľŉŋŅœŌŭ ŋĭŖňŏ 
Ĵŀļŏģ ĩģ ĿŅƨŭ ľőȖŏ ň'ŖňĜ Őŉ̛ ŭ Łŭŏ ŃŔɛŗňŖĭ ŋĭŖňŏŖŮ ŋőŐŅļ ŋŒŐŃĿŏŭ ŅŏĴŖļ ŐŃȵŏŀ-
ĲĲƨŏ Ģŭʓ ĭŐŭŖňĜ ĩģ ŸȖǭļ ĥɳļ ŸľŉŋŅœŖŌ ŐŃŖŉŊ ˝ŭŒ˰ ŐŀŐľŖňĜ 
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ĩģ ĿŅƨŭ ǳŋŏŭļ ŸļīĞŖňŏŖĭ ŃŏĿŏ ǳľŏŀ ŀĭŐŭŖňĜ ĭŏŭĻ, ŁŭŏĿőŀ ŸľŉŋŅœŌļŗĭ ŸļīĞŖňŏĭ ǳŏŞ 
Ťţţ Ńĳŭ Ģ˝Ůŏģ ĢŐĳň ǳņŒŐȍ ŐŃȵŏŀ ĲĲƨŏļĜ ļĽŏŐŁ ŸļīĞŖňŏĭŭ Ņŀļ ġŮŖŉǝ ĩķŏ Ģŉğĭŏ 
ŋľŏŖŞ ĢŐĳň ̄ «ŐĭĴŏŐŀŃŏ ŸĭŐļŞŏŃŏ ŁŭŏĿőŀ ŸľŉŋŅœŖŌī ŁŭŅŏĻŒ ġˁ ǳŐļŖŭŏĿő ŐŃĭŏŉ 
İķŏŖŞģ!¬ 

 

ǞŅŏ̎ŖŞ ġĽƨŗŀŐļĭ ŸŉŏŊŖĻ ŁŭŏĿőŀ ŸľŉŋŅœŌĭ Ÿĭŏıŏ ĭŐŭ ŸŁňŏŖňĜ ļĽŏŐŁ ŁŭŏĿőŀ Ÿľŉŭ 
Ĵŀļŏģ ŐŃȵŏŀ-ĲĲƨŏ ŸŀŐŭŖňĜ ŋőŐŅļ ǰŮŖŭģ ŸļīĞŖňŏŖĭ ĢĲŐŭļ ĿŭŖĻ ŀļŒŀ ŀļŒŀ Ṇ́ ĥɞŏŮŀ 
ĭŐŭ į'ňĜ ŋŅŏĴŭ ǳŖļǝĭ ŸǻĻőŭ Ÿňŏĭŭ ŃŏŖŃ ŐŃȵŏŀ-ĲĲƨŏ ĩĭ ŸŅśŐňĭ ǳŖŞŏĴŀļ ŁŐŭĻļ 
Ō'ňĜ ľŒŖŃňŏ-ľŒŅŒȅ ĮŏŃŗň ŸŀŏŖŁŏŮŏ, ĽŏŐĭŃŗň ĩķŏ İŭ ŀĽĭŏŋĭŖňī ĩģ ĿŅƨŭ ġğŉőľŏŭ Ō'ňĜ 
˄ŏŀőŞ ŐŃȵŏŀ-ŖĭɮŖŃŏŖŭ ĩģ ŸȖǭļ ŐŃŖŉŊ ńœŐŅĭŏ ň'ŖňĜ 

ģŐļŅŖĿǝ ŤŪŦ Įŀ ŸľŖŉ ŁŭŏĿőŀļŏŭ Ũţ ķŏ Ńĳŭ Łŏŭ ĭŐŭŖňĜ 'ŋȹőŮŀő' ŋŐŅŐļŭ ŸŋģĴŀ 
įŐĻļȵŖŭŏ ĢɓŖįŏŁŀŭ Ũţ ķŏ Ńĳŭ Łŏŭ Ō'ňĜ ŨŨţ Ÿĭŏȃ Ĵŀļŏĭ ŁŭŏĿőŀļŏŭ ŸĲŏňŏ ŐŁŖɲŏŮŏ 
ŸŋģĴŀ įŐĻļȵŭ ŋɲŏŀ Ń̯Ŗļŏ ŋğįĸŖŀ ĢŀŐĭ ĲŭĭŏŖŭī ĲňŏŖňĜ ļĽŏŐŁ ŸļīĞŭ ̛ğŋœǭ 
ŸŀŏňŏňĜ 

ĩŖŀŖļ Ÿŋģ İķŀŏŖķŏ İȃň, ņŏŭ Ģŉğĭŏ ̮ŏĿőŀ ŸľŉŋŅœŖŌī ĭŐŭ ĢŐŌŐĳňĜ ŐŃ̜ŭ ŁŭŏĿőŀ 
ŸľŉŋŅœŖŌī Ÿŋģ ǳņŒŐȍŭ ŐŃĭŏŉ İŖķŏŮŏŭ ľŏŃő ĴŀŏŖň Őņ ŁŭŅŏĻŒ ŉŐȍĭ ǳŐļŌļ ĭŐŭŃ ŁŏŖŭ 
ĢŭŒ ĩģ ǳņŒŐȍ ̮ŏĿőŀ ŸľŉŋŅœŌŭ ǳņŒŐȍļŗĭī ĥɳļ ĢŭŒ ģ ġŐļ ŐŃĭŐŉļ ŁŏŭŅŏĻŐŮĭ 
ġˁŋŅœŌŖĭŏ ǳŐļŌļ ĭŐŭŃ ŁŏŖŭĜ ĩģ ǳņŒŐȍŭ ǳŅŏĻ ŸļīĞŖňŏŖĭ ŐľŖň Ņğįň ǡŌļ İŖķŏŮŏ ĩķŏ 
ŐŃŖ́ŏŭĻŭ ĴŐŜŞŖļĜ Őņ ŐŃŖ́ŏŭĻ ŁŔŐĽŮőŃŏŋőŖŞī ŸľĮŏ ŁŏģŐĳň Įŏňő Ĳ˙ŖŭĜ 

ġŮŖŉŊļ ťŤţŧ Ĳŀŭ Ťũ ŐĹŖĲ̖ŭļ ŸŉŏŊĻ ĢŭŒ ŐŀŖˈŊĻŭ Ũţ ķŏ Ńĳŭ Łŏŭ ĭŭŏŭ Łŏĳļ 
ŐŃ̜ŭ ŤŪŦ Įŀ ŸľŖŉ ŁŭŏĿőŀļŏŭ ŸŃŏĭŏ ŅŐĲ ̮ŏĿőŀ ŐŌĲŏŖŁ ŐĽŞ ŐľŖňĜ ŐŃ̜ŭ ŋĭŖňŏ Ÿľŉŭ 
ǳŐļŐŀŐĿ ĩĮŀ ŋńŏļ ŐŅŐňļ Ōªň, ĢŭŒ Ÿŋģ ŋńŏŖļ ŐŃ̜ŭ ŤŪŦĮŀ Ÿľŉĭ ̮ŏĿőŀ ŐŌĲŏŖŁ ŸİŏŊĻŏ 
ĭŭŏ ŌªňĜ ŋńŏĮŀŭ ŋʍĲŏŭ ŐŃ̜ŭ ǳŐļŖķŏ ĲŒĭļ, ǳŐļĮŀ įŏĞŮļ ĭŭŏ ŌªňĜ ģŞŏŖļģ ŁŭŏĿőŀ 
ŸľŉŋŅœŖŌ ŸļīĞŖňŏĭŭ ǳņŒŐȍŭ ĢĞŭŭ ŭŌŋǝ Ÿńľ ĭŐŭŖň, ĢŭŒ ĩģ ľŏŐŞ˰ ŐľŞŏ Ōªň ŸŋģĴŀ 
ĿŅƨ˝ŭŒĭĜ 

ŸļīĞ ŐŀĴŭ ńŏŊĻ Ģŭʓ ĭŐŭŖň, «ŐŃ̜ŭ ǳŐļįŭŏĭő ńŏģ-ńŀő! ĢŐĴ ŁŔŐĽŮőŭ ģŐļŌŏŋ ĢŭŒ 
ŅŏŀŮ ĴŏŐļŭ ŃŏŖŃ ĩĭ ŐĲŭˋŭĻőŞ ŐľŀĜ ĢŐĴ Ņģ ŐŃ̜ŭ ŁŭŏĿőŀ ŸľŉŋŅœŖŌ ŐĭľŖŭ ŁŭŅŏĻŒ 
ǳŐļŖŭŏĿő ǳņŒŐȍŭ ŐŃĭŏŉ İķŏŖň ļŏŖŭģ ŭŌŋǝ Ÿńľ ĭŐŭŃŗň īňŏģŖĳŏĞĜ Őĭ̋ ļŏŭ ĢįŖļ ̛ŀĭ 
ŸŅŏŭ ĴőŮŀŭ ŭŌŋǝĜ¬ 

ŸļīĞ ŐŀĴŭ ŁŐŭĲŞ ľŏŐı ĿŐŭŖň ĢŭŒ ŐŃ̜ŭ ǳŖļǝĭĴŀ ŃǝŐȍŖŞģ ĢĲŐ̖ļ ŹŌ ŁŐŭňĜ ŸļīĞ 
ĥŁņŒȍ ǳŅŏĻŋŌ ŸľĮŒŮŏŖň Ÿņ Ũţ Ńĳŭŭ ĢįŖļ ŋɲŏŀŌőŀ ŸŌŏŮŏ ĢŭŒ ŐŃ̜ļ ̮ŏĿőŀ-ŁŭŏĿőŀ 
ŸŭĮŏ ġĞĭŏ Ÿŋģ įŐĻļȵĴŀ Ģŀ ŸĭŏŖŀŏ ŀŌŞĜ ŸļŖŮĞģ ŐŀĴŭ ńŏŊĻļ, ŸļīĞ ŐĭŞ ĩŖŀ Őŋɛŏɫ 
ňªŃ ňįŏ Ōªň ļŏŭ ŃǝŏĮǝŏ ľŏŐı ĿŐŭŖň, «ĢŐĴŭ Łŭŏ Ũţ Ńĳŭŭ ŁœŖŃƨī ĢŅŏŭ Ōŏļļ ĩŖŀ 
ǳņŒŐȍ ĢŐĳň Őņ ̮ŏĿőŀ ŸľŉŋŅœŌŭ ŹŋŖļ ņŒĞŐĴŃŗň ņŖĽʳ ĢŐĳňĜ Őĭ̋ ŸŅŏŭ ŅŖļ ŸŋģŞŏ ņŒɛ 
ŀŌŞĜ ŅŏŀŒŌ ŅŭŏŭŖŌ ǳņŒŐȍ ĢŐĳňĜ ļŏŭ Őńļŭļ ĢŐĳň Ÿŭŏį ŋŔŐɦĭŏŭő ńŏģŭŏĳ, ŸļĴŐʭŞ 
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ŸŅśň ģļǝŏŐľ ŭŏŋŏŞŐŀĭ ĢŭŒ ŹĴŐŮĭ ġˁŋŅœŌĜ ļľŒŁŐŭ ľŒŖŞŏŁȖŭ Ōŏļļ Ľĭŏ ŁŏŭŅŏŀŐŮĭ ġˁī 
ŅŏŀŒŌ Ņŭŏŭ łŏɯŭ ŃŏŐŌŖŭ Ģŀ ĩŖĭŏ ŀŏŐĳňĜ Ũţ Ńĳŭŭ ĢįŖļ ĩģ Őŋɛŏɫ ŸŀŏŖňŏŮŏ ŌªŸň 
ĢŐĴŭ ĩģ ŋńŏ ĲŏŃŗň ŐŃ̜ļ Ņŏǭ Ť/Ũ ġğŉ ŸňŏĭŖŌ ŃŏŐĲ ĽŏŐĭŖňŖŌĞŖļŀĜ¬ 

«ŸļŐļŞŏŖŭ Łŭŏģ ŸŅŏŭ ŋŌŖņŏįőŋĭŖň ĢɯŏŅŏŀ ŐŀŖĭŏŃŭ ˶őŁŁŒȹŭ ĩĮŀ ŃŊƨŏŭĻǝŭ ĩĭ ŸįŏŁŀ 
ġğŉļ ǳŏŞ Ũţ Ńĳŭ ĭŏň ŁŭŅŏĻŒ ǳŐļŖŭŏĿő ġˁŭ ŐŃŊŖŞ įŖŮŊĻŏ Ĳňŏģ ġŐļ ŸįŏŁŖŀĜ 
ĢŀŌŏŖļ Ņģ ŁŭŏĿőŀ ŸľŉŋŅœŌļ ŐŃȵŏŀŭ ǳŋŏŭŭ ǳŖĲɦŏ Ĳňŏģ ĢŐŌŖĳŏĞĜ ģŞŏŭ łňļ ŋŔŐɦ ŸŌŏŮŏ 
ǳŐļńŏŋŅœŌŖĭŏ ĩģ ĥŖəŖŉǝŖŭ ĢɯŏŅŏŀ ŐŀŖĭŏŃŭļ ŐŀņŒŐȍ ŐľŞŏ ŹŌŐĳň, ĢŭŒ ĢŐĴ ĢŐŅ ĢŅŏŭ 
ňȖǝļ ĥŁŀőļ ŹŌŖĳŏĞĜ¬ 

«ŁŔŐĽŮőŭ ŨŨţ Ÿĭŏȃ Ĵŀļŏģ ŸņŏŮŏ Ũţ Ńĳŭļ ŋŐŌŃňįőŞŏ ŐŀŖʶŊĻ, ŸŉŏŊĻŭ ŅœňŖļ Ōªň 
ŐŃȵŏŀ-ĲĲƨŏŭ ŋŅŐŃļŭĻ ŸŀŏŖŌŏŮŏĜ ņŐľ ŐŃ̜ŭ ǳŐļŖķŏ ĲŒĭŖļ ŋŅŏŖŀ ŐŃȵŏŀ-ĲĲƨŏ ŌªňŖŌĞŖļŀ 
ŸļŐļŞŏŌªŸň ĩģ ŉŐļĭŏŭ ľŖŭ ĭŭŒĻ ŁŐŭŐ˄Őļŭ ŋŔŐɦ ŀŌªňŖŌĞŖļŀĜ ńŐŮŊǝŖļī ŅŏŀŮ ĴŏŐļŭ 
ŋŒŭȖŏ ļĽŏ ŅŏŀŮ ĴŏŐļ ĴőŞŏģ ĽŏŐĭŃŗň ŌªŸň ĢŐŅ ŐŃȵŏŀ-ĲĲƨŏ ŋĭŖňŏ ĸŏģŖļ ŋŅŁŐŭŅŏŖĻ 
ĭŭŏŖķŏ Őŀļŏɫģ ǳŖŞŏĴŀőŞĜ ġŀǝĽŏ ĢŅŏŭ Ņŀļ ņŒɛŭ ŅŖŀŏńŏŮ ŁŒŀŭ ŋŔŐɦ ŌªŃĜ Ņŀļ ŭŏŐĮŃ, 
ņŒɛ ŅŏŀŮ ĴŏŐļŭ ŃŏŖŃ ĩĭ ġŐńŉŏŁ ŹŌ ĢŐĳň, ŹŌ ĢŖĳ, ĢŭŒ ŹŌŖŞ ĽŏŐĭŃĜ įŐļŖĭ ŸŌ ŸŅŏŭ 
ŐǳŞ ŐŃ̜Ńŏŋő! ĢŐŅ Ÿľŉ ŉʄŖķŏ ŁŏŌŐŭ ņŏīĞ ĢŌĭĜ ŐŃ̜ŭ ŋĭŖňŏ ġŐńĿŏŀŭ Łŭŏ ĩģ ŉʄŖķŏ 
ŀŏģŐĭŞŏ ĭŐŭ ŸŁňŏīĞ, ĢŭŒ ĩĮŀ ŐŃ̜ įŖŝŏ ĢŌĭĜ¬ 

ĿŅƨ˝ŭŒŭ ĩģ Ģ̱ŏŖŀ Ĵŀļŏŭ ŐŃŁŒň ŋĞŌŏŐŭ ŁŏŖň ĢŭŒ ńŐŮŊǝŖļ ņŒɛŭ ŅŖŀŏńŏŮ ŅŏŀŮ ĴŏŐļŭ 
̰ľŞļ ŀŏĴŏŐįŃŗň ŐŃȵŏŀ-ĲĲƨŏŭ ŸňĮŐĲǭĹŏňĭ ŐŃ̜ŭ ŋĭŖňŏ Ĵŀļŏŭ ŃŏŖŃ ŋĭŖňŏ ĸŏģŭ ŃŏŖŃ 
ŋŅŏŀ ĭŐŭ ŭĮŏŭ ĥŖəŉǝŖŭ ŐŃ̜ŭ ǳŐļĮŀ Ÿľŉ ĩĮŀ ŁŔŐĽŮő ŐŌĲŏŖŁ ňį ŌªňĜ 

ĩŞŏģ ĢŅŏŭ ŅŌŏŀ ĴŏŐļŭ ŐŁļŏ ĢŭŒ ĩŞŏ Ĵŀļŏŗň ŸļīĞŭ Ģ̱ŏŀĜ ŸļīĞŭ ĩģ ǳŖĲʱŏŭ ŃŏŖŃģ 
ŁŔŐĽŮőŃŏŋő ĩĭ Ōªň ĢŭŒ ŸņŏŮŏ Ũţ Ńĳŭļ ŅŏŀŮ ĴŏŐļ ŋŅǡ ŌŏļőŁŐļ ļŏŭĭŏŭŏĴǝŖļ ŋʍŋŏŐŭļ 
ŹŌŖĳĜ ĩģŞŏ ŋʓŮ ŹŌ ŸļīĞŭ Ÿŋģ ŐŀńŒƨň Őŋɛŏɫŭ ŃŏŖŃĜ ŸŌ ŅŌŏŀ ŐŁļŏ, ŸļŏŅŏŗň ŅŏŀŮ ĴŏŐļŭ 
ŋǻɛ ǳĻŏŅĜ¬ 

  

ģŐļŅŖĿǝ Ņģ ŐŃ̜ŐŃľǝŏňŞ ŁŏŖňŏŐŌĜ ŋĞĲŏŗĭŖŞ ĴŏŐļŭ ŐŁļŏ ŅŌŏŀ! ġĴŏŐŀŖļģ ŸļīĞŭ ǳŐļ Ņģ 
Őŉŭŀļ ŹŌ ŁŐŭŖňŏĞĜ ŸļīĞŭ ġŐŃŌŖŀ ŌŞŖļŏ ĢŐĴ Ņģ ŀŏĽŏŐĭŖňŏĞŖŌĞŖļŀĜ ŀŏĽŏŐĭňŖŌĞŖļŀ ŌŞŖļŏ 
ŅŏŀŮ ĴŏŐļ! 

( įʢȃ ŭĲŀŏ ĭŭŏŭ ŋŅŞļ įʢĭŏŭ ŀŮŅ ŸǻĻőŭ ĳŏǭĜ)  
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ǺŝŉĺŴ ŋŏŋŏŘťŖŴ ŒĦĵǤŖŴ ſŅŖĴŖŇ 
Ĺ° ŀŞŀľőŁ ŸĹĭŏ ŃŭŒŮŏ 

 

ġŮŋŭ ŸňŏŮŏŭ Łŏĳļ ǳŖłĳŭ ńňńňőŞŏģ ĩĮŀ ŋğĮǝŏŭ Ÿľŏĭŏŀ ĮŒŐňŖňĜ ŐŃŐńɳ ĿŅƨŭ, ŐŃŐńɳ 
ŭœŁŭ, ŐŃŐĲǭ ĲŐŭǭŭ ġŖňĮ ŋğĮǝŏ ŸļŖĮļŭ Ÿľŏĭŏŀļ ŐĭŐŀŃŗň ŸŁŏŮŏ ņŏŞĜ ŸĭŐļŞŏŃŏ ńŏň 
ŅŒĹļ ĽŏŐĭŖň ǡŏŌŖĭ ŐŃŀŏŅœňőŞŏŗĭŖŞŏ ľŒģ ĩķŏ ŋğĮǝŏ ŸļŖĮļŭ Łŭŏ ŁŏŞĜ ĩŐľŀ ŭŏŐļŁŒŮŏ 
Ÿľŏĭŏŀ ĮŒŐň ģĥŐȑĹ, ĢŐĭƨŐŅŐĹĳ, ġŞňŏŭ, įŏĥĳ, ŭŏŅŏŀŒĴŀ ĢŐľ įŐĻļȵŋĭňŭ łŖķŏļ 
ŁŒʁŏȹŐň Őľ ǳŖłĳŖŭ įŏľőļ ŃŐŌŃŗň ňīĞŖļģ ĢŭŮŭ ǳĮǝŏļ Źļň ŃǝŮŋŏŞő Ÿ̜ģĮ ĢʄŒʦŏ ŋŅŒĮļ 
ŌŏŐĴŭ ŌªňĜ ŭŏŐļŁŒŮŏŭ ǳĽŅ ǡŏŌĭĭ ĢŖĽ-ŖŃŖĽ Ń̯Ůŏģ ǳŖłĳŖŭ ĭĽŏ Ģŭʓ ĭŐŭŖňĜ 

ǳŖłĳŭ: ŸŌ: ŸŌ:! ĭīĭŖĲŏŀ, ŸĭŖŀŗĭ ĢŖŁŏŀŏĭ ŋŌŏŞ ĭŐŭŃ ŁŏŖŭŏĞ? 

ĢʄŒʦŏ: ĢŖŁŏŀŏŭ Ÿľŏĭŏŀŭ ĭĽŏ Ņģ ŋŒľœŭ ĢŭŮŖļŏ ̛ŐŀŖĳŏĜ ŸŅŏŭ Ÿļňŭ ŃǝŮŋŏŞ ĢŖĳĜ 
ŅŏŖĴ-ŅŖĿǝ įŐĻļŖŭŏ ĲĲƨŏ ĭŖŭŏĜ ŸŃŏŖňŏ ĩģłŏŖň ŃǝŮŋŏŞŭ ĭŏŅļ ĢŐŌŖňŏŖŮģ ŸņŐļŞŏ ĢŖŁŏŀŏŭ 
Ÿľŏĭŏŀŭ Łŭŏ ŸŅśŐňĭ ŋğĮǝŏŖĭģķŏŅŏŀŖĭ Źň ņŏīĞĜ ĢŖĳŖŀ ŃŏŭŒ ʱĭļ? 

ǳŖłĳŭ: īĞ, ĩĭļŗĭ Ĺŏıŭ Őņ ̮ŏńŏŐŮĭ ŋğĮǝŏŭ ĥǂŁŏľĭ 1 ĢŭŒ Ÿŋģ ŋğĮǝŏŖķŏŖŮģ, ŸŋģŖķŏŖŮģ 
ŸŅśŐňĭ ŋğĮǝŏĜ ŐņŅŏŀ ňŏŖį Źň ņŏīĞĭĜ ŐŃŀŏŅœŖňǝ ŐľŃ ŁŏŖŭŏĞ: 2, 3, 5, 7, 11, 13 ģļǝŏŐľ 
ģļǝŏŐľĜ 

ĢʄŒʦŏ: ŭªŃ ŭªŃ ǳŖłĳŭĜ ŸŅŏĭ ģŅŏŀ ŋŭŒ ŸŅśŐňĭ ŋğĮǝŏ ŀŏňŏŖį ŀŌŞĜ ĩģŖŃŏŭ ĢŭŮŖŭŏ 
ņªŸļ ļªŸļ ŸŁŏŮŏ ņŏŞĜ ŸŅŏĭ ĩŉķŏ ġğĭ Ľĭŏ ŸŅśŐňĭ ŋğĮǝŏŖŌ ňŏŖįĜ ĢŖĳŖŀ ŐŃǞőŭ ŃŏŖŃ? 
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ǳŖłĳŭ: ĢŅŏŭ ŋğĮǝŏŭ ĭŏŭĮŏŀŏļ ŹļŞŏŭ ŸŌŏŮŏ ŐņŅŏŀ Ĺŏıŭ ňŏŖį ŐŋŅŏŀ Ĺŏıŭ ŸŅśŐňĭ 
ŋğĮǝŏ ĢŖŁŏŀŏĭ ŐľŃ ŁŏŖŭŏĞĜ ľŭŏĲňŖļ ǠőʱŁœŃƨ ĲļŒĽƨ ŉŐļĭŏŖļģ ģĥŐȑŖĹ ļŏŭ ŃŏŖŃ ĩķŏ ŁɛŐļ 
Őľ ŹįŖĳĜ ĢŁŒŐŀ ̛ŐŀŖĳģ Ĳŏŗį! ĢŐŅ ņŐľ ǳĽŅ n ŋğĮǝĭ ŸŅśŐňĭ ŋğĮǝŏ p1,p2,£,pn ŁœŭĻ 
ĭŐŭ ļŏŭ ňįļ 1 Ÿņŏį ĭŖŭŏĞ ŸļŖɫ ĩķŏ ŀļŒŀ ŋğĮǝŏ N=( p1p2£pn)+1 ŁŏŅĜ ĩģ N Ÿķŏ ŌŞ 
ĩķŏ ŸŅśŐňĭ ŋğĮǝŏ, ŀŌŞ ģŞŏŭ p1,p2,£,pn ĢŐľļŗĭ Ĺŏıŭ ĩķŏ ŸŅśŐňĭ ĥǂŁŏľĭ pn+1 
ĽŏŐĭŃĜ ŁŒŀŭ ĢŐŅ p1,p2,£,pn,pn+1 ŭ ŐŅȗŏŭ Ńŀŏģ 1 Ÿņŏį ĭŐŭŖň ĩķŏ ŀļŒŀ ŋğĮǝŏ 
M=( p1p2£pnpn+1)+1 ŁŏŅĜ ĩģ M Ÿķŏ ŌŞ ĩķŏ ŸŅśŐňĭ ŋğĮǝŏ ŀŌŞ ģŞŏŭ p1, p2, £, pn, 
pn+1 ļ Źĭ Ĺŏıŭ ĩķŏ ŸŅśŐňĭ ĥǂŁŏľĭ pn+2 ĽŐĭŃĜ ĩŖŀľŖŭ ǳŐǞŞŏŖķŏ Ĳňŏģ Źį ĽŏŐĭŖň 
ŐņŅŏŀ Ĺŏıŭ ňŏŖį ŐŋŅŏŀ Ĺŏıŭ ŸŅśŐňĭ ŋğĮǝŏ ĢŐŅ ŁŏŃ ŁŏŖŭŏĞĜ 

ĢʄŒʦŏ: ĢŁŒŐŀ ŁɛŐļŖķŏ ŋŒɯŭŗĭ ŃǝŏĮǝŏ ĭŭŏŭ ŃŏŖŃ Ņģ ĿŀǝŃŏľ ĴŀŏģŖĳŏĞĜ ĩŖŀ ĩķŏ ŁɛŐļŭ 
ŐŃŊŖŞ Ņģ ĢŅŏŭ ŸľŉŖļŏ ̛ŐŀŃŗň ŁŏģŐĳŖňŏĞĜ ŐŁŖĳ ǳŖłĳŭ, ŸŅŏĭ ĩŉķŏ ġğĭŐŃŐŉʱ ŸŅśŐňĭ 
ŋğĮǝŏŖŌ ňŏŖį; ĭŖŅŏ ŀŌŞ, ŸŃŐĳī ŀŌŞ, ȅĭ 100 ķŏ ġğĭ Ľĭŏ! ĢŖĳŖŀ ǳŖłĳŭ? 

ǳŖłĳŭ: ĢŖĳ ĢŖĳ! ĢŐĴŭ Łŭŏ ľŒŉ Ńĳŭŭ ĢįŖļ ŃŏŖǨŖɇ ġŀŒŅŏŀ ĭŐŭŐĳň Ÿņ ĩĭļŗĭ 
Ĺŏıŭ ŐņŖĭŏŖŀŏ ̮ŏńŏŐŮĭ ŋğĮǝŏ N ĢŭŒ ļŏŭ ľŒ˝Ļ ġĽƨŏǂ 2N ŭ ŅŏĴļ ġŐļ ĭŖŅī ĩķŏ 
ŸŅśŐňĭ ŋğĮǝŏ ĽŏŐĭŃĜ ŅŏŖŀ ĢŐŅ ĭªŃ ŁŏŖŭŏĞ Ÿņ 2 ĢŭŒ 2Ē2=4 ŭ ŅŏĴļ ĩķŏ ŸŅśŐňĭ ŋğĮǝŏ 
ĽŏŐĭŃģ ĢŭŒ ŸŋģŖķŏ Ōªň 3 Ĝ ȅĭ ŸļŖŀŗĭ 3 ĢŭŒ 2Ē3=6 ŭ ŅŏĴļ 5, 4 ĢŭŒ 8 ŭ ŅŏĴļ 
5 ĢŭŒ 7 ģļǝŏŐľĜ ŋʏœĻƨ ŁņƨǝŖŃȖĻŭ ŋŌŏŞļ ġŀŒŅŏŀ ĭŭŏ ĩģ ŋļǝŖķŏ ŐŀŭŌ-ŐŀŁŏŀő ǳŅŏĻ 
ĢįŃŝŏģŐĳň ǳĮǝŏļ ŭŒĳ įŐĻļȵ ŐŁ. ĩň. ŸĲŃŏģŖ̜ŖńĜ įŐļŖĭ ĢŐŅ p1, p2, p3 ŸŅśŐňĭ ŋğĮǝŏ 
ŁŏŖŅģ ņªļ 

ρπ <  p1 < 2×ρπ, 

2×ρπ <  p2 <  4×ρπ, 

4×ρπ <  p3 <  8×ρπĜ 

ĢʄŒʦŏ: ļŏŭ ŅŏŖŀ ĢŁŒŐŀ ŸŅŏĭ ģŐļŅŖĿǝ ŐļŐŀķŏ 100 ķŏ ġğĭŐŃŐŉʱ ŸŅśŐňĭ ŋğĮǝŏ Ľĭŏŭ 
ŸįŭŏŐɂ ŐľŖňģĜ Őĭ̋ ŸŅŏĭ ĩŖŀ˙Ůŏ Ń̯ļ ŋğĮǝŏ ňŏŖįĜ ŐĭŅŏŀ ŐľŃ ŁŏŐŭŃ ĢŁŒŐŀ? 

ǳŖłĳŭ: (̮įļĠ)(ĩīĞ ŸľŖĮŏŀ ĩŖĭķŏ ĭĽŏŖļģ ňŏŐį ĢŖĳĜ ŸĲŏŭŏğŖĲŏŮŏ ŀŌŞŖļŏ!) 

ġª Ņģ ŐŌĲŏŁŖķŏ ĭŐŭ ŸĲŏŮŏģ ŀŏģ ŀŌŞ! Őĭ̋ ŸŃŖňį Ÿľŉļ Ľĭŏ ŋğĮǝŏŭ ĭŏŭĮŏŀŏŭ ŅŏŐňĭŋĭŖň 
ŸŅŏĭ ĴŏŐŀŃŗň ŐľŖĳ Ÿņ ŸļīĞŖňŏŖĭ ρπ ļŗĭ ŋŭŒ ŸŅśŐňĭ ŋğĮǝŏ įĻŀŏ ĭŐŭ ĥŐňŞŏģŖĳĜ ŭªŃ, 
Ņģ ĢŖŁŏŀŏĭ ŐŌĲŏŁŖķŏ ŸľĮŒŮŏģŖĳŏĞĜ (ǳŖłĳŖŭ ŐŀĴŭ ŸňŁķŁļ ňŏŖŌ ňŏŖŌ ĢıŒŐň ŃŒňŏģ ĭŏŊŭ 
Őǳɂŏŭļ ĭŐŁ ĩķŏ ĥŐňŞŏŖňĜ ĲŉŅŏŖņŏŭ ŀŏĭŭ ˝Őŭŗň ŸĸŐň ĲĭőĮŀļ ŸŃĞĭŏ ŹŌ ŃŐŌ Ÿ̜ģĮŭłŏŖň 
ŌŏĥŐň ĭªŸň) ĩŞŏ ĲŏīĞĭ, ĢŐŅ N ļŗĭ ŋŭŒ Ńŏ ļŏŭ ŋŅŏŀ ŸŅśŐňĭ ŋğĮǝŏĭ ņŐľ (̄ N)  Ÿŭ 
ŃŒĴŏīĞ, ŸļŖɫ (̄ 10)= 4 , ŐĭŞŖŀŏ 10 ļ Źĭ ŋŭŒ ŸŅśŐňĭ ŋğĮǝŏ ĲŏŐŭķŏ 2, 3, 5 ĢŭŒ 7 Ĝ 
ȅĭ ŸļŖŀŗĭ (̄ 30)= 10 ŐņŖŌļŒ 30 ļ Źĭ ŋŭŒ ŸŅśŐňĭ ŋğĮǝŏŖĭģķŏ Ōªň 2, 3, 5, 7, 11, 
13, 17, 17, 23 ĢŭŒ 29, ŅŒĸ 10 ķŏĜ ŃŒŐĴŃ ŁŏŐŭŖĳ Ĳŏŗį! ĩŐļŞŏ ļŏŐňĭŏŭ ŸŉŊŭ ŐŁŖŀ 
ĲŏīĭĜ 
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(̄ ρπ)= 5,761,455, ļŏŭŅŏŖŀ ρπ ļ Źĭ ŋŭŒ ŸŅśŐňĭ ŋğĮǝŏ 5,761,455 ķŏĜ 

ȅĭ ŸļŖŀŗĭ-  

(̄ ρπ)= 50,847,534 

(̄ ρπ)= 37,607,912,018 

(̄ ρπ)= 2,625,557,157,654,233 

ņŐľī ρπ ļ Źĭ ŋŭŒ ŋĭŖňŏŐŃňŏĭ ŸŅśŐňĭ ŋğĮǝŏ ŸĭŏŖŀŏ ĭŏŭĮŏŀŏŖļģ ĥŐňīŮŏŖķŏ ŋʓŮ ŸŌŏŮŏ 
ŀŏģ, ļĽŏŐŁī ĩģŖķŏ ŐŀŐʧļ Ÿņ, ρπļ Źĭ ŋŭŒ ȅĭ ŐŋŅŏŀķŏģ ŅŏŖŀ 2,625,557,157,654,233 
ķŏ ŸŅśŐňĭ ŋğĮǝŏģ ĢŖĳĜ 

ĢʄŒʦŏ: (ġňŁ ĢĲŐŭļ ŹŌ) Őĭ ĭŞŖŌ ǳŖłĳŭ? ņŐľŖŌ ĢŁŒŐŀ ŸĭŏŀŖķŏ ŸŅśŐňĭ ŋğĮǝŏŭ 
Ģĭŏŭ ŐĭŅŏŀ ŀŏĴŏŖŀ ŸļŖŀŌªŸň ǡŏŌĭŭ ĲŏŐŌľŏ ŸĭŖŀŗĭ ŁœŭŏŞ? 

ǳŖłĳŭ: ŸŌ: ŸŌ: ŸŌ:! ĢŖŁŏŀŏŭ ŸľŖŉ Ÿļň ŐŃǞő ĭŖŭ, ŀĭŖŭ ĴŏŖŀŏ? ĢŖŁŏŀŏŖňŏŖĭ ńœįńƨļ 
ŐĭŅŏŀ Ÿļň ĽŏŐĭŃ ŁŏŖŭ ļŏŭ ŸŅŏķŏŅŒȃ ŐŌĲŏŁ ĴŏŖŀĜ Őĭ̋  ǳĭŔļŖļ ŐĭŅŏŀ ŸŃŖŭň Ÿļň ĢŖĳ 
ŋȅĭŗĭ ĭªŃ ŁŏŐŭŃ ĴŏŖŀŏ? ŸŀŏŮŏŖŭĜ ĢŅŏŖŭŏ ĩŖĭģ ġŮ˄ŏĜ ǳĮǝŏļ įŐĻļȵ įŏĥĳ, ņŏĭ 
įŐĻļŭ ņŒŮŭŏĴ ŃŒŐň ŸĭŏŮŏ ŌŞ, ŸļīĞ ŁņƨǝŖŃȖĻ ĭŐŭ ġŀŒŅŏŀ ĭŖŭ Ÿņ ĮŒŃ Ĺŏıŭ N ŭ ŃŏŖŃ 
(̄ N)  ĢŭŒ N/ logN ŋŅļŒňǝĜ ǳŏŞ ĩŉ Ńĳŭŭ Łŏĳļ 1896 Ĳŀļ Ǵɵŭ ŸĴ. ŌŏĹŏŅŏĹƨ ĢŭŒ 
ŸŃňŐĴŞŏŅŭ įŐĻļȵ ŐĲ. ŸĴ. ŐĹ ňŏ ŸńŐň ŁªŐĳŖŀ įŏĥĳŭ ġŀŒŅŏŀŭ ŋļǝļŏ ŁŔĽĭ ŁŔĽĭŗĭ 
ǳŅŏĻ ĭŖŭĜ ĩģ ŋļǝŖķŏ ĢŐĴĭŏŐň ŸŅśŐňĭ ŋğĮǝŏŭ ĥŁŁŏľǝ ŃŒŐň Ĵŀŏ ņŏŞĜ 

ĢʄŒʦŏ: ļŏŭŅŏŖŀ ĢŁŒŐŀ ĭªŃ ĮŒŐĴŖĳ Ÿņ ŸŅśŐňĭ ŋğĮǝŏŭ ĥŁŁŏľǝŭ ŅŖļ (̄ N)  ĢŭŒ N/ logN 
ǳŏŞ ŋŅŏŀ? 

ǳŖłĳŭ: ŌŞĜ ĢŭŒ ńŏňŗĭ ĭªŃŗň ŌªŸň ĩģ ľŒķŏ ŭŏŐŉŭ Őņ ĢŖŁŐȖĭ ġ̛ɛļŏ, ŅŏŖŀ ᷆̄( N) ī 
N/ logN᷆  ĭ ņŐľ (̄ N)  Ÿŭ ŌŭĻ ĭŖŭŏĞ ŸļŖɫ Ÿŋģ ŌŭĻłňŖķŏ ǳŏŞ ŉœŀǝģ ŌªŃ ņŐľŖŌ N Ÿķŏ 
ĮŒĥŃ Ĺŏıŭ ŌŞĜ 

ĢʄŒʦŏ: ļŏŭŅŏŖŀ ĩģ ©ǳŏŞªŸķŏŭ ŃŏŖŃ ġňŁ ŌªŸňī ńŒň ĢŖŁŏŀŏŭ ŐŀĿƨŏŭĻļ ŅŏŖŀ ĩŐʱŖŅķļ 
ĽŏŐĭ ņŏŃĜ 

ǳŖłĳŭ: (̮įļĠ) (ǡŏŌĭ Ńŭ ŸĭĞĲŏ ŀŌŞ!) ŌŞĜ Őĭ̋ ŸŅśŐňĭ ŋğĮǝŏŭ ĥŁŁŏľǝ ǳŅŏĻ 
ŸŌŏŮŏŭ Ń̯ ĢįŖļģ ŸĲŃŏģŖ̜Ŗń ŸľĮŒŮŏģŐĳň Ÿņ ĮŒĥŃ Ĺŏıŭ N ŭ ŃŏŖŃ 

0.9 N/ logN <  (̄ N)  <  1.1 N/ logN  ŌªŃĜ 

įŐļŖĭ 100 ķŏ ġğĭ Ľĭŏ ŸŅśŐňĭ ŋğĮǝŏ ĥŐňŞŏŃŗň ŌªŸň ĢŐŅ N=ρπ ĢŭŒ N=ρπ  ňªŅĜ 
ŅŏŖŀ, ŸļŐļŞŏ 
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0.9  <  (̄ ρπ)  <  1.1  

0.9  <  (̄ ρπ )  <  1.1  

ĩŐļŞŏ ġĭĻŅŏŀ ŅįĴŒ ĮķŒŮŏģ ĢŐŅ ŁŏŅ Ÿņ ̄

3.42×ρπ <  (̄ ρπ ) ī̄ ( ρπ)  <  4.38×ρπ 

įŐļŖĭ Ÿ̜ģĮ ĲŏŌŏŃ, 100 ġğĭŐŃŐŉʱ ŸŅśŐňĭ ŋğĮǝŏ 3.42×ρπ ĢŭŒ 4.38×ρπ ŭ ŅŏĴļ 
ĽŏŐĭŃĜ ĢŭŒ ĩģŖķŏ ĩķŏ ŃŔŌǂ ŋğĮǝŏĜ 

ĢʄŒʦŏ: ŃŏŌ! ĢŖŁŏŀŏŖňŏĭ ŋĞĲŏģ Ń̯ļ Ŀŀő! ĢŅŏŭ ŐņŅŏŀ ŸŃŖŭň Ÿļň ńœįńƨļ ĽŏŐĭŃ ŁŏŖŭ 
ļŏļŗĭ ĢŖŁŏŀŏŖňŏĭŭ ĭŏŭĮŏŀŏļ 100 ķŏ ġğĭŐŃŐŉʱ ŸŅśŐňĭ ŋğĮǝŏ Ń̯ ŸŃŐĳ ĢŖĳ ŸľŖĮŏĞŀĜ 
Őĭ̋ Ņģ ĴŏŐŀŃ ŐŃĲŏŐŭŖĳŏĞ ĢŖŁŏŀŏŖňŏĭŭ ĭŏŭĮŏŀŏļ 100 ķŏ ġğĭŐŃŐŉʱ ŸŅśŐňĭ ŋğĮǝŏ ŸĭŖŀŗĭ 
ĥŐňŞŏģĜ ŸŅŏŭ ĿŏŭĻŏ ĩķŏ Ņŀŗň ĢŐŌŖĳĜ Őĭ̋ ļŏŭ ĭŏņƨĭŏŐŭļŏŭ ŋɯńƨļ ŸŅŏŭ ŐŀĴŖŭģ 
ŋŖɯŌ ĥŁŐĴŖĳĜ ĭīĞŖŀ ŃŏŭŒ? 

ǳŖłĳŭ: ŐŀʧŞ ŐŀʧŞĜ ĭīĭĜ 

ĢʄŒʦŏ: ǳĽŅŖļ ĢŁŒŐŀ 100 ķŏ ġğĭ Ľĭŏ ŋĭŖňŏŖŃŏŭ ŋğĮǝŏ ŸňŐĮ ňīĭĜ ļŏŭ Łŏĳļ 2, 
3, 5, 7 ĢŐľ ŸŅśŐňĭ ŋğĮǝŏŭ ˝ŐĻļĭŖŃŏŭŭ ĩķŏ ĩķŏŗĭ ĭŏȃ ņŏīĭĜ Ņģ ńŏŖŃŏ ρπ ļ 
Źĭ ŋŭŒ ŋĭŖňŏŖŃŏŭ ŸŅśŐňĭ ˝ŐĻļĭ ĭķŏŭ Łŏĳļ Ńŏĭő Źŭ ŸņŏŮŏ ŋğĮǝŏŖĭģķŏģ 100 ġğĭŐŃŐŉʱ 
ŸŅśŐňĭ ŋğĮǝŏ ŌªŃĜ 

ǳŖłĳŭ: ŌŞĜ ĩģ ŁɛŐļŖķŏ ŋʏœĻƨ ̛ ɛ ĢŭŒ ĩģŖķŏ ǠőɦŁœŃƨ ļŔļőŞ ŉŐļĭŏŖļģ ǡőĭ įŐĻļȵ 
ģŭŏķªŸ˄ŐŀŖĳ ĢŐŮʯŏŭ ĭŐŭŐĳňĜ ǳĭŔļŖļ ĢŁŒŐŀ ρπ ļ Źĭ ŋŭŒ ŸŅśŐňĭ ŋğĮǝŏŭŖŃŏŭŭ 
˝ŐĻļĭŖŃŏŭ ĭŏȃŖňģ ŌªŃ, ĢŁŒŐŀ ρπ Źň ņŏŃģ ŀŏňŏŖįĜ Őĭ̋ Ÿ̜ģĮ ĲŏŌŏŃ, ĩģ ŁɛŐļŖķŏ 
Ńŭ ŸŃŐĳ ŸňŖŌŅőŞŏĜ ĢŀŐĭ ĢŐĴŭ ņŒįŭ ġŐļ Ȗőǳ įĻŀŏĭŏŭő ĭŐʏĥķŏŭŭ ĴŐŜŞŖļī ĩģ 
ŁɛŐļŖŭ ĭŏŅ ĲňŏŃ ŸŀŏŮŏŐŭĜ ĩŖŀ˙Ůŏ ĩķŏ ĭŐʏĥķŏŭ ĭʢŀŏ ĭŭĭŖĲŏŀ, ŐņŖķŏŖŮ ĩĭ Ÿĭŏȃķŏ 
ġğĭ ĩĭ ŸĳŖĭɇļ ŸňŐĮŃ ŁŏŖŭĜ 

ĩŐļŞŏ Ĳŏīĭ, ĢŅŏŭ 100 ķŏ ġğĭŐŃŐŉʱ ŅŒĸ ŋğĮǝŏ ĢŖĳ ̄ ρπ īρπ=9×ρπ ķŏĜ 

ĩģ ŋğĮǝŏŖŃŏŭŭ ŋŃƨŅŒĸ ġğĭ ĢŖĳ 100×9×ρπ=9×ρπ  ķŏĜ 

įŐļŖĭ, ĭŐʏĥķŏŭŖķŏĭ ĩģ ŋğĮǝŏŖŃŏŭ ŸňŐĮŃŗň ŋŅŞ ňŏŐįŃ 9×ρπ ŸĳŖĭɇ, ŅŏŖŀ 1.5×ρπ 
ŐŅŐŀķ, ŅŏŖŀ 25×ρπ İɂŏ, ŅŏŖŀ ǳŏŞ ρπ Őľŀ, ŅŏŖŀ 3×ρπ Ńĳŭ, ŅŏŖŀ 3×ρπ 
ŉŐļĭŏ! ĢŭŒ ŋğĮǝŏŖŃŏŭ ŸňĮŏŭ Łŏĳļ, ļĽŏŐŁī ņŐľ ŐĭŃŏ ĩķŏ Łŏĳļ ĽŏŖĭ, ˝ŐĻļĭŖŃŏŭ 
ĭŏȃŃŗň ĢŖĳģĜ (Ŗ̜ģŖĮ ŐĭŃŏ ĩŊŏŭ ĭªŃŗň ŅŒĮ ŸŅŐňŐĳň, Őĭ̋ ǳŖłĳŖŭ ŋŒŖņŏį ŐŀŐľ ŃŐĭ 
įªň!) 
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ġŮŖŉǝ ŁɛŐļŖķŏŭ ŐĭĳŒŅŏŀ ĲŅŒ ŭŏ˃ŏī ĢŖĳ, ļĽŏŐŁī ģ ņŖĽʳ ŸňŖŌŅőŞŏĜ įŐļŖĭ ĢķŏģŖŃŏŭ 100 
ķŏ ġğĭŐŃŐŉʱ ŸŅśŐňĭ ŋğĮǝŏŭ ļŏŐňĭŏ ŀŃŀŏģ ĢŅŏŭ Ÿłȉŭőļ ŐĭĳŒŅŏŀ ˴ļ ŁɛŐļ ŃǝŮŌŏŭ 
ĭŐŭ ĢŐŅ ǡŏŌĭŭ ĲŏŐŌľŏ ŁœŭĻ ĭŖŭŏĞĜ 

ĢʄŒʦŏ: ĿŀǝŃŏľ ǳŖłĳŭ! ˴ļįŐļŭ ŁɛŐļŭ Ÿņ ŋĞĲŏģ ĢŮŉǝĭ Ņģ ĭĽŏŖķŏ ĩŐļŞŏŖŌ ŃŒŐĴŖĳŏĞĜ 
ĢŖŁŏŀŏŖňŏĭŭ ŁɛŐļ ŋʏŖĭƨ ĴŏŐŀŃŗň ŸŅŏŭ Ņŀ Ńǝŏ˙ň ŹŌ ŁŐŭŖĳĜ ĢŁŒŐŀ ŃŏŭŒ ŸŅŏĭ ŸŋŏŀĭŏŖň 
ĴŀŏŃŖŀ? 

(Ŗ̜ģĮ ĲŏŌŏŃŭ Ńǝǡļŏ ŸľŐĮ ǳŖłĳŭŭ ĭŁŏň ŸĭŏĞĲ ĮŏŖňĜ ŸļīĞ ŐŀŐʧļ Ōªň Ÿņ Ÿ̜ģĮ ĢŭŃŭ 
ŸĲŏŭŏğŖĲŏŮŏģ ŌªŃ, ĭŏŭĻ ŸļīĞ ĴŏŖŀ Ÿņ, Ĺŏıŭ Ĺŏıŭ ŸŅśŐňĭ ŋğĮǝŏŖŃŏŭ ŸįŏŁŀ ŋğŃŏľ ŸǳŭĻ 
ĭŐŭŃŗň ĢŮŉǝĭĜ ŅŀŖļ ńŏŐŃŖň, ĩīĞĭ ŸŋŏŀĭŏŖň ŐŃľŏŞ ŐľŞŏģ ńŏň ŌªŃĜ Ņŀŭ ńŏŃ ŅŀŖļ 
ŭŏŐĮ ǳŖłĳŖŭ ŐŅŐĲŐĭŞŏģ ĭªŸň!) 

ǳŖłĳŭ: ĢŁŒŐŀ ŸņŐļŞŏ įŏŜő ĩĮŀ ŐĭŐŀŃŗň ņŏŞ, ŸļŐļŞŏ ŸŋģĮŀ ŸĭŖŀŗĭ ŃŀŏģŖĳ ŃŒŐňŖļŏ 
ŸŀŏŖŋŏŖĿ, ŸŋŏŖĿ ĴŏŖŀŏ? ĢŁŒŐŀ ŅŏŖĽŏĞ ĢŖŁŏŀŏŭ Łĳɯŭ ŅŖĹň, ŭğ ĢŐľŖŌ ĲŏŞĜ ŁŏŐŭŖň ĩŃŏŭ 
Ÿķʱ Ǫŏģń ŐľŖŞ ĢŭŒ ŐĭŐŀ ĢŁŒŐŀ ŋŒĮő ŌŞĜ ĢŅŏŭ ŸłȉŭőŖķŏ ĢŐŅ ǡŏŌŖĭ ġĹƨŏŭ ŐľŞŏ ŅŖļ 
ŸŅśŐňĭ ŋğĮǝŏ Ĳŏɾŏģ ŐľīĞ, ĴőŮŀŖĴŏŭŏ ŸįŭŏŐɂŖŭ ŹŋŖļĜ įŐļŖĭ ĢŅŏŭ ˴ļ ŁɛŐļŖŃŏŭ ǡŏŌĭĭ 
ŸĮŏňŏĮŒŐňŗĭ ŸŃĭļ ŀĭŖŭŏĞĜ ĢŁŒŐŀ ŸŃŞŏ ŀŏŁŏŃĜ ĢŖŁŏŀŏĭ 100 ķŏ ġğĭŐŃŐŉʱ ŸŅśŐňĭ ŋğĮǝŏ 
ňŏŖįŖļŏĜ ŭªŃ, ĢŖŁŏŀŏĭ ŐŃŀŏŅœŖňǝģ ĩķŏ ŐľŖĳŏĞĜ 

(ǳŖłĳŖŭ Őńļŭŗň Źį ĿŒŀőŞŏ ĮŏŅ ĩķŏļ ļňŭ ŸŅśŐňĭ ŋğĮǝŏŖķŏ ŃŏŐɲ Ÿ̜ģĮ ĲŏŌŏŃĭ ĥŁŌŏŭ 
ŐŌĲŏŖŁ ŐľŖňĜ) 

7391830451 2250431898 0574950295 1935872609 0520352734 8622396300 
6775363808 8304290943 2530860197 9054023347  

(ĿŀǝŃŏľ Ĵŀŏģ Ÿ̜ģĮ ĲŏŌŏŃ īňŏģ įªň) 

(ĭŏŀŏĹŏŭ įŐĻļȵ ǳŖłĳŭ ŁŏīŖňŏ ŐŭŖŃŀŃģŅŗň ĭŔļȵļŏ ĴŀŏŖňŏĞĜ ǳŃɲŖķŏ ŸļŖĮļŭ 
Selling Primes ŭ īŁŭļ ĢĿŏŐŭļ  ̄ŸňĮĭĜ)  
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In Conversation with Prof. Ken Ono 

 

As part of the National Mathematics Day 2014 on 22 nd December, Gonit Sora 
( http://gonitsora.com) in association with Sciensation Media (Pune) and 
Gyanome.org organised 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 Ramanujan. He 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 magazine as the second best scientific work of 
the year (2014).  

 

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

http://gonitsora.com/national-mathematics-day/
http://gonitsora.com/
http://www.gyanome.org/
http://gonitsora.com/category/nmd2014/
http://gonitsora.com/national-mathematics-day-conversation-prof-ken-ono/
http://gonitsora.com/tag/ramanujan/
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Ken: Oh you are welcome.  

Manjil: Itªs a great pleasure to have you speak with us. Sir, we will have a very short 
conversation with you regarding your work related to Ramanujanªs Mathematics. First of 
all we would like to know how you got interested into working on areas influenced by 
Ramanujan. 

Ken: Actually itªs a very long story. I first learned about Ramanujan when I was in 
high school in the early 1980ªs. My father who was a Math Professor, he just 
retired from Johns Hopkins, he was one of the many mathematicians who made a 
gift, he c 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 
I never forget about Ramanujan, I watch the Nova special and before I knew it I 
was a graduate student in Los Angeles in early 1990ªs and my advisor who just 
passed away, Basil Gordon was really quite a distinguished number theorist and he 
told me about the various Rogers - Ramanujanªs identities and before I knew it I 
wanted to work in areas of Math influe nced by Ramanujan. So it was quite accidental 
but you know I 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 I 
am sure I would have been doing something else. But as a young boy we had 
traveled all over the world for conferences and I 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 I started college my plan was to become a Doctor but 
I did not do well in Organic Chemistry so that was the end of that and so I 
switched to Mathematics. So my fathe r 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 the things that I really like about Ramanujanªs work and the kind 
of number theory that I 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 functio n 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 I am 
most interested in is p(n) a nd it acts in how many ways can you add up numbers 
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to get 4 when we donªt take into accounts orders. It turns out that there are 5ways. 
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 th century some divisibility properties. 
It turns out that every 5 th partition number starting at 4 is a multiple of 5 and some 
of my recent works about 10 yrs. ago, I 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. 

Manjil: 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 describe what your work in that area is? 

Ken: Oh yes. As I 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 do is 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.  

Manjil: I had the pleasure of listening to you in the Ramanujanªs 125th Conference in New 
Delhi and there you mentioned that Ramanujanªs work has applications in physics, string 
theory and so on. Can you tell us in which areas in work 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 
the mock Jacobi Forms. The first example of this f orms are Ramanujanªs Mock Theta 
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 
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just finished a paper which I 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 
quantum gravity theory and so it turns out that the Mathematics of Rama nujanªs last 
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: What do you think was the impact of Ramanujanªs days in India towards his 
Mathematics? Would he had been a different mathematician if he would have got a 
different education? 

Ken: Oh! Thatªs a great question. I am so glad that you raised that question 
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 I 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 that his parents continued to support him and thatªs 
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 student isnªt doing well. So, there is 
something about the makeup of his f amily and I give his parents a tremendous 
credit. I think his strong belief in himself played a very important role. Whatever 
influence was there in him from the environment that he grew up, I am sure it had 
a very important role.  

I am a consultant on the movie project «The Man who knew Infinity¬. This were 
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 mathematics is somehow divine origin¬ 
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 I think would be very difficult to replicate today so to 
answer to your question I wish if I had either a Time Machine, I wished to back 
in time and totally exhibit what the circumstances were in his home because they 
had been quite special and I think we have to give his parents quite a bit of credit 
for allowing him to pursue his Mathematics when certainly by todayªs standards it 
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wonªt make any sense certainly as a parent I know it wonªt make any sense to 
me. 

Manjil: 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 that "An 
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 I have never met 
Ramanujan. You know, I 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 I arrive at my findings....  thats a hard moment...  thats still magical...  I can...  
if you are to ask me if my work were in some sense spiritual....  I w ould have to 
say YES. I 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. I 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. 

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

Ken: Ramanujanªs life teaches us? 

Manjil: Yes. 

Ken: Well this is what I 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 barriers those days. I 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 
thatªs a triumph full human spirit. This was a very strong individual, very self-
confident individual. And we can all learn from people with that exhibit that kind of 
strength. 

Manjil: 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? 
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Ken: Well...I would put it this way... We don't see many brilliant mathematicians 
like that at all ever. So I 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 I 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. Thatªs important, or maybe we want to inspire 
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  those walls. Now thatªs kind of a gamble. Certainly we 
need people like that and Ramanujan was someone certainly like that.  

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

Ken: A typical day...! ( Laughs) Well not very different from yours. I li ve in Atlantam 
Georgia well known for having terrible traffic. So it takes me one hour to commute 
to work. I come in to my office or some days I lecture. On Mondays and Wednesdays 
I have either one or two classes. And the rest of my day I 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 I travel. I travel quite a bit. Well my 
typical day is quite relaxed. I also exercise and do triathlon so I find time to swim, 
bike and run. And I have two children. My daughter is now a college student so I 
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 I think.  

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

Ken: I take graduate advice very seriously. There is no single speech that I give to 
my students. I love my students and have many of them. And they are very 
important to me. So what I 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 
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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 I do, is I try to understand very clearly what individual 
student strengths are. I tell them what I 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 I tell my students... I 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. 

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

Ken: It really depends. So I 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 I 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. I 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. Well I have very high hopes on whatªs called "The Twin 
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. I think in the coming 4 - 5 years 
we should expect more great era.  
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In terms of other areas I think umbral moonshine and 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. I 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 ª 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 I 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. 

Manjil: What is your favorite mathematical result?  

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

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 Kanigel, 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. I spend much of the summer in London at the PINEWOOD STUDIOs, 
working with the actors and the art department on this movie. And I think itªs going 
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 

http://gonitsora.com/robert-kanigel/
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at Trinity College. I am very happy for that. I have already seen the trailer, it's 
gonna be fantastic. I hope you watch it.  

Manjil: 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: I had a time of my life. Actually I am still working with the film. I knew 
nothing about making movies before this project. AndI have to say itªs kind of 
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's first letter to H ardy. The attention 
and details is that specific. And so I had a great time. And I think it will be great 
movie. 

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

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

Ken: Oh.. Thatªs a great question..! Well Ramanuja's work is ubiquitous. People 
talk about Ramanujan®Petersson conjecture and analytic number theory. I am sure 
25 years from now people would still be talking about that. I 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 
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important in 25 years. May be there are some others that is quite important but 
that's a quite a bit of work.  

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

Ken: I think that depend on the age. Once the student has finished high school 
algebra and trigonometry, I 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 I 
think itªs important for a young student to have some exciting books like that in 
addition to the standard course, the standard abstract algebra, and the standard 
analysis books. I would recommend a nice diversified cross - section of books. 

Manjil: For someone who is from developing country like India. It gets very difficult to 
them to get access to the recent material, the recent research material or internet 
connectivity in the remote areas in India. At least from the part of India that I come from, 
itªs very difficult to access internet or to go get books from good libraries. So in that case 
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 I live in a situation where I have 
internet in my pockets£ well cellphones. And I have access to great libraries. Some 
of the books I have described are quite old. The book by Hardy and Wright has 
been around for decades. I 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 I have described like Hardy and Wright is a classic and 
I 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 I 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. I think we have Internet at the h otel may be 
limited but it is true that I hope that the Internet becomes readily available in India. 
And I hope that happens in the near future.  

Manjil: The final question. So which is your most favorite Ramanujan result? 
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Ken: My favorite Ramanujan result...I don't know that I 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 I 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 I am not sure what I would be doing right now. From 
the last 5 or 6 years I 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. I am writing a book with Amanda Folsonm of Yale and 
Kathrin Bringmann of Colonge. I 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 a theory  of mock theta functions. All fantastic works.  

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

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

 

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, Mumbai. Prof. Sujatha is 
an internationally reputed algebraic 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 Manjil 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 anyone in particular who motivated you towards mathematics? 

Prof. Sujatha (SR): No one in particular£.but learning was deeply appreciated in my 
family and my grandmother©s lifelong interest in learning, being not fully educated 

http://www.math.tifr.res.in/~sujatha/
http://www.math.ubc.ca/~sujatha/
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herself, influenced me to a large extent. As for my interest in mathematics, I guess 
I was attracted to abstract thinking and structured formalisms. I did well in math in 
school and this contributed surely. 

GS: What are the skills and requirements needed to become a good mathematician? 
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 element of intuition. A typical day of my work? It changes£ 

Earlier when I was focusing  more on research, it would be spent reading papers, 
trying to learn new areas and looking for problems and working on problems. I 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, I am also involved in teaching, supervision and other policy matters. I 
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. I am also lucky 
now to have had a few good students who are very capable. I usually suggest 
research problems in areas I think that are central in mathematics and quite an 
amount of collaborative learning happens. 

GS: What do 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 deals with? Please explain briefly. 

SR: I currently work in an area of algebraic number theory that is called Iwasawa 
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 Iwasawa, 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  



33  
 

http://gonitsora.com  

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 
so, is there any specific application which is your favourite? 

SR: Not yet£ Right now, I only see some of the ideas used in our work being 
applied to other areas within mathematics. This is true even of our work. Some of 
our results in Iwasawa 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 Iwasawa theory; can you explain it in brief for 
our readers? 

SR: We all know the field Q 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 Q, eventually reaching an important infinite 
extension called the cyclotomic extension of Q. 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 
I work in this broad area. Iwasawa 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 related to women in mathematics in India now? 

SR: Not really£I would not say `social stigmaª but there is definitely a subtle social 
difference. 

Not just for women mathematicians, but for women working in general. They are 
expected to `proveª themselves at home and work, whereas such a pressure is not 
so prevalent towards men. Also, support systems are lacking in our country but I 
am very pleased to see that institutions and organizations are now trying to tackle 
this. 

GS: You did your Masters Degree course in distance mode. Why did you opt for such a 
medium? Was it a hindrance in your progress in mathematics? 
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SR: I got married when I 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 
offered a reasonable solution. I donªt think it is a hindrance, and today with different 
forms of technology being available, I would think it is an option to be explored. 
However, I 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 problems 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 bestª will always be few and such a 
system of concentrating on a few at the cost of developing and improving a larger 
`betterª base was neglected. It continues to not be the focus, and this is the reason 
for the big tension and competition. Just as there is a spectrum of abilities in a 
society, 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 I 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 dedica ted, 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. 
I 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. At the 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 of National Knowledge Commission (NKC) 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. I also want to see lots of youngsters like you 
participating in such a movement. Today the internet and mobile platforms offer 
limitless possibilities.  



35  
 

http://gonitsora.com  

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. I 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 mathematics 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. I 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 whollyª. But we have the capabilities to change this and I hope this will 
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: I think many other Asian countries have realized similar problems and are 
approaching it systematically. Students from many other countries that I 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. I 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 anyone else 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 I see lots of others winning this prize from 
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India in the future. But t 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 major 
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 conjecture called `Serreªs conjectureª by 
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; I had visited IIT Guwahati earlier. I cannot 
tell you how pleased I am to be here, to see  this beautiful campus, the country 
side, the hope and optimism£. The people have such a sense of pride in seeing 
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 I am very happy to see some of the young facu lty 
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 oneªs work. I have also been lucky with 
networking with like minded people so that delegating responsibilities and sharing the 
work makes things easier. 

GS: Nowadays mathematics is a vast subject 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? 
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SR: I donªt think it has hindered the knowledge development£ It has expanded; of 
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. I 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 do they do? 

SR: I donªt want to comment on this. There are lots of interesting areas and 
mathematicians. I 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 an undergraduate 
programme in math? 

SR: Unfortunately, we have almost none in India. But I think the American Math 
Monthly is good. The American mathematical society ( www.ams.org) has a very rich 
website with lots of informat ion. 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. Is 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 hobbies do you have? Do you read poems, novels 
etc? 

http://www.ams.org/
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SR: I read poems, especially (translations of) Japanese poems from the 7 th century 
onwards; I prefer non - fiction books, I knit, listen to music, I travel£ 

GS: If you werenªt a mathematician, what else would you want to be? 

SR: I would have loved to be a dancer, with an intellectual approach to dancing £. 

GS: What is your opinion about Gonit Sora (www.gonitsora.com)? Any advice to improve 
our website? 

SR: I am  so pleased with this activity! It looks very good. I 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 relevant 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 I 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 Maynard: 

2014 SASTRA Ramanujan Prize winner 

 

The prestigious 2014 SASTRA Ramanujan Prize was awarded to Dr. James Maynard, 
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 
Ramanujan. The age limit for the prize has been fixed at 32 to reflect Ramanujanªs 
achievements in his brief life span of 32 years. Previous winners include Terence 

http://gonitsora.com/the-legacy-of-srinivasa-ramanujan/
http://gonitsora.com/the-legacy-of-srinivasa-ramanujan/
http://gonitsora.com/%e0%a6%9f%e0%a7%87%e0%a7%b0%e0%a7%87%e0%a6%a8%e0%a7%8d%e0%a6%b8-%e0%a6%9f%e0%a6%be%e0%a6%93/


40  
 

http://gonitsora.com  

Tao, Manjul Bhargava, Kathrin 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 Tao).  

Dr. James Maynard obtained his BA and masterªs degrees in mathematics from 
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 
research 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 Manjil 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: I went to India on a family holiday 3 years ago, so this will be my second 
visit ® Iªm looking forward to coming back! Last time my visit was to the north 
(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: I havenªt had any direct collaboration with an Indian mathematician. The 2005 
winners of the Ramanujan prize (Professors Bhargava and Soundarajan) both have 

http://gonitsora.com/%e0%a6%9f%e0%a7%87%e0%a7%b0%e0%a7%87%e0%a6%a8%e0%a7%8d%e0%a6%b8-%e0%a6%9f%e0%a6%be%e0%a6%93/
http://gonitsora.com/mathematical-marvel-manjul-bhargava/
http://gonitsora.com/ramanujan-erdos-feynman-the-eternal-golden-triad/
http://gonitsora.com/ramanujan-erdos-feynman-the-eternal-golden-triad/
http://gonitsora.com/%e0%a6%9f%e0%a7%87%e0%a7%b0%e0%a7%87%e0%a6%a8%e0%a7%8d%e0%a6%b8-%e0%a6%9f%e0%a6%be%e0%a6%93/
http://gonitsora.com/mathematical-marvel-manjul-bhargava/
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an Indian background and have done absolutely fantastic work in closely related areas 
® I always make sure to read anything they produce at it is always illumin ating. 

GS: How did you get interested in mathematics?  

JM: Iªve always liked mathematics since I first went to school. It is difficult to 
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 feel like Iªve been helped enormously by the encouragement and mentor- ship 
of my various teachers from high school through to my PhD supervisor, and I 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. 
Ramanujan, of course, certainly fits into this category.  

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

JM: I tend to take a fairly relaxed approach to work. Iªm a naturally late person, 
so Iªll normally wake up quite late, and then try to do administration and read some 
mathematics in the morning. Iªll have lunch with colleagues, and then in the afternoon 
Iªll work on my research. This typically involves going through some mathematics 
paper in detail, and trying to work out if the key ideas can be applied to a problem 
that Iªm working on. My desk is normally a complete mess, covered in odd bits of 
paper where Iªve 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/
http://gonitsora.com/ramanujan/
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JM: Iªm working mainly on the distribution of prime numbers ® this is still my main 
research interest. Thereªs a huge number of questions Iªm interested in, but in 
particular Iªm trying to see if there are some more problems which can be tackled 
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 
go to 2? What m otivated you to work on such a classical problem in number theory 
like the the Twin Prime Conjecture?  

JM: Iªm confident that eventually mathematicians will be able to prove the conjecture, 
but I think we really need some fundamentally new ideas to prove it . There are 
some barriers which mean that the current method canªt do better than showing there 
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 
I 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 I tried to do this, I 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! I think it is a good idea for a young mathematician to have an 
appreciation of what the `big problemsª in the area are, how current work that 
mathematicians are doing fits in with this, and what the technical obstacles to these 
problems are. However, I 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 mathematicians and thinking about active topics, rather than deciding Iªd try to 
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 
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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 ® I 
think this is just a pure coincidence.  

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

JM: I took part in the 'Polymath 8bª project on bounded gaps between primes, which 
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 willing to post ideas that weªre fully formed (and potentially wrong!) online for 
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 group, 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: This is difficult, and Iªm not particularly well placed to solve this problem. 
Fortunately the Internet has been a huge aid in this regard ® 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 I read daily and is freely available.  

GS: Apart from mathematics what hobbies do you have?  

JM: Outside of mathematics Iªm an Arsenal FC soccer fan, I like listening to 
alternative music and I enjoy debating with friends (about absolutely anything!) Iªm 
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, Iªm glad that there is such interest in prime 
numbers at the moment!  

 

Gonit Sora wishes Dr. Maynard all the success in his future endeavours.  

http://www.arxiv.org/
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An Interview with Prof. Swadhin Pattanayak 

 

Prof. Swadhin Pattanayak 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 I really liked Science 
and scientific experiments. In the process of learning Physics, Chemistry I 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 I began 
to realize that I need to know mo re mathematics to understand these things. Although 
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I have an equal interest in mathematics, but for learning physics properly I 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. I read and read and read. There was hardly any bo ok 
in the library which I haven't read. If I didn't understand something, then I read the 
required things. Most of the things I learned myself, because if you ask others than 
they might not have the time to give you.  

3. How do you think mathematics influences 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 I did my PhD I wanted to find out a class of operators which is a very 
abstract thing. But the  way I did it, I found out some methods to determine when 
would these operators be invertible. And I left it at that. But ten years later I 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. I never learned p robability when I was in India or when I 
was in US. I was once looking at some work of my friend and then found some 
mistakes in his work. In this way I started learning probability and then guided a 
few students. My original work was in functional analysi s. Since I liked physics so I 
also worked on areas which lies in the border of mathematics and physics.  

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

One is on operator theory, and then finding out some geometrical meaning in analysis. 
Then there i s quantum mechanics and trying to understand in terms of general 
relativity. Not many people have given answers and I have been also trying that.  
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6. Amongst all your achievements, which one do you feel is the most significant? 

The most significant I 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 IISc, Ban galore has also won the Bhatnagar 
Award. So I would say that I 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. Thatªs what we have been doing so far. We guide research and encourage 
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 India t 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 I 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 IITs 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. I know many good places cannot offer courses 
because of a non - availability 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 I did before I 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? 

I like history and also to work for people. That is why I try to help children who 
are economically or socially backward. I am not saying that I 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 
to C, D etc up to  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. 
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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? 

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

19. Is this your first visit to Assam? 

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

20. Your comments on Gonit Sora? 

I 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 
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Bruce C. Berndt is an American mathematician working on analytic number theory. 
Prof. Berndt 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 «Ramanujanªs Notebooks¬ published by 
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. 
Andrews on a 4 volume series on «Ramanujanªs Lost Notebook¬. Prof. Berndt has 
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 
GonitSora.com managed to get an interview of him. Prof. Berndtªs website can be 
found here. 

The following are Prof. Berndtªs replies to our queries. The questions were set by 
Prof. Nayandeep Deka Baruah, Manjil P. Saikia and Pankaj Jyoti Mahanta. 

 

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

Prof. Berndt (BCB): As a youngster, I was mainly interested in sports, first in baseball, 
and then later in football and especially track. I wanted to become a sports writer. 
In high school, I 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 
I 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: I did not have any particular subject or kinds of questions in high school that 
I 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. 

http://www.math.uiuc.edu/~berndt
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BCB: Of course, at the outset, one needs some skill in mathematics. However, the 
main requirement is the willingness to work. I have taught many gifted students, but 
the only ones who became successful mathematicians were those who worked hard. 
On the other hand, I have taught many whom I 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 
so, is there any specific application which is your favourite? 

BCB: Some of Ramanujanªs work has had an impact in physics, in particular in 
statistical mechanics. 

GS: What does your current research deal with? 

BCB: As in the past several years, I have devoted almost all of my research efforts 
toward proving the entries in Ramanujanªs lost notebook. In particular, in the past 
few years, I have concentrated on entries in analysis and analytic number theory. I 
have also thought a lot about the partition - theoretic implications of many of 
Ramanujanªs q- series identities. 

GS: What motivated you towards understanding and bringing out Ramanujanªs 
mathematics to the wider world? Was there any specific incident? 

BCB: Working with Ramanujanªs mathematics for many years, it was natural for me 
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, I now have a vehicle to 
communicate mathematics to a wider populace. 

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

BCB: I wrote over 30 papers before I had my first co - author, who was the famous 
Indian number theorist, S. Chowla. I thought to myself, «Wow, this is great- drawing 
on the wisdom, creativity, and insights of a great mathematician in writing a paper.¬ 
From then on, I 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. 
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GS: How do you see the current Indian scene of 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 I first visited the Government College in Kumbakonam in 1984, I 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, I was asked to give a lecture 
on Ramanujanªs notebooks later in the day. Amazingly, when I reached the auditorium 
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 
Ramanujanªs home was very inspiring. My two conversations with S. Janaki, 
Ramanujanªs widow, were highlights of my life. I learned much about her late 
husband from her. 

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

BCB: I had not realized that travel to and withi n this area would be so difficult, but 
the efforts have been very rewarding. I have stayed at several campus guest houses 
in India, but the nicest has been the one at Tezpur University. The food has been 
great. I 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: I unwittingly answered this question while answering the last question. I love 
paneer, and I have never experienced so man y dishes featuring paneer. I wish that 
I had time to try all of them. Indeed, I also like Indian sweets; there is not one 
that I do not enjoy.  

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

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

GS: There is a problem getting recent issues of journals and books by the students in 
this part of the country. Is it in any way hindrance to a career as a mathematician? 
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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: I enjoy listening to classical music, not only western classical music but 
traditional music from other countries such as India. I own several CDªs of Indian 
classical music, in particular, Karnatic music. I also follow sports, especially the 
football and basketball teams at the University of Illinois. 

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

BCB: When I entered college, I wanted to become a physicist. By the end of my 
first year, I decided that I liked mathematics more than physics, but I continued to 
take as many physics courses as I could fit into my schedule. I also thought that I 
might coach track while being a college mathematics teacher, but being a mathematics 
professor is too demanding to allow coaching track. I did coach my sonªs soccer 
team for six years.  

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

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

 

GonitSora.com thanks Prof. Berndt for his time and patience answering our questions. 
We hope he unravels further mysteries of Ramanujanªs works and lead a long and 
fruitful life. 

[Introduction by Manjil 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 Ig 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 : It's an interesting question because I had an unusual scientific trajectory in the 
sense that I didn't work with a senior person ever in my life, except once. In the 
1970's I wrote a paper with one of senior colleague together. But when I was a 
graduate student I didn't write anything with my supervisor. He was very helpful to 
me but we never wrote down anything together. So, I am sort of self - constructed. 
However, there are a few people that I enormously admire. Of course there are the 
usual people we all admire l ike Einstein, Newton, Dirac and so on. Dirac comes 
from my city Bristol. I 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. I 
admire him. I have admired him from many decades but I only met him some 
decades after I encountered his work. And then there is some Irish physicist G.C. 
Stokes. He influenced me and in fact this dates from a visit t o India, many years 
ago, 1988, the centenary celebration of C.V. Raman, a name you know ofcourse. 
And a number of people didn't arrive at this meeting in Bangalore and I was asked 
to give more lectures. So I gave a number of lectures on different aspects o f my 
research and then suddenly I realised that every single lecture I was speaking about 
was based on some idea that went back to Stokes. So I found out much about 
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him. I admire him very much. Though his style was very different from mine, he's 
somebody I admire but I wouldn't call him role model. And then J.L. Synge, an 
Irish relativist who had a wonderful clarity in his writings. I met him when I was a 
graduate student indeed. Almost by chance he influenced the whole direction of my 
future research. In m y own department there was a tradition of geometrical thinking. 
No one is mathematical as me but still geometrical and pictorial thinking which I 
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. I have also avoided have been as closest you could 
think to role models but no one is exactly a role model. I am sort of largely self -
constructed but I have influenced in a  number of ways. 

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

A : As a child I was fascinated by astronomy. I 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 a lot of trouble in the world. It's somehow comforting to look at these realms 
very far from all of our tro ubles. Of course, I now know that the universe is an 
extremely violent place and our earth is a «fairly peaceful little enclave¬. But still 
that's just a guess why astronomy is so attractive. A world that's beautiful and away 
from our human troubles. But a nyway I went to university and realised  
that, astronomy is based on physics and physics has beautiful ideas in it which then 
superseded the astronomy. I still like astronomy as a member of the public but I 
am not... this isn't the center of my research.  

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

A : Many years ago I 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 I gave on subjects ver y different from his, he said, "It is very 
interesting for our students to hear you, to hear somebody who has a well - articulated 
research plan." I said to him, "Leo you are mistaken." Often when I go to work 
in the morning I have no idea what I going to th ink about that day. So it might 
appear to you as though I have a work plan but often I don't. However, if I am 
intensely involved in a problem this occupies me continuously. So wherever I am, 
when I am at home, when I am half asleep or whether I am at work  by my office 
I am thinking all the time about this problem and technicalities, usually mistaken 
thoughts. I mean most physics you do is wrong but one makes some progress and 
so I don't really have a plan as such. I actually don't. I am organised person, 
things like limited work I have to do, the bureaucratic kind like booking air tickets. 
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I am flying different parts every week to another country, booking air tickets and 
arranging hotels all I do very efficiently. But it is not what I would call my working 
day. I do that to leave myself space. I try to reply almost instantly to emails and 
just to get them out of the way some people leave them for several weeks but I 
can't do that because they worry me all the time. I think I should be  
replying and I do it.Th en I get on to thinking about physics or mathematics or 
whatever. 

Q : What do you do in your free time? 

A : Cook. I like walking and I occasionally go to cinema. I read a great deal. All 
kinds of books like philosophy, novels and history. Now I 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. I am also 
reading a novel that my son gave me. So, I read a lot and I like cooking. That's 
what I do. I like to walk also. I don't get much chance but there's a lot of nice 
countryside where I live. When I visit places not so hot as India. I like to walk.  

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

A : No. Not at all. I mean I cook food from all countries. I 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 I 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 I do occasional ly like to follow recipes but 
nothing in particular. 

Q : What movies do you like? 

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

Q : What is your favourite genre of music? 

A : Jazz of all kinds.  

Q : Any favourite artists? 

A : Oh yes. I mean there are different musicians who reach deep into the heart in 
different ways. I dream of doing a piece of theoretical physics which has the same 
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immediacy and beauty as one note from Louis Amrstrong's trumpet. There is a 
saxophone player called Sonny Rollins who's been playing for almost 70 years and 
I 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 I 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. I 
occasionally hear them. I 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. Itªs only because he created the thing. 

Q : What about improvisations and reinterpretations? 

A : Oh yes and no. That's a standard procedure in jazz. It's that, there are certain 
melodies which there are like ©Summer- timeª and are sung by a variety of musicians, 
each of whom has his own way of interpreting and I love that. I mean those are 
called standards. I like this. Yes, there is another thing. There is something about 
jazz which is, I wonder how to write about this i 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 
some. Itªs like the kind of conversation between theoretical physicists. 

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 do t 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 
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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. I 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 trip take?¬, after sometime the geometric 
phase partially answers the question of «where have you been¬. So that's what I 
would say, using this analogy with car parking. 

Q : What are the applications of Berry phase? 

A : Well that's a good question. I am not so interested in that. Actually I am very 
happy when people say that they are applying it. There is something called adiabatic 
quantum 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 
quantum 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. I 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. I 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 prize along 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 I 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!". 
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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 I went to this shop and there was the levitron. The levitron, you know 
what it is,   it is 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 I was immediately fascinated by this toy and I made them 
some comments. I 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, I 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 
©airheadª. But still I said, "I'll buy it." "Oh you can't buy it. It's the only one we 
have." Okay. So I couldn't. But then somebody bought me one and I spent a long 
time understanding how it worked. Now, ofcourse it was invented. Now, it was 
invented by people who had planned applications which I 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 I 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 I was very 
happy with and I 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. I 
became very good at it because if you give lectures then y ou must make sure that 
you can achieve it in a lecture theater with people. So I managed to do it. I'll tell 
you a funny story. I was in Bangalore and I was invited to give a lecture. My son 
suggested I should give the title, "Levitation without Meditation ". So I gave this title 
and my host called me and said "Look, I 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 I did it and on the day of the lect ure the 
email came advertising my lecture, "Levitation without Mediation." I was so angry 
that I called them and I said, "Look, you've ruined the title. Please send an email 
with would create otherwise I am not giving the lecture." Well I gave it. So I was  
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giving this lecture in a few places. It was popular. People liked to hear it. It was 
a good story. But, one place I 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." 
I was, "N o, it sounds like non - sense. You know, it couldn't be." He talked about 
as though it is completely different but then I 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 I real ised that it is sort of the same because it works because the frog 
is water, I 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, I 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 I 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. I 
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 I accept it?" 
And I 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, I don't 
see any reason you shouldn't accept it." But he telephoned the guy Marc Abrahams 
and said that I 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 I came to be involved but I 
didn't go to the ceremony as I 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 I 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. I am Jewish. I 
am not religious at all. My brother is a rabi. He is a minister of religion he t hinks 
I am religious but simply not in the usual way because he thinks what I 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 I would 
be never be converted. I am a lost cause to him. But what I do n't agree with is 
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any of the organised worship and the rituals and the sacred books. But I want to 
say something, itªs very important to say this. There are people, my brother being 
one of them, with whom I deeply disagree on these kinds of matters. Howeve r, I 
also am aware that there are many people with whom I disagree, whom I respect 
enormously as human beings, I really do and a number of them are among my 
friends, not just my brother. On the other hand there are people with whom I agree 
and whom I disli ke so much that I wish I 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 I 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 I do." So he said t 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 I 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. I understand that 
and sympathise with that very much.  

Q : There is even a branch of Hinduism that's completely atheistic. 

A : Yes, I 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, I 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, I 
discovered it after somebody during a lecture asked a particular  question and not 
before that. I thought about this question and I realised there was something deep 
there and it took several weeks then I found the phase. I might have found the 
phase otherwise. I had all the ingredients in my mind. It didn't happen that  way, it 
happened almost by chance, but as I 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 
organized problem solving and I 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? 
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A : It's a good question. I 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. I never advise other people to 
do it or not to do it. But as I again said this morning, I am not a very competitive 
person. I wouldn't like to everyday see on the archive and see what people publish. 
It's good, physics is very important. I also said I have to repeat it. I 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 I 
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. I don't work on quantum information but I 
think it's a wonderful subject and when students say, who are not my student, but 
they I 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 
quantum mechanics with the transistor and the LASER changed civilization. Leon 
Lederman, Nobel Prize winning experimental high energy physicist estimated that about 
a third 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 I 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. I 
don't want people to be able to get into my bank account but keeping of secrets is 
not really a positive human thing. I would have hoped that there would be some 
more positive application. There will be, I 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 I said your bank account but most things, you 
know, I 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, 
"I never replied, I am not going to such a place." Well very often if I am sent a 
paper to a journal I am asked to refer a paper. They say, "Oh you got to login 
to our website." And I say to them, "Ofcourse when you refer a paper you don't 
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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 I am not going to do. So 
just send me the paper." So , I don't think this vast technology of keeping secrets 
and passwords in the quantum version of it is so important, I mean it's not a 
positive human thing which I would like to see. I would like to see some analog of 
application of quantum information which 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 : Oh it's a very good question. I 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 which 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, I don't know. It depends only on observational experiment. I really can't 



64  
 

http://gonitsora.com  

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 
quantum 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 ations, as youªd know. 
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 I can't say what 
you should do. I 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, I am still astonished that for my whole career and now that I 
have officially retired, people actually paid me money (a salary,) to have such fun. 
I 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, I 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. I 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 narrate some interesting experiences from 
your visit? 

A : I had lots of interesting experiences in India. The most beautiful day of tourism 
I have ever spent many years ago, on the backwaters in Kerala, on the boat from 
Alleppey to Kottayam. There were so many, I mean, I am visting many countries. 
As I said, I am travelling almost every week to a different country. I was in Brazil 
last week, I came back and spent one day in Germany and now I am here, next 
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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 I meet I enjoy. I haven't had any real contact with the bad aspects which 
of course there are as in every country though I don't want to  single out a particular 
experience. I think they're, in their own places, wonderful. I want to see the snake 
park here in Madras because many years ago I 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 I did visit the snake park many decades ago and so they do this. Now 
I 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. His girlfriend wonªt allow him to have it in their place. So now I see 
it but still I remember that snake is a wonderful place. I would probably either to 
there or the crocodile and snake park close by. You know, but these are just little 
things. I 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 
there. 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. I was in Kolkata once, I had to call my secretary in the 
street and I  said, "Before we talk, listen to Kolkata," held the phone up. She said, 
"Sounds very noisy." I said, "Yes, it is."  

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

A : I 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 I might visit although as somebody 
says that they don't allow foreigners any more in there but I will see the place from 
outside. This is an unpleasant development by the way. I know there's a lot of 
discussion about it. So, I 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 I am told that it has beautiful things. I am told that 
like the government museum in Kolkata, it's in a disgraceful state of neglect and 
disrepair. Nevertheless 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, I don't have time to visit other places, no. Sometimes I do. I've 
visited many different parts of India over the years. But this time not, I 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. Thank you 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, Chennai. 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, IIT 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 use such state of the art 
technology for research? 

Ʒ I have seen only one student use this technology for his Masterªs Thesis project 
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 originally from this part of the 
country. How have you adapted to the culture change? Did that ever affect your work? 

Ʒ 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? 

Ʒ 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? 
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Ʒ 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, professionals and firms and more industrial absorption of design 
students. I 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? 

Ʒ 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? 

Ʒ My political background 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. 
I 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. I followed my passion 
and made it to School of Architecture a nd Planning, Anna University to do Bachelors 
in Architecture and Masterªs M. Des and PhD from Industrial Design Centre, IIT 
Bombay. 

  

Students usually always see the serious side of their teachers. Why donªt you share with 
our readers some amusing anecdote during your time at IIT Guwahati? 

Ʒ There are plenty to share here is one, as usual I went to take one of my 
elective class in the morning upon reaching the classroom, I noticed the room was 
decorated. As soon as I entered the room there was a chorus, ©Happy Birthday to 
you sirª with a delicious chocolate cake and gifts. I knew it was my birthday but 
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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? 

Ʒ 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. 

Ʒ It was never an overnight design it took me a long time to arrive at the concept. 
I made several scribbles of the symbols got feedback my friends and faculty members 
at Industrial Design Centre, IIT Bombay. After their feedback and suggestions, I 
chose four and further worked on it and submitted the final designs.  

The symbol denotes Devnagiri letterform ©Raª and partly Roman capital letter ©Rª 
(without the vertical stem). It i s derived from the word Rupiah in Hindi and Rupees 
in English both denote the currency of India. I 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 toª to denote balanced and stable economy. 

 

Do you have something to say to our readers? 

Ʒ A quote from Mahatma Gandhiji, «The future depends on what you do today ¬. 
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http://www.iitg.ernet.in/a.saikia/Education.htm
http://www.iitg.ernet.in/a.saikia/
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ĽŏŐĭŃŗň ŸŁŏŮŏŖķŏ ĳŏǭ-ĳŏǭőŖŞ Ÿŋśńŏįǝŭ ĭĽŏ ŃŒŐň ńŏŖŮĜ ĢŁŒŐŀ ŹĭŖŉŏŭļ, Ĺŏıŭ ŹŌ Őĭ 
ŸŌŏŮŏŭ ĭĽŏ ńŏŐŃŐĳň ĢŭŒ ŸļŐļŞŏ Őĭ ĭŏŅļ ġŐĿĭ Ńǝ˃ ŹŌŐĳň? 

Ʒ ŋŭŒŖŭ Łŭŏģ Ņģ įŐĻļ ŐŃŊŞŖķŏŭ ǳŐļ įńőŭńŏŖŮ ĢĭŔɦ ŹŌŐĳŖňŏĜ įŐĻļŭ ňįļ ŋŅŞ 
ġŐļŃŏŐŌļ ĭŐŭ ĮŒŖŃģ ńŏň ňŏŐįŐĳňĜ ńŐŮŊǝļŗňŖŞŏ ĩģ ŐŃŊŞŖķŏŖŮģ ġĿǝŞŀ ĭŐŭ ņŏŅ ŃŒŐňŖŞģ 
Ņŀ˄ ĭŐŭŐĳŖňŏĜ Ÿŋģ ŋŅŞļ ġŮŖŉǝ įŖŮŊĻŏ ŉʄŖķŏŭ ĢĿŏŭ Źň ńŃŏ ŀŏŐĳŖňŏĜ 

ġŋŅ įŐĻļ ŐŉȖŏŞļŀŭ ˶ŏŭŏ ĢŖŞŏŐĴļ įŐĻļ ġŐňŐʏŞŏľŭ ĹÄ ŋŒǵļŏŀɯ ľŒŮŭŏ ̮Ļƨ-Łľĭ 
ĩķŏ ġŐļ ŋɴŏŀőŞ ĢŭŒ ĳŏǭ-ĳŏǭő, ŐŉȖĭ ĢŭŒ ġŐńńŏŮĭ ŋĭŖňŏŖŭ ŃŏŖŃ ĢǡŌŭ ŁľĭĜ 
ĢŁŒŐŀ Ÿŋģ Łľĭ ľŒŃŏŭ ňŏń ĭŐŭŐĳňĜ Ÿŋģ ŋŅŞļ ĢŁŒŐŀ ŸĭŖŀ˙Ůŏ ĿŭĻŭ įŐĻļ ŐŉŐĭŐĳň 
ĢŭŒ ĩģ ŁľŖĭ ŐŁĳŭ ĭŏňļ ĢįŃŏŐŝ ŸņŏŮŏļ ĥǂŋŏŌ ŸņŏįŏģŐĳňŖŀ? 

Ʒ ŀŮŅ- ľŉŅŅŏŀļ ŸŅŏŭ Ōŏļļ Łŭŏ ŐņŖĭŏŖŀŏ įŐĻļŭ ŐĭļŏŖŁģ ŁŐŝŃŗň ŹňŐĳŖňŏ ĢŭŒ 
ŸŋģŐŃňŏĭļ Ľĭŏ ŋŅŋǝŏŖŃŏŭ ŋŅŏĿŏŀ ĭŐŭ ńŏň ŁŏģŐĳŖňŏĜ ŐņŖŌļŒ Ģŉőŭ ľŉĭŭ Ÿįŏňŏİŏķļ 
ŁŏĸǝŁŒŐĽŭ ŃŏŐŌŖŭ įŐĻļ ŋʏĭ˕Ş ŐĭļŏŁ-Łǭ ŐŃŖŉŊ ŸŁŏŮŏ ŀŗįŐĳň, įŐļŖĭ ĩĭŏľŉ-˶ ŏľŉŅŏŀŭ 
ŐĭļŏŁŖŃŏŭŭ Łŭŏģ ŸŌŁŏŌ ŁœŭŏŃ ňįŏ ŹŌŐĳňĜ ľŒģ-ĩŖĭ ŸŅŏŭ ĢǡŌŭ ĭĽŏ ĴŏŐŀ ŸĭŐļŞŏŃŏ 
ŸĭŐļŞŏŃŏ įŐĻļŭ ŃǝŐļǞŅő ľŒģ-ĩĮŀ ŐĭļŏŖŁŏ ŐľŐĳňĜ ŅŖĽŖŅȃĭĲ ķŒŖĹ ŀŏŅŭ ĢŖňŏĲŀőĮŀ 
ŁŐŝŐĳŖňŏ ĢŭŒ ġŋŅ įŐĻļ ŐŉȖŏŞļŖŀ Ÿŋģ ŋŅŞŖļ ĥŐňŞŏŃŗň Ģŭʓ ĭŭŏ įŐĻļ ŐŃĭŏŉ ŀŏŅŭ 
ŊŏɌŏŐŋĭĮŀŗňŖŞŏ ġŐļ ĢǡŖŌŖŭ Ńŏķ ĲŏģŐĳŖňŏĜ 

įŐĻļŭ ĥȬŐŉȖŏ ŸňŏŮŏŭ ǳŐļ ĢŖŁŏŀŏŭ ĢǡŌ ŸĭŖŀŗĭ ŃŐŝň ĢŭŒ ĩģ Őľŉļ ĢŁŒŐŀ ŸĭŖŀŗĭ 
ĢįŃŏŐŝ ŹįŐĳň? 

Ʒ Ņģ ŸņŐļŞŏ ǳŏĽŐŅĭ ŸǻĻőŭ ĳŏǭ ĢŐĳŖňŏ, Ÿľĥļŏģ ŸĿŅŏŐňŭ ĲňŖŭ ŐŃŐńɳ ŸŅśŐĮĭ Ńŏ 
įŏŐĻŐļĭ ŋŅŋǝŏ ĢŐľ ĭŐŭŃŗň ŐľŐĳňĜ ŸļŐļŞŏŭ Łŭŏģ ŸŅŏŭ ŅŀŖķŏ įŐĻļŭ ǳŐļ ĺŏň ĮŏģŐĳňĜ 
ġʱŅŅŏŀŭ Łŭŏ ľŉŅŅŏŀŗňŖĭ ŋŅŞŖĲŏŮŏļ ŸĴŐŌŭŒň ̯ŖĲģŀ ĲŏŖŭ ŁŏĸǝŁŒŐĽŭ ŃŏŐŌŖŭī ŌŏļŖļ 
ŸŁŏŮŏ ŐņŖĭŏŖŀŏ ŐĭļŏŁŖŭ Łŭŏ įŏŐĻŐļĭ ŋŅŋǝŏŖŃŏŭ ŋŅŏĿŏŀ ĭŐŭŃŗň ŐľŞŏ ĥľįŐŀŭ ŃŏŖŃī Ņģ 
ŐŃŖŉŊńŏŖŮ ĥŁĭŔļ ŹŌŐĳŖňŏĜ 

ĢŖŁŏŀŏŭ ŐŉȖŏĴőŮŀŭ ŋłňļŏŋŅœŌļ ĭŏŭ ġŐŭŌĻŏ ŋĭŖňŏļŗĭ ŸŃŐĳ? 

Ʒ Œ̓ňőŞŏ ġŮ˄ŏļ Őņŋĭň ŐŉȖŏ̋ŭŒŖŮ ŸŅŏŭ Ņŀļ ŐŃŖŉŊńŖŮ ǳńŏŮ ŸŁňŏģŐĳň ļŏŭ Őńļŭļ 
ŸĴŐŌŭŒň ̯ŖĲģŀ Ĳŏŭ, ŸľŖŃŀ įŗį Ĳŏŭ, ńŏŭļ ŀŏĽ Ĳŏŭ, ŐŀŭŒŁŅŏ ŭŏĴŖĮŏŮŏ ŃŏģŖľĥ ĢŐľŭ 
ĭĽŏ ĥŖʦĮ ĭŐŭŃģ ňŏŐįŃĜ ŸĭŐ̕Ĵŭ ǳĽŅ ŋŅŞŖĲŏŮŏļ ĹÄ ŸŁňŌŏŅ ĥģňĲŖŀ ŸľĮŒīŮŏ Ģ˄ŏģ 
ŸŅŏĭ ŐŃŖŉŊńŏŖŮ ĥľįŐŀ ŸņŏįŏģŐĳňĜ ŁŭŮļ˕ ŋŅŞŖĲŏŮŏļ Ĵŀ ĭķŖĲ ŸŅŏĭ Ńŏķ ŸľĮŒŮŏģŐĳňĜ 
ļľŒŁŐŭ ŸņŏŮŏ ľŌ Ńĳŭ ĿŐŭ ŸŅŏŭ įŖŮŊĻŏŭ ĭŏŅļ ġŌŐŀƨŖŉ ĥǂŋŏŌ Őľ ġŌŏ ŸŅŏŭ ŋŌĿŐŅƨĻő 
Łŏȷŏňőŭ(ŁŏŐŌ) ńœŐŅĭŏī ŸŅŏŭ ŃŏŖŃ ġŐļ ˝ŭŒ˰ŁœĻƨĜ 

ĢŁŒŐŀ ŸĭŐ̕Ĵŗň ŸņŏŮŏŭ Őŋɛŏɫ ŐĭŞ ŹňŐĳň? ļŏļ ĭŖķŏŮŏ ŋŏļ Ńĳŭŭ ġŐńȵļŏŖŭ ĢŁŒŐŀ 
ńŏŭļőŞ ŐŃ̜ŐŃľǝŏňŞŭ ŁŏĸǝǞŅ ĢŭŒ ŐŉȖŏŃǝŮ˄ŏŭ ňįļ ŸĭŐ̕Ĵŭ Őĭ Őĭ ŁŏĽƨĭǝ ňȖǝ 
ĭŐŭŐĳň? 
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Ʒ ŋŭŒŖŭŁŭŏģ ŸĭŐ̕Ĵŭ ĭĽŏ ̛Őŀ ĢŐŌŐĳŖňŏĜ Őŀĥķŀ, ŭŏŅŏŀŒĴŀ ĢŐľ ŐĭğŃľŐɫŭ ĭĽŏ ŁŐŝŃŗň 
ŁŏģŐĳŖňŏĜ įŐļŖĭ ŸĭŐ̕Ĵļ ŁŐŝŃŗň ŁŏŖň Ÿņ ġŐļ Ÿŋśńŏįǝŭ ĭĽŏ ŌªŃ ŸŋŞŏ ŋŭŒŖŭŁŭŏģ ĥŁňŐʅ 
ĭŐŭŐĳŖňŏĜ ŸĭŐ̕Ĵļ ŸľŐĮŐĳŖňŏ Ÿņ ŋĭŖňŏŖŮ ŐŀĴŭ ĢǡŌŭ ŅŖļŖŌ ġǡŋŭ ŌŞĜ ļŏŭ ĳŏǭ-
ĳŏǭőŋĭŖň ŐŃŊŞ ĩŖĭŏķŏ ŐŀĴŭ ĢǡŌ ġŀŒņŏŞő ŋŌŖĴģ ŋňŏŃ ŁŏŖŭĜ ļŏļ ļĽǝ ŋğǡŌļŗĭŖŞŏ 
ŐĲɫŏŭ ŐŃĭŏŉŭ īŁŭļŖŌ ˝ŭŒ˰ ŐľŞŏ ŌŞĜ ŁŭőȖŏŭ łňŏłŖňģ ļŏļ ŸŉŊ ĭĽŏ ŀŌŞĜ 
ŁŭőȖŏŐŃňŏĭŖļŏ ņŏŐɩĭńŏŖŮ ĭŐŭŃ Łŭŏ ǳʪ ŋŅœŐň ŀŏĽŏŖĭĜ ǳŐļĴŀ ĳŏǭ-ĳŏǭőŖĭ ļŏļ ņŖĽʱ 
ŋɴŏŀ ŐľŞŏ ŌŞ, ŸļīĞŖňŏĭŭ ŐŃĲŏŭ-ŐŃŖŃĲŀŏ ˝ŭŒ˰ ŋŌĭŏŖŭ ŸňŏŮŏ ŌŞĜ ŸŃśŐɛĭ ŐŃĭŏŉŭ ŃŏŖŃ 
ŸĭŐ̕Ĵŭ ŁŐŭŖŃŉ ġŐļ ġŀŒ˚ňĜ  

ĢŁŒŐŀ ŐŃ̜ŐŃ̝ļ įŐĻļȵ, ŭŖŞň Ĳĳŏģȃŭ Ÿłňª Ĵŀ ĭķĳŭ ļ˰ŏŮĿŏŀļ įŖŮŊĻŏ ĭŐŭŐĳňĜ 
ŸļŖĮļŭ ňįļ ĭŖķŏŮŏ ŐľŀŖŃŏŭŭ ŋʏŖĭƨ ġňŁ ĭīĭŖĲŏŀĜ 

Ʒ ĭķĳ ŐņľŖŭ ĩįŭŏĭő ŅŌŏŀ įŐĻļȵ, ŸŋģľŖŭ ĩįŭŏĭő ŅŌŏŀ ŐŉȖŖĭŏĜ įŐĻļŭ ŋŒįńőŭ 
ļ˰ī ŸļŖĮŖļ ġŐļ ŋŌĴńŏŖŮ ĥŁ˄ŏŁŀ ĭŐŭŃ ŁŏŖŭ ĢŭŒ ļŏŭ ŋŏŭŅŅƨ ĳŏǭ-ĳŏǭőŋĭňŭ ŸŃŏĿįŅǝ 
ĭŐŭ ŸļŏŖňĜ ŃǝŐȍ ŐŌĲŏŖŁ ŸļŖĮļ ŅŭŐŅŞŏň, ġŐļ ġŅŏŐŞĭĜ ŸĭŏŖŀŏ ĭĽŏģ ŸļŖĮŖļ ĿŭŏŃɲŏ 
ĭŐŭ ŐŀŐľŖŞ, ŸļŖĮŖļ ŁŭŏŅŉƨŖŌ ŐľŖŞĜ ŸļŖĮļŭ ŋœȔ ŌŏŋǝŭŋŏɓĭŖŃŏŖĿ ŸļŖĮļŭ ŁŐŭŐĲļ 
ŋĭŖňŏŖĭ ŸŅŏŐŌļ ĭŐŭ ŭŏŖĮĜ ŸļŖĮŖļ ŐŃ̜ŭ ĲŒŖĭ-ŖĭŏŖĻ ŁŐŭǶŅĻ ĭŐŭ ńŏň ŁŏŞ, ŸļŖĮļŭ 
ġŀŒŋŐɲǂŋŏŭ ļŒňŀŏ ŀŏģĜ ŸļŖĮļŭ ľŖŭ ŃǝŐȍ ĩįŭŏĭőŭ ňįļ įŖŮŊĭ-ĳŏǭŭœŖŁ ĭŏŅ ĭŐŭŃŗň 
ŸŁŏŮŏŖķŏ Ņģ ŁŭŅ Ÿŋśńŏįǝ ŃŒŐň įĻǝ ĭŖŭŏĞĜ 

ĢŁŒŐŀ ŸĭŐ̕Ĵļ Ľĭŏ ŋŅŞŖļ ĩɥŒ ŮŏģňŖĳ łŏŅƨŏŭ ġŐɫŅ ĥŁŁŏľǝŖķŏ ǳŅŏĻ ĭŐŭŐĳňĜ 
ŸļŖĮļ Ĵŀ ĭķĳŖŭ ĳŏǭ ĢŐĳňĜ Ÿŋģ ŋŅŞŭ ŸĭŐ̕Ĵŭ ŁŐŭŖŮŖŉ ĢŖŁŏŀŏŭ Ņŀļ Őĭ ǳńŏŮ 
ŸŁňŏģŐĳň? 

Ʒ ŸĭŐ̕Ĵŭ ŁŐŭŖŃŖŉ ŸŅŏĭ ŐŃŖŉŊńŏŖŮ ġŀŒǳŏŐĻļ ĭŐŭŐĳňĜ Ņŀŗň ħĻŏɓĭ ŐĲɫŏ ĢŐŌŖň Ņģ 
ŐǨŐŀȃ ĭŖňĴŭ ŐńļŭŖļ ĩŁŏĭ ŅŏŐŭŃŗň ŹňŐĳŖňŏ, ĢŭŒ ňŖį ňŖįģ Ń̯ļ ĥǂŋŏŌ ŁŏģŐĳŖňŏĜ 
Ůŏģňĳŭ ǳŅŏĻŖķŏ ŸĭŐ̕Ĵļ ľŏŐı Ŀŭŏŭ ŐŁĳŭ ŃĳŭŖŌ Ņģ ļŏļ ĥŁŐ˄ļ ŹŌŐĳŖňŏĜ 

ŋğĮǝŏ-ļ˰ŭ ňįļ ĴŐŜļ ĢŖŁŏŀŏŭ ľŒķŏ ŐǳŞ ŐŃŊŞ Ōªň ĩŐňŐɺĭ ĭŏńƨ (Elliptic curve) ĢŭŒ 
ģŮŏĲŏŮŏ ļ˰ (Iwasawa theory)Ĝ ŐŃŊŞ ľŒķŏŭ ŋʏŖĭƨ ĢňŁ ŃŌňŏģ ĭªŃŖŀ? ĩŐňŐɺĭ ĭŏńƨ 
ŋğĮǝŏ-ļ˰ŭ ňįļ ŸĭŖŀŗĭ ĴŐŜļ? įŐĻļŭ Ģŀ Őĭ Őĭ ńŏį ĢŖŁŏŀŏŭ ŐǳŞ? 

Ʒ ĩŐňŐɺĭ ĭŏńƨŭ ŐŃŖŉŊ˰ ĩŖŞ Ÿņ ģŞŏŭ ŐŃɯŒŐŃňŏĭ Ÿņŏį ĭŐŭ Ÿŋģ ĭŏńƨŖŭ Ģŀ ĩķŏ ŐŃɯŒ 
ŁŏŃ ŁŏŐŭĜ ģŞŏŭ ŃŏŖŃ ĩŖŀ ĭŏńƨŭ ŋŒĭőŞŏ ŸĭļŖŃŏŭ ĿŅƨ ĢŖĳĜ ŋğĮǝŏ-ļ˰ŭ ňįļ ģŞŏŭ ŐŀŐŃŜ 
ŋʏĭƨ ĢŖĳĜ ĩŐňŐɺĭ ĭŏńƨŭ ļ˰ŭ ǳŖŞŏŖįŖŭģ łŏŅƨŏŭ ġŐɫŅ ĥŁŁŏľǝ ǳŅŏŐĻļ ŹŌŐĳňĜ ģŮŏĲŏŮŏ 
ļ˰ļ ŐŃŊŞṆ́Ŗķŏ ŋŋőŅŭ Łŭŏ ġŋőŅ ŁņƨǝŏŞŗň ŸņŏŮŏ ŌŞ, Ÿŋģ ŁņƨǝŏŞļ ŋŅŏĿŏŀ ŐŃĲŭŏ ŌŞ 
ĢŭŒ ŸŉŊļ ŁŒŀŭ ġŋőŅ ŁņƨǝŏŞŭ Łŭŏ ŋŋőŅŗň ġŌŏ ŌŞĜ ģŮŏĲŏŮŏ ļ˰ ŹŌŖĳ ĩŖŀ ĩŐŃĿ ĢŐŌňŏ 
ņŏŭ ŸņŏŖįŐľ ĩŐňŐɺĭ ĭŏńƨ ŋ̖ɲőŞ Ń̯Ŗļŏ Ĵȃň ǳʪŭ ŋŅŏĿŏŖŀŏ ŋŒɯŭŗĭ ŁŏŃ ŁŏŐŭĜ 

ŸĭŀŐĭŐĳ ģŮŏĲŏŮŏ (Kenkichi Iwasawa)ĭ ĢŁŒŐŀ ňį ŁŏģŐĳň ŸŀŐĭ? ŸļŖĮļĭ ĢŁŒŐŀ 
ŸĭŖŀľŖŭ ĴŏŐŀŐĳň? 
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Ʒ ģŮŏĲŏŮŏĭ ňį ŸŁŏŮŏŭ Ÿŋśńŏįǝ ŸŅŏŭ ŀİȃňĜ Ņģ ģŮŏĲŏŮŏ ļ˰ŭ ŋɯńƨļ įŖŮŊĻŏ Ģŭʓ 
ĭŐŭŃŗň ŸňŏŮŏŭ ĩŃĳŭ ŐŁĳŖļ ŤŬŬū Ĳŀļ ŸļŖĮļŭ ŸľŌŏŮŋŏŀ İŖķĜ ġŮŖŉǝ ŸļŖĮļŭ ňįļ 
įŖŮŊĭ ĳŏǭ ŐŌĲŏŖŁ ĩŋŅŞļ ĭŏŅ ĭŭŏ ŸĭģŃŏĴŖŀŏ įŐĻļȵĭ ňį ŁŏģŖĳŏ, ļŏŭ Őńļŭļ ǡőĻŃŏįƨ 
ĥŖʦĮŖņŏįǝĜ ̛ŐŀŐĳŖňŏ Ÿņ ģŮŏĲŏŮŏŭ ŸŁŏŌŀőŞŏ ˙˙ŭŖķŏŖĭŏ ŸļīĞ ŐĴķŏ ŃŒŐň ŅŏŐļŐĳň, ŐņŖŌļŒ 
ŐĴķŏ łŏğĲŀ ŸļīĞŭ įŖŮŊĻŏŭ ĩĭ ŸĭɮŐŃɯŒ ĢŐĳňĜ 

łŏŅƨŏŭ ġŐɫŅ ĥŁŁŏľǝŖķŏ ǳŅŏĻ ŸŌŏŮŏŭ Łŏĳļ ĩķŏ ŋȖŏǂĭŏŭļ ĩɥŒ Ůŏģňĳĭ ŸŋŏĿŏ ŹŌŐĳň 
Ÿņ ǳŖŅŞŖķŏŭ ŸĭŏŖŀŏ ŃǝŮŌŏŐŭĭ ǳŖŞŏį ŀŏģ, ģ ĩķŏ ŸĭŮň ŐŃŅœļƨ ǳʪ ŅŏŖĽŏĞ, ġĽĲ ĩŖŀ ĩķŏ 
ǳŅŏĻŭ ŃŏŖŃ ŅŏŀŒŖŌ ŐĭŞ ģŅŏŀ ŸĲʱŏ ĭŖŭ? ĩŖĭķŏ ǳʪŖŭ ĥɏŭ ĢŁŒŐŀ Őĭ ŃŒŐň ŐľŃ ŐŃĲŏŖŭ 
ĢŭŒ ĩģ ǳŅŏĻŖķŏ ŃǝŮŌŏŭ ĭŐŭ ŃļƨŅŏŀ ŐĭŃŏ ŀļŒŀ Őľŉ ĢŐŃʯŔļ ŹŌŖĳ ŸŀŐĭ? 

Ʒ ŸŅŏŭ ŅŖļ ĩŞŏ ńŏň ĭĽŏģ Ÿņ ŅŏŀŮĴŏŐļŖŞ ŸĭŮň ŃǝŮŌŏŐŭĭ ǳŖŞŏįŭ ĭĽŏ ńŏŐŃŖŞģ ŋŅŞ 
ĭŖķŏŮŏ ŀŏģĜ Ń̯Ŗļŏ ŅŀőŊőŖŞ ŸĭŮň ŋļǝŭ ŋɲŏŀ ĭŖŭ, įŐĻļŖŭģ Ōīĭ Ńŏ ľŉƨŀŖŭ ŌīĭĜ 
ȵŏŀŭ ļŔɹŏģ ŸļīĞŖňŏĭĭ Ģ ň̇ ĭŖŭ, ŋļǝŭ ŋŖʓľ ŸŀŏŖŁŏŮŏŗňŖĭ ŸļīĞŖňŏĭ ļŔɺ ŀŌŞĜ ȵŏŀŭ 
ŁŐŭŐĿ ŃŝŏŃŗň ŐŃŅœļƨ ĿŏŭĻŏŭ ġļőŮ ǳŖŞŏĴŀ ĢŖĳĜ ļľŒŁŐŭ ŐŃŅœļƨŭœŖŁŖŭ Ģŭʓ ŸŌŏŮŏ Ń̯Ŗļŏ 
ĿŏŭĻŏŖŭ ǳŏŖŞŏŐįĭ ŐľŖŉŏ ŐŁĳŗň ĢŐŃʯŏŭ ŸŌŏŮŏŭ ĥľŏŌŭĻ Ń̯Ŗļģ ĢŖĳĜ łŏŅƨŏŭ ǳŖŅŞŭ 
ŃǝŮŌŏŐŭĭ ŸĭŏŖŀŏ ǳŖŞŏį ĩŐļŞŏŗňŖĭ İķŏ ŀŏģ, Őĭ̋ įŐĻļ ŐŃŊŞŖķŏŭ ĥɏŭĻļ ģŞŏŭ ńœŐŅĭŏ 
ġŐļ ˝ŭŒ˰ŁœĻƨĜ 

ģğŖňɇļ Ľĭŏ ŋŅŞŖļ ĢŁŒŐŀ ŋŒĿŏĭɄ ĹÄ ńœŖŁŀ ŌŏĴŐŭĭŏĭ ġɫŭğįńŏŖŮ ňį ŁŏģŐĳňĜ 
ŸļŖĮļĭ ŸĭŖŀŗĭ ňį ŁŏŖň ĢŭŒ Ÿŋģ ŐľŀŖŃŏŭŭ ĭĽŏ ġňŁ ŃŌňŏģ ĭªŃŖŀ? Ģŀ ŸĭŏŖŀŏ 
ǳĮǝŏļ ġŋŅőŞŏ ŃǝŐȍŭ ŋğˈŉƨŗň ĢŁŒŐŀ Ÿŋģ ŋŅŞļ ĢŐŌŐĳň ŸŀŐĭ? 

Ʒ  ģğŖňɇŭ ǳŃŏŋő ġŋŅőŞŏ ŭŏģŖĴ ŃŌŏį ŐŃ̯ ĥŁňŖȖ ńœŖŁŀľŏĭ ťţţţ Ĳŀļ ŸǵĹŖłŏĹƨ 
ĲŌŭŗň ĢŅɩĻ ĭŐŭ ĢŐŀŐĳňĜ ŸļŖĮļ ĢŐĳňŐŌ ĹŏĠ ĭŭŒĻŏ ľŏŋŭ įŔŌļĜ ĹŏĠ ľŏŋŭ ĢŅɩĻǞŖŅ 
ŅŖŞŏ ŸļŖĮļŭ İŭŗň ľŒŭŏŐļ Ľĭŏŗĭ ŹįŐĳŖňŏĜ ŸļŐļŞŏģ ńœŖŁŀľŏĭ ġŐļ İŐŀʳńŏŖŃ ňį ŁŏģŐĳŖňŏĜ 
Ņģ ̓ ŒňőŞŏ ġŮ˄ŏŭ Łŭŏģ ŸļŖĮļŭ įőļŖŃŏŭ Ńŭ ńŏň ŁŏģŐĳŖňŏ, ĢŭŒ ŸļŖĮļŭ ŸĭģĮŀŅŏŀ 
ŸĭŖĲķ ŋľŏŖŞģ ňįļ ŭŏŐĮŐĳŖňŏĜ ŸĭŐ̕Ĵŭ ŋŅŞŖĲŏŮŏŖļŏ ŸļŖĮļŭ įőļŖŃŏŭ ̛Őŀ ŸǳŭĻŏ ŹňŐĳŖňŏĜ 
ĩģŐĮŐŀ ĭĽŏ ̛Őŀ ŸļŖĮŖļ ŋŖɫŏŊ ŁŏģŐĳňĜ ŸļŖĮŖļ ŸŁŏŮŏ ŭŏńŏ ĢŭŒ ŸĴǝŏŐļǳŋŏľŭ ŋŏŐɳĿǝŭ 
ĭĽŏ ŹĭŐĳňĜ ŐŃŖŉŊńŏŖŃ ĥŁŖľŉ ŐľŞŏŭ ŸňĮőŞŏŗĭ ŸļŖĮŖļ ŸĭŏŮŏ ĩķŏ ĭĽŏ ĩŐļŞŏī ĭŏĻļ 
ŃŏŐĴ ĽŏŖĭ- ĴőŮŀļ ŸĭŏŖŀŏ ĭŏŅ ĭŐŭŃŗňŖŞ ńŞ ŀĭŐŭŃŏĜ ŸļŖĮļ ģŅŏŀ ŅŭŐŅŞŏň ŌªŃ ŃŒŐň 
ńŃŏ ŀŏŐĳŖňŏĜ ġŋŅőŞŏ ńŏŊŏŭ īŁŭļ ŸļŖĮļŭ ŸĭŖŀ ľĮň ĢŖĳ ŸļŖĮļŭ ĭĽŏŖŃŏŭ ̛Őŀ ̛Őŀ 
Ńŏŭ̖ŏŭ ĥŁňŐʅ ĭŐŭŐĳŖňŏĜ ŸļŖĮŖļ ĢŅŏĭ ŋĭŖňŏŖĭ ǳŏļĠŖńŏĴŀļ ġŅŖňķ Ńŀŏģ ĮŒŮŏģŐĳňĜ 
ľŏŋŭ İŭļ ŸļŖĮŖļ ŌŏŭŅªŐŀŞŏŅ ŃĴŏģ įőļ ĴŒŖŭŏŖļ Ń̯ŋŅŞļ ĩĭŅŏǭ Ÿǻŏļŏ ŅŖŞģ ĢŐĳŖňŏ, 
ŐņŖŌļŒ İŭŭ ŅŏŀŒŌ ŋĭŖňŏ ĭŏŖŅ ĭŏŖŅ Ńǝ˃ ĢŐĳňĜ įőļŭ ĭŐňŖŃŏŭ ŸļŖĮŖļ ŅŏŖĴ ŅŏŖĴ ŁŏŌŐŭ 
ŹįŐĳň ĢŭŒ ŸŅŏŭ ŅŒĮŗň ĩŖŀŗĭ ĲŏģŐĳň Ÿņŀ ŅŖŞŏ ŸįŏŮŏŖķŏŖŌ ŐŃĲŏŐŭŖĳĜ ŐŁŖĳ ŸļŖĮļŭ ŋŏğįőŐļĭ 
ǳŐļńŏŭ ǳŐļ Ľĭŏ ŋőŅŏŌőŀ ǻɛŏŭ ŃŏŖŃģ ŸŅŏŭ ŅŒĮĮŀ ŸŅň ŸĮŏŮŏ ŀŏŐĳňĜ ņŐľī ŸĭģŃŏįŭŏĭőī 
ŸŀŏŖŃň ŃĞķŏ ŸŁŏŮŏ Ńŏ (įŐĻļŭ) ŐłʝĲ Łľĭ ŸŁŏŮŏ ŅŀőŊőĭ, ĢŀŐĭ ĩɥŒ ŮŏģňĳŖĭŏ ĭŅ-
ŸŃŐĳ ŁŐŭŅŏŖĻ İŐŀʳńŏŖŃ ňį ŸŁŏŮŏŭ Ÿŋśńŏįǝ ŹŌŖĳ, ńœŖŁŀľŏĭ īĲŭŭ Łŭŏ ŸŁŏŮŏŭ ġŐńȵļŏ 
ŸŅŏŭ ŃŏŖŃ ļŒňŀŏŌőŀĜ 
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ĢŁŒŐŀ ǳĮǝŏļ ńŏŭļőŞ įŐĻļȵ ŋŒĴŏĽŏ ŭŏŅľŭŏģŭ ňįļ ĭŏŅ ĭŐŭŖĳĜ ťţŤť ĲŀŖļŏ 
ŸļŖĮļŭ ŹŋŖļ ľŒĮŀ ĭŅƨŉŏňŏ ĢŖŞŏĴŀ ĭŐŭŖĳĜ ŸļŖĮļŭ ňįļ ĭŏŅ ĭŭŏŭ ġŐńȵļŏŭ ĭĽŏ 
ĭīĭŖĲŏŀĜ ŸļŖĮļŭ ľȖļŏ ĢŭŒ ŃǝŐȍ˰ŭ ŸĭŏŀŖĭģķŏ Őľŉ ĢŖŁŏŀŏŭ ŸŃŐĳ ńŏň ňŏŖį? 

Ʒ ŋŒĴŏĽŏ ġŐļ ĥľǝŅő, ĢŭŒ ŸļŖĮļŭ ľŔŐɦńğįő ŋľŏŖŞģ įĸŀŅœňĭĜ ŸļŖĮļŭ ġŀŒŋŐɲǂŋŏī 
ġŐļ ǳŃňĜ įŐĻļŭ ŐŃŅœļƨ ĿŏŭĻŏŖŃŏŖŭŏ ŸļŖĮŖļ ġŐļ ˈʱńŏŖŮ Ńǝȍ ĭŐŭŃ ŁŏŖŭĜ ŸļŖĮļ 
ĩįŭŏĭő ŋŒŃȍŏīĜ ŸļŖĮļŭ ŃǝŐȍ˰ŭ ĩģ Ÿĭģķŏ Őľŉŭ ĭĽŏģ ĩģ ŅŒŌœļƨļ Ņŀŗň ĢŐŌŖĳĜ 

ťţţŧ Ĳŀŭ Łŭŏ ĢŁŒŐŀ Ģģ Ģģ ȃļ ġĿǝŏŁŀŏ ĭŐŭ ĢŖĳ ĢŭŒ ŐŃŐńɳ ĭŅƨŉŏňŏ ĢŭŒ 
ŸĲŐŅŀŏŭŭ ĴŐŜŞŖļ ĢŁŒŐŀ ġŋŅ ļĽŏ ńŏŭļŭ Ń̯Ŗļŏ ŐŃ̜ŐŃľǝŏňŞ ĢŭŒ įŐĻļ ǳŐļʳŏŀŭ 
ĳŏǭ-ĳŏǭőĭ ňį ŁŏģŖĳĜ įŐĻļŭ ĥȬŐŉȖŏ ǳŐļʳŏŀļ ġŋŅőŞŏ ĳŏǭ-ĳŏǭőŭ ŋğĮǝŏ ġŐļ 
ŋőŐŅļ ŃŒŐň ĢŁŒŐŀ ńŏŖŃ ŸŀŐĭ? ņŐľ ńŏŖŃ ĩŖŀ˙Ůŏ ŸŌŏŮŏŭ ĭŏŭĻ Őĭ ŃŒŐň ĭªŃ ŐŃĲŏŖŭ? 

Ʒ Őľʦő ŐŃ̜ŐŃľǝŏňŞ ĢŭŒ ľŒģ-ĩĮŀ ŐŉȖŏ-ǳŐļʳŏŀĭ ĩŐŭ ġŋŅŭ ŃŏŐŌŭŭ ǳŏŞŖŃŏŭ ĥȬ ŐŉȖŏŭ 
ǳŐļʳŏŀŖļ ġŋŅőŞŏ ĳŏǭ-ĳŏǭő Ńŏ įŖŮŊĭŭ ŋğĮǝŏ ŐŀŋŖɯŖŌ ġŐļ ŋőŐŅļĜ ŸŅŏŭ ŅŖļ ģŞŏŭ 
ĩķŏ Ņœň ĭŏŭĻ ŋȅĭ Ņŏįƨ ǳľŉƨŀŭ ġńŏŮĜ ĢɓŐŃ̜ŏŋŖŭŏ ġńŏŮĜ ňįŖļ ĩŖŀ ǳŐļʳŏŀļ 
ġɫńœƨȍ ŌªŸň ŐĭľŖŭ ĥŁĭŔļ ŌªŃ ŁŏŐŭ Ÿŋģ ŋɯńƨļ ĳŏǭ-ĳŏǭő, ġŐńńŏŮĭ, ̓ Œň-ĭŖňĴŭ 
ŐŉȖĭ-ŐŉȖŐŞǭőŋĭŖňŏ ġŮŐŌļ ŀŌŞĜ ġŋŅŭ ǳĲŏŭ ŅŏĿǝŅŐŃňŏŖĭī ĩģ ŸȖǭļ ŋĴŏįļŏ ĢŐŀŃŗň 
ŋŖĲʱ ŌªŃ ŁŏŖŭĜ Ģģ.Ģģ.ȃ.ŭ įŐĻļŭ ˅ŏļŖĭŏɏŭ ŁņƨǝŏŞļ ġŋŅŭ ĳŏǭ-ĳŏǭő ŀįĻǝŋğĮǝĭ, 
Őĭ̋ ŸļīĞŖňŏŖĭ ńŏň łŖňģ ŸľĮŒŮŏģ ĢŐŌŖĳĜ ŸļīĞŖňŏĭŭ ľŖŭ Ģģ.Ģģ.ȃ.ļ Ĳőķ ŁŏŃ Łŭŏ 
ĳŏǭ-ĳŏǭő ġŋŅŭ ĲŒŖĭ-ŖĭŏŖĻ Ń̯Ŗļģ ĢŖĳ ŃŒŐň ŸŅŏŭ ŐŃ̜ŏŋ, Őĭ̋ ŸĭŏŀŖķŏ ŁņƨǝŏŞļ ŐĭľŖŭ 
ǳ̣Őļ ĲňŏŃ ňŏŐįŃ ŸļīĞŖňŏŖĭ ļŏŭ ĥŮŏŐľŌ ŌŞŖļŏ ŸŁŏŮŏ ŀŏģĜ 

ġŋŅļ CMI, IMSC ĢŐľŭ ľŖŭ ĩķŏ ǳŐļʳŏŀ ǳŐļʳŏ ĭŭŏŭ ĭĽŏ ŐĭŞ ńŏŐŃŃ ŸŀŏŮŏŐŭ? 

Ʒ įŐĻļŭ Ģįŉŏŭőŭ įŖŮŊĻŏ ǳŐļʳŏŀ ġŋŅŖļŏ ŐŀʧŞ ŌªŃ ŁŏŖŭĜ ļŏŭ ĢįŖļ ĢŐŅ ġŋŅŭ 
Łŭŏ ĩĭ ŃŒĴŀŋğĮǝĭ įŖŮŊĭ ĳŏǭ īňŏģ ġŌŏŭ ŁŐŭŖŮŉ ŹļŞŏŭ ĭŐŭŃ ŁŏŐŭŖňŖŌ ĢŐŅ ŸŃŐĳ 
ňŏńŮŏŀ ŌªŃ ŁŏŐŭŅĜ įŐļŖĭ ĥȬŁņƨǝŏŞļŗĭŖŞŏ ŋĭŖňŏŖĭ ŋŏŅŐŭ ŸňŏŮŏŗĭ ŐŀʌŁņƨǝŏŞļŖŌ ĢŐŅ 
ŋľǝŌŖļ ŸŃŐĳ ŅŖŀŏŐŀŖŮŉ ĭŭŏŖļŏ ǳŖŞŏĴŀőŞ ŃŒŐň Ņģ ńŏŖŃŏĞĜ 

įŐĻļ ġĿǝŞŀļ ĢįŃŏŐŝ ņŏŃŗň ĢŁŒŐŀ ĳŏǭ-ĳŏǭőĭ Őĭ ĥŁŖľŉ ŐľŃ ŐŃĲŏŖŭ? ĳŏǭ-ĳŏǭőŭ 
Őĭ ˝Ļ ĢŖŁŏŀŏŭ Ģķŏģļŗĭ ŸŃŐĳ ńŏň ňŏŖį? 

Ʒ ĮŭŐĲ ŅŏŐŭ ŃŒŐĴ ňªŃŗň ŋŖĲʱ ŌªŃ ňŏŖįĜ ŐŃŊŞṆ́ŭ įńőŭļŏŗň ǞŅŏ̎ŖŞ ŸŋŏŅŏģ ŁŐŭŃŗň 
ĲŏŃ ňŏŖįĜ ĥŁŖŭŏŮŏŗĭ Őŉĭŏ ĭĽŏŐŃňŏĭ ńŐŮŊǝļŗň ŋŌŏŞĭ ŀŌŖŞģ, Ńŭğ ŸŌıŏŭŖŌ ŌŞŗįĜ 
ŐŃŊŞṆ́ ĢŞ˰ ĭŭŏŭ ŸȖǭŖļ Ōīĭ Ńŏ įŏŐĻŐļĭ ŋŅŋǝŏ ŋŅŏĿŏŀ ĭŭŏŭ ŸȖǭŖļ Ōīĭ, ŁŏņƨŅŏŖŀ 
ĢɓŐŀńƨŭŉőň ŌªŃ ňŏŖįĜ ŐņŖĭŏŖŀŏ įŏŐĻŐļĭ ǳŅŏĻ ǳĽŅŃŏŭŭ Łŭŏģ ŐŀŖĴ ĭŐŭŃŗň ĲŏŃ ňŏŖį, 
ŋłňńŏŖŃ ĭŐŭŃ ŸŀŏŮŏŐŭŖňī ĩŖŀ ǳŖĲʱŏļŖŌ ŸŃśŐɛĭ ŐŃĭŏŉŭ Ľň ŸŃŐĳ ĽŏŖĭĜ ĭŏŭĻ ĩŃŏŭ 
ŐĭļŏŁ Ĳŏģ ŸňŏŮŏŭ ŐŁĳļ ġŀŒĭŭĻŖŌ ŌŞĜ 

http://gonitsora.com/an-interview-with-prof-sujatha-ramdorai/
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 ĢŐĴĭŏŐň ĳŏǭ-ĳŏǭő ŸŅśŐňĭ ġĿǝŞŀŭ ŁŐŭŃŖļƨ ģŐȹŐŀŞŏŐŭğ, ŃǝŮ˄ŏŁŀŏ ĢŐľŭ ǳŐļ 
ġŐĿĭ ĢǡŌő ŸŌŏŮŏ ŸľĮŏ ņŏŞĜ ļőȒĿő ĳŏǭ-ĳŏǭőŋĭňĭ ŸŅśŐňĭ ġĿǝŞŀŭ ġǡŌő ĭŭŏŭ 
ĥŁŏŞ Őĭ? 

Ʒ ĩģ ǳʪŖķŏŭ ĥɏŭ ŐĭĳŒŁŐŭŅŏŖĻ ŁŭŮļ˕ ǳʪŭ ĥɏŭŖļŏ ŸŋŏŅŏģ ĢŖĳĜ ĢŅŏŭ ŋŅŏĴļ 
ġŐńņɫŏ, ŐĲŐĭǂŋĭ Ńŏ ŃǝŮ˄ŏŁĭŭ Őņ Ģľŭ ĢŐĴĭŏŐň ŸľĮŏ ŹįŖĳ, ļŏŭ łňŖļŏ ĳŏǭ-ĳŏǭőŋĭŖň 
ŋŌĴŏļńŏŖŃģ ŸŋģĿŭĻŭ ŃŔŐɏŭ ǳŐļ ĢĭŔɦ ŌŞĜ ļľŒŁŐŭ ŸņŏŮŏ ŸĭģŃŏķŏī ľŉĭŗňŖĭ ġŐńņɫŏ 
Ńŏ ŃǝŮ˄ŏŁĭŭ ļŒňŀŏļ įŖŮŊĭ Ńŏ ŐŉȖĭŭ ľŭŅŌŏ ġŐļ ŀįĻǝ ŸŌŏŮŏŖķŏī ŸŃŏĿĭŖŭŏĞ ĩķŏ ĭŏŭĻ 
ŹŌ ŁŐŭŐĳňĜ ̓ ŒňőŞŏ ġŮ˄ŏŭ Łŭŏģ ĳŏǭ-ĳŏǭőŋĭňĭ ŸŅśŐňĭ ġĿǝŞŀŭ ǳŐļ ġŀŒŭŏį ĴɴŏŃ 
ŸŀŏŮŏŐŭŖň ĩŖŀ ŸŌŏŮŏŖķŏŖŮģ ̮ŏńŏŐŮĭĜ 

Œ̓ňőŞŏ ĳŏǭ-ĳŏǭőĭ įŐĻļŭ ǳŐļ ĢǡŌő ĭŐŭŃŗň Őĭ Őĭ ŃǝŮ˄ŏ ǡŌĻ ĭŭŏ ĥŐĲļ? 

Ʒ Œ̓ňőŞŏ ĳŏǭ-ĳŏǭőŋĭňŭ Ń̯Ŗļģ įŐĻļ ĩķŏ Ĵȃň ŐŃŊŞ ŃŒŐň ļĽŏĭŐĽļ ĿŏŭĻŏŖķŏŭ įŭŏŌļ 
ŁŖŭ, ņŏŭ ŃŏŖŃ ŸļīĞŖňŏŖĭ įŐĻļ ŐŃŊŞŖķŏ ŸŃŏĴŏ ŐŌĲŏŖŁŖŌ ňŞ, ŐŃŊŞŖķŏŭ ĢŖŅĴ ňªŃ ŸŀŏŮŏŭŏ 
ŌŞĜ įŐļŖĭ ŸļīĞŖňŏĭĭ ŐŃŊŞŖķŏŭ ŭŋ Ģ̮ŏľŀ ĭŭŏŭ ŅŏŀŐŋĭļŏ ĢŭŒ ŋŒŐŃĿŏ ŋŭŒŖŭŁŭŏģ ŐľŃ 
ňŏŐįŃĜ ŸļīĞŖňŏĭŭ ŅŖŀŏǡŏŌőŗĭ įŐĻļŭ ĭĽŏŖŃŏŭ ŁŏĸǝŁŒŐĽļ ĢŭŒ ŸǻĻőŖĭŏĸŏňőļ ĥŁ˄ŏŁŀ ĭŐŭŃ 
ňŏŐįŃĜ ĮŭŐĲ ŅŏŐŭ ŃŒŐĴ ŸňŏŮŏļ ̋ ŭŒ˰ ĢŖŭŏŁ ĭŐŭŃ ňŏŐįŃĜ ̓ ŒňőŞŏ ĳŏǭ-ĳŏǭőŭ ŃŏŖŃī 
ĭŅƨŉŏňŏ ĢŐľ ŐŀŞŐŅļńŏŖŮ ġŀŒŐʳļ ŌªŃ ňŏŐįŃĜ 

ŋŭŌ ŋğĮǝŏĭ ĳŏǭ-ĳŏǭőŖŞ ĢŐĴĭŏŐň ńŐŃŃ ŐŀŐŃĲŏŖŭ; ŸļīĞŖňŏŖĭ ŸĭŮň ŅŒĮ˄ ĭŐŭ ŐŀĴŭ 
ŸĭŐŭŞŏŭŖķŏ Ńŀŏģ ňªŃ ŐŃĲŏŖŭĜ ĩŖŀ ŌªŸň ĢŅŏŭ Ÿľŉŭ ŸŃśŐɛĭ ĥǂĭŊƨļŏ ŐĭŅŏŀ ľœŭ ŋʓŮ 
ŌªŃ ŃŒŐň ĢŁŒŐŀ ńŏŖŃ? ĩģ ŋŅŋǝŏ ľœŭ ĭŭŏ ŋʓŮ ŌªŃŖŀ? 

Ʒ ĩģ ǳʪŖķŏī Ģįŭ ľŒķŏŭ ňįļ ĴŐŜļĜ ŅŒĮ˄ ĭŭŏŖķŏ ĩķŏ ġŐļ Ǿ̮Ņǝŏľő ǳŐǞŞŏĜ Ņģ ŅŒĮ˄ 
ŐŃľǝŏŭ Ÿİŏŭ ŐŃŖŭŏŐĿļŏ ĭŖŭŏĞĜ ŅŒĮ˄ģ ņŏŐɩĭ ŸŌŏŮŏŭ ǳŐŉȖĻŖŌ ŐľŖŞĜ ģ ȵŏŀ ĢŌŭĻļ ŅŒŖĸģ 
ŋŌŏŞ ŀĭŖŭ, ŸŃśŐɛĭ ĥǂĭŊƨŋŏĿŀ ľœŭŭ ĭĽŏĜ ̓ ŒňőŞŏ ġŮ˄ŏŭŁŭŏģ ĢŐŅ ĩģ ŁɛŐļĭ ŸŌŞ 
Ĳ̇Ŗŭ ĲŏŃŗň ŐŉĭŏŃ ňŏŐįŃĜ ̓ ŒňŭŁŭŏ ŁŭőȖŏ ǳŐǞŞŏŖķŏŖŮģ ĢĞļŭŏģ Źň ŸņŏŮŏŭ Őņ ĢĞĲŐŀ 
ŸňŏŮŏ ŹŌŖĳ, ŸŋŞŏ Ģŀ ŀŌŖňī ŅŒĮ˄ ĭŭŏŭ ĩķŏ ĥŖəŉǝ ŌŞŖļŏ ĭŅŏŃ ŁŏŖŭĜ 

ĢŁŒŐŀ ĳŏǭŏŮ˄ ŏļ ŸĮňŏĿœňŏŭ ňįŖļŏ ĴŐŜļ ĢŐĳňĜ ŃļƨŅŏŀ ĢŁŒŐŀ ŸĮňŏĿœňŏļ ĴŐŜļ 
ŌŞŖŀ? ĢĴŐŭ ŋŅŞ ĢŁŒŐŀ ŸĭŖŀľŖŭ Łŏŭ ĭŖŭ? 

Ʒ Œ̓ňőŞŏ ġŮ˄ŏŭ Łŭŏģ ŐǞŖĭķ, ŸŃĹŐŅɂŀ, ŸĭŭŅ, ĹŃŏ ĢŐľ ŋİŀŏģ ŸĮŐňŐĳŖňŏ ĢŭŒ Ÿŋģ 
ĢǡŌ ĩŐļŞŏī ġķŒķ ĢŖĳ ŃŒŐňŃ ŁŏŐŭĜ ŐŃŖŉŊŗĭ ŐŀŞŅőŞŏŗĭ ŸŃĹŐŅɂŀ ĢŭŒ ŐĭĳŒ ŁŐŭŅŏŖĻ 
ŸķŐŀĲ ĩŐļŞŏī ŸĮŐň ĽŏŖĭŏĞĜ ĢĴŐŭ ŋŅŞļ ŐĭļŏŁ ŁŐŝ, įőļ ̛Őŀ, ńŏŞŐňŀ ŃĴŏģ ńŏň ŁŏīĞĜ 
ŁŐŭŃŏŭ ĢŭŒ ĢŅŏŭ ŸĳŏŮŏňő ľŒĴŀőŭ ňįļ ŋŅŞ ĭķŏŖŞŏ ńŏň ŁŏīĞĜ 

įŐĻļ Ĳªŭŏŭ (http://gonitsora.com) ŋʏŖĭƨ ĢŖŁŏŀŏŭ ŅļŏŅļ Őĭ? ģŞŏŭ ĥǂĭŊƨļŏŭ ŃŏŖŃ 
ĢŐŅ Őĭ Őĭ ĭŭŏ ĥŐĲļ? 

http://as.gonitsora.com/
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Ʒ įŐĻļ Ĳªŭŏ ĩķŏ ġŐļ ǳŉğŋŀőŞ ŁľŖȖŁĜ ŀŮ-ǳĴɴŭ ŅŏĴļ įŐĻļŭ ǳŐļ ĢǡŌ ĴŖɴŏŮŏ 
ĢŭŒ ńŐŮŊǝŖļ Ÿŋģ ĢǡŌĭ ŐľĭľŖŉƨŏŮŏŭ ŸȖǭļ įŐĻļ Ĳªŭŏģ ĩĭ ˝ŭŒ˰ŁœĻƨ ńœŐŅĭŏ ňªŃ ŁŏŖŭĜ 
įŐĻļ Ĳªŭŏ ŐņŖŌļŒ ĳŏǭ-ĳŏǭőŭ ˶ŏŭŏģ ŁŐŭĲŏŐňļ, įŐļŖĭ ĩģ Ĳªŭŏģ ĥȅ ġŌŏ ĲŏŅŭ ŅŖŀŏĴįļļ 
ŋŌŖĴ ǳŖŮŉ ĭŐŭŃ ŁŏŐŭŃ ŃŒŐň Ņģ ńŏŖŃŏĞĜ ĩģ Ĳªŭŏŭ ĥŖľǝŏȍŏŋĭňŗň ŸŅŏŭ ŐŌŞŏńŭŏ ġŐńŀɯŀ 
ļĽŏ ̛Ŗńȯŏ ĽŏŐĭňĜ 

ǺŝŉĹŴ Ļťɲ ŗŊ̒ř ŇŖŗŏƯĴŖŴŴ ƀŒŝŃ İȊ ĩĺřŃŘťŖ ŒŖȝŖǉĴŖŴ 

 

ǳŖłĲŭ ĴŞɫ ŐŃɹ Œ ŀŏŐňƨĭŏŭ ĩĴŀ ǳĮǝŏļ ńŏŭļőŞ ǵːŏɇŐŃȵŏŀő (cosmologist)Ĝ 
įļŏŀŒįŐļĭļŏŭ Łŭŏ łŏňŐŭ ĭŏȃ Őņŋĭň ŃǝŐȍŖŞ ŋłňļŏ ġĴƨŀ ĭŐŭŃŗň ŋȖŅ ŹŌŖĳ, ŀŏŐňƨĭŏŭ 
Ÿŋģŋĭňŭ ġŀǝļŅĜ ŁŒŖĻŭ ĢɫĠŐŃ̜ŐŃľǝŏňŞ ŸĴǝŏŐļŐŃƨȵŏŀ ĢŭŒ ŸĴǝŏŐļĠŁľŏĽƨŐŃȵŏŀ ǳŐļʳŏŀ, 
IUCAA (Inter University Center for Astronomy and Astrophysics)ŭ ǳŐļ˄ŏŁĭ ŋȷŏňĭ 
ǳŖłĲŭ ŀŏŐňƨĭŏŭ ŃļƨŅŏŀ Ÿŋģ ǳŐļʳŏŀŖŭ ġŮŋŭ-ǳŏɺ ġĿǝŏŁĭ ŐŌĲŏŖŁ ĭŅƨŭļĜ ǵːŏɇŐŃȵŏŀļ 
ġǡįĻǝ įŖŮŊĻŏŭ ĥŁŐŭ ǳŖłĲŭ ŀŏŐňƨĭŏŭ ŐŃȵŏŀ ĢŭŒ įŐĻļĭ ĴŀŐǳŞ ĭŐŭŃŗň ǡŌĻ ĭŭŏ 
ŐŃŐńɳ ĭŏņƨŋœĲőŭ ňįļ ĴŐŜļ ŹŌ ĢŖĳĜ ŸļŖĮļĭ Ń̯Ŗļŏ ŃĞķŏ-ŃŏŌŀ, ŐŃŖŉŊŗĭ ńŏŭļ ĲŭĭŏŖŭ 
ǳľŏŀ ĭŭŏ Ő˶ļőŞ ŋŖŃƨŏȬ ġŋŏŅŐŭĭ ŋɴŏŀ ŁɟŐŃńœŚŊŖĻŖŭ ŋɴŏŐŀļ ĭŭŏ ŹŌŖĳĜ 

ťţŤŦ Ĳŀŭ ŸĲŖɺ̖ŭļ, ǳŖłĲŭ ŀŏŐňƨĭŏŭ ŸļŖĮļŭ Łɒő ĹÄ Ņȧňŏ ŀŏŐňƨĭŏŭŭ ŹŋŖļ, ŸļĴŁŒŭ 
ŐŃ̜ŐŃľǝŏňŞŭ ĳŏǭ ŐŃȵŏŀ Ņɇňő (Studentsª Science Council)ŭ ĢŅɩĻǞŖŅ ĩȃ ŐŃŖŉŊ 
ŃȍŔļŏ ǳľŏŀ ĭŐŭŃŗň ŐŃ̜ŐŃľǝňŞĮŀļ ĥŁŐ˄ļ ŹŌŐĳňŐŌĜ įŐĻļ Ĳªŭŏŭ ļŭłŭ Łŭŏ ĴŖŀŏŮŏ 
ġŀŒŖŭŏĿ ŭȖŏ ĭŐŭ ŸļŖĮŖļ ŃȍŔļŏŭ ŸŉŊļ ĩĭ ĢĳŒļőŞŏ ŋŏȖŏǂĭŏŭļ ŐŅŐňļ ŌŞĜ ŸļŖĮļŭ 
ŹŋŖļ ŋŏȖŏǂĭŏŭļ ŐŅŐňļ ŹŌŐĳň ŅŐȹň ŐŁ. ŉģĭőŞŏ, ĳŏňőĭ ŐŅĳĭķ ŃŭŃŭŏ, ŉŉőĭŏɫ ĹŒŖŃ, 
ŐǳŞğĭŏ ŉŅƨŏ, ŅŏĿŒņƨǝ ŐŁ. ļŏňŒĭľŏŭ, ŁŭŅŏ ľɏ ĢŭŒ ŋŒŀőļ ŅŐȹň ŌŏĴŐŭĭŏĜ ŋŏȖŏǂĭŏŭȃ ǡŌĻ 
ĭŭŏļ ŐŃŐńɳ ǳĭŏŖŭ ŋŌŏŞ ĭŐŭŖň ŸļĴŁŒŭ ŐŃ̜ŐŃľǝŏňŞŭ įŐĻļ-ŐŃȵŏŀ ŐŃńŏįŭ ġĿǝŏŁĭ ĹÄ 
ńőŅǳŋŏľ ŉŅƨŏģĜ ŃŏĻőŮɛŭ Łŭŏ Őĳŭķ ŉŐɇŖň ņŒ˝ļŏģ ĥŐňīŮŏ Ņœň ģğŭŏĴő ŋŏȖŏǂĭŏŭȃŭ 
ġŋŅőŞŏ ġŀŒŃŏľ ĢįŃŝŏģŖĳ ŭœŁŏňőŅ ŌŏĴŐŭĭŏģĜ 
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Ņœň ŋŏȖŏǂĭŏŭȃ ŁŐŝŃŗň ģŞŏļ Őȑĭ ĭŭĭĜ 

 

ŸĴǝŏŐļŐŃƨȵŏŀ, ŸĴǝŏŐļĠŁľŏĽƨŐŃȵŏŀ ĢŭŒ ǵːŏɇŐŃȵŏŀ ŐŃŊŞĭ įŖŮŊĻŏ ĭŐŭŃŗň ĢŖŁŏŀŏĭ 
ŐĭŖŌ ġŀŒǳŏŐĻļ ĭŐŭŐĳň? 

Ʒ įŐĻļļ ĥȬŐŉȖŏŭ ŃŏŖŃ Ņģ ŸĭŐ̕Ĵŗň ŹįŐĳŖňŏĜ ŸŋģŖķŏ ĢŭŒ ňįŖļ ļŏŭ ŁŭőȖŏļ ġŮļőĻƨ 
ŸŌŏŮŏŖķŏ ŸŅŏŭ ǳĽŅ ňȖǝ ĢŐĳňĜ ļŏļ ĢŅŏĭ ŃǝŮŌŏŐŭĭ ĢŭŒ ŐŃ̛ɛ įŐĻļŭ ŸĭļŖŃŏŭ ŐŃŊŞ 
ŃŏĲŐŀ ĭŐŭŃŗň ŐľŞŏ ŹŌŐĳňĜ ļŏŭ Őńļŭļ ŃǝŮŌŏŐŭĭ ŐŃȵŏŀŭ ŸĴǝŏŐļŐŃƨȵŏŀ ŐŃŊŞŖķŏŖŮ ŸŅŏĭ 
Ńŭŗĭ ĢĭŐŊƨļ ĭŐŭŐĳňĜ ľŒŖŞŏķŏ ŐŃŊŞŖŭ ġĿǝŏŁĭŋĭŖňŏ Ń̯ ˝Ļő-ȵŏŀő ĢŐĳňĜ Ÿŋģ ŋŅŞļ 
Ņģ ŸǴĹ ŌŞňŭ "ŖĴǝŏŐļŐŃƨȵŏŀŭ ŋőŅŏɫ" ('Frontiers of Astronomy') ŃŒŐň ĩĮŀ ġŐļ ŋŒĮŁŏĸǝ 
ŐĭļŏŁ ŁŐŝ ĢŐĳŖňŏĜ ļŏŭŁŭŏ ŸĴǝŏŐļŐŃƨȵŏŀŭ įŖŮŊĻŏŐŃňŏĭŭ ŐŃŊŖŞ ŋŅǝĭ ĿŏŭĻŏ ŁŏģŐĳŖňŏĜ 
ŸĭŐ̕Ĵļ Ÿŋģ ŋŅŞļ ŸĴǝŏŐļŐŃƨȵŏŀ ŐŃŊŞŖķŏ įŐĻļŭ ŐńļŭŖļ ŁŐŭŐĳňĜ įŐļŖĭ ĢŅŏĭ ŸņŐļŞŏ 
įŖŮŊĻŏŭ ŐŃŊŞŖŃŏŭ ȅĭ ĭŐŭŃŗň ŐľŞŏ Ō'ň ̮ŏńŏŐŮĭŖļ Ņģ ŸĴǝŏŐļŐŃƨȵŏŀ ŃŏŐĲ ň'ŖňŏĜ  

ĳŏŭ ĢŁŒŐŀ ŸĭŐ̕Ĵŗň ġŐļ ĭŅ ŃŞŋŖļ ŭŏīŀŏ ŹŌŐĳňĜ Ÿŋģ ŋŅŞļ ńŏŭļŃŊƨŭ ŐŉȖŏŭ 
ŁŐŭŖŃŉ ŸĭŖŀ˙Ůŏ ĢŐĳň? 

Ʒ ŸŃŀŏŭŋ ŐŃ̜ŐŃľǝŏňŞŭ Łŭŏ ˅ŏļĭ (BSc) ŐĹǡő Źň ŤŬ Ńĳŭ ŃŞŋļ Ņģ ŸĭŐ̕Ĵŗň ņŏīĞĜ 
Ÿŋģ ŋŅŞļ ĩŖŀ˙Ůŏ ĩķŏ ĿŏŭĻŏ ǳĲňŀ ĢŐĳň Ÿņ ĥȬ ŐŉȖŏŭ ŃŏŖŃ ģğŖňɇ ŀŏģŃŏ ĢŖŅŐŭĭŏŗň 
ņŏŃģ ňŏŐįŃ, ĭŏŭĻ ģĥŖŭŏŁ ņŐľī ŐŉȖŏļ ĢįŃŝŏ, ļŏļ ńŏŊŏŭ ŃǝŮĿŏŀ ĢŐŌ ŁŖŭĜ ģğŖňɇ 
Ńŏ ĢŖŅŐŭĭŏļ Ÿŋģ ġŋŒŐŃĿŏ ŀŌŞĜ ŸŅŏŭ Ÿľĥļŏī ŸĭŐ̕Ĵŭ ĳŏǭ ĢŐĳňĜ Ÿľĥļŏĭ ġŀŒŋŭĻ 
ĭŐŭ ŅŖŞŏ ŸĭŐ̕Ĵŗň ņŏŃŗň ŐĽŭŏğ ĭŐŭŖňŏ ĢŭŒ Ņģ ĩķŏ ĳŏǭŃŔŐɏ ŁŏŃŗň ŋȖŅ ŌªŸňŏĜ 

ŸĭŐ̕Ĵŗň įŐĻļŭ ǭŏģŁĴ (t ripos) ŐĹǡőŭ ŃŏŖŃ ŀį'Ŗň Ņģ ĢŖŅŐŭĭŏŗň Źį ǳĽŖŅ ˅ŏļĭ-ŖǻĻő 
ŁŐŝ ĥȅ ļŏŭŐŁĳļ ļŏŖļ ˅ŏļŖĭŏɏŭ ĢŭŒ ĹȉŖŭķŭ ĭŏŭŖĻ ŁŐŝŃňįőŞŏ Ō'ňŖŌŖļŀĜ ŸŋģŋŅŞļ 
ĢŖŅŐŭĭŏŭ ŸĭŏŖŀŏ ŐŃ̜ŐŃľǝŏňŞļ ŁŐŝŃŗň ņŏŃŗň Ņģ ĢǡŌő ŀŏŐĳŖňŏĜ 

ŸĭŐ̕ŖĴģ ŸŅŏŭ ňȖǝ ĢŐĳň, įŐļŖĭ ŸņŐļŞŏ Ņģ ļŏļ ŀŏŅńŐɏƨ ĭŐŭŃ ŁŏŐŭŖňŏ ĢŭŒ ŃŔŐɏ ňŏń 
ĭŐŭŖňŏ, ŸļŐļŞŏ ļŏŗň ŸņŏŮŏŖķŏ ȅŭŏğ ĭŐŭŖňŏĜ ļŏļ ˅ŏļĭŭ ť-Ŧ Ńĳŭ ĢŭŒ įŖŮŊĻŏŭ ĩŃĳŭ, 
ŅŒĸ ĲŏŐŭŃĳŭŭ ŐŁĳļ Ņģ ŐŁ.ĩģĲ.ŐĹ. ĭŐŭŃ ŁŏŐŭŅ; ŐŁŖĳ ŸŅŏŭ ŋŅŋǝŏ Ō'ň Ÿņ Ņģ Ŧ Ńĳŭŭ 
ŃŏŖŃŖŌ ŃŔŐɏ ňŏń ĭŐŭŐĳŖňŏĜ ŸļŐļŞŏ Ÿľĥļŏģ ŸŅŏĭ ļŔļőŞŖķŏ Ńĳŭŭ ġɫļ ľŒķŏ ŁŭőȖŏ ŐľŃŗň 
ŁŭŏŅŉƨ ŐľŖňĜ ġĽƨŏǂ ǭŏģŁĴŭ ǳĽŅ ńŏįŭ ŁŭőȖŏ ǳĽŅ Ńĳŭļ, Ő˶ļőŞ ńŏįŭ ŁŭőȖŏ Ő˶ļőŞ 
Ńĳŭļ, ĢŭŒ Ő˶ļőŞ ĢŭŒ ļŔļőŞ ńŏįŭ ŁŭőȖŏ ļŔļőŞ ŃĳŭļĜ ŸŋģŖķŏ ĩķŏ Ń̯ Ĺŏıŭ ĲŏŁŭ 
ĭĽŏ ĢŐĳňĜ ŸļŐļŞŏ ŸĭŐ̕Ĵŭ ŸŅŏŭ ŁņƨŖŃȖŖĭ ŁŭŏŅŉƨ ŐľŖň Ÿņ ŐņŖŌļŒ Ņģ ˅ŏļĭ ŐĹǡő Źň 
ĢŐŌŖĳŏŖŮģ, įŐļŖĭ ŸĭŐ̕Ĵŭ ǳĽŅ ŃŊƨŭŐĮŐŀ ŸŅŏŭ ŸŅŏķŏŅŒȃ Łŝŏ ŹŌŖĳģĜ įŐļŖĭ ǳĽŅ ŃĳŭŖļģ 
Ņģ ǳĽŅ ńŏį ĢŭŒ Ő˶ļőŞ ńŏį ġĿƨŏğŉ ňªŃ ŁŏŐŭŅĜ 

ĥŁŖľŉŖķŏļ ŸŅŏŖŭŏ Ņŀ ĮŏŖň ĢŭŒ ŸŋģŅŖļ ǳĽŅ Ńĳŭļ ľŒķŏ ńŏįŭ ĭŏŅ ĢŭŒ ŃŏĭőŐĮŐŀ ŐŁĳŭ 
ŸĭģŃĳŭļ ĭŐŭ į'ŖňŏĜ ŐļŐŀ Ńĳŭļ ŸŅŏŭ ĭ'ĳƨŖķŏ Łŝŏ Ō'ň ĢŭŒ Ņģ ŁŒŀŭ ŃŔŐɏ ŁŏŃ Łŭŏŗĭ 
ńŏň łňŏłň ŸľĮŒŮŏŃ ŁŏŐŭŖňŏĜ ļŏŭŁŏĳļ Ņģ ŸǴĹ ŌŞňŭ ġĿőŀļ įŖŮŊĻŏ Ģŭʓ ĭŐŭŃ 

http://gonitsora.com/exclusive-interview-prof-jayant-vishnu-narlikar/
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ŁŏŐŭŖňŏĜ Ņģ ŐļŐŀķŏ Ńĳŭŭ Őńļŭļ ˅ŏļŖĭŏɏŭ ŁŐŝ ťť Ńĳŭ ŃŞŋļ ˅ŏļŖĭŏɏŭ ŐĹǡő ĢŭŒ 
Łŏĳŭ ŐļŐŀ Ńĳŭ įŖŮŊĻŏ ĭŐŭ ťŨ Ńĳŭ ŃŞŋļ ĹȉŖŭķ ŐĹǡő ňŏń ĭŐŭŖňŏĞĜ 

ŸĭŐ̕Ĵļ ĢŁŒŐŀ Ń̯ŖĭģĴŀ ńŏň ŐŉȖĭ ŁŏģŐĳň ŃŒŐň ĥŖʦĮ ĭŐŭŖĳĜ ŸļīĞŖňŏŖĭ ŸĭŖŀńŏŖŮ 
ĢŖŁŏŀŏĭ ĥǂŋŏŌ ĢŭŒ ŸǳŭĻŏ ŐľŐĳň? 

Ʒ ŸĭŐ̕Ĵļ ĭŅ ŋŅŞŖļ Ń̯ŐĮŐŀ ĭĽŏ ŁŝŒīŮŏ ŹŌŐĳňĜ ģŞŏļ ĩŃĳŭļ ŐņŅŏŀ Łŝŏ ŌŞ ļŏļ 
ťŧķŏ ŸňĭĲŏŭŖļ ŐŋŅŏŀŐĮŐŀ Łŝŏģ ŐľŖŞĜ ģŞŏļ ĿőŖŭ ŸņŏŮŏŭ ǳŮĻļŏ ĩķŏ ĢŖĳĜ įŐļŖĭ Ÿŋģ 
ŋŒŭŒıŏ ľœŭ ĭŐŭŃŗň ŐŀĴŭ łŏňŭŁŭŏ ĭʱ ĭŐŭŃňįŏ ŌŞ ĢŭŒ ŸĭŐļŞŏŃŏ ġǡĴŭ Łŭŏ ŋŌŏŞ 
ň'ŃňįőŞŏ ŌŞĜ 

ŸĭŐ̕Ĵļ ĢŖĭś ȃĥķ'ŐŭŖŞň ŃǝŮ˄ŏŭ ǳĲňŀ ĢŖĳĜ ˅ŏļĭŭ ĳŏǭŐŃňŏŖĭ ŋɺŏŌļ ĩķŏ Ńŏ ľŒķŏ 
ȃĥķ'ŐŭŖŞňŭ ȑŏĳ ŁŏīĞĜ ŸļŖŀ˙Ůŏ ȑŏĳŐŃňŏĭļ Ņģ Ń̯Ŗļŏ ńŏň ńŏň ȃĥķ'ŭŭ ŋğˈŉƨŗň 
ĢŐŌŐĳŖňŏĜ ĢŖĭś, ŐņŖŌļŒ Ņģ ǳĽŅ Ńĳŭļ ľŒķŏŗĭ ŁŭőȖŏ ŐľŐĳŖňŏ, ŸŅŏŭ ȃĥķ'ŐŭŖŞňŭ ȑŏŖĳŏ 
ŸŃŐĳ ĢŐĳň, Ņģ ŋɺŏŌļ ĲŏŐŭķŏ ȃĥķªŐŭŖŞň ňªŃ ňįŏ ŹŌŐĳňĜ 

ĢŅŏŭ ġĿǝŏŁĭŋĭň Ńŭ ńŏň ĢŐĳňĜ ŐļŐŀĴŀ ŸĴǝŏŐļŐŃƨȵŏŀŭ ĢŐĳň, Őĭ̋ ŅŏŖĴ ŅŏŖĴ 
ĢŅŏĭ ŐĭĳŒ ŋğĮǝĭ ŸŃŖňį ġĿǝŏŁĭŭ ŃȍŔļŏī ̛ ŖŀŏŮŏ ŹŌŐĳňĜ ŸņŖŀ, ŸĭŏŮŏɂŏŅ ŃňŐŃȵŏŀŭ 
ŐŃĮǝŏļ ŁŐɇļ ŐĹŭŏĭŭ ŃȍŔļŏŖŃŏŭĜ ŸļīĞ ŐŀŖĴ ŐňĮŏ ŐĭļŏŁŭ Łŭŏ łŏŐŅƨ-ŐĹŭŏĭ ŁŐŭŋğĮǝŏ 
ŃŒĴŏģŐĳňĜ ŃŋŒ-Ģģŀʱŏģŀ ŁŐŭŋğĮǝŏ ŁŝŏīŖļ ŸļīĞ Ģģŀʱŏģŀŭ ŀŏŅŖķŏ Ńŏľ ŐľŖŞ, ŸŋģľŖŭ 
łŏŐŅƨ-ŐĹŭŏĭ ŁŐŭŋğĮǝŏ ŁŝŏīŖļ ŸļīĞ ŐŀĴŭ ŀŏŅŖķŏ Ńŏľ ŐľŖŞĜ ĢŅŏĭ ŋğĮǝŏ-ļɎ (number 
theory) ŁŝŏģŐĳň įŐĻļȵ ŸŌŭ'ʝ ŸĹŖńŀŁŖķƨĜ ŸŋģľŖŭ Ĵȃň Ĳňĭ (complex variables) 
ŁŝŏģŐĳň ŸĭĳňŖĲĜ 

ŐŀĴŭ ŐŀĴŭ ŐŃŊŞļ ĮǝŏŐļ ġĴƨŀ ĭŭŏ ŃǝŐȍŋĭŖň ŸĭŐ̕Ĵļ ŁŝŏģŐĳňĜ ŸŅŏŭ ŋĭŖňŏļŗĭ ńŏň 
ňŏŐįŐĳň ĩģŖķŏ ĭĽŏģ Ÿņ ĩģ ŃŖŭĻǝŖňŏĭŋĭŖň ŸĭŐļŞŏī Łŏĸľŏŀ ĭŐŭŃňįőŞŏ ĭŏŭŖĻ įŖŮŊĻŏļ 
Ńǝŏİŏļ Ĵɴŏ ŃŒŐň ŸĭŏŮŏ ŀŏŐĳňĜ Ńŭ ņɒ ĭŐŭ ŁŝŏģŐĳň ŸļīĞŖňŏŖĭĜ ĢŅŏŭ ńŏŭļļ Ņģ Ń̯ 
ǳŐļʳŏŀļ ŸľŐĮŖĳŏ ŐŃȵŏŀőŋĭŖň įŖŮŊĻŏļ Ńǝŏİŏļ ĴŖɴ ŃŒŐň Łŏĸľŏŀ ĭŭŏŭ Łŭŏ ŐŃŭļ ĽŏŖĭĜ 
Őĭ̋ ŸŋģŖķŏ ŐŅĳŏ, Ģŀĭ ŃŒĴŏīŖļ Ńŭğ ŐŀĴŭ ňŏńŖŌ ŌŞĜ 

ŸĭŐ̕Ĵļ ĢŁŒŐŀ ŐʱŖłŀ ŌŐĭıŭ ŋŅŋŏŅŐŞĭ ĢŐĳňĜ ŸļŐļŞŏ ŸļīĞŭ ňįļ ĢŖŁŏŀŏŭ 
ŸņŏįŏŖņŏį ŸĭŖŀ˙Ůŏ ĢŐĳň ĢŭŒ ŃļƨŅŏŀ ŸĭŖŀ˙Ůŏ? 

Ʒ ŸļīĞŭ ňįļ ŸŅŏŭ ĩŐļŞŏ ŐŃŖŉŊ ŸņŏįŏŖņŏį ŀŏģĜ ŸļīĞ ̮ŏńŏŐŮĭ ŋŒ˄-ŋŃň ŹŌ Ľĭŏŭ ŋŅŞŭ 
Łŭŏģ Ņģ ŸļīĞĭ ŐĲŐŀ ŁŏīĞĜ ŸŅŏŭ Ņŀļ ŁŖŭ, ǡőĻĥģĲ ŁņƨŖŃȖĻ Ÿĭɮļ ĴŌĭŏŐňŭ Ńɲŭ 
ŐľŀŖŃŏŭļ ĢŐŅ ŐŋŅŏŀ ĩķŏ ĭŏŅ ĭŭŏ ŀŏŐĳŖňŏ, ŸŋģŞŏ įŖŮŊĻŏŭ ĢŭʓŐĻ ĢŐĳňĜ ŸļīĞ ŸļŐļŞŏ 
Ģɇŏŭ-ǡĴŒŖŮķ, ŸŅŏļŗĭ ĩķŏ ŸǻĻő ļňŭ, Őĭ̋ ŸļīĞ ġȗł'Ĺƨŭ ĢŐĳňĜ ġȗłªĹƨŭ Łŭŏ˅ŏļĭ 
Źň ŸļīĞ ŸĭŐ̕Ĵŗň ĢŐŌŐĳňĜ Ũ-ũ ŋɺŏŌŭ Ÿŋģ ĴŌĭŏŐňŭ ŐŉŐŃŭŭ ġɫļ ĳŏǭŐŃňŏŖĭ ĩĮŀ 
ŸķŃŒň-ŖķŐŀĳ ǳŐļŖņŏŐįļŏ ĢŖŞŏĴŀ ĭŐŭŐĳňĜ ļŏŭ łŏģŖŀňļ Ņģ ŌŐĭıŭ ŅŒĮŏŅŒŐĮ ŹŌŐĳŖňŏĜ Ņģ 
ŸļīĞĭ ŌŭŒŮŏģŐĳŖňŏ; ŸļīĞŭ ŉŭőŭ ŸļŐļŞŏ ŋʏœĻƨŭœŖŁ ŋŒ˄, ŸŋģŖķŏŖŮģ Ņģ ĭ'Ń ŐŃĲŏŐŭŖĳŏĜ 
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ŸļīĞ ŸķŃŒň-ŖķŐŀĳ ŸĮŐňŃ ŁŏŐŭŐĳň ĢŭŒ łŏģŖŀň ŁŏģŐĳňŗįĜ ŸĮňŏļ ŐŋŅŏŀ ńŏň ŀŏŐĳň, Őĭ̋ 
ŸŋģŐĮŐŀ ŁŏŐŭŐĳňĜ ŸķŃŒň-ŖķŐŀĳ ŸĮňŏŭ ĥŁŐŭ Ńɲŭ ŐľŀŖŃŏŭļ ŸļīĞ ŐľİňőŞŏ ŋŅŞŭ ĭŏŭŖĻ 
ŸĮŏĴ ĭŏŐŝŐĳňĜ ŸļīĞ ŸĭŐ̕Ĵŗň ġŌŏŭ Łŏĳļ, ĢŐŅ ŐĭĳŒ ŋğĮǝŖĭ Ņŀ ĭŐŭŐĳŖňŏ, ŸļīĞ ĭĽŏŐŃňŏĭ 
ġňŁ ŸĮŏŖĭŏĴŏ ňįŏŭ ŐŀŐĲŀŏŗĭ ĭŞ, ĢŭŒ ŐĭĳŒŅŏŀ ĥȬŏŭĻ ŋȅĭŗĭ ĭŐŭŃ ŸŀŏŮŏŖŭĜ ǳĽŖŅ 
ġŐŅ ǳŏŞŋĭŖň ńŏŐŃŐĳŖňŏ, ŸļīĞ ġȗł'Ĺƨŭ Łŭŏ ġŌŏ ŃŒŐň ŸľĮŒŮŏŃŗň Ĳŏŗį ŸļŖŀŗĭ ĭĽŏ ĭŞ! 
Őĭ̋ ŐŁĳļ įŅ ŁŏŖňŏĞ, ŸļīĞŭ ŸŃŅŏŭŭ ŃŏŖŃ ŸļŖŀ˙Ůŏ ŹŌŐĳňĜ ňŏŖŌ ňŏŖŌ ŸļīĞĭ ňŏĮŒȃ Źň 
ŸĮŏĴ ĭŝŏ ĢŭŒ Łŏĳŗň ̯ģň ŸĲŞŏŭļ Ĳňŏ łŒŭŏ ĭŭŏ ŸľĮŏ ŁŏģŐĳŖňŏĜ 

ŤŬũŧ Ĳŀļ ŌŐĭıŭ ŁŐŭŞŏňŭ ňįļ ńŏň ŐĲŀŏŐĭ Ľĭŏ ŸŅŏŭ ŋŌĭŅ˕ ĩĴŖŀ ŸŅŏĭ ŹĭŐĳň, 
ŐĲŐĭǂŋŖĭ įĻŀŏ ĭŐŭ ŸļīĞĭ ŸŌŖŀŏ ľŒŃĳŭ ŃŏŐĲ ĽŏŐĭŃ ŃŒŐň ŋŅŞ ŐľŖĳĜ Ņģ ŃŏŭŒŗĭŖŞ ĢĲŐŭļ 
ŹŌ ŁŐŭŐĳŖňŏĜ ĭŏŭĻ, ņŐľī ŸļīĞŭ ̮ŏ˄ǝ ŁŐŭ ĢŐŌŐĳň, ŸļīĞĭ Őĭ̋  ŅŔļŒǝŅŒĮő Ÿņŀ ňįŏ ŀŏŐĳňĜ 
ŸļŏŅŏŖňŏŖĭ Ĵŏŀŏģ, ĩŐļŞŏī ŸļīĞ ŸŃĳ ˙ŉŖň ĢŖĳĜ ŐĲŐĭǂŋĭŭ ŐŌĲŏŁ ńŒň ŹŌŐĳňĜ ŐŁŖĳ ŸļīĞ 
Ń̯ļ ľŒŃƨň ĢŐĳň ĢŭŒ ŉŏŭőŐŭĭńŏŖŃ ńŏŐį ŁŐŭŐĳňĜ ŸļŖŀ˙ŮŏŖļ ŸļīĞ ŐŃŞŏ ĭŭŏŞĜ ŸļīĞŭ 
ŁɒőŖŞ ŸļīĞŭ ġŖŉŊ ņɒ ŹňŐĳň ĢŭŒ ŸļīĞŭ ŸŃŅŏŭŭ ŋĭŖňŏ ĭĽŏŭ ňįŖļ ŸļīĞ Ÿņ ŸŃŐĳŐľŀ 
ĴőŞŏģ ŀŏĽŏŐĭŃī ŁŏŖŭ ŸŋģĭĽŏ ĴŏŐŀī ŸļīĞŭ ňįļ ŐŃŞŏļ ŃŐŌŐĳňĜ ĢŐŅ ŸĭŐ̕Ĵļ Ľĭŏ 
ŐľŀŖļģ ĩģ ŋĭŖňŏŐĮŐŀ İķŀŏ İŖķĜ ĢŐŅ ŅŏŖĴ-ŋŅŖŞ Łŝŏ-̛ ŀŏ ŐŃŊŞŖŃŏŭ ŋʏŖĭƨ ĢŖňŏĲŀŏ 
ĭŐŭŐĳŖňŏĞ, ġŮŖŉǝ ĢŅŏŭ įŖŮŊĻŏŭ ŸȖǭ ŸŃŖňį ŸŃŖňį ĢŐĳňĜ 

ĢŁŒŐŀ Ő˄ŭŏŮ˄ŏ ļ˰ (steady state theory) ŋŅĽƨĭĜ ŐĭŌŭ ŐńŐɏļ ģŞŏŭ ŋļǝļŏŭ īŁŭļ 
ĢŖŁŏŀŏŭ ŐŃ̜ ŏŋ ĴŏŐįŐĳň? ĩģ ŋœǭŭ ŃļƨŅŏŀŭ ŭœŁ ŸĭŖŀ? 

Ʒ Ņģ ŤŬũŦ Ĳŀļ ŸņŐļŞŏ ŐŁ.ĩģĲ.ŐĹ. ŋʏœĻƨ ĭŖŭŏĞ, ŸŅŏŭ įŖŮŊĻŏ ŅœňļĠ ŐĭľŖŭ įŏŐĻŐļĭ 
ŋœǭ ŃǝŮŌŏŭ ĭŐŭ Ő˄ŭŏŮ˄ŏ Ńŏ ŐŀŞŐŅļŏŮ˄ŏ ŋœǭģ ŁľŏĽƨ ŋŔŐɦŭ ŃǝŏĮǝŏ ĭŐŭŃ ŁŏŖŭ ļŏŭ īŁŭļ 
ĢŐĳňĜ ŅŏŀŒŖŌ ŋľŏŞ ĭ'Ń ŐŃĲŏŖŭ Ÿņ ŉœĻǝ ġĽƨŏǂ ĩŖĭŏ ŀĽĭŏ ġŮ˄ŏŭ Łŭŏ ŁľŏĽƨŭ ŋŔŐɦ Ō'Ń 
ŸŀŏŮŏŖŭ; ģ ŋğŭȖĻ-ŋœǭŭ ŐŃŁŭőŖļ ņŏŃĜ Ő˄ļŏŮ˄ŏ ļɎĭ Ń̯Ŗļ ĩģŖķŏ ĭŏŭĻŖļ ŋŅŏŖňŏĲŀŏ 
ĭŖŭĜ Őĭ̋ ģŞŏŭ ĥɏŭļ ĢŐŅ ŅŌŏŐŀŀŏľ (big-bang theory)ŭ ĥľŏŌŭĻ ŐľŃ ŁŏŖŭŏ, ņ'ļ 
ŐŃ̜ǵː ŏɇŭ ŋŔŐɦ ŉœĻǝŭ Łŭŏģ ŹŌŖĳ ŃŒŐň Ŀŭŏ ŌŞĜ ŸŋŞŏīŖļŏ ŉŐȍŭ ŋğŭȖĻ ŋœǭŭ ŐŃŁŭőŖļ 
ņŏŞĜ Őĭ̋ ŸļŖŀŗĭ ĭ'Ńŗň į'Ŗň ĢŐŅ ŸŃŖňįŭ įŖŮŊĻŏŭ ńŒň ĥŐňīŮŏŖŌ Ō'Ń, ŐŀĴŭ įŖŮŊĻŏŭ 
ĥɏŭ ŐľŞŏ ŀŌŞĜ 

įŐļŖĭ ŁľŏĽƨŭ ĥǂŁŐɏŭ ŐŃŊŖŞ ĢŐŅ ĩŖŀńŏŖŮ ŐŃĲŏŭ ĭŐŭŃ ňŏŐįŃ ņŏŖļ ģ ŉŐȍŭ ŋğŭȖĻ 
ŋœǭĭ ŀŒģ ŀĭŖŭĜ ŸŋŞŏģ ŸŅŏŭ ŐŁ.ĩģĳ.ŐĹ. ĢŭŒ ŸŁŏʱ-ŐŁ.ĩģĳ.ŐĹ. ŁņƨŏŞŭ įŖŮŊĻŏ ĢŐĳňĜ 
ģŞŏŭ ĭŏŭŖĻ ĢŐŅ ŐŃŖŞŏįŏɓĭ ŉŐȍŭ ŋŌŏŞ ŹňŐĳŖňŏĜ Ÿŋģ ŋŅŞļ ģŞŏŭ ġŐˀ˰ŭ ŸĭŏŖŀŏ ŋʓŏŮŀŏ 
ŀŏģ ŃŒŐň ŋĭŖňŏŖŮ ĿŐŭ ŹňŐĳňĜ Őĭ̋ ŐŀĥķŐŀŞŏŀ ŅŏĿǝŏĭŊƨĻ ŃňŖļ ĩģ ŐŃŖŞŏįŏɓĭ ŉŐȍŭ 
ĥľŏŌŭĻ ŐľŃ ŁŏŐŭĜ ŐŀĥķŐŀŞŏŀ ŅŏĿǝŏĭŊƨĻ Ńň ĩķŏ ŐŃŖŞŏįŏɓĭ ŉŐȍŭ ǳĻŏňő; ŐĭŞŖŀŏ 
ŅŏĿǝŏĭŊƨĻ ŐŃńŮŃň ŐŃŖŞŏįŏɓĭ, ĢŭŒ ŸǴĹ ŌŞň ĢŭŒ Ņģ ĩģ ŸįŏŖķģ İķŀŏŖķŏ ŃǝŏĮǝŏ ĭŐŭŃ 
Łŭŏ ĩķŏ ŋŏĿŏŭĻ ĥŁŏŞ ŐŃĲŏŐŭ ĥŐňŞŏģŐĳŖňŏĜ ĢŐĴĭŏŐň ŅŏŀŒŖŌ ņŏĭ ĳŏŞŏ ŃňŖȖǭ (phantom 
fields) ŃŒŐň ĭŞ; ŐņŖķŏ ĩķŏ ĿŏŭĻŏ ņŏŭ ŋŌŏŞļ ŅŌŏŐŀŀŏľŭ ŐĭĳŒ ŋŅŋǝŏŭ ŋŅŏĿŏŀ ĥŐňŞŏŃ 
Łŭŏ ņŏŞĜ ĩŐļŞŏ ŸŃŖňį ŀŏŖŅŖŭ ŃŒĴŏŖňī ĩģ ŐŃŊŞļ ĭŏŅ ĭŐŭ Ľĭŏ ŋĭŖň įŅ ŁŏŃ Ÿņ ĩŞŏ 
ĢŐŅ Ÿŋģ ũţŭ ľŉĭŖļ ǳ˃ŏŮ ŐľŞŏ ĩŖĭķŏ ĭĽŏģ ĢŐĳňĜ 



80  
 

http://gonitsora.com  

ŐŃŐńɳ ŁņƨŏŞ ĢŭŒ ŐŃŐńɳ ńŏŊŏļ ŐŃȵŏŀ ĴŀŐǳŞĭŭĻŭ Ń̯Ŗļŏ ĭŏŅļ ĢŁŒŐŀ ġŐļ 
ŋŐǞŞńŏŖŃ ĴŐŜļĜ ĩģ ŸȖǭļ ǳĿŏŀ ǳļǝŏ̱ŏŀ Őĭ Őĭ ĢŖĳ ŃŒŐň ĢŁŒŐŀ ńŏŖŃ ĢŭŒ ĩŖŀ ĭŅƨļ 
ĴŐŜļ ŌªŃ ŐŃĲŭŏ ńŐŮŊǝļ ǳĴɴŗň ĢŖŁŏŀŏŭ ŁŭŏŅŉƨ Őĭ? 

Ʒ Ņģ ŐņŖķŏ ŸľŐĮŖĳŏ, ĢŅŏŭ ŋŅŏĴŭ ǳŐļŖķŏ ˃ŭļ, ġŐŉŐȖļŋĭňŭ ľŖŭģ ŐŉŐȖļŋĭŖňŏ ŐŃŐńɳ 
ĿŭĻŭ ġɲŐŃ̜ŏŖŋŖŭ ǳńŏŐŮļ ŹŌ ĽŏŖĭĜ ŅŏŖĽŏĞ, ŐŉŐȖļŋĭňŭ ġɲŐŃ̜ŏŋ ġŐŉŐȖļŋĭňļŗĭ ŐĭĳŒ 
ġĿŒŐŀĭĜ ŸŋģŃŏŖŃ ˙-ŋğʼŏŭŁœĻƨ ŐŃ̜ŏŋŭ ĸŏģļ ĢŐŅ Ńŏ˃Ů-ŋɴļ ŐŉȖŏ ŐľŃ ňŏŐįŃĜ ġɲŐŃ̜ŏŋő 
Ÿňŏĭŋĭňĭ ŃŒĴŏģ ŐľŃ ňŏŐįŃ Ÿņ Ÿŋģ ĿŏŭĻŏŋŅœŌ ̛ɛ ŀŌŞ ĢŭŒ ŸŋģŋŅœŌ ńŒň ŃŒŐň 
ŁŭőȖŏŅœňĭńŏŖŮ ǳŅŏŀ ĭŐŭŃ ŁŏŐŭĜ ŐŃȵŏŀ ĴŀŐǳŞĭŭĻŭ ŃŏŖŃ ĢŐŅ Ńŏ˃ŮŋɴļńŏŖŮ ĢŭŒ 
ŁŭőȖĻőŞńŏŖŮ ĭŏŭĭŋŅœŌŭ ĭĽŏ ġɲŐŃ̮ŏŋőŋĭňĭ ŃŒĴŏģ ĭªŃ ňŏŐįŃ, Őĭ̋ ĢŐŅ ŐŃľǝŏŐńŅŏŀő 
ńŏŖŮŖŭ ņŐľ ŸļīĞŖňŏĭĭ ŅŒĮƨ ŃŒŐň ĭīĞ Ńŏ ŸĭŮň ŸļīĞŖňŏŖĭ ĩģŖķŏ ŐŃ̜ŏŋ ĭŭŏ ġŀŒŐĲļ ŃŒŐň 
ĭīĞ, ŸļŖɫ ŸļīĞŖňŏŖĭ ŁœŃƨļŗĭ ŸŃŐĳŗĭŖŌ ġɲŐŃ̜ŏŋő ŹŌ ŁŐŭŃĜ ŸŋģŃŏŖŃ ļŒŐŅ ŸļīĞĭ ŐŀŖĴ ŐĲɫŏ 
ĭŐŭŃŗň ŹŋŅŏŀ ĭŐŭŃ ňŏŐįŃ, ŸļīĞ Őĭ ŐŃ̜ŏŋ ĭŐŭŃ ňŏŖį ļŒŐŅ ĭªŃ ŀŏňŏŖį; ŸļīĞĭ ŐŀŖĴ 
ŁŭőȖŏ ĭŐŭŃŗň, Ńŏ˃ŮŖķŏ ŐŃŖŃĲŀŏ ĭŐŭŃŗň ļŒŐŅ ĥ˶Œɛ ĭŐŭŃ ňŏŖįĜ ĩģľŖŭ ļŒŐŅ ŸļŖŀ ŃǝŐȍĭ 
ǳļǝŞ ŐŀŞŏŃŗň ŋȖŅ ŌªŃŏĜ 

įŐļŖĭ ŐŀĴŭ ŅļŏŅļ Ģŀŭ īŁŭļ ĴŏŐŁ ŐľŞŏŭ ŋňŐŀ ĢŐŅ ŸļīĞĭ ŐŀĴŭ ŐŃĲŏŭ-ŐŃŖŃĲŀŏŖŭ 
ĭĽŏ ĩķŏŭ ŋļǝŏŋļǝ ĲŏŐň-ĴŏŐŭ ĲŏŃŗň ŐŉĭŏŃ ňŏŐįŃĜ ŐŃȵŏŀĭ ĴŀŐǳŞ ĭŐŭ Ÿļŏňŏŭ ŅŏĴļ 
ŐŃŐńɳ ŁŐŭİķŀŏŖŃŏŭ ĥŌŏŌŭĻŭ ŋŌŏŞļ ŐŃ˃ŔļńŏŖŃ ŃǝĮǝŏ ĭŭŏ ĢŭŒ ňįŖļ ŸļīĞŖňŏĭŭ ȵŏŀŭ 
ŁŐŭŋŭ ŃŔŐɛ ĭŐŭŃŗň ŐŃȵŏŀŭ ŀļŒŀ ĢŐŮʯŏŭŖŃŏŭŭ ŐŃŊŖŞ ŋŏĿŏŭĻ ŭŏģĴĭ ġŮįļ ĭŖŭŏŮŏ, 
ģļǝŏŐľ ŁŖŭĜ 

ĢŖŁŏŀŏŭ ŅŖļ ŐŃ̜ŐŃľǝňŞŭ ŐŀŐĲŀŏ ĥȬŐŉȖŏŭ ġŀŒʳŏŀ Ńŏ IUCAA ŭ ĩģ ŸȖǭļ ĭŭĻőŞ Őĭ 
ĢŖĳ? 

Ʒ ŸŋģŖķŏ ŭœŁŏŞĻ ĭŐŭŃŗň ġŀŒʳŏŀŖŃŏŭ ŭŏģĴŭ īĲŭŗň ņŏŃ ňŏŐįŃ, ňŏŐįŖň ŸŋŞŏ IIT, IUCAA 
Ńŏ ŸĭŏŖŀŏ ŐŃ̜ŐŃľǝŏňŖŞģ ŀŌīĞĭ ŐĭŞĜ IUCAA ŭ ĭŏņƨǳĻŏňő ŐŀĿƨŏŭĻ ĭŖŭŏĞŖļ ĢŐŅ ĩķŏ ľłŏļ 
ĥŖʦĮ ĭŐŭŐĳŖňŏ Ÿņ ģ ŭŏģĴŭ īĲŭ ŁŏŃ ňŏŐįŃĜ Ÿŋģ ŋŅŞŭ Ń̯Ŗļŏ ŐŃȵŏŀőŖŞ ŅɫŃǝ ĭŐŭŐĳň 
Ÿņ Ņŏǭ IUCAA-ĩģ ĭŏŅ ĭŭŏļ ŋłň ŹŌŖĳ, ŃŏĭőŐŃňŏŖĭ ģŅŏŀ Łŭŏ ŀŏģĜ ŸņŏŮŏ ťŨ Ńĳŭļ 
ŸŋģŞŏ ġňŁ ŋňŐŀ ŹŌŖĳĜ ĩŐļŞŏ Ń̯Ŗļŏ ġŀŒʳŏŖŀ Ĵŀŋʏĭƨ ŭȖŏ ĭŭŏļ ˝ŭŒɎ ŐľŖĳĜ Őĭ̋ ĩģ 
ŐŃŊŞļ ĩŐļŞŏī Ń̯ŐĮŐŀ ĭŐŭŃňįőŞŏ ĢŖĳĜ 

ĢŐĴŭ ńŏŭļŃŊƨ ġĽƨ ġŭŒ ĢńǝɫŭőĻ ŋŅŋǝŏŖŭ ĴĴƨŐŭļĜ ŋŏĿŏŭĻ-ŐŃȵŏŀŭ ŐŃŊŞŖŃŏŭ 
ġĿǝŞŀ ĭŐŭŃ ŸĮŏĴŏ ĳŏǭ-ĳŏǭőŭ ŋğĮǝŏ ňŏŖŌ ňŏŖŌ Ǿŏŋ ŁŏģŖĳĜ ģ ŋŅŏĴļ ŸĭŖŀ ǳńŏŮ 
ŸŁňŏģŖĳ? 

Ʒ ŁŐʧŅőŞŏ ŸľŉŖŃŏŭŖļŏ ŸľĮŏ ņŏŞ, Ÿį ŮŊĻŏĭ ŸĭŐŭŞŏŭ ŐŌĲŏŖŁ ŸňŏŮŏĴŖŀ ŸŅŖŀĴŖŅɂ ĭŅ˕ 
ĩĴŀļŗĭ ĭŅ ĥŁŏĴƨŀ ĭŖŭĜ Őĭ̋ ŁŐʧŅőŞŏ ŸľŉŖŃŏŭŭ ŐŃ̜ŐŃľǝŏňŞŖŃŏŭ Ń̯ ĥɳļ ĢŭŒ 
ŸŋģŖŃŏŖŭ ĳŏǭ-ĳŏǭőĭ ĢĭŊƨĻ ĭŭŏļ ŋłň ŌŞĜ ĢŅŏŭ ļŏŖļŏ ŸļŖŀ Ō'Ń ŁŏŖŭ, Őĭ̋ ĭŏņƨļ 
ŸŋģŖķŏ ŸľĮŏ ŀŏņŏŞĜ IISERŸŃŏŭ (Indian Institutes of Science Education and Research) 
ŸŌŏŮŏŭ ŐŁĳļ ĩģŖȖǭļ ŐĭĳŒ ̛ĿŭĻő ĢŐŌŖĳĜ IITŸŃŏŖŭ ŃǝŮŌŏŐņƨĭ ŐŃȵŏŀļ Őņ ĭŏŅ ĭŐŭ ĢŖĳ, 
IISERŸŃŏŖŭī ŐŃ̛ɛ ŐŃȵŏŀļ ĩŖĭ ĭŏŖŅģ ĭŐŭ ĢŖĳĜ ĢŭŒ ĩģ ġŀŒʳŏŀŖŃŏŖŭ ŐņŖŌļŒ ŸŅĿŏŮő 
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ĳŏǭ-ĳŏǭőĭ ĢĭŊƨĻ ĭŭŏļ ŋłň ŹŌŖĳ, ġŌŏ ľŌŃĳŭļ ĢŐŅ įŖŮŊĻŏŭ ŸȖǭĮŀļ ńŏŖňŐĮŐŀ 
ĥɳŐļ Ģŉŏ ĭŐŭŃ ŁŏŖŭŏĜ 

ńŏŭļļ ŐŉȖŏŭ ŃǝŐȍįļĭŭĻ ŸŌŏŮŏŭ ŐŁĳŭ Łŭŏ ŐŃŐńɳ ŐĹǡő ŐľŞŏ ŸĭļŖŃŏŭ ŃǝŐȍįļ 
ǳŐļʳŏŀ ĲŒŖĭ-ŖĭŏŖĻ įŐĴ ĥĸŏ ŸľĮŏ ŹįŖĳĜ ģ ŋŅŏĴļ ŸĭŖŀ ǳńŏŮ ŸŁňŏŃ ŁŏŖŭ? ŸľĮŏ ŹįŖĳ 
ĩŖŀ ǳŐļʳŏŀŖŃŏŚŭŭ ŐŉȖŏŭ ˝Ļįļ Ņŏŀľɇ Ńŭ ĩķŏ ĥɳļ ŀŌŞĜ ĩģ ŐŃŊŖŞ ĢŁŒŐŀ Őĭ ńŏŖŃ? 

Ʒ ĢŐĴĭŏŐňŭ ŐŉȖŏĮɇŭ Ōĸŏǂ ŸŌŏŮŏ ĩŖŀ ŃŔŐɛŖŞ ŸŅŏĭ ŸĭŐļŞŏŃŏ ŐĲŐɫļ ĭŐŭ ŸŁňŏŞĜ ŐŉȖŏŭ 
Ņŏŀľɇŭ īŁŭļ Ĳ˙ ŭŏŐĮŃňįőŞŏŋĭň ŋʓŮļĠ įńőŭ ŐŀǰŏļĜ ŐĭŞŖŀŏ ŌŏĴŏŖŭ-ŐŃĴŏŖŭ Ō'Ń Ŀŭŏ 
ĩŖŀ ǳŐļʳŏŀ ŸĭģĮŀŭ ŐŉȖŏŁɛŐļŭ Ņŏŀľɇ Ÿņ ńŏň ŸŋŞŏ ŋŖɯŌĴŀĭĜ ĮŒŃ ŸŃŐĳ ĩŉĮŀļ 
ŐļŐŀĮŀ Ńŏ ĲŏŐŭĮŀŭ ńŏňĜ ĢŖĭś, ŐĲŐĭǂŋŏ ĢŭŒ ġŐńņŏŐɩĭ ŅŌŏŐŃľǝŏňŞŖŃŏŖŭŏ ŸĭļŖŃŏŭ 
ŐŃļĭƨŭ ŅŏĴŗň ĢŐŌ ĽŏŖĭĜ ĴŭŒŚŭő ŋŏ-ŋŒŐŃĿŏ ŀŏģ, ŐŉȖĭ ŀŏģ, ŋŏŅǡő ŀŏģ ĢŭŒ ňįŖļ ŐŉȖŏŭ 
Ņŏŀľɇŭ īŁŭŖļŏ ŸĭŏŖŀŏĿŭĻŭ ˝ŭŒɎ ŐľŞŏ ŀŌŞĜ ĩģŖŃŏŭŭ īŁŭļ ŃŏĿŏ ĢŖŭŏŁ ĭŐŭŃ ňŏŖįĜ 
ĽĭŏŖŃŏŭŭ ŐŉȖŏ ĥȬĮŏŁŭ Ō'Ń ňŏŖįĜ 

ŸľĮŏ ŹįŖĳ, ĲŭĭŏŖŭ ņŐľī ĥȬ ŐŉȖŏŭ īŁŭļ ˝ŭŒɎ ŐľŖĳ, ŐŃľǝŏňŞļ ŀŏŅńŐɏƨ ĭŭŏ ĳŏǭ-
ĳŏǭőŭ ŋğĮǝŏī ŃŏŐŝŃ ňŏŐįŖĳĜ ĩģ ŸȖǭļ ŐĭŃŏ ńŏŭŋŏŅǝ ŸŌŭŏŃ ŁŏŖŭ ŃŒŐň ĢŁŒŐŀ ńŏŖŃ 
ŸŀŐĭ? 

Ʒ ŐŃľǝŏňŞŖŃŏŭļ ĲŭĭŏŖŭ ĭŐŭŃňįőŞŏ ĩŐļŞŏī Ń̯ŐĮŐŀ ĢŖĳĜ ŅŏŀŒŖŌ ńŏň Ņŏŀľɇŭ ŐŉȖŏŭ 
ŃŏŖŃ ŌŏĴŏŭ ķĭŏ ĮŭĲ ĭŭŏ ŃǝŐȍįļ ŐŃľǝŏňŞŖŃŏŭŭ ĭĽŏ Ńŏľ ŐľŖň Ĳŭĭŏŭő ŐŃľǝŏňŞŖŃŏŭļ 
ŸļŏŅŏŖňŏŖĭ ŸľŐĮŃŏ, ň'ŭŏ-ŖĳŏŮŏňő ġŀŒŁŏŖļ ŸǻĻőŖĭŏĸŏ ĢŭŒ ŐŉȖĭŭ ŀŏķŐŀĜ Ľĭŏ ŸĭģĴŖŀī 
īŁŭŐȷ ŸŃŏĴŏŭ ĭŏŭŖĻ ŐŃŊŞŖŃŏŭ ńŏňľŖŭ Łŝŏģ ņŏŃŗň ŋŅŞ ŀŏŁŏŞĜ ŐŉȖŏŭ ǳŐļ ĢǡŌő 
ň'ŭŏ-ŖĳŏŮŏňőŖŞ ģŞŏŭ Łŭŏ ŐĭŅŏŀŐĮŐŀ ňŏń ŁŏŃ? ŸŅŏŭ Łɒő ŅŌŏŭŏʰŭ ŐĭĳŒŅŏŀ ŐŃľǝŏňŞŭ 
ňįļ ĴŐŜļ ŹŌ ĢŖĳĜ ŸļīĞ ĩģ ĢĲň ĳŐŃĮŀ ĮŒŃ ńŏňľŖŭ ŸľŐĮŖĳĜ 

ŅŏŀŒŌŭ ŅŏĴļ ĩķŏ ĿŏŭĻŏ ŸľĮŏ ņŏŞ Ÿņ įŐĻļ ĢŭŒ ŁľŏĽƨŐŃȵŏŀŭ ļŏŐɎĭ ĭĽŏŋŅœŌ Ńŏ˃Ů 
ĴőŮŀļ ŃǝŮŌŏŭ ġŐļ ŋőŐŅļĜ ĩģ ŐŃŊŖŞ ĢŖŁŏŀŏŭ ŅļŏŅļ Őĭ? 

Ʒ ŸĭŏŖŀ ŸļŖŀŗĭ ĭ'Ŗň? ŸĭŏŖŀŏŃŏģ ŸļŖŀŗĭ ńŏŐŃŃ ŁŏŖŭ, Őĭ̋ Ņģ ŸļīĞŭ ĿŏŭĻŏ ŋňŐŀ 
ĭŐŭŃŗň ŸĲʱŏ ŀĭŖŭŏĜ ņŐľ Ÿŋģ ŐŃŊŞŖŃŏŭ ŁŐŝ Ľĭŏ ĳŏǭģ ŸļŖŀŗĭ ńŏŖŃ, ŸŋģŖķŏŖŌ ġŐļ 
ŐĲɫŀőŞĜ 

ĢŁŒŐŀ ŐŃȵŏŀ ŁŐŝ ŀĽĭŏ ŋŏĿŏŭĻ ŅŏŀŒŌ ĩĴŀŭ ĿŏŭĻŏ ŸĭŖŀŗĭ ŋňŐŀ ĭŐŭŃ? 

Ʒ ŐŃȵŏŀŭ ĴŀŐǳŞĭŭĻŭ ģ Ōªň Ģŀ ĩķŏ ŐľŉĜ ĢŐŅ ŅŏŀŒŌĭ ŐŃȵŏŀŭ ŃǝŮŌŏŭ ĢŭŒ ģŞŏŭ 
ĭŏņƨĭŏŐŭļŏŭ ŐŃŊŖŞ ńŏňĿŭŖĻ ġŮįļ ĭŭŏŃ ňŏŐįŃĜ ŸļīĞŖňŏĭĭ Ņŏǭ ŐŃȵŏŀŭ ĭĽŏ Źĭ 
ĽŏŐĭŖňģ ŀŌ'Ń, ģŞŏŭ ŃŏŖŃ ĩķŏ ŃǝŮ˄ŏŭ ǳŖŞŏĴŀĜ 

ŋŭŒŖļ ĢŅŏŭ ŸŃŐĳńŏįŖŭ ǵːŏɇŐŃȵŏŀ ĢŭŒ ŸĴǝŏŐļĠŁľŏĽƨŐŃȵŏŀŭ ǳŐļ ĢĭŊƨĻŭ ŋőŅŏ 
ŀŏŐĳň, Őĭ̋ Ĺŏıŭ ŹŌ ġŌŏŭ ňŖį ňŖį Őŋ ŸŌŭŏģ ņŏŃŗň ĿŐŭŖňĜ ĢŅŏŭ ŃļƨŅŏŀŭ ġĿǝŞŀ 
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ŃǝŮ˄ŏŭ ŐĭŃŏ ŸľŏŊŭ ĭŏŭŖĻ ŸļŖŀ Ō'Ń ĿŐŭŖĳ ŸŀŐĭ ŐņŖŞ ĢŅŏĭ ŁŐŝŃ ŸĮŏĴŏ ŐŃŊŞŖķŏ ŁŐŝŃ 
ŐŀŐľŖŞ? 

Ʒ ŸļŏŅŏŖňŏĭŭ ňįļ Ņģ ŋŌŅļĜ ŸņŐļŞŏ Ņģ ĳŏŭ ŸǴĹ ŌŞňŭ ĳŏǭ ŐŌĲŏŖŁ ǵːŏɇŐŃȵŏŀŭ 
įŖŮŊĻŏļ ňŏŐįŐĳŖňŏĞ ŸļŐļŞŏ ŸļŖŀ ĭŏŅ ĭŐŭŃ ŐŃĲŭŏ ĳŏǭŭ ŋğĮǝŏ Ń̯ļ; Őĭ̋ ĩŐļŞŏ ĩģ 
ŐŃŊŞļ ĢįŃŏŐŝŃ ĮŒŐĴ ŸĭŏŖŀŏŃŏģ ŸŅŏŭ ĥŁŖľŉ ŐŃĲŏŐŭŖň Ņģ ŌŞŖļŏ ŐŋŅŏŀ ĥǂŋŏŌő ŀŌ'ŅĜ 
ģŞŏŭ ĭŏŭĻ Ņģ ńŏŖŃŏ Ÿņ ŐŃŊŞŖķŏ ĿŅƨŏɲļŏŭ ŸňĮőŞŏ ŹŌ ŹįŖĳĜ ļŒŐŅ ņŐľ ģŞŏļ ŐŃ̜ŏŋ ŭŏĮŏ, 
ŋłň Ō'ŃŏĜ ļŒŐŅ ņŐľ ŐŃ̜ŏŋ ŀĭŭŏ, ŸļŏŅŏŭ ŋłňļŏ ŸŁŏŮŏŭ Ģŉŏ ĮŒŃ ȖőĻĜ Őĭ̋ ŸŋģŖķŏ 
ȅĭ ĭĽŏ ŀŌŞĜ Ńŏĭ ̮ŏĿőŀļŏ Ńŏ ĭŅƨ ̮ŏĿőŀļŏ ŃŒŐň Ṇ́ ĩķŏ ĽŏŐĭŃ ňŏŖįĜ ŸĭŏŖŀŏ ņŐľ 
ǵːŏɇŐŃȵŏŀŭ ŃļƨŅŏŀŭ ġŮ˄ŏ Źň ŋ̋ʱ ŀŌŞ, ŸļīĞ ĩģ ŐŃŊŖŞ ĭ'Ń ŁŏŐŭŃ ňįŏ Ņȷ ĩĮŀ 
ĽŏŐĭŃ ňŏŖįĜ ũţŭ ľŉĭļ Ÿŋģ ŋŒŐŃĿŏ ĢŐĳňĜ ĩŐļŞŏī ŅŏŀŒŌĭ ŐŀĴŭ ńŏŮ ǳĭŏŉŭ ̮ŏĿőŀļŏ 
ŐľŖň ĩģ ŸȖǭļ ̛ĿŭĻő ŐŀʧŞ Ō'ŃĜ 

ŁŭőȖŏŅœňĭ ĢŭŒ ļŏŐɎĭ ľŒŖŞŏłŏňŭ Łŭŏ ŁľŏĽƨŐŃȵŏŀļ įŐĻļŭ ǳŖŞŏĴŀőŞļŏ ŐĭŅŏŀ? 

Ʒ Ņģ ńŏŖŃŏ ģ ġŐļ ǳŖŞŏĴŀőŞĜ Ņģ ǳŏŖŞ ŐĭĳŒŅŏŀ ġŖŌśŃŐňŞŏ ŅŏŀŒŌŭ Łŭŏ ŐĲȅ ŁŏīĞĜ 
ŸļīĞŖňŏŖĭ ŃŒĴŏŃŗň ĮŒŃ ŸĲʱŏ ĭŖŭ, ŸļīĞŖňŏĭŭ ŋœǭŖķŏ Ģģŀʱŏģŀ Ńŏ Őŀĥķŀļŗĭ ŐĭŞ ńŏňĜ 
ŸĭŐļŞŏŃŏ ŸļīĞŖňŏŖĭ ŭŏʰŁŐļ Ńŏ ǳĿŏŀŅɩőŗň ŐňŖĮ, ŸļīĞŖňŏŖĭ ĢŖĭś ŐŃȵŏŀ ĢŭŒ ĭŏŐŭĭŭő 
ľɺŭŗňŖŞŏ ŁȅŞŏģ ŐľŖŞĜ ĩģ ġŀŒʳŏŀŖŃŏŖŭ ŸļŐļŞŏ ĢŅŏŭ Łŭŏ ŅļŏŅļ ŐŃĲŏŖŭĜ ŸŅŏŭ ĥɏŭļ 
ŋŏĿŏŭĻŖļ Ņģ ĭīĞ Ÿņ ŸņŐļŞŏŗň ŸļīĞŖňŏŖĭ ģŞŏĭ įŐĻŐļĭńŏŖŮ ǳŅŏĻ ĭŐŭ ŸŀŖľĮŒŮŏŞ, ġĽƨŏǂ 
ŁľŏĽƨ ŐŃȵŏŀŭ ńŏŊŏļ ǳĭŏŉ ŀĭŖŭ, Ņģ ŃŒŐĴŃŗň ķŏŀ ŁŏīĞĜ ŃŒŐĴ ŀŏŁŏī ŃŒŐň ĭ'ŖňŖļŏ ĢŭŒ 
ŸĭŏŖŀī ļĭƨ ĭŐŭŃ ŸŀŏŮŏŖŭ, Ÿŋģ ŃǝŐȍĴŀĭ ńŒň ŃŒŐň ĭ'ŖňŖŌ ŸļīĞ ˨Őň-ŁŐĭ ĥȅŃĜ 

ĢŖŁŏŀŏŭ īŁŭļ ĢŖŁŏŀŏŭ ŁŐŭŞŏňŭ ǳńŏŮ ŐĭŅŏŀ ̋ ŭŒɎŁœĻƨ? ĢŖŁŏŀŏŭ ŐŁļŔ ĩĴŀ 
ŐŉȖŏŐŃľ ĢŐĳň, ĢŭŒ ĩŐļŞŏ ĢŖŁŏŀŏŭ Łɒőī ĩįŭŏĭő ŐŉȖŏŐŃľĜ 

Ʒ Ņģ ĩķŏ ġĿǝŞŀŅŒĮŭ ŁŐŭŖŃŉļ Ĺŏıŭ ŹŌŐĳŖňŏĜ ŸŅŏŭ Ņŏ-Ŗľĥļŏ ľŒŖŞŏŖŮ ŐŃŐńɳ ǳĭŏŖŭ 
ŸŅŏĭ ŐŉȖŏŭ ŅœňǝŖŃŏĿ ŃŒĴŏļ ŋŌŏŞ ĭŐŭŐĳňĜ ŸŅŏŭ ĴőŞŏŭőŖĭģįŭŏĭőŖŞī ŸŃŖňį ŸŃŖňį ŐŃŊŞļ 
ŐŁ.ĩģĲ.ŐĹ. ĭŐŭŖĳ, ǵːŏɇŐŃȵŏŀļ ŀŌŞĜ Ņģ ŸĭŐļŞŏī ŐŋŌĞļĭ Łŝŏŭ ŐŃŊŞ ŃŏŐĲ ŸňŏŮŏŭ 
īŁŭļ ŸĭŏŖŀŏ ĿŭŖĻ ĲŏŁ ŐľŞŏ ŀŏģĜ ŸĭŏŖŀŏ ˝ŭŒɎŁœĻƨ Őŋɛŏɫ ňīĞŖļ ġĽŃŏ ŸĭŏŖŀŏ ŐŃŊŞļ ŃŏĲ-
ŐŃĲŏŭ ĭŖŭŏĞŖļ, ĢŅŏŭ İŭļ ŋľŏŖŞģ ŐŉȖŏŅŒĮŭ ŁŐŭŖŃŖŉ ŐŃŭŏĴ ĭŖŭĜ Łŝŏ-̛ ŀŏŭ ŸŃĭǡŏĥɇ 
ĩķŏ ĽŏŐĭŖň ĩģŖķŏ ŐŀŖĴ ŐŀŖĴ ĢŐŌ ņŏŞĜ ŀŌ'Ŗň ŸļŏŅŏŭ ĭĽŏŐŃňŏĭ ņŒŐȍŁŒĻƨ ŀŌ'Ń ĢŭŒ 
ġɲŐŃ̜ŏŖŋŖŭ ŋŏŖıŏŭ Įŏģ ŁŐŭŃĜ ĢŅŏŭ ŁŐŭŞŏňŭ ŹľŀŐɯŀ ĴőŮŀļ ġɲŐŃ̜ŏŋŭ ĩŖĭŃŏŖŭģ 
˄ŏŀ ŀŏģĜ 

ĢŖŁŏŀŏŭ ŐŉȖŏ ĴőŮŀļ ŸĭŏŖŀŏ Ģľŉƨ ŃǝŐȍ ĢŐĳň ŸŀŐĭ? 

Ʒ įŐĻļŭ ŐŉȖĭ ļĽŏ įŖŮŊĭ ŐŌĲŏŖŁ ŸŅŏŭ Ÿľĥļŏ, įŏģĹ ĢŭŒ ŐŃȵŏŀŭ ĴŀŐǳŞĭŭĻŭ ŸȖǭļ 
ŸǴĹ ŌŞňĜ ŸļīĞ Ńŭ ̮ŏĿőŀŐĲļőŞŏ Ņŀŭ ŅŏŀŒŌ ĢŐĳň, ŅŏŀŒŖŌ Őĭ ĭŞ, Őĭ ŀĭŞ ŸĭŏŖŀŏ ˝ŭŒ˰ 
ŐŀŐľŖŞ; Őĭ̋ ŐŀĴŭ ŐĭŃŏ ńŒň Ō'ň ļļŏŐňŖĭ ŅŏŐŀ ňŞĜ ŸļŖŀ˙Ůŏ ŅŖŀŏńŏŮ ŸŅŏŭ Ńŭ ńŏň 
ňŏŖįĜ 
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ĢŖŁŏŀŏŭ ĳŏǭ-ĴőŮŀŭ ŸĭģȃŅŏŀ ĢŖŅŏľĴŀĭ ̀ŔŐļ ĢŅŏŭ Ģįļ ĭ'Ń ŐŃĲŏŐŭŃ ŸŀŐĭ? 

Ʒ Ņģ Ņŏŭŏ̵ ńŏŊŏļ ŸŅŏŭ ĢɓĴőŮŀő ŐňŐĮ ĥŐňŞŏģŐĳŖňŏ ĢŭŒ ĩģĮŀ ŸņŏŮŏ Ńĳŭ ĳŁŏ ŹŌ 
īňŏģŖĳĜ ŐŁŖĳ ĩŐļŞŏŗň ļŏŭ ģğŭŏĴő ŋğʼŭĻ īŖňŏŮŏ ŀŏģĜ ļŏŖļ ŸļŖŀĿŭĻŭ Ń̯Ŗĭģķŏ ĭŏŐŌŀő 
ĢŖĳĜ ĩŃŏŭ ˶ŏľŉ ŸǻĻőļ ĽŏŖĭŏŖļ Ņģ įŐĻļŭ ŁŭőȖŏ Őľ ĢŖĳŏĜ ŐļŐŀ İɂŏŭ ŁŭőȖŏŖķŏļ 
ĩİɂŏ ŀŌīĞŖļģ, ĭŐŭ ĥŐňŞŏŃňįőŞŏ ũķŏ ǳʪŭ ĥɏŭ ŸŅŏŭ ĭŐŭ ŹŌ į'ňĜ ģłŏŖň ŸļŐļŞŏī 
ŃŌő ĴŅŏ ŐľŃ Łŭŏ ŸŌŏŮŏ ŀŏģĜ įŐļŖĭ Ņģ ŁŭőȖŏŖĭŏĸŏŖļ ŃŐŌ ĢŖĳŏĜ ŸļŐļŞŏģ ŁŐŭľŉƨĭ 
ĩĴŖŀ ĢŐŌ ŸŅŏĭ ĭ'Ŗň, «ġňŁ ŋŅŞ ńŏŃŏŖĲŏŀ, ǳŖʪŏɏŭŐĮŐŀ ĭŐŭŃ ŁŏŐŭŃŏŖļŏĜ¬ 

Ģŀ ĩķŏ ŁŭőȖŏŭ ĭĽŏĜ ǳʪĭŏĭļļ ŐňĮŏ ĢŖĳ "ŐņŖĭŏŖŀŏ ũķŏ ǳʪŭ ĥɏŭ ĭŭŏ, ǳŖļǝĭŖķŏ 
ǳʪŖļ ŋŅŏŀ ŀ̖ŭ ĢŖĳ"Ĝ Őĭ̋ Ņģ ũķŏļŗĭ ŸŃŐĳ ǳʪŭ ĥɏŭ ĭŐŭ ĢŐŌŖňŏ ĢŭŒ ŁŭőȖĭŗň 
Ÿŀŏķ ŐŌĲŏŖŁ ŐňŐĮŖňŏ "ũķŏ ĥɏŭ ŁŭőȖŏ ĭŭĭ, ǳŖļǝĭŖķŏ ǳʪļ ŋŅŏŀ ŀ̖ŭ ĢŖĳ"Ĝ 

ŸĭŐ̕Ĵŭ ǭŏģŁĴļ ŸĭŏŮŏ ŹŌŐĳň «ŐņŖĭŏŖŀŏ ũķŏ ǳʪŭ ĥɏŭ ĭŭŏ, ǳʪ ĢĿŭŒŮŏ ĭŐŭ ĩŭŏļŗĭ 
ŋʏœĻƨ ĭŐŭŖň ŸŃŐĳ ŀ̖ŭ ŐľŞŏ Ō'ŃĜ ŸįŏŖķģ ǳʪĭŏĭļŭ ĢĿŏ ĭŐŭŖňŖŌ ŋʏœĻƨ ŀ̖ŭ ŐľŞŏ Ō'ŃĜ¬ 
ŁŭőȖŏŭ łňŏłň ŸİŏŊĻŏ ĭŖŭŏŖļ Ņģ ŸľŐĮŖňŏ, Ņģ ĩĮŀ ĭŏĭļļ Ťţţŭ Őńļŭļ ŤŤţ, ĩĮŀļ 
Ťŧţ ĢŭŒ ŃŏĭőŖŃŏŭŖļŏ ŸļŖŀŗĭŖŞ ŀ̖ŭ ŁŏģŖĳŏĜ Ņģ Őĭ ŹŌŖĳ ĩŖĭŏ ĿŐŭŃ Łŭŏ ŀŏģĜ ŸŅŏŭ 
ȃĥķŭĴŖŀŖŌ ŸŅŏĭ ŃŒĴŏģ ŐľŖňĜ ņŐľī ŐňĮŏ ĢŖĳ ũķŏ ǳʪŭ ĥɏŭ ĭŭŏ ŃŒŐň, ļŒŐŅ Őĭ̋ 
ŐņŅŏŀķŏģ ģȯŏ ĭŭŏ ŸĲʱŏ ĭŐŭ ĲŏŃ ŁŏŭŏĜ ̛ɛ ĭŭŏ ĥɏŭļ ŸļīĞŖňŏŖĭ Ÿŋģ ŐŌĲŏŖŁ ŀ̖ŭ 
ŐľŖŞĜ ĢŭŒ ŀ̖ŭ ġŀŒŋŐŭ ŸŭğŐĭğ ŌŞĜ 

ŐŃȵŏŀŭ ŃŏŐŌŖŭ ĢŖŁŏŀŏŭ Őĭ Őĭ ŌŐŃ ĢŖĳ? 

Ʒ Ņģ ĮŒ̯ļőŞŏ ŐĭļŏŁŖŃŏŭ ŁŐŝ ńŏň ŁŏīĞĜ P.G Wodehouse ŸŅŏŭ ŐǳŞ ģğŭŏĴő ŋŏŐŌŐļǝĭ 
ĢŭŒ ŁŒňŏ ŸľŉŁŏŖɇ ĢŭŒ ŐĲŐŅ Ÿņŏŉő ŸŅŏŭ ŐǳŞ Ņŏŭŏ̵ ŋŏŐŌŐļǝĭĜ Ņģ ŭŏŐļŁŒŮŏ ŸķŐŀĳ 
ŸĮŐňŐĳŖňŏĜ Őĭ̋ ġŮŋŭ ŸňŏŮŏŭ ŐŁĳŭ Łŭŏ ŸĮŐňŃŗň ňį ŸŀŏŖŌŏŮŏ Ō'Ŗňŏ ŃŏŖŃ Ńŏľ ŐľŖňŏĜ 

(ĩģŐĮŐŀ ŋŅŞŖļ Ņȧňŏ ŀŏŐňƨĭŏŭ ŃŏģŖľŖŮ ĥŖʦĮ ĭŐŭŐĳň Ÿņ ŸĹĭŏ ŃŞŋļ ŀŏŐňƨĭŏŖŭ ĮŒŃ ńŏň 
ŸŃĹŐŅɂŀ ŸĮŐňŐĳňĜ) 

ĢŁŒŐŀ ĩķŏ ŋŏȖŏǂĭŏļ ŹĭŐĳň Ÿņ ŐŃįļ Ŧţ ŃĳŖŭ ĢŁŒŐŀ ĩŖĭŏ ĥŖ˶ŏĿŀő ġŀŒʳŏŀļ ńŏį 
ŸňŏŮŏ ŀŏģĜ ģŞŏŭ ĭŏŭĻ Őĭ? 

Ʒ ĩķŏ ŋŅŞ ĢŐĳň, ŸļŐļŞŏ Ņģ ĩģ ĥŖ˶ŏĿŀő ġŀŒʳŏŀŖŃŏŭļ ńŏį ŹňŐĳŖňŏĜ ŸĭŐ̕Ĵŭ Łŭŏ 
İŒŐŭ ĢŐŌ ŤŬũū Ĳŀļ ŁŒŖĻ ŐŃ̜ŐŃľǝŏňŞŭ ŁľŏĽƨŐŃȵŏŀŭ ŅŒŭ̈őŖŞ ŸŅŏĭ ġŀŒŖŭŏĿ ĭŐŭŖň ŀļŒŀ 
ŸķŐňŖʼŏŁ ĩķŏ Ņģ ŸŌŖŀŏ ŅŒĭŐň ĭŐŭŃ ňŏŖįĜ Ņģ į'ŖňŏĜ ġŀŒʳŏŀŖķŏŭ ŃŏļŐŭ ŐŃļğŗĭ ĮŃŭ-
ĭŏĭļļ īňŏňĜ ĩĮŖŀ ŋʏŏľĭőŞļ ŐňŐĮŖň "ŖķŐňŖʼŏŁ ŅŒĭŐň ĭŐŭŃŗň ŀŏŐňƨĭŏŭĭ ŅļŏŖļŏ 
ŸļīĞŭ ŋŅŞŭ ġŁĲŞ"Ĝ ĭĽŏŐĮŐŀŖŞ ŸŅŏĭ ńŃŏģ ļŒŐňŖňĜ ŸļŐļŞŏŭ Łŭŏ Ņģ ĩŖĭŏ ĥŖ˶ŏĿŀő 
ġŀŒʳŏŀļ ńŏį ŸňŏŮŏ ŀŏģĜ ģŞŏŭ Łŭŏ ŐĭŅŏŀ ŋŅŞ ŃŏŐĲŖĳ Ņģ įĻŀŏ ĭŐŭī ĥŐňŞŏģŖĳŏĜ 
ŋŏĿŏŭĻŖļ ĩŖŀ˙Ůŏ ġŀŒʳŏŀļ ĩŖĭŏķŏļ Ũ-ũ Ĵŀ ŸňŏŖĭ Ņȷļ ĥȅ İŒŭŏģ-Łĭŏģ ĩŖĭŐĮŐŀ 
ĭĽŏŖĭ Źĭ ĽŏŖĭĜ ĢŭŒ ļŏŭŐŁĳļ ĩŖĭģ ŐłķŏĭķŏĜ ŸĭŏŖŀŏŖŮ ĴŏŐŀŃ ŐŀŐŃĲŏŖŭ ģŞŏŭ ŐŁĳŭ 
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ŁņƨŏŞļŖŀŏ Őĭ Ō'ŃĜ įŐļŖĭ ĩŖŀ ĩĮŀ ġŀŒʳŏŀļ ŀŏģ ŃŒŐňī ŸŅŏŭ ľŒģ-ŐļŐŀ İɂŏŅŏŀŗĭ ŋŅŞ 
ŃŏŐĲ ŹįŖĳĜ 

įŖŮŊĻŏĭ ŸĭŐŭŞŏŭ ŐŌĲŏŖŁ ŐŀŃƨŏĲŀ ĭŭŏ ĢŅŏŭ ľŖŭ ĳŏǭ-ĳŏǭőĭ ĢŁŒŐŀ Őĭ ĥŁŖľŉ ŐľŃ 
ŐŃĲŏŐŭŃ? 

Ʒ ŸļŏŅŏŖňŏŖĭ Őņ ĭŐŭŃ ŐŃĲŏŭŏ, Őņ ĭŐŭŅ ŃŒŐň ŐĽŭ ĭŭŏ, ŐŀĴŭ ŋʏœĻƨ ǳŖĲɦŏ ĢįŃŝŏģ 
ĭŐŭŃŏĜ ġŐŀȯŒĭ ŹŌ ġŅŖŀŏŖņŏŖįŖŭ ŀĭŐŭŃŏĜ 

ġŋŅŗň ĩģŖķŏ ǶŅĻŭ ĢŖŁŏŀŏŭ ġŐńȵļŏ ŸĭŖŀ ĿŭĻŭ? 

Ʒ ġŋŅŗň ĩģŖķŏ ŸŅŏŭ ĲļŒĽƨ Ÿŀ ŁȷŅŖķŏ ǶŅĻ ĢŭŒ ŸļĴŁŒŭŗň ǳĽŅĜ ŸŅŏŭ Łɒő ŐŁŖĳ ĩŞŏģ 
ǳĽŅ ġŋŅŗň ĢŐŌŖĳĜ ġŋŅŗň ĢŐŌ ŸŅŏŭ ŋľŏŖŞģ ńŏň ňŏŖįĜ 
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ĩɲĻƯŖŗŃĴ ĶŗłŃ ĨŗŏŗʖťŖŀŴ ŋŖŴŃŘť ŅŏŴ 

ŅŏňŗŃŒĴŏŴ ƀŒŝŃ İȊ ŒŖȝŖǉĴŖŴ 

 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ, ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ ĢŭŒ ŁŔŐ˱Ĵőǂ Ÿľ ŸņŏŮŏ ŸĭģŃŏ Ńĳŭ ĿŐŭ ĢɫĴƨŏŐļĭ 
įŐĻļ ġŐňŐʏŞŏĹļ ńŏŭļőŞ ľňŭ ġŐĿŀŏŞĭ ŐŌĲŏŖŁ ńŏį Źň ĢŐŌŖĳĜ ŸŌŏŐŅ ńŏŃŏ ŐŃȵŏŀ 
ŐŉȖŏ Ÿĭɮ (Homi Bhabha Centre for Science Education, HBCSE) ŭ ˶ŏŭŏ ťţŤŧ ŃŊƨŭ 
ŐĹŖĲ̖ŭ ŅŏŌļ ĥɏŭ-ŁœŃ ńŏŭļļ ĢŖŞŏŐĴļ ŸĭģķŏŅŏŀ ġŀŒʳŏŀļ ŸļīĞŖňŏŖĭ ġğŉǡŌĻ ĭŐŭŐĳňĜ 
ĥɏŭ-ŁœŮ ŁŏŃƨļǝ ŐŃ̜ŐŃľǝŏňŞ (NEHU), Őĳňıļ ĢŖŞŏŐĴļ ģŞŏŖŭ ĩĮŀ ĭŅƨŉŏňŏļ ŸļīĞŖňŏĭ 
ŐļŐŀīĴŀ ĢŭŒ ńŏŭļļ įŐĻļ ġŐňŐʏŞŏĹ Ģŭʓ ŸŌŏŮŏŭ ŐľŀŖŭ Łŭŏ ģŞŏŭ ňįļ ĴŐŜļ Ģŀ 
ĩįŭŏĭő ġĿǝŏŁĭ ĩŅ. ŐŃ. ŸŭŖįŭ ŹŋŖļ įŐĻļ Ĳªŭŏģ ĩĭ ŋŏȖŏǂĭŏŭ ǡŌĻ ĭŖŭĜ Ÿŋģ 
ŋŏȖŏǂĭŏŭŭ ŐĭĳŒ ġğŉ ļňļ ĢįŃŖŝŏŮŏ Ōªň̄  

  

įŐĻļ Ĳªŭŏ : ĩŞŏ ĥɏŭ-ŁœŃŗň ĢŖŁŏŀŏŖňŏĭŭ ǳĽŅ ǶŅĻŖŀ? 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ŀŌŞĜ Ņģ ťţţŦ Ĳŀŭ ġŖȉŏŃŭļ Ÿŀ̯ŗň ĢŐŌŐĳŖňŏ, ġŐňŐʏŞŏĹ 
ŋʏĭ˕Ş ĩķŏ ũ ŐľŀőŞŏ ĭŏņƨǝŋœĲőŭ ĭŏŭŖĻĜ ŸŋģŃŏŭ Ņģ ĥɏŭ-ŁœŃŭ Ģŀ ĸŏģŗň ņŏŃ Łŭŏ 
ŀŏŐĳŖňŏ, Őĭ̋ ĩģŃŏŭ ŅŐĻŁŒŭ, ˝ŮŏŌŏ̴ ĢŐľ ĸŏģ ǶŅĻ ĭŐŭŖĳŏĜ Ņģ ĢŉŏĭŖŭŏ Ÿņ ĩŞŏģ 
ĥɏŭ-ŁœŃŗň ŸŅŏŭ ŸŉŊ ǶŅĻ ŀŌīĭĜ 

ŁŔŐ˱Ĵőǂ Ÿľ : ŌŞĜ ĥɏŭ-ŁœŃ ńŏŭļŗň ĩŞŏ ŸŅŏŭ ǳĽŅ ǶŅĻ ĢŭŒ Ņģ ņŖĽʱ ĥŁŖńŏį ĭŐŭŖĳŏĜ 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : ŸńğĭķĲŏňŏŭ ľŖŭ ŸŅŏŖŭŏ ĩŞŏ ǳĽŅ ǶŅĻ ŀŌŞĜ ťţŤŦ ļ Ņģ ŐŉȖĭŋĭňŭ 
ŃŏŖŃ ĢŖŞŏĴŀ ĭŭŏ ĩĭ ǳŐŉȖĻ ĭŏņƨǝŋœĲőļ Ÿŀ̯ŗň ĢŐŌŐĳŖňŏĜ 

ĩŅ. ŐŃ. ŸŭŖį : ĩģŖķŏ ǳʪ ŸŅŏŭ ŃŏŖŃ ŀŌŞ (ŌŏĞŐŌ)Ĝ Ņģ ģŞŏļ ŸņŏŮŏ Ŧū Ńĳŭ ĿŐŭ ĢŖĳŏĞĜ 
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įŐĻļ Ĳªŭŏ : įŏŐĻŐļĭ ŋŅŋǝŏŖŃŏŭŭ ňįļ, ŐŃŖŉŊŗĭ ġŐňŐʏŞŏĹ ŋʏĭ˕Ş ĭŏņƨǝ-
ǞŅŐĻĭŏŖŃŏŭŭ ňįļ ĢŖŁŏŀŏŖňŏĭ ŸĭŖŀŗĭ ĢŭŒ ŸĭŐļŞŏŭ Łŭŏ ĴŐŜļ? 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ĳŏǭ-ĭŏňŖŭ Łŭŏ Ņģ įŏŐĻŐļĭ ŋŅŋǝŏ ŋŅŏĿŏŀŭ ǳŐļ ĢǡŌő ĢŐĳŖňŏĜ 
Őĭ̋ ŸŋģŋŅŞļ ńŏŭļŃŊƨļ ġŐňŐʏŞŏĹ Ģŭʓ ŸŌŏŮŏ ŀŏŐĳň Ńŏ Ģŀ ŸĭŏŖŀŏ įŏŐĻŐļĭ 
ǳŐļŖņŏŐįļŏŖļŏ ĢŐŅ ńŏį ňªŃ Łŭŏ ŀŏŐĳŖňŏĜ ņŐľīŃŏ IISc ŸŞ Ÿŋģ ŋŅŞļ ĩĭ įŏŐĻŐļĭ 
ǳŐļŖņŏŐįļŏ ŁŏŐļŐĳň, ļĽŏŐŁ ģ ŸĭŮň ŃŏğįŏŖňŏŭ ŅŌŏŀįŭőŖļ ŋőŅŏŃɛ ĢŐĳňĜ ŸņŐļŞŏ įŖŮŊĭ 
ĳŏǭ ĢŐĳŖňŏ ŸļŐļŞŏ Ņģ ĢŭŒ ǳŏŖŀĲ ĢĲŏŖņ įŏŐĻŐļĭ ŋŅŋǝŏŖŃŏŭ ĩŖĭňŖį ŋŅŏĿŏŀŭ ŸĲʱŏ 
ĭŐŭŐĳŖňŏĜ ĢŭŒ ŸņŐļŞŏ ŤŬūũ Ĳŀļ NBHM įĸŀ Ōªň ŸļŐļŞŏ ĢŅŏĭ ģŞŏŭ ĭŅ˕ŭœŖŁ ŃŏĳŐŀ 
ĭŭŏ ŌªňĜ ŸļŐļŞŏŖŭ Łŭŏ, ġĽƨŏǂ ŸņŏŮŏ ťŨ Ńĳŭ ĿŐŭ Ņģ įŐĻļ ġŐňŐʏŞŏĹŭ ĭŏņƨǝ-
ǞŅŐĻĭŏļ ĴŐŜļ ŹŌ ĢŖĳŏĜ 

ŁŔŐ˱Ĵőǂ Ÿľ : įŐĻļ ġŐňŐʏŞŏĹļ Ņģ ŸŅŏŭ ĳŏǭ-ĭŏňļ ńŏį ňªŃ Łŭŏ ŀŏŐĳŖňŏĜ Ņģ ĩģ 
ŐŃŊŖŞ ŸņŐļŞŏ įŅ ŁŏģŐĳŖňŏ ŸļŐļŞŏ Ņģ ĩĭŏľŉ ŸǻĻőļ ĢŐĳŖňŏĜ ŸŅŏŭ ŃɲŒ ĩĴŖŀ ŸŅŏĭ 
RMO ŭ ŐŃŊŖŞ ŹĭŐĳňĜ Őĭ̋ ŸļīĞ ŸŅŏĭ ŐņŐľŀŏ ŹĭŐĳň ļŏŭ ŐŁĳŐľŀŏģ ĢŖŃľŀ ľŏŐĮň ĭŭŏŭ 
ŸŉŊ Őľŀ ĢŐĳňĜ ļŏŖŭŏŁŐŭ ĢŖŃľŀ ľŏŐĮň ĭŐŭŃŗň ISI ĭŐňĭļŏŭ ŸĭʏŏĲŗň ņŏŃňįőŞŏ 
ĢŐĳňĜ Őĭ̋, ŸŋģŋŅŞļ Ņģ ISI ĭŐňĭļŏ ĭªļ ĢŖĳ ļŏŖĭŏ Ĵŀŏ ŀŏŐĳŖňŏ (ņŐľīŃŏ ŸŅŏŭ 
İŭ ĭŐňĭļŏŖļģ)Ĝ ĮŏŐň ĩķŏ ĭĽŏģ ĴŏŐŀŐĳŖňŏ Ÿņ ĩģ ĸŏģĮŀ ŸŅŏŭ İŭŭ Łŭŏ ņŖĽʳ ľœŭļĜ 
įŐļŖĭ ŸŅŏŭ ġŐňŐʏŞŏĹļ ńŏį ŸňŏŮŏ ŀŌªň ĢŭŒ ŐŁĳŭ ŃĳŖŭŏ ˶ŏľŉ ŸǻĻőļ Ņģ ģŞŏļ ńŏį 
ŀňªŸňŏĜ 

ļĽŏŐŁ įŏŐĻŐļĭ ŋŅŋǝŏ ŋŅŏĿŏŀļ ŸŅŏŭ ŋŭŒŖŭ Łŭŏ ŭŏŁ ĢŐĳňĜ ĭŐňĭļŏļ ǳŐļŃĳŖŭ ĭŐňĭļŏ 
ǡɬŖŅňŏ ġŀŒŐʳļ ŌŞ, ŐņĮŀ ņŖĽʳ ĴŀŐǳŞĜ Ņģ ľŉŅ ŸǻĻőļ ĽŏŖĭŏŖļ ĩģ ǡɬŖŅňŏŖļ ĩĮŀ 
ŐĭļŏŁ ŐŃĲŏŐŭ ŁŏģŐĳŖňŏĜ ŸŋģĮŀŭ ŀŏŅ ĢŐĳň¯ «Problems in Plane geometry¬ ĢŭŒ ģŞŏŭ 
ŸňĮĭ ĢŐĳň ŭŏŐĳŞŏŭ įŐĻļȵ Ÿ̜ŭĴőŀ (I.  F. Sharygin)Ĝ ĩģ ŐĭļŏŁĮŖŀģ ŸŅŏĭ įŐĻļŭ 
ŋŅŋǝŏŋŅœŌŭ ňįļ ŐĲŀŏŐĭ ĭŭŏģ ŐľŐĳň ĢŭŒ ŐŁĳŭ ĴőŮŀŖļŏ ĩģĮŀ Ņģ ňįļ ŭŏŐĮŐĳŖňŏĜ 
ŸņŐļŞŏ Ņģ ŐŁ.ĩģĲ.ŐĹ. ĭŐŭ ĢŐĳŖňŏ ŸļŐļŞŏ ļŏŭ ŁŒŐĽńŭŏňļ Ń̯Ŗļŏ įŏŐĻŐļĭ ĢŖňŏĲŀő 
ĢŐĳň, ŸņŖŀ ̄American Mathematical Monthly, Pure Mathematician ģļǝŏŐľĜ ĩģŖŃŏŭļ 
Ń̯Ŗļŏ ŋŅŋǝŏ ǳĭŏŐŉļ ŹŌŐĳň ĢŭŒ Ņģ ĩģŖŃŏŭ ŋŅŏĿŏŀ ĭŭŏŭ ŸĲʱŏ ĭŐŭŐĳŖňŏĜ ģŞŏŭ ĥŁŐŭ 
ļŏļ ˅ŏļĭ ļĽŏ ˅ŏļŖĭŏɏŭ ĳŏǭ-ĳŏǭőŭ ĭŏŭŖĻ ŐĭĳŒŅŏŀ įŐĻļ-ǳŐļŖņŏŐįļŏ ŹŌŐĳňĜ ŸņŖŀ¯ 
Mathematics Inter-versity ġĽƨŏǂ, ŐŃ̜ŐŃľǝŏňŞŖŃŏŭŭ ŅŏĴļ ġŀŒŐʳļ ŸŌŏŮŏ įŏŐĻŐļĭ 
ǳŐļŖņŏŐįļŏĜ ĩģŖŃŏŭļ Ņģ ńŏį ŹňŐĳŖňŏ ĢŭŒ ňŏŖŌ ňŏŖŌ Ņģ ĩģ ĴįļĮŀŭ ŹŋŖļ ŁŐŭŐĲļ 
ŹŌŐĳŖňŏĜ ŸĭģĴŀŅŏŀ ġĿǝŏŁŖĭī ĩģ ŸȖǭļ ŸŅŏĭ ŋŌŏŞ ĭŐŭŐĳňĜ ĢŭŒ ťţŤţ ļ Ņģ HBCSE 
ļ Ÿņŏįľŏŀ ĭŐŭŖňŏĜ ŸļŐļŞŏŖŭ Łŭŏ ńŏŭļŭ įŏŐĻŐļĭ ĴįļĮŀŭ ŹŋŖļ ļĽŏ ġŐňŐʏŞŏĹ 
ŸȖǭĮŀŭ ŹŋŖļ ĴŐŜļ ŹŌ ŁŐŭŖĳŏĜ 

Ÿ̜ŭĴőŀŭ (ŤŬŦŪ-ťţţŧ) ŋʏŖĭƨ Ņģ ĢŭŒ ĩķŏ ĭĽŏ ĭªŃ ŐŃĲŏŐŭŅĜ ŭŏŐĳŞŏļ ǳŐļŃĳŖŭ 
Ÿ̜ŭĴőŀŭ ̀ ŔŐļļ ĩķŏ ĴǝŏŐŅŐļ ġŐňŐʏŞŏĹ ĢŖŞŏĴŀ ĭŭŏ ŌŞĜ ģŞŏļ ľŒķŏ ŭŏĥɇ ĽŏŖĭĜ ǳĽŅ 
ŭŏĥɇŖķŏ ģɂŏŭŖŀķŭ ŸņŏŖįŐľ ŁŐŭĲŏŐňļ ŌŞĜ ģŞŏŭ Łŭŏ ǳŏŞ Ťţţ ĴŀŅŏŀ ĳŏǭ-ĳŏǭő ŐŀŃƨŏĲŀ 
ĭŭŏ ŌŞĜ ģ ūŅ ŸǻĻőŭ Łŭŏ Ťťŉ ŸǻĻőŭ ĳŏǭ-ĳŏǭőŭ ŅŏĴļ ġŀŒŐʳļ ŌŞĜ ĩģ ġŐňŐʏŞŏĹŭ 
ŸņŏŖįŖŭ ŭŏŐĳŞŏļ ġŐňŐʏŞŏĹļ ĴǝŏŐŅŐļĭ ĩķŏ ŀļŒŀ ˃ŭŗň ļŒŐň ŐŀŞŏ ŹŌŖĳ, ŐņŖķŏ ġŐļ 
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ģŐļŃŏĲĭ ŐľŉĜ ģɂŏŭŖŀķļ Ńŏ ˝įªňļ ĩģ ġŐňŐʏŞŏĹŭ ŋŐŃŖŉŊ ĢŭŒ ǳʪĭŏĭļ ģļǝŏŐľ ŸŁŏŮŏ 
ņŏŞĜ 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : ŋŭŒ ĭŏňŖŭ Łŭŏģ Ņģ ŋŅŋǝŏ ŋŅŏĿŏŀŭ ŹŋŖļ ĴŐŜļĜ ũţ ŭ ľŉĭŭ 
Łŭŏģ Ņģ įŐĻļŭ ŐŃŐńɳ ŐŃńŏįŭ ŋŅŋǝŏŖŃŏŭ ŋŅŏĿŏŀ ĭŭŏŭ ŸĲʱŏ Ĳňŏģ ĢŐŌŖĳŏĜ ŐŃŖŉŊŗĭ 
ŸŅŏŭ ŐŁ.ĩģĲ.ŐĹ.ŭ ŋŅŞŗňŖĭ Ņģ ŃőĴįŐĻļŭ ŋŅŋǝŏŖŃŏŭ ŋŅŏĿŏŀ ĭŐŭŐĳŖňŏĜ Ņģ ĢŭŒ 
ŸńğĭķĲŏňŏģ įŐĻļŭ ĢŖňŏĲŀőŖŃŏŭļ ļŭŏ-ŐĲŐˎļ ŐĭĳŒŅŏŀ ŋŅŋǝŏ ŋŅŏĿŏŀ ĭŐŭŃ ŁŏŐŭŐĳŖňŏ 
ĢŭŒ ļŏŖŭ ŋŅŏĿŏŀŖŃŏŭ ǳĭŏŐŉļī ŹŌŐĳň (ĭŏŭĻ Ÿŋģ ŋŅŏĿŏŖŀģ ĩĭŅŏǭ ŋŅŏĿŏŀ ĢŐĳňĜ) 
ļŏŭ ŐŁĳļ ĢŐŅ ĢŭŒ ŐĭĳŒŅŏŀ ŋŅŋǝŏŭ ŋŭňőĭŭĻ ĭŐŭŐĳŖňŏĜ ĩŖŀŗĭŖŞ ŤŬūŪ Ĳŀļ ĭĻƨŏķĭŭ 
Pre-INMO Ÿĭʏŗň ŸŅŏĭ ĢŅɩĻ ĴŀŏģŐĳň ĢŭŒ ŸļŐļŞŏŖŭ Łŭŏ Ņģ ŋŅŋǝŏ ŋŅŏĿŏŀŭ ŹŋŖļ 
ġŐĿĭ ĴŐŜļ ŹŌ ŁŐŭŖňŏĜ ǳĽŅŖļ ĴǝŏŐŅŐļ ŸŅŏŭ Ńŭ ŐǳŞ ŀŏŐĳň ņŐľī ĩŐļŞŏ ĴǝŏŐŅŐļ ŸŅŏŭ 
Ńŭ ŐǳŞĜ ŐŃŖŉŊŗĭ ŐǭńœĴőŞ ĴǝŏŐŅŐļĜ ŐǭńœĴőŞ ĴǝŏŐŅŐļ (Triangular Geometry) ļ ĢŐŅ 
ǳŏĽŐŅĭ ĥŁŁŏľǝ ŐĭĳŒŅŏŀŭ ġĿǝŞŀ ĭŖŭŏ (ŐǭńœĴ ŋŅɲőŞ), ŐņŖŃŏŭ ġŐļ ŋŭňĜ ģĥŐȑĹőŞ 
ĴǝŏŐŅŐļ Őĭ̋ ŀļŒŀĜ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ŸņŐļŞŏ ĢŐŅ IISc ŭ įŖŮŊĭ ĳŏǭ ĢŐĳŖňŏ ŸļŐļŞŏ ǳŐļ ŉŐŀŃŏŖŭ įŐĻļ 
ŐŃńŏįŭ ŋĭŖňŏ ĳŏǭ-ĳŏǭő ňįŏģ įŏŐĻŐļĭ ŐŃŖʬŊĻ (Mathematical Analysis) ŭ ŐĭĳŒŅŏŀ 
ŋŅŋǝŏ ŋŅŏĿŏŀŭ ŸĲʱŏ ĲňŏģŐĳŖňŏĜ ĩģ ĭŏņƨǝģ ĢŅŏĭ ņŖĽʱ ŋŌŏŞ ĭŐŭŐĳňĜ 

ĩŅ. ŐŃ. ŸŭŖį : ŤŬūŨ Ĳŀŭ Łŭŏģ Ņģ ġŐňŐʏŞŏĹŭ ňįļ ĴŐŜļĜ ġĽƨŏǂ ŸņŐļŞŏŭ Łŭŏ 
ńŏŭļļ ģŞŏŭ ĢŭʓŐĻ ŹŌŐĳň ŸļŐļŞŏŭ ŁŭŏĜ įŐĻļ ġŐňŐʏŞŏĹļ ńŏŭŖļ ŤŬūū-ŤŬūŬ 
ĲŀļŖŌ ńŏį ŹňŐĳňĜ ūţ ŭ ľŉĭļ ĹÄ Ĵįļ ŀŏŭŏŞĻ ĭŏŁŒŭ ńŏŭļŃŊƨŭ ĩĴŀ ŐŃĮǝŏļ įŐĻļ 
ŐŉȖŏŐŃľ ĢŐĳňĜ ŤŬūŧ Ĳŀļ ŸļīĞ ĢŭŒ ĢŐňįŜ ŅŒĳŐňŅ ŐŃ̜ŐŃľǝŏňŞŭ ģĴŏ ̯Ŗĳģŀ (IZHA 
HUSSAIN) ŀŏŅŭ ġĿǝŏŁĭ įŭŏĭő įŐĻļ ŐŉȖŏŭ ĢɫĴƨŏŐļĭ ŋŐɴňŀ (ICME) ļ ńŏį ňªŃŗň 
ġŖʱŐňŞŏŗň ŹįŐĳňĜ ŸļŐļŞŏ ŸļīĞŖňŏĭĭ ŸŋŏĿŏ ŹŌŐĳň Ÿņ ńŏŭļ įŐĻļŭ įŖŮŊĻŏŭ ŸȖǭļ ņŖĽʱ 
ĢįŃŝŏ ĢŭŒ ģŞŏŭ ŋŏğ̓ŔŐļŭ ĩĭ ġğŉī ŹŌŖĳ įŐĻļ, ļĽŏŐŁ ńŏŭŖļ ŐĭŞ ĢɫĴƨŏŐļĭ 
ġŐňŐʏŞŏĹļ ńŏį ŸňŏŮŏ ŀŏģĜ ģŞŏŭ ŐŁĳŖļģ ŸļīĞŖňŏĭ ľŒĴŖŀ ńŏŭļļ ĩģ ġŐňŐʏŞŏĹ Ģŭʓ 
ĭŖŭ ĢŭŒ ŤŬūũ Ĳŀŭ ŸĳŖɺ̖ŭļ ǳĽŅ INMO ġŀŒŐʳļ ŌŞĜ ŸŋģŃŏŭ ĥɏŭ-ŁœŃƨŏȷňŭ ĳŏǭ-
ĳŏǭőŭ ĭŏŭŖĻ Őĳňıļ ĩģ ġŐňŐʏŞŏĹ ġŀŒŐʳļ ŌŞĜ ǳĽŅŃŏŭ ĥɏŭ-ŁœŃŭ ľŒĴŀ INMO awardee 
ĢŐĳňĜ ŸļīĞŖňŏĭ ĢŐĳň ŅĿŒĭŭ ŅŐŌļ ĮŏŖŭ ĢŭŒ ĿőŭŏĴ Ÿįŏ̮ŏŅőĜ ĩŖŀŗĭŖŞ ġŐňŐʏŞŏĹ Ģŭʓ 
ŹŌŐĳň ĢŭŒ ŸļŐļŞŏŖŭ Łŭŏ ĢŐŅ ģŞŏŭ ňįļ ĴŐŜļ ŹŌ ĢŖĳŏĜ 

 

 

įŐĻļ Ĳªŭŏ : ĢŖŁŏŀŏŖňŏŖĭ ŐŀĴŭ ĴőŮŀĭŏňļ Ń̯Ŗļŏ įŏŐĻŐļĭ ŋŅŋǝŏŭ ŹŋŖļ ĴŐŜļ ŹŌŖĳ, 
ŐŃŖŉŊŗĭ ġŐňŐʏŞŏĹŭ ŋŅŋǝŏŋŅœŌŭ ňįļĜ ġŐňŐʏŞŏĹŭ ŋŅŋǝŏŋŅœŌŭ Őńļŭļ ĩķŏ 
ŋŅŋǝŏŭ ŐŃŊŖŞ ĢŅŏĭ ĴŀŏŃ ŸŀŐĭ ŐņŖķŏ ĢŖŁŏŀŏŖňŏĭŭ Ģķŏģļŗĭ ŐǳŞĜ 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : ĲŏīĭĜ ġŐňŐʏŞŏĹŭ ŋŅŋǝŏ ŃŒŐň ĭªŸň ĩĭ ŐŃŉŏň ŁŐŭŋŭŭ ĭĽŏ Ņŀŗň 
ĢŖŌĜ ŐņŖŌļŒ ĩģŋŅœŌ ĲŏŐŭķŏ ńŏįļ ŐŃńȍ ŸŋŖŞ ǳŐļŖķŏ ńŏįŖŭ ŐŀĴŏ ŐŀĴŏ ŐĭĳŒŅŏŀ ĢŖŅŏľĴŀĭ 
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ŋŅŋǝŏ ĢŖĳĜ ļĽŏŐŁ Ņģ ĴǝŏŐŅŐļŭ ĩķŏ ŸŅŏŭ ŐǳŞ ŋŅŋǝŏ ĥŖʦĮ ĭŐŭŃ ŐŃĲŏŖŭŏĞ¯ (USMO) 
ĩķŏ ŐǭńœĴ ABCĜ ņªļ ǳŐļŖķŏ Ńŏ̯ŭ ŸĴŏĮ ǞŖŅ a, b, cĜ P ĩķŏ ġɫŮļ̞ ŐŃɯŒ ņŏŖļ 
ŐǭńŒĴŭ ŐŉŊŐŃɯŒŭ Łŭŏ ģŞŏŭ ľŒŭ˰ u, v, w ĢŭŒ ĩķŏ ŋŅŃŏ̯ ŐǭńŒĴ ĢŖĳ ņªļ Q ĩķŏ 
ġɫŮļ̞ ŐŃɯŒ ņŏŖļ ŉőŊƨŐŃɯŒŭ Łŭŏ ģŞŏŭ ľœŭ˰ a, b, c ŸļŐļŞŏŌªŸň ǳŅŏĻ ĭŐŭŃ ňŏŖį Ÿņ 
ģŞŏŭ ǳŐļŖķŏ Ńŏ̯ŭ Źľİƨǝ u+v+wĜ 

ĩģŖķŏ ŸŅŏŭ ġŐļŖĭ ŐǳŞ ŋŅŋǝŏ, ĭŏŭĻ ģŞŏŭ ŸĭģŃŏķŏī ŋŅŏĿŏŀ ĢŖĳ ĢŭŒ ǳŐļŖķŏŖŮģ ņŖĽʱ 
ĢŖŅŏľĴŀĭĜ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : Ŀŭŏ ABCD ĩķŏ Ńįƨ ĢŭŒ P ģŞŏŭ ĩķŏ ġɫŮļ˕ ŐŃɯŒ ņŏŖļ PAB PBA 
ŸĭŏĻ ľŒķŏŭ ŅŏŁ ŤŨ ŐĹǡőĜ ŸļŐļŞŏŌªŸň ǳŅŏĻ ĭŐŭŃ ňŏŖį Ÿņ DPC ĩķŏ ŋŅŃŏ̯ ŐǭńŒĴĜ ĩģ 
ŋŅŋǝŏŖķŏŭ ŸĭģŃŏķŏī ŋŅŏĿŏŀ ĢŖĳĜ ŸŅŏŭ Ōŏļļ ģŞŏŭ ŤŤ ķŏ ŋŅŏĿŏŀ ĢŖĳĜ 

ŁŔŐ˱Ĵőǂ Ÿľ : ľŭŏĲňŖļ ĩķŏ ŅŏŖĽŏĞ ŐǳŞ ŋŅŋǝŏŭ ĭĽŏ ŸĭŏŮŏŖļŏ ġŐļ ĴȃňĜ Ņģ ńŏŖŃŏĞ 
ŸĭŏŖŀŏŖļŏ ŋŅŋǝŏŖĭģ ŸŌŞ ĭŭŏ ġŀŒŐĲļĜ ŃŏŭŒ, ĩķŏ ĢŖŅŏľĴŀĭ ŋŅŋǝŏŭ ĭĽŏ ĭªŃ ŁŏŖŭŏĞ ̄

ņŐľ ĩķŏ ġ˷ŮőŞ Ń̯Łľ ŭŏŐŉ ǳŐļŖķŏ ġĮɇ ŋğĮǝŏŭ ŃŏŖŃ ŸĭŏŖŀŏ ĩķŏ ġĮɇ ŋğĮǝŏŭ k-ļŅ 
İŏķ ŌŞ, ŸļŖɫ Ÿŋģ Ń̯Łľ ŭŏŐŉŖķŏī ĩķŏ Ń̯Łľ ŭŏŐŉŭ k-ļŅ İŏķ ŭœŁļ ĽŏŖĭĜ 

ĩŅ. ŐŃ. ŸŭŖį : Ņģ ĩķŏ ŋŅŋǝŏŭ ĭĽŏ ĭīĞ ̄

{Ť, ť, ...., ŤŤť} ĩģ ŋğŌŐļŖķŏŭ Łŭŏ ŐņŖĭŏŖŀŏ ŦŪķŏ ŋğĮǝŏ ňªŸň Ÿŋģ ŦŪķŏ ŋğĮǝŏŭ ŅŏĴļ 
ŋľŏŞ ľŒķŏ ĩŖŀ ŋğĮǝŏ x ĢŭŒ y ĽŏŐĭŃ, ņªļŖŀŐĭ x-y ŭ Ņŏŀ Ŭ, Ťţ ŀļŒŃŏ ŤŬ ŌªŃĜ 

ĢŖŅŏľĴŀĭ ńŏŖŮ, Ņģ ǳŏŞ Ťť Ńĳŭ ĩģ ŋŅŋǝŏŖķŏ ŋŅŏĿŏŀ ĭŐŭŃŗň ŸĲʱŏ ĭŐŭ ġŮŖŉŊļ Ōŏŭ 
ŅŏŐŀŖňŏĞ, ĢŭŒ ġŮŖŉŊļ ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ ĢŭŒ ŐŃ. ŸĴ. ŸńğĭķĲŏňŏŭ Łŭŏ ŋŅŏĿŏŀŖķŏ ŁŏŖňŏĞĜ 
ŐŁĳļ ĩŃŏŭ ĩĮŀ ĭŅƨŉŏňŏļ Ņģ ĩģ ŋŅŋǝŏŖķŏŖĭ exercise ŐŌĲŏŖŁ ŐľŖňŏĞ ĢŭŒ ģ Ÿņ ŸŅŏĭ Ń̯ 
Ńĳŭ Ĵňŏĭňŏ ĮŒŮŏģŐĳň ŸŋģŖķŏī ňįŖļ ĴŀŏŖňŏĞĜ Ģ̜ņƨĴŀĭńŏŖŮ, ŸǻĻőŖķŏŭ ŸŉŊļ ĩĴŀ ĳŏǭģ 
ŸŋģŖķŏŭ ŋŏŅŏĿŏŀŖķŏ ŸľĮŒŮŏŖň ĢŭŒ ĭªŸň Ÿņ ŸļīĞ ŸŋģŖķŏ ŐļŐŀ ŐŅŐŀķŭ ŐńļŭŖļ ŋŅŏĿŏŀ ĭŐŭ 
ĥŐňŞŏŖň (ŌŏĞŐŌ)Ĝ 

(ģŞŏŭ ňįŖļ ŸļŖĮŖļ Ģŀ ĩķŏ ŐǳŞ ŋŅŋǝŏŭ ĭĽŏī ĥŖʦĮ ĭŖŭĜ ĢŭŒ ǳĽŅ ŋŅŋǝŏŖķŏŭ ĩȃ 
ŅŖŀŏŅļ ŋŏŅŏĿŏŀ ŋʏĭ˕Ş ŃǝŏĮǝŏ Ģŀ ĩĴŀ ǳŐŉȖŖĭ ĩģ ĭŅƨŉŏňŏĮŀļ ĢįŃŝŏŞĜ) 

 

 

įŐĻļ Ĳªŭŏ : ĢɫĴƨŏŐļĭ įŐĻļ ġŐňŐʏŞŏĹļ ńŏŭļŭ łňŏłň ŋʏŖĭƨ Őĭ ĭªŃ? 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : ĢɫĴƨŏŐļĭ įŐĻļ ġŐňŐʏŞŏĹļ ŸĭŏŖŀŏ ĩĮŀ Ÿľŉŭ łňŏłňŋŅœŌ ĥĸŏ-
ŀŅŏ ĭŐŭ ĽŏŖĭĜ ťţţŨ ŹňŖĭ ńŏŭļŭ łňŏłň ņŖĽʱ ńŏŖňģ ĢŐĳňĜ Ū-ū Ńĳŭļ ĩģ łňŏłň 
ŐĭĳŒ ĭŐŅ ĢŐŌŖĳĜ Őĭ̋ ŐņŋĭŖň INMO ļ ńŏň łň ŸľĮŒŮŏģŖĳ, ņŐľīŃŏ ŸļīĞŖňŏŖĭ IMO ļ 
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ńŏŭļĭ ǳŐļŐŀŐĿ˰ ĭŭŏ ŀŏģ, ļĽŏŐŁ ŸļīĞŖňŏŖĭ ŐŁĳŭ ŋŅŞļ ņŖĽʱ ńŏň łň ŸľĮŒŮŏģŖĳĜ 
ĢŀŌŏŖļ ġŐňŐʏŞŏĹļ ŸŅŖĹňŭ ļŏŐňĭŏĮŀ ˝ŭŒ˰ŁœĻƨ ŀŌŞ, ņŐľīŃŏ ģ ĩķŏ ŋɴŏŀőŞ Ṇ́Ĝ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ĢŅŏŭ ŅŒĮǝ ňȖǝ ŹŌŖĳ ĳŏǭ-ĳŏǭőŭ įŐĻļŭ ǳŐļ ĢĭŐŊƨļ ĭŭŏĜ ģŞŏŭ 
ĥŁŐŭ ńŏŭļŃŊƨŭ Ģķŏģļŗĭ Ĺŏıŭ ŋŅŋǝŏŖķŏ ŹŌŖĳ ĩģ Őľŉļ ġŐńȵ ŐŉȖĭ Ńŏ ġŐňŐʏŞŏĹ 
ŸǨģŀŏŭŭ ġńŏŮĜ 

ŁŔŐ˱Ĵőǂ Ÿľ : ĩģŖķŏ ĭªŃŗň ġŋŒŐŃĿŏ Ÿņ ŸĭŖŀŗĭ Ģŀ ŸľŖŉ ĩģ ŸȖǭļ ńŏň łňŏłň ŸľĮŒŮŏģŖĳĜ 
ǳŐļĮŀ Ÿľŉŭ ŁŔĽĭ ŐŉȖŏŃǝŮ˄ŏĜ ŐĭĳŒŅŏŀ ŸľŖŉ ŸŉŌļőŞŏŗĭ ĢɫĴƨŏŐļĭ ġŐňŐʏŞŏĹļ ńŏň 
łňŏłň ŸľĮŒŮŏģŖĳ, ĥľŏŌŭĻ̮ŭœŖŁ ĽŏģŖňɇŭ ŐŀŐĲŀŏ ŸľŉŋŅœŖŌ, ŐņŖŃŏŭ Ťţ Ńĳŭŭ ĢįŗňŖĭ 
ĳŐŃĮŀļ ŀŏŐĳňĜ ŸļŖŀľŖŭ ĲőŀĜ įŐļŖĭ ĩģ ŸľŉŖŃŏŭŭ ĩŖŀ łňŏłňŭ ŭŌŋǝ ĴŏŐŀŃŗň ŌªŸň 
ĢŐŅ ŸȖǭ ġĿǝŞŀ ĭŐŭŃ ňŏŐįŃĜ ŸĭŖŀŗĭ ŸļīĞŖňŏŖĭ ǳŐŉȖĻ ŐľŖŞ ŸŋŞŏ ĴŏŐŀŃ ňŏŐįŃ, ŐņŖķŏ 
ĩŐļŞŏŗňŖĭ ŋʓŮ ŸŌŏŮŏ ŀŏģĜ ĢŅŏŭ ĮŒŮ ĭŅ ŐŉȖŖĭģ Bernard, Child, S. L . Loney, Hall 
& Knight ĢŐľŭ ǡɬŭ ĭĽŏ ĴŏŖŀĜ ńŏň ńŏň ŐĭļŏŁŖŃŏŭ Ÿľŏĭŏŀļ ŁŐŭ ĢŖĳ, Őĭŀŏ ŅŏŀŒŌ 
ŀŏģ, ĭŏŭĻ ŋĴŏįļŏŭ ġńŏŮĜ ņŐľ ńŏň ńŏň ŐĭļŏŁŭ Łŭŏ ŋŅŋǝŏ ŋŅŏĿŏŀ ĭŐŭŃŗň ĳŏǭ-
ĳŏǭőĭ ňŖįŏŮŏ ŌŞ ŸļŖɫ ĿŏŭŏŖķŏ ŋňŐŀ ŌªŃĜ ģŞŏŭ ĥŁŐŭ ńŏŭļŃŊƨļ ŸŉŌļőŞŏŗĭ įŐŝ ĥĸŏ 
ŐĭĳŒŅŏŀ ŀļŒŀ ŋğ̓ŔŐļŖŞ ĩģ ŸȖǭļ ġŐŭŌĻŏ ŸņŏįŏģŖĳĜ ŸņŖŀ Objective type ǳʪ-ĭŏĭļŖŃŏŭĜ 
ĩģŋŅœŖŌ ĳŏǭ-ĳŏǭőŭ ŐňĮŏŭ ȖŅļŏŖļŏ ĩŖĭŃŏŖŭģ ŀŏģŐĭŞŏ ĭŐŭ ŸŁňŏģŖĳĜ ŸļīĞŖňŏŖĭ ŁŒŭŏ ņŒŐȍ-
ņŒȍńŏŖŮ ŋʏœĻƨ ŋŅŏĿŏŀŖķŏ ŐňŐĮ ĥŐňŞŏŃŗį ŸŀŏŮŏŖŭĜ INMO ĥɏőĻƨ ĳŏǭ-ĳŏǭőŋĭňŭ ĭĽŏ 
ŋŒĭőŞŏ, ŸļīĞŖňŏĭŭ ĥɏŭŃŌő ŋʏœĻƨ ņŒȍ-ņŒȍ ŃǝŏĮǝŏŖŭ ŁŐŭŁœĻƨ, ŸļīĞŖňŏĭŭ ŋŅŏĿŏŀ ĩŖĭŏķŏŭ 
˃ŭŋŅœŌ ĮŒŮ ŋŒɯŭ ĢŭŒ ĩĭľŅ ǳŖņŏĴǝ ņŒŐȍŖŭ ŋŐȳļĜ ġŐňŐʏŞŏĹļ ĥɳļ łňŏłňŭ ŃŏŖŃ 
ĳŏǭ-ĳŏǭőŭ ĩģ ŐňĮŏŭ ľȖļŏ ĽŏŐĭŃ ňŏŐįŃĜ ĢŭŒ ĩķŏ ĭĽŏ ĭªŃ ŐŃĲŏŖŭŏĞ, ŃļƨŅŏŀ ĳŏǭ-
ĳŏǭőŖŞ ŐŀĴŭ ŃɲŒ-ŃŏɲŮőŭ ŹŋŖļ ŐŃŊŞ ĩķŏ ĲĲƨŏ ĭŭŏŭ ŋŅŞ ŸŀŏŖŌŏŮŏ ŹŌŖĳĜ ȃĥĲŀ, ĭªŐĳğ 
ŸĲɣŏŭ... ĩģŖŃŏŭ ĭŏŭĻļ ŸļīĞŖňŏĭŭ ŁŏĸǝǞŅŭ ĥŁŐŭ ġŐĿĭ ŐŉŐĭŃŗň ĢŌŐŭ ŀŏģĜ įŐļŖĭ 
ĩģŖŃŏŖŭģ IMO ļ ńŏŭļŭ łňŏłňļ ǳńŏŮ ŸŁňŏģŖĳĜ 

 

 

įŐĻļ Ĳªŭŏ : ŐŃľǝŏňŞŭ ŁŏĸǝŁŒŐĽĮŀŭ ĴŐŭŞŖļ ĳŏǭ-ĳŏǭőĭ ġŐňŐʏŞŏĹŭ ŃŏŖŃ ǳŖŞŏĴŀ 
ŸŌŏŮŏ ȵŏŀ ŐĭľŖŭ ŐľŃ Łŭŏ ņŏŞ? ŐŃľǝŏňŞŭ ŁŏĸǝŁŒŐĽļ ŋŏň-ŋňŐŀŭ ǳŖŞŏĴŀ ŃŒŐň ńŏŖŃ 
ŸŀŐĭ? 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : ŐņŐĮŐŀ ĳŏǭ-ĳŏǭőĭ ŐŉŖĭŏŮŏ ŌŞ ļŏĭ ĢŐļ-̋ Őŭ ŅŏŐŭ ŐŉĭŏŖňģ ņŖĽʳ, 
ĢŀŐĭ ņŐľ Ũţ ŉļŏğŉī ŐŉŖĭŏŮŏ ŌŞ! ŐŉȖŖĭ Ĵȃň ŋŅŋǝŏŖŃŏŭ ŐŀŖĴ ŐŃĲŏŐŭ ļŏŭ ŋŅŏĿŏŀŭ 
ŃŏŖŃ ĳŏǭ-ĳŏǭőĭ ĥǂŋŏŐŌļ ĭŭŏŖķŏ ǳŖŞŏĴŀőŞĜ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ŁŏĸǝǞŅ (Syllabus)ļ Őņ ŐŃŊŖŞ ŀŏĽŏĭĭ ŐĭŞ ļŏĭ ŐŉȖŖĭ ŐŀŖĴ 
įńőŭńŏŖŃ ŃŒŐĴ Źň ĢŭŒ ĥŁņŒȍ ġĿǝŞŖŀŖŭ ĳŏǭ-ĳŏǭőŭ Ģįļ ġŐļ ŋŒɯŭŗĭ ĥŁ˄ŏŁŀ ĭŐŭŃ 
ňŏŐįŃĜ ŐĭļŏŁļ ĽĭŏŐĮŐŀŖŞģ ŸŉŊ ĭĽŏ ŀŌŞĜ ģ ŅŏŖĽŏĞ ĢŭʓŐŀŖŌĜ Őņ ŁŏĸǝŁŒŐĽŖŞģ ŸňŏŮŏ 
ŀŌīĭ ŐĭŞ, ļŏŭ ŁŐŭŋŭŭ ĥŁŐŭ ġŐĿĭ ŃǝŏĮǝŏ Ńŏ ĢŖňŏĲŀŏ ĭŭŏŖļŏ ġŐļ ľŭĭŏŭĜ 
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ŁŔŐ˱Ĵőǂ Ÿľ : ŸńğĭķĲŏňŏ ĳŏŭŭ ŹŋŖļ Ņģ ŁŒŭŏ ĩĭŅļĜ ŐŉȖŖĭ ĳŏǭ-ĳŏǭőĭ ĢŐŮʯŏŭ ĭŐŭŃŗň, 
ŀļŒŀ ĭĽŏ ŐŃĲŏŐŭŃŗň ĥǂŋŏŐŌļ ĭŐŭŃ ňŏŐįŃĜ ĳŏǭ-ĳŏǭőŖŞ ŁŏĸǝŁŒŐĽŭ Łŭŏģ ĩķŏ ŋŅŋǝŏ ňªŸň 
ĢŭŒ ŐŁĳļ ģŞŏļ ŐŀŖĴģ ŐĭĳŒŅŏŀ ŁŐŭŐ˄Őļ ņŒȍ ĭŐŭ ŐľŖň, ŐĭĳŒŅŏŀ ĢĞļŭŏģ ŐľŖň ĢŭŒ ňȖǝ 
ĭŐŭŖň Ÿņ ŐĭŖŀŏ İŖķĜ Ÿŋģ ŁŐŭŐ˄Őļļ ģŞŏĭ ŋŅŏĿŏŀ ĭŭŏ ŋʓŮ Ÿŀ ŀļŒŀ ŐĭŃŏ īňŏģ ŸŀŐĭ 
¯ĩŖŀŗĭŖŞ ŸļīĞŖňŏŖĭ ŁŭőȖŏ-ŐŀŭőȖŏŭ ŸņŏŖįŐľ ŅŏŖĽŏĞ ŁŏĸǝŁŒŐĽŭ Łŭŏģ Ń̯Ŗļŏ ĭĽŏ ŐŉŐĭŃ 
ŁŏŖŭĜ ĩŖŀľŖŭ ĴǝŏŐŅŐļļ, ĢŀŐĭ ŃőĴįŐĻļŖļŏ Ń̯ŐĮŐŀ ġĿǝŞŀ ĭŐŭŃ Łŭŏ ņŏŞĜ įŐĻļ 
ġŐňŐʏŞŏĹļ ġŐļ ĥȬ ŁņƨŏŞŭ įŐĻļ ĴŐŜļ ŀŏĽŏŖĭ, ŋğĮǝŏ, ŸŭĮŏŐĲǭ ĢŐľŭ ŹŋŖļ ģ ĩĭ 
ŸĮňŭ ľŖŭ ĭĽŏĜ ļĽŏŐŁ ņŐľ ŸĭŏŖŀŏ ĩĴŀ ĳŏǭ įŐĻļļ ĢǡŌő ŸļŐļŞŏŌªŸň ŸļīĞ ŁŏĸǝŁŒŐĽŭ 
ŃŏŐŌŖŭī ńŏň ŐĭļŏŁ Łŝŏ ĥŐĲļĜ ŐŃľǝŏňŞļ ńŏň ŁŒŐĽńŭŏň Ľĭŏ ĥŐĲļ, ńŏň ńŏň ŐĭļŏŁ 
Ľĭŏ ĥŐĲļ, ŐŉȖŖĭ ĩŖŀ ŐĭļŏŁ ŁŐŝŃŗň ĥǂŋŏŐŌļ ĭŭŏ ĥŐĲļĜ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ĢŅŏŭ Ÿľŉŭ ǳŏŞńŏį ǳŐļʳŏŀŖļ ŁŒŐĽńŭŏŖň Ģķŏģļŗĭ ĭŅ ˝ŭŒ˰ ŁŏŞĜ 
ŸņŐļŞŏ ĭŏŅļ ĮķŒŮŏŃŗň Ŀŀ ĢŖŌ ŸļŐļŞŏ ŁŒŐĽńŭŏňŭ ŃŏŖŃ ĮŭĲ ĭŭŏŖķŏŖŮģ ǳĿŀŏŗĭ Ńŏľ 
ŁŖŭĜ 

 

  

įŐĻļ Ĳªŭŏ : įŐĻļ ġŐňŐʏŞŏĹŭ ĭŏŭŖĻ ĳŏǭ-ĳŏǭőŖŞ ŸĭŐļŞŏŭ Łŭŏ ġŀŒŉőňŀ Ģŭʓ ĭŭŏ 
ĥŐĲļ? 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : Ņģ ńŏŖŃŏ ġʱŅ ŸǻĻőŭ Łŭŏ ŸļīĞ ĩģ ŐŃŊŖŞ ĴŏŐŀŃŗň ĢǡŌ ŸľĮŒīŮŏ 
ĥŐĲļ ĢŭŒ ňŏŖŌ ňŏŖŌ ģŞŏŭ ŐŁĳŭ ŋŅŞļ ǳ̣Őļ ĲŖňŏŮŏ ĥŐĲļĜ 

  

įŐĻļ Ĳªŭŏ : ńŏŭļŃŊƨļ ĩŐļŞŏī Ń̯ ĸŏģ ĢŖĳ ŐņŖŃŏŭļ ŐŉȖŖĭ Ńŏ ĳŏǭ-ĳŏǭőŖŞ 
ġŐňŐʏŞŏĹŭ ŋʏŖĭƨ ŀŏĴŏŖŀĜ ļĽŏŐŁ ŸļŖŀŖŃŏŭ ĸŏģļ Ń̯ ĳŏǭ-ĳŏǭő ĢŖĳ Őņ įŐĻļŭ ǳŐļ 
ĢǡŌőĜ Ÿŋģŋĭň ĳŏǭ-ĳŏǭőŗň ĢŖŁŏŀŏŖňŏĭŭ Őĭ Ńŏļƨŏ ŐľŃĜ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ĩģŖķŏ ĩŖĭŃŏŖŭ ŋĞĲŏ ĭĽŏĜ ĢŐŅ ŅŏŖĽŏĞ ŅŌŏŀįŭ ĢŭŒ Ĺŏıŭ ĲŌŭŖŃŏŭŗňŖŌ 
ņŏŃ ŁŏŐŭŖĳŏ, įŐļŖĭ ĩģŋŅŞļ įŏĞŮŭ ĳŏǭ-ĳŏǭőŋĭňŭ ĭŏŭŖĻ ŐĭŃŏ ŸĭŏŮŏŖļŏ ĭȅŀĜ ĭŏŭĻ 
ŸļīĞŖňŏĭŭ ĭŏŭŖĻ ĢŐŅ ĭŐŭŃ Łŭŏ ŀŏģĜ ĩģĭŏŭŖĻģ ĢŅŏĭ Ń̯ŋğĮǝĭ ŐŉȖĭŭ ǳŖŞŏĴŀ ĢŭŒ 
ŸļŖŀ ĸŏģŖŃŏŭļ ĩģ ŋʏŖĭƨ ġŀŒʳŏŀ Łļŏŭ ľŭĭŏŭĜ 

 

 

įŐĻļ Ĳªŭŏ : ŐŉȖĭŋĭŖň ĩŖŀ ŸȖǭļ ŐĭľŖŭ ŋŌŏŞ ĭŐŭŃ ŁŏŖŭ? 
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ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ŐŉȖĭŋĭŖň ŅŏŖĽŏĞ ŸļīĞŖňŏĭŭ ĲŏŐŭīłŏŖň Őĭ İȃ ĢŖĳ ĲŏŖňģ ŌªňĜ 
ģɂŏŭŖŀķ Ńŏ įŐĻļŭ ńŏň ńŏň ŐĭļŏŁŖŃŏŭ ŁŐŝŖňģ Ōªň ĢŭŒ ĳŏǭ-ĳŏǭőĭ ĥǂŋŏŐŌļ ĭŐŭŖňģ 
ŌªňĜ 

ŁŔŐ˱Ĵőǂ Ÿľ : ˄ ŏŀőŞ ńŏŊŏģ įŐĻļ ġŐňŐʏŞŏĹŭ ŹŋŖļ ĳŏǭ-ĳŏǭőĭ ŋğņŒȍ ĭŭŏļ ņŖĽʱ ŋŌŏŞ 
ĭŐŭŃ ŁŏŖŭĜ ģŞŏĭ ŋĭŖňŏ ŅŏŀŒŌŭ īĲŭŗň Źň ŸņŏŮŏŖķŏŖļ Ĺŏıŭ ŋŅŋǝŏ, ĭŏŭĻ ńŏŭļŃŊƨ ŃŔŌǂ 
ŋğĮǝĭ ŁŔĽĭ ńŏŊŏ-ńŏŊőŭ Ÿňŏĭ, ŁŔĽĭ ŋğ̓ŔŐļ, ŁŔĽĭ ŋŅŏŖĴŖŭ ńŐŭ ĢŖĳĜ ǳŐļŖķŏ ŸĭŏĻŗň 
ģŞŏĭ Źň ņŏŃŭ ŃŏŖŃģ Ń̯ ŋğĮǝĭ ŅŏŀŒŌ ňŏŐįŃĜ ņŐľ ˄ŏŀőŞ ĭŏĭļŖŃŏŖŭ ˄ŏŀőŞ ńŏŊŏļ 
ġŐňŐʏŞŏĹŭ ŋŏŅǡőŖŃŏŭ ǳĭŏŉ ĭŖŭ ŸļŐļŞŏŌªŸň ģ Ģķŏģļŗĭ ľŒįƨŅ ĸŏģŖŃŏŭŗňī ǳŋŏŐŭļ 
ŌªŃĜ įŐĻļŭ ŃŏŖŃģ ĢŐŅ ģğŭŏĴő ŐŉĭŏŖļŏ ǳŖŞŏĴŀőŞ ŀŌŞĜ ǳĭŔļŖļ, IMO ŭ ǳʪ-ĭŏĭļ Ũŧ 
ķŏ ńŏŊŏŗň ġŀŒŃŏľ ĭŭŏ ŌŞĜ įŐļŖĭ ņŐľ ŸĭŏŖŀŏ ĳŏǭģ ˄ŏŀőŞ ńŏŊŏļ ĩģ ǳʪ-ĭŏĭļŭ ĥɏŭ 
ŁŏŃ ŐŃĲŏŖŭ ŸļŖɫ ĢįļőŞŏŗĭ ĢŖŞŏĴĭŭ ŹŋŖļ ŸņŏįŏŖņŏįŭ ŃǝŃ˄ŏ ĭŐŭŃ Łŭŏ ņŏŞĜ ŐŃŐńɳ 
ĢȷŐňĭ ńŏŊŏŭ ŐňĮĭŋĭŖň ĩģ ŸȖǭļ ˝ŭŒ˰ ŐľŞŏ ĥŐĲļĜ ĢŐŅ ŸļŖŀ ĥŖľǝŏį ŸňŏŮŏŖķŏ 
ǳŖŞŏĴŀĜ 

 

 

įŐĻļ Ĳªŭŏ : įŐĻļ Ĳªŭŏŗň ĢŖŁŏŀŏŖňŏŖĭ Őĭ Ńŏļƨŏ ŐľŃ ŐŃĲŏŖŭ? 

ŐĲ. Ģŭ. ǳŏŖĻ̜ĳŭ : ġŐĿĭ ĢŭŒ ġŐĿĭ ŋğĮǝĭ ŋŐǞŞ ŅŏŀŒŌ ĢŖŁŏŀŏŖňŏŖĭ ġɫńŒƨȍ ĭŭĭ, 
ĢŭŒ ńŏň ĭŏŅ ĭŐŭ ņŏīĭĜ 

ĩŅ. ŐŃ. ŸŭŖį : ŐŀŞŅőŞŏŗĭ ńŏň ŸňĮŏ ǳĭŏŉ ĭŐŭ ĩķŏ ŸŮŃĳŏģķ Ĳňŏģ ĽĭŏŖļŏ ĩķŏ ġŐļ 
ĭȅŀ ĭŏŅĜ ŸļŏŅŏŖňŏŖĭ ĩķŏ ġŐļ ńŏň ĭŏŅ ĭŐŭ ĢĳŏĜ 

ŁŔŐ˱Ĵőǂ Ÿľ : ĢŖŁŏŀŏŖňŏŖĭ Martin Gardener ŭ ŐĭļŏŁŋŅœŌŭ ĭĽŏ ŐňŐĮŃ ŁŏŖŭĜ įŐĻļ ŋŏĞĽŭ 
ŋʏĭ˕Ş ĩģŖŃŏŭ ġŐļŖĭ Łŏȹň, ŋŒɯŭ ǡɬĜ ŐŃŐŉʱ ŃǝŐȍŋĭŖň ĢįŃŖŝŏŮŏ ńŏň ńŏň 
ŋŅŋǝŏŋŅœŖŌŖŭ ĢŐĴĭŏŐň ńŏŖňŅŏŀ ŸŮŃĳŏģķ ŸŁŏŮŏ ņŏŞĜ ŸļŖŀ ĩķŏ ŸŮŃĳŏģķ Ōªň Awesome 
MathĜ Ń̯ ĢĭŊƨĻőŞ ŋŅŋǝŏŖŭ ĩģŖķŏ ĩķŏ ńŏň ŸŮŃĳŏģķĜ ĢŖŁŏŀŏŖňŏŖĭ įŐĻļ Ĳªŭŏļ ŸļŖŀ 
ŸŮŃĳŏģķŋŅœŌŭ Őňğĭ ĢįŃŝŏŃ ŁŏŖŭĜ 

ŐŃ. ŸĴ. ŸńğĭķĲŏňŏ : ŸļŏŅŏŖňŏŖĭ ńŏň ĭŏŅ ĭŐŭĳŏ! įŐĻļ Ĳªŭŏļ ǳĭŏŉŭ ŃŏŖŃ ĢŐŅ Ń̯Ŗļŏ 
©ŋŅŋǝŏª ŸǳŭĻ ĭŐŭŃ ŁŏŐŭŅĜ 

 

[ŋŏȖŏǂǡŌĻ: ŸľŃŏŉőŊ ŉŅƨŏ ĢŭŒ ĥŁŅ ŉŅƨŏĜ ġŋŅőŞŏ ńŏŮŏŀŒŃŏľ ĢįŃŝŏŖň ĥŁŅ ŉŅƨŏģĜ] 

https://www.awesomemath.org/
https://www.awesomemath.org/
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ĶŗłŃŴ ſŌŖǉĻŖľƯ : ſľŝŴɼ ľŖĲ 

 

ŸǻĻőŖĭŏĸŏ Ńŏ ŸĭŏŖŀŏ ŋńŏĭȖļ ŐŉȖĭŋĭŖň ŸĭģŃŏŉ Ńĳŭ Ģįŭ ŸĭŏŖŀŏ įŐĻļȵŭ (Ńŏ 
ŐŃȵŏŀőŭ) ŐŃŊŖŞ ŃȍŔļŏ Őľ ĽŏŐĭŖň̄  Ÿŋģ įŐĻļȵĴŀŭ ǳŐļńŏ, ŸļīĞ ŸľĮŒŮŏģ ŐľŞŏ ŁɛŐļŖŃŏŭ 
ŸĭŖŀŗĭ ĢŐĴ Łņƨɫ ŃǝŮŌŏŭ ŹŌ ĢŐŌŖĳ, ŌŏĴŏŭ Ńĳŭŭ ŁŏĳŖļŏ ŸŋģŖŃŏŭ ŐĭŞ ǳŖŞŏĴŀ ŹŌ 
ĽŏŐĭŃ, ŸļŐļŞŏī Ÿŋģ ŁɛŐļŖŃŏŭ ŁŏŌŐŭ įªŸň ġĿǝŞŀ ŸĭŖŀŗĭ ŋőŅŏŃɛ ŹŌ ŁŐŭŃ ĢŭŒ 
įŐĻļȵĴŀŖĭŏ ŌŏĴŏŭ ŃĳŭŗňŖĭ ŋĭŖňŏŖŮ Ÿņ Ņŀļ ŭŏŐĮŃ ňŏŐįŃ ĢŐľ ĭĽŏŖŃŏŭ Źĭ Ľĭŏ 
ġŮ˄ŏļ Ń̯Ŗļŏ ĳŏǭ-ĳŏǭőŭ Ņŀŗň ǳŏŖŞ ĩķŏ ǳʪ ĢŖŌĜ Ÿŋģ ǳʪŖķŏ Ōªň̄  ĩŉ Ńĳŭ Ńŏ ļŏŭ 
Ģįŭ ŸĭŏŖŀŏ įŐĻļȵŭ ŐŃŊŖŞ ĢŐŅ ŋŌŖĴģ ̛ŐŀŃŗň ŁŏīĞ, Őĭ̋ ŃļƨŅŏŀ ĴőŞŏģ Ľĭŏ ĢŭŒ 
ġĿǝŞŀļ Ńǝ˃ ŹŌ Ľĭŏ ĩŖŀ Ń̯Ŗļŏ įŐĻļȵ ĢŖĳ ņŏĭ ŅŌŏŀ įŐĻļȵ ŐŌĲŏŖŁ ŋľŏŞ Ņŀļ ŭĮŏ 
ŌªŃ ĢŭŒ ņŏŭ ġĿǝŞŀŭ ŐŃŊŖŞ ĩŉ Ńĳŭŭ Łŏĳļ ŋĭŖňŏŖŮģ ŃȍŔļŏ ŐľŃŗň Ģŭʓ ĭŐŭŃ 
ŸļŖŀ˙Ůŏ ĩĴŀ įŐĻļȵŭ ŐŃŊŖŞ ŃļƨŅŏŖŀģ ŸĭŏŖŀŏŃŏģ ĭªŃ ŁŏŐŭŃŖŀ? 

ĩģ ǳʪŖķŏŭ ĥɏŭ ŐŌĲŏŖŁ ĢŐŅ ĩŖĭŊŏŖŭ ĭªŃ Łŭŏ ĩĴŀ įŐĻļȵŭ ŀŏŅ Ōªň ŸķŖŭɵ ķŏīĜ 
Őĭ̋ ŸļŖĮļŭ ŃŞŋ ŃļƨŅŏŀ ŅŏŖĽŏĞ ĳŞŐǭŉ ŃĳŭĜ ĢŀŌŏŖļ ĢŐĴŭ Łŭŏ ŁŏĞĲ Ńĳŭ ĢįŖļģ, 
ġĽƨŏǂ ťţţũ Ĳŀļ International Congress of Mathematicians ļ ĩĭŐǭŉ Ńĳŭ ŃŞŋļ 
ŸļŖĮļĭ Őłʝĳ ŸŅŖĹň ǳľŏŀ ĭŭŏ ŹŌŐĳňĜ Ÿŋģ ŋŐɴňŀļ ŸļŖĮŖļ ĢįŃŖŝŏŮŏ ŸĲŐŅŀŏŭŭ 
ĢįŅŒŌœļƨļ ŋńŏĭȖļ ŸļŖĮļĭ ŁŐŭĲŞ ĭŭŏģ Őľ ŸļŐļŞŏ ŐŃŞŏŐʦŉ ŃĳŭőŞŏ ĢŭŒ ŤŬŬū Ĳŀļ 
Őłʝĳ ŸŅŖĹň ňŏń ĭŭŏ Ģŀ ĩĴŀ ǳĮǝŏļ įŐĻļȵ ȃŖŅŏŐĽ įīŞŏŖĲƨ ŹĭŐĳň¯ «ŸķŖŭɵ ķŏīĭ 
ŁŐŭĲŞ ĭŭŏģ ŐľŃŗň ŸŁŏŮŏŖķŏ ŸŅŏŭ ŃŏŖŃ ŁŭŅ ŋɴŏŀŭ ŐŃŊŞ...... Ņģ ńŏŖŃŏ, ķŏī ŸĭŮň 
ĩĴŀ ŅŌŏŀ įŐĻļȵģ ŀŌŞ, ŸļŖĮļ Ōªň ĩĭ įŏŐĻŐļĭ ŁŐŭİķŀŏ......¬ 
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ĩĴŀ ĩĭŐǭŉ ŃĳŭőŞŏ ŅŏŀŒŖŌ ĴőŮɫ ĭŏňŖļ ģŞŏļŗĭ ĢŭŒ ŐĭŅŏŀ ŸŃŐĳ ̮ őĭŔŐļ ňŏń ĭŐŭŃ 
ŁŏŖŭ! Őĭ̋  ŸķŖŭɵ ķŏī Ÿņŀ ĩģ ŋŅœŌ ̮őĭŔŐļŖŭŏ ĥɛƨļĜ ŸļŖĮļŭ ġĿǝŞŀŭ ŁŐŭŋŭŭ ŐŃŊŖŞ 
ŃĻƨŀŏ ŐľŃŗňŖŞŏ ǳĮǝŏļ, ŐŃĲȖĻ įŐĻļȵŋĭŖňŏ ĽŅŐĭ ŭªŃ ňįŏ ŌŞĜ ŃļƨŅŏŀŗňŖĭ ŸļŖĮļŭ 
ǳĭŏŐŉļ įŖŮŊĻŏ-Łǭŭ ŋğĮǝŏ ǳŏŞ ľŒŉĮŀ, įŐĻļŭ ǳŏŞ Ģĸķŏ ŐŃńŏįļ ŸļŖĮļŭ ġĿǝŞŀ ŐŃ˃Ŕļ 
(harmonic analysis, partial differential equations, geometric combinatorics, arithmetic 
combinatorics, analytic number theory, compressed sensing, algebraic combinatorics 
ĢŐľ), ŸļŖĮļŭ ǳĭŏŐŉļ ǡɬŭ ŋğĮǝŏ ŋŏļĮŀ ĢŭŒ ŸĭģŃŏĮŖŀŏ įŖŮŊĻŏ ǳŐǭĭŏŭ ŋʏŏľŀŏŭ 
ňįļ ŸļŖĮļ ŃļƨŅŏŀ ĴŐŜļĜ ģŐļŅŖĿǝ ŭŖŞň ĲĲŏģȃŭ ŋľŋǝ ŐŌĲŏŖŁ ŐŀŃƨŏŐĲļ ŸŌŏŮŏŭ ĥŁŐŭī 
Ÿļŭķŏ ǳĮǝŏļ ŃĞķŏ ŸļŖĮŖļ ňŏń ĭŐŭŖĳ, ŐņŋŅœŌŭ ĩķŏ ňŏń ĭŭŏŖķŏī ĩĴŀ ǳŐļńŏŃŏŀ ŅŏŀŒŌŭ 
ŋŖŃƨŏȬ ̮őĭŔŐļ ŌªŃ ŁŏŖŭĜ ŃļƨŅŏŀ ŸļŖĮļ ĭŅƨŭļ ŸĭŐňłŐŀƨŞŏ ŐŃ̜ŐŃľǝŏňŞ, ňĳ ĩŖȹňĳŖŭ ĩĴŀ 
ġĿǝŏŁŖĭ ŅɫŃǝ ĭŐŭŐĳň Ÿņ ̄ «The way he crosses areas would be like the best heart 
surgeon also being exceptional in brain surgery.¬ 

ŸķŖŭɵ ķŏŖŮ ŹŉŊŮŖŭ Łŭŏ ļőȒļŏŭ ŁŐŭĲŞ ŐľŐĳňĜ Ģɫ:ŭŏʰőŞ įŐĻļ ġŐňŐʏŞŏĹļ Ťţ Ńĳŭ 
ŃŞŋļ ǵȹŭ Łľĭ, ŤŤ Ńĳŭ ŃŞŋļ ŭœŁŭ Łľĭ ĢŭŒ Ťť Ńĳŭ ŃŞŋļ ̮Ļƨ Łľĭ ňŏń 
ĭŐŭŐĳňĜ ŸļŖĮŖļģ Ōªň Ģķŏģļŗĭ ĭŅ ŃŞŋļ Ģɫ:ŭŏʰőŞ įŐĻļ ġŐňŐʏŞŏĹļ ġğŉǡŌĻ ĭŭŏ 
ĳŏǭ ĢŭŒ ŤŦ Ńĳŭ ļňļ ̮Ļƨ Łľĭ ňŏń ĭŭŏ ĩĭŅŏǭ ĳŏǭĜ ĢŀŌŏŖļ Ÿŋŏļŭ Ńĳŭ ŃŞŋļ 
ŸļŖĮŖļ ˅ŏļŖĭŏɏŭ ŐĹǡő ĢŭŒ ĩŗĭŉ Ńĳŭ ŃŞŋļ ĹȉŖŭķ ŐĹǡő ňŏń ĭŖŭĜ ŸļŖĮļĭ ŸĭŏŮŏ 
ŌŞ̄  «supreme problem- solver¬Ĝ 

ŸŅŏǂĴŏķƨ, ŐņĴŀ ŃǝŐȍŭ Łŭŏ ŸŃŏŖň ŋğįőļ ŐŀįŐŭ ŹŃ ĢŐŌŐĳň, ȅĭ ŸļŖŀľŖŭģ ŸĭŏŮŏ ŌŞ¯ 
ŸķŖŭɵ ķŏīŭ Łŭŏ ŐŀŭŮŐȯŖɳ įŐĻļ ŹŃ ĢŐŌŖĳĜ ŸļŖĮļĭ ŸŋŖŞŖŌ ŸĭŏŮŏ ŌŞ «įŐĻļŭ ŸŅŏǂĴŏķƨ¬ 
ŃŒŐňĜ Őĭ̋ ĩķŏ ˝ŭŒ˰ŁœĻƨ ĭĽŏ Ōªň ġŋŏŅŏŀǝ ǳŐļńŏŭ ġŐĿĭŏŭő ŌªŸňī ŸļŖĮŖļŏ ŅŏŀŒŖŌģĜ 
įŐļŖĭ, ŸļŖĮļŭ ĭŅƨŗŉňő, ŐĲɫŏĿŏŭŏ ǳĭŏŉŭ ǳĻŏňő, ŸĭŏŖŀŏ ġŮ˄ŏ Ńŏ İķŀŏŭ ǳŐļ ŸļŖĮļŭ 
ľŔŐɦńğįő ĢŐľ ŸĭŖŀĿŭĻŭ? ĩģŋŅœŌŭ ǳŐļ ŋŏŅŏŀǝ Ĳ̇ ŐľŖňģ ŸľĮŏ ņŏŞ Ÿņ ŸļŖĮļ Ōªň 
ŐņŖĭŏŖŀŏ ŐŃŊŞŭ ĳŏǭ-ĳŏǭő Ńŏ ŐņŖĭŏŖŀŏ ŃǝŐȍŭ ŃŏŖŃģ ŌªŃ ŁŏŖŭ ŸǳŭĻŏŭ ĩĭ ĥǂŋĜ 

Cogito.org ŀŏŅŭ ŐŉȖŏŅœňĭ ŸŮŮĲŏģķŖķŏŖŮ ĲŏŐŭ Ńĳŭ ĢįŖļ ŸňŏŮŏ ŸļŖĮļŭ ĩķŏ ŋȖŏǂĭŏŖŭ 
Ń̯Ŗļŏ ŸǳŭĻŏľŏŞĭ ĭĽŏ ǳĭŏŉ ĭŖŭĜ Ÿŋģ ŋŏȖŏǂĭŏŭŖķŏŭ ńŏŮŏŀŒŃŏľ ļňļ ĢįŃŖŝŏŮŏ ŌªňĜ 
ĢŅŏŭ ġŀŒŖŭŏĿ ŭȖŏ ĭŐŭ Ÿŋģ ŋŏȖŏǂĭŏŭŖķŏŭ ńŏŮŏŀŒŃŏľ ŸļĴŁŒŭ ŐŃ̜ŐŃľǝŏňŞŭ įŐĻļ ŐŃȵŏŀ 
ŐŃńŏįŭ ǳŏȍŀ ĳŏǭő ġĲƨŀŏ ŸŅŀŏ ĢŭŒ ŃļƨŅŏŀŭ ĳŏǭ ˷ Ů ŸĴǝŏŐļ īĴŏģ ŁŔĸŖĭ ŁŔĸŖĭ Ģį 
ŃŝŏģŐĳňĜ ŸļīĞŖňŏĭ ľŒŖŞŏĴŀŖĭ ĿŀǝŃŏľ ĴŀŏŖňŏĜ 

 ̄ŁğĭĴ ŸĴǝŏŐļ ŅŌɫ (Ŗķŏĭŏȃ ťţŤŤ ĲŀŭĜ) 
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(Ť) ŸņŐļŞŏ ĢŁŒŐŀ Ģĸ ŃĳŭŅŏŀŭ ĢŐĳň ŸļŐļŞŏ ŸĭŖŀ ĿŭĻŭ ġğĭ ĭŐŭŐĳň? 

ĥ:-  Ņģ ńŏŖŃŏ ŸļŐļŞŏ Ņģ Ÿŋģ ŋŅŞŭ ġŖʰŐňŞŏŭ ĩĭŏľŉ Ńŏ ˶ŏľŉ ŸǻĻőŭ ĩĴŀ ĳŏǭģ 
ĭŐŭŃňįőŞŏ ŸŌŏŮŏ ġğĭ, ŐņŖŃŏŭ ǳƱĿŏŀļ: ĥȬ ŅŏĿǝŐŅĭ ŃőĴįŐĻļ (ŖņŖŀ Ő˶İŏļ ŋŅőĭŭĻŭ 
ŋŅŏĿŏŀ ģļǝŏŐľ) ˃ŭŭ ĢŐĳň ŸļŖŀŖŃŏŭ ġğĭ ĭŐŭŐĳŖňŏĜ Őĭ̋ Ńŏĭő ŐŃŊŞŖŃŏŭļ ŸŅŏŭ ȵŏŀ 
Ģĸ ŃĳŭőŞŏ ňªŭŏ ĩĴŀŭ ŋŅŏŖŀģ ĢŐĳňĜ 

(ť) ĢŁŒŐŀ ŸņŐļŞŏ ĥȬ ŅŏĿǝŐŅĭ ŐŃľǝŏňŞļ ĢŐĳň ŸļŐļŞŏ ŸĭŖŀ ĿŭĻŭ ġğĭģ ĢŖŁŏŀŏĭ 
ĢĭŐŊƨļ ĭŐŭŐĳň ġŭŒ ŐĭŞ ĭŐŭŐĳň? 

ĥ:-  Ņģ ġğĭŭ ŋŏĽĞŭ, ŅŏŖŀ ŋŭŒ ŋŭŒ ŋŅŋǝŏŖŃŏŭ ŐņŖŃŏŭ ŋŅŏĿŏŀ ĭŐŭŃŗň ŐĭĳŒŅŏŀ ŋŭŒ Ÿĭśŉňŭ 
ǳŖŞŏĴŀ ŌŞ ŸļŖŀŖŃŏŭ ĭŐŭ Ńŭ ńŏň ŁŏģŐĳŖňŏĜ ǳĭŔļŖļ ŸŋģŖŃŏŭŖĭ Ņģ ĢĲň įŐĻļ ŃŒŐň 
ńŏŐŃŐĳŖňŏĜ (ĢŭŒ ĩģŖŃŏŭ ĢŐĳň ĥȬ ŅŏĿǝŐŅĭ ˃ŭļ Ņģ ġğŉ ŸňŏŮŏ ǳŐļŖņŏŐįļŏŖŃŏŭļ 
ŋŅŏĿŏŀ ĭŐŭŃňįőŞŏ ĢğĭĜ) Őĭ̋ ĭŖňĴļ ġĿǝŞŀ ĭŐŭŃŗň ŸņŏŮŏŭ ŐŁĳļ Ņģ ĩģŖķŏ ĥŁňŐʅ 
ĭŐŭŖňŏ Ÿņ įŐĻļ ŸĭŮň ŐĭĳŒŅŏŀ ĭŔŐǭŅ ŋŏĽĞŭ ŀŌŞ, ģ Ōªň Ńŏ˃Ů ĴőŮŀŭ ŐĭĳŒŅŏŀ ŋŅŋǝŏŭ 
(ŖņŖŀ ŁľŏĽƨ ŐŃȵŏŀ, ĴőŮ ŐŃȵŏŀ, ŐŃɏőŞ-ŃǝŮ˄ŏŁŀŏ ĢŐľ ŸȖǭŭ) ňįŖļ ŐŃŐńɳ ĿŭĻŭ 
ŁŐŭŐ˄Őļŭ ĢŐŌƨ, ĢŮ˄ŏ ĢŐľŭ ġĿǝŞŀ ĭŭŏĜ 

(Ŧ)  įŐĻļŭ ŃŏŐŌŖŭ ĢŀŖŃŏŭ ŐŃŊŞ ŸņŖŀ ŐňĮŏ, Łŝŏ, ŃŒŭȹő ĢŐľļ ĢŖŁŏŀŏŭ ŭŏŁ ĢŐĳňŖŀ? 

ĥ:-  īŖŌŏ, ŅŒŖĸģ ŀŏŐĳňĜ Ņģ ńŏŖŃŏ ŋŔŐɦŉőň ŐňĮŏ-ŖŅňŏ ŸŅŏŭ Ģķŏģļŗĭ ľŒŃňƨļŅ Őľŉ ŋŅœŌŭ 
ġŀǝļŅ ĢŐĳňĜ Ņģ ŋʏœĻƨŭœŖŁ ǳĻŏňőŃɛ ŐŃŊŞŖŃŏŭŭ (Ŀŭĭ įŐĻļ Ńŏ  ŐŃȵŏŀŭ) ǳŐļ ĢĭŔɦ 
ĢŐĳŖňŏ ĢŭŒ ŸņŐļŞŏ ŸŅŏĭ «ŸļŏŅŏŭ ĴőŮŀļ İķŏ ŐĭĳŒŅŏŀ İķŀŏ ŐňĮŏ¬ ĢŐľ ĿŭĻŭ ǳƱʪŖŃŏŭ 
ŐľŖŞ ŸļŐļŞŏ Ņģ ŐŃŃŒŐĿļ ŁŐŭŐĳŖňŏĜ ŃŒŭȹő ŋŏĿŏŭĻŖļ ŋŏĞĿŒŭ ŐŀŐĲŀŏ ňŏŐįŐĳň ŃŏŖŃ Ņģ Łĳɯ 
ĭŐŭŐĳŖňŏĜ ŁľŏĽƨ ŐŃȵŏŀ ŸŅŏŭ ńŏň ňŏŐįŐĳň Őĭ̋ ŭŋŏŞŀ ŐŃȵŏŀ, ŐŃŖŉŊŗĭ ŹĴŮ ŭŋŏŞŀ 
ŸŅŏŭ ŅŒŖĸģ ŌĴŅ ŀŗŌŐĳňĜ ĭŏŭĻ ļŏļ Ń̯ŖŃŏŭ ŋŭŒ ŋŭŒ ĭĽŏ ŅŒĮʳ ŭŏŐĮŃ ňįŏ ŌŞĜ (įŐĻļŖļŏ 
ŐĭĳŒŅŏŀ ŋœǭ Ņŀļ ŭŏŐĮŃňįőŞŏ ŌŞ, Őĭ̋ ģŞŏļ ġɫļ: ŐĭĳŒŅŏŀ ŋŒǭ ĢŁŒŐŀ ǳƱŏĽŐŅĭ ŋŒǭŖķŏŭ 



95  
 

http://gonitsora.com  

Łŭŏ ĥŐňŞŏģ ňŃ ŁŏŖŭĜ Őĭ̋ Ŀŭĭ, ŐŃĥŖķŀŭ ĿŅƨ ĢŐľ ŃǝŏĮǝŏ ĭŐŭŃŗň ŐĭľŖŭ ǳŏĽŐŅĭ 
ŋŒǭŋŅœŌ ǳƱŖŞŏį ĭŐŭŃ ňŏŖį ŸŋģŖķŏ Ņģ ŃŒŐĴ ŸŁŏŮŏ ŀŏŐĳŖňŏĜ) 

(ŧ) ̓ŒňőŞŏ ĴőŮŀļ ĢŁŒŐŀ ŸĭŖŀĿŭĻŭ ǡő́ĭŏňőŀ ĭŏņƨŋœĲőļ ġğŉǡŌĻ ĭŐŭŐĳň? 

ĥ:-  Ņģ International Mathematics Olympiad ŭ ŃŏŖŃ ǳƱŐŉȖĻ ŐŉŐŃŭŗň ŹįŐĳŖňŏĜ ģŞŏŭ 
ĥŁŐŭ Ņģ ŋŏįŭŭ Łŏŭŗň ŸņŏŮŏ, ĭŐʏĥķŏŭ ŸįŅ ŸĮňŏ, ĢŐľŭ ľŖŭ ĢŖŅĴ Ľĭŏ ĭŏŅŖŃŏŭ 
ĭŐŭŐĳŖňŏĜ  

(Ũ) International Mathematics Olympiad ļ ĢŖŁŏŀŏŭ ġŋŏŅŏŀǝ ŋłňļŏŋŅœŌ ĢŖŁŏŀŏŭ 
ŁŒğĮŏŀŒŁŒğĮ ĢŭŒ ŁŐŭǻŅő ġĿǝŞŀŭ łň Ÿŀ ĢŖŁŏŀŏŭ ġŐŃ̜ŏŋǝ įŏŐĻŐļĭ ľȖļŏŭ łň̝Őļ ŃŒŐň 
ĢŁŒŐŀ ńŏŖŃ? 

ĥ:-  ĩģŖķŏ ĩķŏ ĢŖŅŏľĴŀĭ ǳƱʪĜ Ņģ ŸņŐļŞŏ ġŐňŐʏŞŏĹļ ġğŉǡŌĻ ĭŐŭŐĳŖňŏ, Ń̯Ŗļŏ Ÿľŉŭ 
ǳŐļŐŀŐĿŋĭŖň ŸĭŏŖŀŏ ŐŃŖŉŊ ǳƱŐŉȖĻ ŸŀŏŖňŏŮŏŗĭŖŞ ġĽŃŏ ŋŏĿŏŭĻ ǳ̣ Őļ ŋʏœĻƨ ĭŐŭŖŞģ 
ġğŉǡŌĻ ĭŐŭŐĳňĜ  ļĽŏŐŁ ŸŅĿŏŃő ǳŐļŖņŏįőŋĭŖň Ÿŋģ ŋŏĿŏŭĻ ǳ̣ŐļŖŭģ ņŖĽʱ ńŏň 
ǳŐļ˶Őɭļŏ ĢįŃŝŏģŐĳňĜ Őĭ̋ ŃļƨŅŏŀ ŋŅŞļ ġŐňŐʏŞŏĹŭ ǳŐŉȖĻŖŃŏŭ ņŖĽʱ ǳĻŏňőŃɛ 
(ŖņŖŀ ŋʏœĻƨ ĩķŏ Őľŀ ĩĭ ĿŭĻŭ ŋŅŋǝŏŖŃŏŭŭ īŁŭļ ǳƱŐŉȖĻ ĢįŃŖŝŏŮŏ ŌŞ Ńŏ ŐŃįļ 
ŃŊƨŖŃŏŭŭ ġŐňŐʏŞŏĹļ ġŌŏ ŋŅŋǝŏŋŅœŌŭ īŁŭļ ĢŖňŏĲŀŏ ĭŭŏ ŌŞ), ĢŭŒ  Ņģ ńŏŖŃŏ 
ĢŐĴĭŏŐň ǳŐļ˶Őɭļŏļ ȃŐĭ ĽŏŐĭŃŗň ġŐļ ŁŒğĮŏŀŒŁŒğĮ ġĿǝŞŀŭ ĢŮŉǝĭ ŌŞĜ 

įŐĻļŭ įŖŮŊĻŏ ĭŏņƨǝŭ ŋʏŖĭƨ Ņģ ľŔŝńŏŖŃ ĭªŃ ŐŃĲŏŖŭŏ Ÿņ ĩģŖȖǭļ ŋŌĴŏļ ľȖļŏļŗĭ 
ĭŖĸŏŭ ŁŐŭǻƱŅ, ġŐńȵļŏ ĢŭŒ ġŀŒŋŐɲǂŋŏŖŌ ġŐļŉŞ ǳŖŞŏĴŀőŞĜ įŖŮŊĻŏ ˃ŭŭ ĩķŏ ŋŅŋǝŏ 
ŋŅŏĿŏŀ ĭŭŏŖķŏ ȅĭ ŐĽŞ ŁŏŌŏŭ ŃŖįŏŮŏŭ ľŖŭģ; ņŐľ ĢŁŒŐŀ Įŏňő ŌŏŖļŖŭ ĭŏŅŖķŏ ĭŐŭŃ ŐŃĲŏŖŭ 
ŸļŖɫ ĢŁŒŐŀ ŐņŅŏŖŀģ ŉŐȍŉŏňő ĢŭŒ ŋŐǞŞ ŀŌīĭ ŐĭŞ ĢŖŁŏŀŏŭ ŃǝĽƨļŏ ġŮŉǝʓŏŮőĜ  ģŞŏŭ 
ŋňŐŀ ņŐľ ĢŁŒŐŀ ĥŁņŒȍ   ŋĞĴŒňő ŃǝŮŌŏŭ ĭŖŭ ĢŭŒ ŁœŃƨŋŒŭőŋĭŖň ŃįŏŃŗň ŃǝŮŌŏŭ ĭŭŏ 
ŁɛŐļŋŅœŌ, ŸļīĞŖňŏŖĭ ŋŅŒĮőŀ ŸŌŏŮŏ ŃŏĿŏ ĢŭŒ ŸĭŏŀŖķŏ ŁĽ ŸļŏīĞŖňŏĭŭ ŃŏŖŃ ŋŌĴ ŹŌŐĳň- 
ĩģŋŅœŌ ġĿǝŞŀ ĭŖŭ ŸļŖɫ ŋłňļŏ ĢŁŒŐŀ ġŐĿĭ ŋŌĴŖļ ňŏń ĭŐŭŃĜ 

(ũ) ĢŁŒŐŀ ĢŖŁŏŀŏŭ ŋŅŋŏŅŐŞĭ ŋĭňŭ ŋĭŖňŏļŗĭ ĢįŃŝŏĜ ĢŁŒŐŀ ŸĭŖŀĿŭĻŭ ŐŉȖŏ ǡƱŌĻ 
ĭŐŭŐĳň? 

ĥ:-  ĲŅŒŗĭ ĭªŃŗň ŌªŸň Ņģ ĩĴŀ Ĳŭĭŏŭő ŐŃľǝŏňŞŖŭ ĳŏǭ ĢŐĳŖňŏ, Őĭ̋  ĩĭ ˰ŭŏŐ̎ļ ŁŔĸĭ 
ŸŃŖįŖŭ ĢįŃŏŐŝŐĳŖňŏĜ ŸŋģŃŏŖŃ ŐĭĳŒŅŏŀ ŸǻĻőļ, ŸņŖŀ įŐĻļ ĢŭŒ ŁľŏĽƨŐŃȵŏŀļ ĥȬ ŸǻĻő 
ǡŌĻ ĭŐŭŐĳŖňŏĜ 

(Ū) ŸŋģŐŃňŏĭ ĳŏǭ-ĳŏǭő ŐņŐŃňŏĭ įŐĻļļ ŸĲŏĭŏ Őĭ̋ ŐŃľǝŏňŞŋŅŒŖŌ ŸļīĞŖňŏĭĭ ĢįŃŏŐŝ 
ŸņŏŮŏŭ ĥŁņŒȍ ŋŒŖņŏį ĢŭŒ ġŀŒŖŅŏľŀ ŐľŃ ŸŀŏŮŏŭŏŭ ŁŐŭŖǳŐȖļļ ĢįŃŏŐŝŃ Łŭŏ ŀŏģ 
ŸļīĞŖňŏĭĭ ĢŁŒŐŀ Őĭ ŁŭŏŅŉƨ ŐľŃ? ŸļīĞŖňŏĭ ŸĭŖŀľŖŭ ĢįŃŝŏ ĥŐĲļ? 

ĥ:-  ņŐľ ˰ŭŏŐ̎ļ Ńŏ ŐŃŖŉŊ įŐĻļ ŐŉȖŏ ŁŏŃ Łŭŏ ŋŒŐŃĿŏ ŸŁŏŮŏ ŀŏņŏŞ, ŸļŖŀŌªŸňī Ģŀ 
Ń̯Ŗļŏ ĥǂŋ ĢŖĳ- ŃĴŏŭļ ĢŐĴĭŏŐň Ń̯Ŗļŏ ĥȬŅŏŀŐŃŐŉʱ įŐĻļŭ ŐĭļŏŁ ŸŁŏŮŏ ņŏŞ 
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(Mathematical Association of America ŭ ĩŖŀ ĥɳļ ĩĭ ŃŔŌǂ ŋğĮǝĭ ǳĭŏŐŉļ ǡɬ ĢŖĳ), 
ļŏŖŭŏŁŐŭ ģɂŏŭŖŀķ, ǳŐļŖņŏŐįļŏŋŅœŌ, įŐĻļ ȑŏŃŋŅœŌ, įŐĻļŭ ńŏň ŐŉȖĭŋĭňĜ Ņģ ŐŀŖĴ 
ŋɺŏŌŏŐɫĭļ ĩĴŀ ġŮŋŭǳƱŏɺ įŐĻļŭ ġĿǝŏŁĭĭ ňį ĭŐŭ ŸļīĞŭ ňįļ įŐĻļ ŋʏĭ˕Ş ĢŖňŏĲŀŏ 
ĭŭŏŭ Ÿŋśńŏįǝ ňŏń ĭŐŭŐĳŖňŏĜ ˄ŏŀőŞ ŐŃ̜ŐŃľǝŏňŞŭ įŐĻļ ŐŃńŏįŭ ŸĭŏŖŀŏ ŃǝŐȍŖŞī ĩģŖŃŏŭ 
ŸȖǭļ ŁŭŏŅŉƨ ĢįŃŝŏŃ ŁŏŖŭĜ 

(ū) įŐĻļŭ Ÿĭŏŀ Ÿĭŏŀ ĢŖňŏĲŀő Ńŏ įŖŃŊĻŏ-ŁŐǭĭŏ Ōŏģ̓ŒňőŞŏ ĳŏǭ-ĳŏǭőŭ ŃŏŖŃ ĥŁŖņŏįő 
ŃŒŐň ĢŁŒŐŀ ńŏŖŃ? 

ĥ:-  Ōŏģ̓ŒňőŞŏ ĳŏǭ-ĳŏǭőŋŅœŌĭ ňȖǝ ĭŐŭ ĥŐňīŮŏ ĥȬŅŏŀŐŃŐŉʱ įŐĻļŭ ĢŖňŏĲŀő ŸŅŏŭ Ĳ˙ļ 
Łŭŏ ŀŏģĜ American Mathematical Monthly ĭ ĩģŖȖǭļ ĥŖʦĮ ĭŐŭŃ ŁŏŐŭ, Őĭ̋ ģŞŏŭ 
ŐňĮŐŀŋŅœŌ ˅ŏļĭ ŅŌňŏŭ ĳŏǭ-ĳŏǭőŋĭňŭ ŃŏŖŃŖŌ ŸŃŐĳ ĥŁŖņŏįő Ÿņŀ ŸŃŏĿ ŌŞĜ Őĭ̋ 
ĢŖňŏĲŀőļŗĭ, Ōŏģ̓ŒňőŞŏ ĳŏǭ-ĳŏǭőŋĭňŭ ĥŖəŖŉǝ ŐňĮŏ Ń̯Ŗļŏ ńŏň ŐĭļŏŁ ŃļƨŅŏŀ ŃĴŏŭļ 
ŸŁŏŮŏ ņŏŞ (Ŀŭĭ, ŋğĮǝŏ-ǳĻŏňő, ĴǝŏŐŅŐļ(non-Euclidean), ǳĽŐŅĭ ŋğĮǝŏ-ļ˰  ĢŐľ 
ŋʏĭ˕Ş ŃǝŏĮǝŏ Ľĭŏ ŐĭļŏŁŋŅœŌ)Ĝ 

(Ŭ) ĢŁŒŐŀ ĢŖŁŏŀŏŭ įŖŮŊĻŏňʅ łňŋŅœŌ ġŀǝŏŀǝ ŸȖǭ ŋŅœŌļ ǳƱŖŞŏį ĭŭŏ ŸľŐĮŖĳŖŀ? ņŐľ 
ŸľŐĮŖĳ ŸļŖɫ ŸĭŖŀĿŭĻŭ ŐŃŖŉŊ ŃǝŮŌŏŭ ĢŖŁŏŀŏŭ ŐǳŞ? 

ĥ:-  Ņģ ǳƱŏŞ ľŌ Ńĳŭ įŐĻļŭ ŐŃ̛ɛ ńŏįŖķŏŭ ŐŃŐńɳ ŸȖǭļ įŖŮŊĻŏ ĭŐŭŖĳŏ, įŐļŖĭ 
ŸŃŐĳńŏį įŖŮŊĻŏ ńŐŃŊǝļŭ ŐŃŐńɳ  ĥɞŏŮŀő ĭŏņƨǝļ ŃǝŮŌŏŭ ŌªŃ ŃŒŐň Ģŉŏ ĭŐŭŃ ŁŏŐŭĜ 
Őĭ̋ ŸŅŏŭ ĩķŏ ŐŃŖŉŊ ĥɞŏŮŀŭ ŃǝŮŌŏŭ ŸľŐĮ Ņģ Ģŀɯ ġŀŒńŃ ĭŖŭŏĜ I helped work out 
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.  

(Ťţ)  ŐĭŖŌ ĢŖŁŏŀŏĭ ŋŃŏŖķŏļŗĭ ŸŃŐĳ ġŀŒǳŏŐĻļ ĭŖŭ? ŐŀĴĭ Ńŏľ Őľ Ģŀ ŸĭŏŖŀ ĢŖŁŏŀŏĭ 
ŋŌŖņŏį ĭŐŭŖĳ? 

ĥ:-  Ņģ ńŏŖŃŏ ŸĭŖŀľŖŭ Ṇ́ŖŃŏŖŭ ĭŏŅ ĭŖŭ- ŐŃŖŉŊŗĭ ŋŏĿŏŭĻ įŐĻļ ĩķŏŭ ĢĞŭļ Ľĭŏ 
ŸĭśŉňŐĮŐŀŭ ŐŃŊŖŞ Ĵŀŏŭ ŋŒļőǵƱ ģȯŏģ ŸŅŏŭ ġŀŒŖǳŭĻŏŭ Ņœň ĥǂŋĜ ĥľŏŌŭĻ̮ŭœŖŁ twin prime 
conjecture: ņªļ ĢŐŅ ńŏŖŃŏ Ÿņ 11 ĢŭŒ 13 ŭ ľŖŭ ġŋőŅŋğĮǝĭ ŸŅśŐňĭ ŋğĮǝŏŭ Ÿņŏŭ ĢŖĳ 
ŐņŖŃŏŭŭ ŁŏĽƨĭǝ 2Ĝ ĩģ ŋŅŋǝŏŖķŏ ŃĻƨŀŏ ĭŭŏŖķŏ ŋŌĴ ĢŭŒ ĢŐŅ ŸŅśŐňĭ ŋğĮǝŏ Őĭ ļŏŖĭŏ 
ĴŏŖŀŏ, ļĽŏŐŁ ŋğĮǝŏļ˰ŭ Ń̯ ŉŐļĭŏŖĴŏŭŏ ŐŃĭŏŉŭ ŁŏĳŖļŏ ĢŐĴŗňŖĭ ĢŐŅ ģŞŏŭ ǳŅŏĻ ŐľŃ 
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Łŭŏ ŸŌŏŮŏ ŀŏģĜ ŸņŐļŞŏ Ņģ ŸĭŏŖŀŏ ĩķŏ ŋŅŋǝŏ ŸľĮŏ Łŏī ŸļŐļŞŏ ŋŅŋǝŏŖķŏŭ ŐŃŊŖŞ ŸŅŏŭ 
ŅŀŖļ ĩĮŀ ŐĲǭ ĢĞŐĭ ňī ĢŭŒ ŋŅŋǝŏŖķŏŭ īŁŭļ ŸŅŏŭ ŸŃŏĿįŅǝļŏ ŃŔŐɛ ĭŐŭŃŗň ņɒ ĭŖŭŏĞĜ 

ŸĭŏŖŀ ŸŅŏĭ ġŐĿĭ ŋŌŖņŏį ĭŐŭŐĳň ļŏŭ ĥɏŭ ĥĴŒ- ŸŅŏŭ Ņŏ-Ŗľĥļŏ, ŸļīĞŖňŏĭ ŸŅŏŭ ŃŏŖŃ 
ǳŖŞŏĴŀőŞ ŐŉȖŏ ǳľŏŀŭ ǳŐļ ŋļĭƨ ĢŐĳňĜ ļŏŭ ŁŏĳŖļ ŸŅŏŭ ŐŉȖĭŋĭň (ǳŏĭ-˅ ŏļĭ ĢŭŒ 
ŏ˅ļĭ ŸǻĻőŭ ŐŉȖĭŋĭň ĢŭŒ īŁŭļ Źĭ ġŌŏ ġĿǝŏŁĭĴŀŗňŖĭ), ŐņŋĭŖň ŸŅŏĭ ǳĭŔļŖļ 
įŐĻļ Őĭ ĢŭŒ ŸĭŖŀľŖŭ ĩĴŀ ńŏň įŐĻļȵ ŌªŃ ŁŏŐŭ Ÿŋģ ŐŉȖŏ ǳľŏŀ ĭŐŭŐĳňĜ 

(ŤŤ) ĢŖŁŏŀŏŭ įŖŮŊĻŏ ŃļŅƨŏŀ ŸĭŖŀ ŐŃŊŞŭ ňįļ ĴŐŜļ? 

ĥ:-  Ņģ ŐŃŐńɳ ŸȖǭŭ įŖŮŊĻŏļ ǵļő ŹŌ ĢŖĳŏ, ŃļŅƨŏŀ Ņģ ŸŅŏŭ įŖŮŊĻŏŭ ĩĭ ļŔļőŞŏğŉ 
ŋŅŞ ŸŅśŐňĭ ŋğĮǝŏŋŅœŌŭ (Ńŏ ġŀǝ ŋğŌŐļŋŅœŌŭ) įĸŀŭ (ŖņŖŀ ŋŅŏɫŭ ǳƱƱƱįŐļŭ) ĢŐŌƨ ŐŀĻƨŞŭ 
ĭŏŅļ ĮķŒŮŏģ ĢŖĳŏ, ĢŭŒ ġŀǝ ĩĭ ļŔļőŞŏğŉ ŋŅŞ ŐŃŐńɳ ļŭğįŭ (Ĵň ļŭğį, ŉʄ ļŭğį, 
ŐŃľŒǝǂ-ĲŒ̖ĭőŞ ļŭğįŭ) ĲŐŭǭŋŅœŌ ġĿǝŞŀŭ ĭŏŅļ ĮķŒŮŏģŖĳŏ, ģŞŏļ ĢğŐŉĭ ġŮĭňŀőŞ 
ŋŅőĭŭĻŭ ġĿǝŞŀ ĴŐŜļ ĢŖĳĜ Ńŏĭő ĩĭ ļŔļőŞŏğŉ ŋŅŞŐĮŐŀ Ņģ Ģŀǝ ŋĭŖňŏĿŭĻŭ ĭŏŅļ 
ŃǝŮŌŏŭ ĭŖŭŏĞ, ĥľŏŌŭĻ̮ŭŒŖŁ Ņģ Ń̯ļ ŋŅŞ įŐĻļŭ ŀļŒŀ ŉŏĮŏŋŅœŌŭ ŐŃŊŖŞ ȵŏŀ ĢŌŭĻ 
ĭŭŏļ ŃǝŞ ĭŖŭŏ, (ģ ĩķŏ ŐŃŉŏň ŐŃŊŞ, ŃļƨŅŏŀ Őņ ġĿǝŞŀ ĲŐň ĢŖĳ ļŏŭ ĩķŏ ġŐļ ŋŏŅŏŀǝ 
ġğŉŖŌ Ņģ ĴŏŖŀŏ)Ĝ 

(Ťť) ŸŅśŐňĭ ŋğĮǝŏŭ ŋɲŏŀŭ ŃŏŖŃ ŐĭŃŏ ŁɛŐļ ŐŀĻƨŞ ĭŐŭŃŗň ńŐŮŊǝŖļ ŸŅśŐňĭ ŋğĮǝŏŋŅœŌŭ 
īŁŭļ ġŐĿĭ ġĿǝŞŀ ĭŭŏŭ ŁŐŭĭʢŀŏ ĢŖŁŏŀŏŭ ĢŖĳ ŸŀŐĭ? 

ĥ:-  Ņģ ĢĲňŖļ ŐŃŁŭőļ ńŏŖŃ ĩģŖķŏ ŸľĮŒīŮŏŭ ǳŞŏŋ ĭŐŭ ĢŖĳŏ Ÿņ ĩķŏ ŐŀŐľƨʱ ŋőŅŏŭ 
ŐŁĳļ ŸŅśŐňĭ ŋğĮǝŏŖŃŏŭ ŐŀĻƨŞ ĭŭŏ ľŒŭœŌ ŹŌ ŁŖŭ ĢŭŒ ĩģľŖŭ ńŃŏŖļŏ ňŏńľŏŞĭ ŌªŃ Ÿņ 
ŸŅśŐňĭ ŋğĮǝŏŖŃŏŭ ŐĭŃŏ ̮ŭœŁļ ņŏľŔŐȯĭ ńŏŖŃ ŐŃ˃ŏŐŭļ ŹŌ ĢŖĳ (ŋʏœĻƨ ņŏľŔŐȯĭ ńŏŖŃ ŀŌŞ 
ĭŏŭĻ ŸŅśŐňĭ ŋğĮǝŏŋŅœŌ ŋʏœĻƨŭœŖŁ ġņŒȝ ŋğĮǝŏŖŃŏŭŭ ŅŏĴļ ĽŒŁ Įŏģ ĢŖĳ) Ĝ 

(ŤŦ) ĢĴŐŭ ŋŅŞļ ĢŁŒŐŀ Őĭ ĭŐŭ ńŏň ŁŏŞ? 

ĥ:-  ĭŖňĴőŞŏ ĴőŮŀļ Ņģ ĢĴŐŭ ŋŅŞ ńňőŃň, łŒķŃň, ǵőĴ, ĭŐʏĥķŏŭ ŸįŅ ĢŭŒ ŐĭĳŒŅŏŀ 
ļŏĳŭ ŸĮň ŸĮŐň Łŏŭ ĭŐŭŐĳŖňŏĜ Őĭ̋ ĩŐļŞŏ Ņģ ŸįŏŖķģ ŋŅŞ ĭŏŅ ĭŐŭŖŞ ĭķŏīĞ ĢŭŒ ŸŅŏŭ 
Łɒő ĢŭŒ ŁŒǭī ĢŖĳ ŃŏŖŃ Ÿŋģ ŭŏŁŋŅœŌ ŋĭŖňŏ ļǝŏį ĭŐŭŖňŏ; ĢĴŐŭ ŋŅŞ ĩŐļŞŏ Ņģ ŸŅŏŭ 
ŁŐŭŞŏňŭ ňįļ ġŐļŃŏŐŌļ ĭŖŭŏĜ 

(Ťŧ) ĢŁŒŐŀ ņŐľ įŐĻļȵ ŀŌªňŖŌŖļŀ ŸļŖɫ Őĭ ŌªŃ ŐŃĲŏŐŭŖňŖŌŖļŀ? 

ĥ:-  ĩģŖķŏ ĩķŏ ĭȅŀ ǳƱʪĜ Ņģ ǳĭŔļŖļ ŐŉȖŏŭ ňįļ ĴŐŜļ ĩķŏ ŸĭŐŭŞŏŖŭ ŐľŞŏ ŋŔŐɦŉőň 
̮ŏĿőŀļŏ ĢŭŒ ̮ŏȯɯǝ ńŏň ŁŏīĞĜ Ņģ ŸļŖŀŐŃňŏĭ ĭŏŅ ĭŐŭ ńŏň ŀŏŁŏŖňŏŖŌŖļŀ ņªļ īŁŭŮŏňŏŭ 
̯˙Ņ ġŐŃŭŏŅ ńŏŖŃ ŅŏŐŀ ĲŐňŃ ňįőŞŏ ŌŞ, ņŐľīŃŏ ģ ŐņŅŏŖŀģ ĢĭŊŀ˕Ş ŀŌīĭ ŐĭŞĜ 
Ģɓŋğ˄ŏŁŖŀ ĢŖŁŏŀŏĭ ̮ŏĿőŀļŏ ĢŭŒ ̮ŏȯɯǝ ŐľŖŞ Őĭ̋ ŸįŏŖķģ ĭŏŅŭ ŸŃŏĴŏģ ĢŖŁŏŀŏĭ 
ŐŃŭȍī ĭŖŭĜ įŭŅŭ Ńɲļ Ņģ computer programmer ŐŌĲŏŖŁ ĭŖňĴļ ĭŏŅ ĭŐŭŐĳŖňŏ ĢŭŒ 
Ņģ ńŏŖŃŏ ŸŅŏŭ ŐŃĭʢ ŸŁĳŏ ģŖŞģ ŌªňŖŌŖļŀĜ 
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Birth of a Theorem 

Manjil 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. I 
had the pleasure of hearing Prof. Villani 
speak last year at a con ference in the 
Centre where I am currently studying. The 
joy for the subject that he is preaching, 
the knowledge of so many things about 
mathematics but above all his charismatic 
personality made a deep impact on that 
October morning when I heard him speak . 
So when I got a chance to read the book 
titled 'Birth of a Theorem: A Mathematical 
Adventure' by Prof. Villani, I did not let it 
skip. I finished the whole book in a return 
train journey from Trieste to Milan and 
needless to say I thoroughly enjoyed it.  

But this book is slightly different than the 
other books I 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 I 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/
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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 I 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 Adventure) 
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 Smullyan, the master story - teller, wears 
many feathers on his cap: mathematician, logician, 
concert pianist, stage magician, amateur 
astronomer, puzzle master, teacher. He often mixes 
his talents, and creates amazing books on logic 
and puzzles, which often call fo r profound 
reasoning and mathematical deduction. His book, 
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 
on infinity. 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.  

I 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. 
I also found in part 5 "The envelopes paradox''. I 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/
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 mathematics and logic. 

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

 

 

The Steradian Trail 

Dhritishna Kalita 

Among my recent reads, «The Steradian Trail¬ by M. 
N. Krish caught my particular attention. Authored as 
Book #0 in a series entitled The Infinity Cycle, this 
thriller can be considered a fair endeavour in efficiently 
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 problemª. We are also introduced 
to Dr Lakshman Raman, friend of Joshuaªs and a 
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 Joshuaªs name. Ordered not to leave India for fear of attempt at his 
life, Joshua seeks Lakshmanªs help to get to the root of what actually was happening. 

An unwary Joshua and Lakshman find themselves in the face of a mystery that 
needs urgent solving. With Lakshmanªs brilliant student Divya to come to aid, they 
tread into a trail of clues that lead to the home of the great Indian mathematician 
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Srinivasa Ramanujan. The 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 jargon 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 
authorªs treatment of Ramanujanªs life, which just falls short of fair; I would have 
appreciated clever infusion of snippets from the story of his life. Whatªs good in this 
tale is that it keeps the reader glued. The mystery intensifies with time, and it keeps 
the narrative going. The author do esnªt miss subtle details: he has cleverly tried to 
offer a view of how the mind works, be it that of a cab driver or a middle - class 
family. 

Personally, I 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, I 
would say that «The Steradian Trail¬ is a decent attempt in the genre of mystery 
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 

http://gonitsora.com/the-legacy-of-srinivasa-ramanujan/
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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 
controversial and non- conventional. However, 
all these factors didn't deter Rbecca Skloot in 
her fabulous attempt at telling the story of an 
unsung hero of modern science, Henrietta 
Lacks. The name of Henrietta may not be so 
popular with us, but if you abbreviate her 
name to HeLa, then she becomes something 
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. 

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 HeLa 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. HeLa is everywhere, and 
every drug tested, every vaccine tested has been possible due to HeLa. The polio 
vaccine, your common cold medicine, etc have all been developed in no small part 
due to the help rendered by HeLa. But none of the Lacks family members knew 
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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 
and in other 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 
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 
love for physics are widely known everywhere 
in academia. There is perhaps not a single 
scientist who has not heard about the 
Feynman story and has been not inspired by 
that story. I am no exception to this, and I 
consider myself a hard- core Feynmanist. 

This week, I has the pleasure of reading a book which I 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 I 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


107  
 

http://gonitsora.com  

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 l 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 

Illustrations by Leland Myrick 

Publisher: First Second, New York 

Price: $19.99 

Rating: 5/5  
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The Imitation Game 

Manjil 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 Imitation Game¬. The movie 
is loosely based on the biography of 
Alan Turing by Andrew Hodges' titled 
«Alan Turing: The Enigma¬. Set in the 
World War II, 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 and cre 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/


110  
 

http://gonitsora.com  

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 centuryªs geniuses 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  

http://gonitsora.com/john-f-nash-a-beautiful-mind/
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Mathematics as a Career Path 

Manjil 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 th class in India.  

India has a rich tradition in math since time immemorial, and this has led to the 
establishments of 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 12th 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 offering a Bachelorªs degree in math are the Indian 
Statistical Institute(ISI), Bangalore and the Chennai Mathematical Institute(CMI), 
Chennai. ISI offers a B. 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 
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written test held in various centres of India in late May each year, which may be 
followed up by an interview later. Both I SI and CMI also admit students who have 
qualified in the Indian  National Mathematical Olympiad(INMO). For ISI 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 Olympiad in Informatics(INOI) and I ndian National Physics Olympiad(INPhO). 
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 Olympiad(RMO) wh ich is held 
in various centres throughout India in December every year. Similarly 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(ZIO).  

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 (IIT), Kanpur and the Indian Institute of Science (IISc), Bangalore. IIT 
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 th e five IISERs. 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:  

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

For Integrated MSc- PhD programmes the best places are:  

¶ Tata Institute of Fundamental Research (TIFR), Mumbai and Bangalore admits 
through a written test held in May and followed by an interview  

¶ IISc, Joint Admission Test for M.Sc. (JAM) followed by an interview at IISc  
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¶ The Institute of Mathematical Sciences (IMSc), Chennai admits through the 
National Board of Higher Mathematics (NBHM) exam followed by an interview  

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

¶ IISERs(Pune, 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 
programme, 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 
IISERs 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 o 
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), GoI may also be 
called for interviews at these institutes. Apart from these, CMI, ISI, IISc, 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, Rs.5000- 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 Careers 

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 out to become 
«math geeks¬ with an expertise in data, numbers, and spreadsheets. 

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.  
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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 annual 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 
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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 characteristics, and processes of Earthªs atmosphere. 

 

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. 
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11. Aerospace Engineer 

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

There work is more mechanical. They need to design spacecraftªs and planes to be 
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. Others 

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- mathematics- related- careers/ 

 

 

 

Five Aspiring Career Options in India 

 

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://www.naukri.com/
http://gonitsora.com/top-paying-mathematics-related-careers/
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¶ IAS: Despite being the toughest exam to crack, it offers one of the best 
careers in India. The mantra to 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. Successful IAS coaching 
institutes like Rauªs, Shankar IAS, Narayana, and Himalaya are based out of 
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 
videos 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 development 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 
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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.  

 

¶ 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. For example, medicine, architecture and engineering among 
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/  

http://www.learnito.com/
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 

 

Albert Einstein once said that mathematics is the poetry of logical ideas. Rightly put, 
the field of mathematics isnªt really about equations and symbol manipulation. It is 
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 kills, 
but offers a flexible foundation for obtaining lucrative jo bs for a secure future as well.  
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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 troubleshooting. 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 estate firms, 
publications, or telecommunications companies, the list 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 engineering 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. 

http://www.mathscareers.org.uk/article/who-employs-mathematicians/
http://jobsearch.naukri.com/mechanical-jobs
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Broader Horizons 

Arithmetic is one subject tha t 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 advancement. 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 and styles. 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 

Working in any capacity helps build relationships in the form of «contacts¬. Whether 
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.com. The 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- mathematics- can- change- life/  

http://www.payscale.com/college-salary-report-2013/computer-science-and-math-jobs
http://gonitsora.com/5-ways-degree-mathematics-can-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 
mathematical genius, or you just donªt have it. But is it really so? Isnªt there 
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 
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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 numbers. Numerous studies on Einsteinªs brain 
have revealed that his extraordinary analytical capabilities were a result of a brain 
that was different from others.  

 

More than anything itªs 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 witness 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 that the area of the 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 canªt do it and the fear that arises means they wonªt do it. Of 
course, Math is no monster and if it was w e would not have been able to solve 
so many critical problems of the human existence.  

However, it does suffer from an image problem. While you might see a 
mathematicianªs job or engineering jobs as the hardest 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 have sharp mathematical skills. 
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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 childªs ability to succeed in the subject. People who 
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 
than the gene theory. According to Mike Ellicock from National Numeracy, UK, «This 
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 
decreases.¬ Thus dropping such de - motivating statements from your conversations is 
the first step towards making your child a good mathematician and ready for making 
career in engineering. 

 

Confidence is Key 

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. Itªs like learning a new language. The more you practice 
the better you get at it.  

 

Itªs okay to falter 

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- mathematical- genius/ 

http://jobsearch.naukri.com/engineering-jobs
http://jobsearch.naukri.com/engineering-jobs
http://gonitsora.com/can-everyone-become-a-mathematical-genius/
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Career opportunities in Physics  after 

Class XII 

Chhavi 

 

Students who pursue the science stream in Class XI and Class XII 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. 
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Students who study science in Class XII 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 XII 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 course/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 XI and Class XII 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, personality as well as their strengths and weaknesses.  

Engineering branches which students who have studied Physics in Class XII 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 Engineering 
¶ 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 

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 XII. 

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
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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 XII 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 
XII 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 
telecommunications to 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 
¶ Systems 
¶ Application Programmer 
¶ Database Administrator 
¶ Information Technologist 
¶ Medical Transcriptionist 
¶ Network Administrator 
¶ Software Engineer 
¶ System Architect 
¶ Technology Manager 
¶ Web Developer 
¶ Multimedia Designer 

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. 
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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 XII is 
® Hardware. Since hardware mostly revolves 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 

Defense Services 

Another arena wherein it is mandatory for students to hav e studied Physics in Class 
XII and Class XII 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- opportunities- in- physics- after- class- xii/  

http://gonitsora.com/career-opportunities-in-physics-after-class-xii/
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Experiences at an PhD interview at IISc Bangalore 

Neeraj Singh Bhauryal 

 

This is the record of my int erview at IISc Bangalore for Integrated PhD program in 
Mathematics which took place on 28th May. So I was called at 2pm there and 
since I was 10th on the list my turn came at 6pm , I 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-  Sir it'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-  Sir currently I'm enrolled in Int - PhD program at IISER Mohali and I've just finished 
1st year of M.S there.  
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Prof B- So why do you want to leave there?  

I-  Sir I'm interested in Analysis and I think that IISc 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-  I think I 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 -  I think you must have seen it before but still can you tell whether the 
series В  converges or not? 

I-  ( I knew the general result that for p>1 the series В  converges) Sir it 
will diverge using integral test ( Then I 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 I had done its proof while preparing for TIFR's interview, drew the 
diagram and explained the details roughly)  

Prof G.B-  very good. 
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( 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 I knew 
next they are going to make out problems from them, wrote (R,+),  (Q 0ʌ, . ),  
(Z,+))  

  

Prof P-  You wrote all abelian groups , write some non - abelian groups! 

I- ( For 10 secs I co uldn't remember any non- abelian group, thoughts were coming 
in my mind like <em>paani main doob mar beta IISc ka interview hai aur non -
abelian groups ni pata</em>!), then wrote Sn,Dn. 

  

Prof P-  Okay so is (Q 0ʌ, . ) cyclic?  

I-  ( thought for a while ) It won't  be cyclic since it has exactly two elements 1, ī1 
of finite order while (Z,+) have only one element of finite order so that they both 
can't be isomorphic. 

  

Prof B-  Okay then is (Q+,.)  ( group of positive rationals wrt multiplication) cyclic?  

I-  ( thought for a while ) it can't have generator of the type  for any q Qɴ 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 . 
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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 ( ī1,1)?  

I-  yes, f( x)=sin2 x̄ 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 f( ) ?  
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I-  1 

  

Prof N-  So this example wont's work since 1 is not in the co - domain. 

I-  ( then I just drew the line joining the points (0, ī1) and (1,1)).  

  

Prof B-  Write down the function. 

 

I-  f( x)=2 xī1 

  

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 I was not getting the function 
and then wrote f( x)=sin2 x̄)  

  

Prof B-  Now can you give an example of continuous onto function from [0,1) to 
( ī1,1)  

I-  ( I tried to find some function explic itly for few minutes but failed ) Sir can I 
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,y=ī1,y=1, but was not able 
to draw the required one)  

  

Prof B-  At least start somewhere at x=0. 
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I-  So finally I drew a function starting from (0,0) and monotone function like sin x 
which is incr easing 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 f( x)= x2sin  which really works, 
the similar graph I 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 start at x=0, f( x)  won't 
able to take values below f(0) 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-  ( I did this theorem day before interview, but I was not much confident whether 
I remember that one!) yes sir I 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 f(0)=0?  

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 cɱÍ0 st f( c)=0 , so that f is not one -
one and similar it can be done for any value of f(0).  

  

Prof B -  Yes!   
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Prof N-  Let f( x): S1ŸR be continuous function, prove that it can't be one - one or 
precisely prove that xɱ Sɴ1 such that f( x)= f( īx) . 

I-  ( I had no idea for this one) . 

  

Prof N-  I hope you've done some topology?  

I-  Yes sir.  

  

(After a while)  

Prof N-  let me give you a hint, consider the function g( x)= f( x) īf( īx)  

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 S1!  

I-  (Thought for a while but was not getting anything)  

  

Prof G.B-  Okay Neeraj, I think you can do this problem later on.  

I-  Thank you sir.  

 

So my interview went for around 50 mins and I think questions were not quite 
tough. I got to know after few days that I've not qualified the intervi ew, I think I 
was not quick at many places which made them doubt on me and the last one I 
couldn't do which made a bad impression before leaving. But it was fun to be at 
IISc where I stayed f or 3 days thanks to Amar bhaiya , the campus is really beautiful 
and I really recommend IISc to everyone whose interest area is Analysis as it has 
the best faculty in the country.  



140  
 

http://gonitsora.com  

Experiences in an interview at CMI 

Anjan Debnath 

 

11.45 am. 19th June, 2012. 

I was standing outside the door of room no. 5. My heart bit was running like mail 
express. I was trying make myself cool and comfortable but I was unable to do so. 
I knew it no matter how much struggle I do to make myself easier for the interview, 
whenever I would enter the interview room, definitely I would get nervou s. May be 
that is why I was sweating.  

Itªs been a long time I was waiting for this day. While I was in my B.Sc, I 
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 I cracked all most all entrance exams in 
Mathematics for getting admitted in M.Sc. but I couldnªt get success to pass CMIªs 
entrance exam. But luckily that time was the second appearance and I did well. I 
knew it I will be called for final merit list and bingo!! After the final list was 
published, I found my name at the top of the list. Unfortunately I was unable to 
join CMI that year. But I made it again this year. I can remember I 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 appear the exam? You are completely 
detached from the study materials.¬ I was smiling because I knew my confidence 
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level. I knew that the moment I would get the question paper, I would be able to 
write the right answer because my concept was clear. After appearing and getting 
selected all most all entrance exams of prestigious institutes, if I canªt crack CMI, 
then what had I  learnt? And it happened. I can remember the invigilator was laughing 
at me during the exam hour of CMI written test. She asked me after the exam, 
«You did well, isnªt it?¬ I replied «Yes maªam. How did you realize?¬ She smiled, 
«the way you were sitting it seemed like you have written all the  answers. Am I 
right?¬ I told, «Ya, but not a ll. I covered 90 out of 100.¬ «H̄ow much time did 
you take?¬ I told, «Merely 45 minutes.¬ 

«Anjan. Hey you there!!¬ one interviewer was standing few steps ahead of me and 
was calling me. I returned to the ©CMI-  realityª from my memory recalling. «Yes 
sir?¬ «Please wait few minutes. Weªll call you soon¬. I nodded my head. Heartbeat 
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. I came here through the CMI shuttle which departed from IMSC, 
another A grade level research institute in mathematics in Chennai. In the shuttle, I 
was seated. «Interview today huh?¬ question came from my behind. I looked at the 
person and answered, «Yes sir.¬ «Hmm. Whatªs your name?¬ «Anjan. Anjan Debnath, 
sir.¬ «All the best for today¬ he smiled. I donªt know but a strong feeling attacked 
my mind, most probably he would be in the interview panel. And I was right. After 
reaching CMI and getting down from the bus, he told me, «Please go and wait in 
the class room 5. We shall call you.¬ I donªt know but immediately got nervous by 
knowing that after f ew minutes, I have to enter ©the operation theaterª. 

 

12.05 pm. 

«- Anjan¬ 

«- Yes sir?¬ 

«- Everyone is waiting for you. Please come.¬ 

I kept my college bag in the classroom. Then I marched towards the Interview room.  

It was a big hall after all. Actually it wa s a class room. I saw at least 7 professors 
were sitting there. Each was sitting individually in a different style and each was 
occupying one desk. It seemed like their attitude was telling me «come boy. Let us 
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start your biopsy¬. I was standing in the middle of the class for I think at least 1 
minute. The person whom I met in the shuttle was also there. He asked me , 
«Please be seated¬. I took my sit but I was staring them. He again smiled, «donªt 
panic Anjan. Everything will be fine. We wonªt eat you now.¬ Just after few moments 
all interviewer started laughing. I became confuse if I should join them or not.  

Then it began.  

«- So Anjan, in your application you have written that you have done something on 
Number theory.¬ 

«- Yes sir.¬ 

«- You mean research work right?¬ 

«- Umm£ya you can say that sir.¬ 

«- Ok. Will you please tell us something about it?¬ 

«- Sure sir.¬ I moved to the board, took the chalk and started, «The paper is on 
Bealªs Conjecture which is the generalization of Fermatªs Last theorem.¬ They were 
looking at each other. I knew it why. If a student says he had done something on 
Fermatªs Last Theorem, well, at least math people will look at him in total disbelief. 
I continued, «Now FLT, means Fermatªs Last theorem says that if n be any natural 
number greater than 2 then the equation xn+yn=zn will have no integral solution. 
Bealªs conjecture is almost same as it. It says that if x, y, z are co - prime then 
xa+yb=zc will have no integral solution provided a,  b, c are natural number greater 
than 2.¬ 

«- Ok. So how did you proceed?¬ 

«- Coming to that point sir. First of all, I considered a more general form of this 
equation and let££¬ 

I wonªt make the reader bore after describing this part. Also it is related to my 
research area so I need to skip it.  

«- Hmm. Impressive. Have you sh own your paper to any one yet?¬ I nodded my 
head left to right and right to left. «Well you should do that¬, one of the interviewer 
advised, «Anyway, shall we ask you something from your course?¬ «Sure sir¬, I 
replied. 

«Which topic would y ou prefer?¬ 
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«aammm, number theory sir.¬ 

«Ok. What have you studied in Number theory?¬ 

«GCD, Congruence theory, Binomial theorem, primitive roots, Quadratic reciprocity 
law£.¬ 

«What is primitive root?¬ 

«Suppose n is any natural number¬, I started writing on the board,¬ and consider 
the set U(n)={ r is natural number such that (r,n)=1 i.e. r and  n are relatively 
prime}. Then - ¬ 

«Suppose that n is 8. Then?¬, one of the interviewer interrupted me. I told, «Well 
then the set will be simply {1,3,5,7} .¬ He asked, «And then? Why did you 
stopped? See, r is not bounded.¬ 

I looked at my write up. Opps!! I made  my first mistake. «Sorry sorry, sir it will 
be { 1 Ò r Ò n ..}¬ I told. 

«Oohhk¬ he chuckled. «Please continue.¬ 

«Now under the multiplication this set will be a group£.¬ Again I was interrupted,¬ 
Is it multiplication or something else?¬ they asked. I stopped again, thought again 
and then replied that multiplication modulo n would be there. «But you didnªt mention 
it!¬ I told myself so what? I am telling now. But being polite I answered him, 
«sorry sir, my mistake¬. 

I understood my biopsy had been started already.  

«Ok, leave it Anjan. Suppose that as you said, U(n) is a group. Will it be 
ableian?¬ «Of course sir¬, I told. «Why?¬ they asked. «Because the binary operation 
is multiplication modulo n and that is commutative¬. They seemed to be little cooled 
down but then again they started, «So will it be cyclic?¬ 

«No sir, U(n) is not in general cyclic but if n is of the form 2, 4, pn and 2 pn£.¬ 

«What is p here?¬ 

«p is odd prime. If n is any one of this form then only U(n) will be cyclic.¬ 

One of them fired the bullet, «Can you prove the case of 2 pn?¬ 



144  
 

http://gonitsora.com  

I was stunned. At that moment it was not c oming to my head. I told him, «Sorry 
sir, I donªt know¬. 

He stared at me and af ter few moments he told, «No problem. So if U(2pn) is 
cyclic then can you write the structure of it?¬ Well that was easy. I knew the 
relation between U(n) and Z/nZ group. I started writing the isomorphic relations 
one by one. But then I got stuck and start ed thinking. 

I was very tensed this time. After few minutes, one of the interviewer asked me,¬ 
what about U(2 Pn)¬ which I till then didnªt write. Suddenly it hit my brain and I 
completed the list. He asked, «Is this your list or you want to contrib ute more?¬ I 
relied, «No sir, thatªs all.¬ 

They point out one of the relation between them which was U( pn)=Z/( pnīὴ )Z. 
I was asked, «what is the order of U(pn)?¬ I replied, «its pnīὴ .¬ 

«- Can you prove that?¬ 

«- Let us consider the set A={1,2,3,£.,pn}. Then as we can see that the numbers 
prime to p are nothing but p, 2p, 3p, £, ὴ p viz. ὴ  so£.¬ 

«- Ok thatªs enough! We understood you can do it. Letªs move on to next question.¬ 
I relaxed myself again. Thank god!  

Meanwhile another professor entered the room. He became my next interviewer, «Ok, 
now I am giving you a number theory problem. Solve it¬. I nodded my head in 
agreement. 

«- Prove that the binomial coefficient nCr is integer for all.¬ 

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 I had used this but when I was 
asked to prove it, I donªt know what had happened to me. My brain got blank. I 
started mumbling. I tried. I wrote the combina tion formula, then told t hem, «As we 
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 integers is divisible by r factorial.¬ 

Uff! I was feeling myself as ©Abhimanyuª, surrounded by ©the saptaratheeª. One 
person attacked this side then other person from other side. I was totally drooled, 
«sorry sir¬. 
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«- well itªs easy. You can use induction.¬ 

I didnªt understand where I should use induction as there were n as well as r. I 
did some calculation but then the professor answered, «Its very easy. Suppose it is 
true for all n and all r such that 0  Ò r Ò n right? Then use the triangle rule 
nCr+nC(r- 1)=(n+1)Cr. It will be done.¬ 

I did exactly what he said. Then I smiled in shame, «Yes, you are right.¬ 

«- Easy isnªt it? Did you know this before?¬ 

I 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 Number theory?¬ 

«- Nivan Zuckerman£.¬ 

«- But that book is not enough. It is full of theory. Better you should focus on 
theory part also. What are the other subject area did you study in M.Sc?¬ 

I replied, «Algebra, Real analysis, Complex analysis, ODE PDE £¬ 

«- Which book did you follow for abstract?¬ 

«- Sir, personally I 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?¬ 

«- Artin, Herstein, Dummit and Foote and some others.¬ 

«- Shall we ask you from analysis?¬ 

«- Real?¬ 

«- Ok, as you wish. Suppose that X,  Y, Z be there metric space£..¬ 

Another interviewer interrupted him, «wait wait. Let us start from basic place. Anjan, 
suppose that f is a real valued function such that its second derivative is discontinuous. 
Can you give some example?¬ 
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The former interviewer seemed little disappointed, «listen Anjan, what ever you want 
to write, make it correct and complete. You  are a math student so you canªt cancel 
or change what you write here. You may take your time, think it or?¬ 

«- Yes sir. Please give me some time then I can solve this problem¬. 

«- Hmm. Take your time.¬ 

I started scribbling on the board. Seeing that I was fa r away from the  answer, the 
professor asked, «Hint?¬ 

I looked at him. He told, «You see particularization will not be helpful. Letªs think 
on general. Suppose that you are given a function of Cn class. How can you get 
a ὅ  class function?¬ 

How come on earth that could be a hint to my problem I couldnªt understand. I 
was silent. 

«- What operation helps us to get a 4 th degree polynomial from a given 5 th degree 
polynomial?¬ 

«- Its differentiation, sir.¬ 

«- What operation helps us to get 5 th degree polynomial from a given 4 th degree 
polynomial?¬ 

«- Integration¬, smile came back to my face. I caught the clue. 

After that it was easy. I make the polynomial function with component wise part 
discontinuous at exactly one point. Then integrate it. While I was adjusting the 
constants, they concluded the interview, «thank you Anjan. Thatªs enough¬. 

I stopped. Took out the handkerchief, remove the sweat from my forehead. «How 
do you feel now?¬ they asked. They were smiling. I replied, «Nothing special sir.¬ 

«- Have a good day then.¬ 

After then, there was nothing to do. I came out fro m the room and watched my 
watch, it was 1.10 pm. So at least one hour I have spent in the ©operation roomª. 

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 
12th 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 I filled while applying and my written exam.  

They saw my profile in the application form, and were little surpri sed to know that 
I had done BE.  
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Interviewer: Oh, BE?  

Me: Yes sir, I did BE in electrical engineering from Delhi College of Engineering. 
After that I joined Mahindra Two Wheelers, R&D, in Pune as Electrical designer.  

 

Interviewer: I 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 r than that I 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 I 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, I was interested in mathematics from class 12 but I 
started preparing seriously last year only. 

 

Interviewer: Okay Neha, have you studied analysis? I mean, calculus.  

Me: Yes sir.  

 

Interviewer: sequences, series? 

Me: Yes 
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Interviewer: What do you mean by convergence of a sequence?  

I explained by using the īɻ  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. I didnªt do it correctly in the written. I 
did the proof correctly in the interview. The in terviewers asked some questions about 
small details in the proof e.g. I used the word limit function, they asked me the 
definition of it. I used the symbol fn( x) , they asked me which n is this.  

 

Interviewer: What is a series?  

I gave the definition. I used the word partial sum. They asked me what partial sum 
is. Whichever new word I used, I was asked to define it.  

 

Interviewer: Is the series  convergent? 

Me: Yes 

Interviewer: How? 

I started proving it using integral test.  

 

Interviewer: How are you doing i t?  

Me: Sir, I am u sing integral test to prove it.  

Interviewer: What is integral test? Why will it work?  

I told that sum of series is bounded by integral of  and I plotted the graph of  
for positive x. They were asking me how you can say that it is bounded. The 
mistake I had made was that I plotted the graph from zero when the sequence 
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started from 1 (it was going towards infinity near zero so area was not bounded). 
I 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 I was hoping them not 
to ask from this but I 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 n×n matrix A, and a vector x of size n, then xTAx should 
be positive. 

Interviewer: For which x?  

Me: For all x. 

 

Interviewer: Are you sure. Is it true when x is null vector?  

I got little confused. I started solving  xTAx for 2×2 matrix. 

 

Interviewer: Donªt 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 
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Interviewer: Using this definition can you prove that eigenvalues of a positive definite 
matrix are positive. 

I proved it by multiplying xT 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 I have vectors, x1,x2,£,xn and scalars a1,a2,£,an, then the only solution to 
the equation a1x1+a2x2+Ễ+anxn=0 is a1=a2=Ễ=an=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 preparinḡ  

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. I used the books mentioned on CMI website. In addition, 
I 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 I 
referred math.stackexchange.com. I 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 I 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/
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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 
Encyclopaedia of 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 I am a liar. 
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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 : I used to beat her, now I don't.  

NO : I used to beat her. I continue to beat her.  

Your audience 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 
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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.  
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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 20,000or80,000, 
each with probability .5. Hence the expected gain of swapping is  

[0.5 x  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. 5 x 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 this article. The 
author invites particularly members of the academic community (both teachers and 
students) to react.] 
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ƀŅŇŗɶŇ ĻŘŵŇ ōŖǴŖŃ ǺŖŝťŖŗĶĴ ĶŗłŃŴ ǺŋŖŵ ĩŴř ŗŊ́śŗŃ 

ŁŭőŐˋļŏ ĭŏĭŐļ 

 

ŹľŀŐɯŀ ĴőŮŀļ ĢŐŅ ĢŅŏŭ ġňŐȖŖļ Ń ̯ ŸȖǭļ įŐĻļ- ŐŃȵŏŀŭ ŋŌŏŞ Źň ĢŐŌŖĳŏĞĜ ŋĞĲŏ 
ġĽƨļ ĭªŃŗň įªŸň ĭĭŏ- ĢŖĴŏĭĭŏŭ ŐľŀŭŁŭŏģ ĢŐŅ ǳŏŖŞŏŐįĭ įŐĻļ (Applied 
Mathematics)ŭ īŁŭļ ĭŅ- ŸŃŐĳ ŁŐŭŅŏŖĻ Őŀńƨŭŉőň ŸŌŏŮŏ ŁŐŭňŐȖļ ŌŞĜ 

ĢŅŏŭ ŁœŃƨŁŒŭŒŊŋĭň ĢŐĳň ǳĿŏŀŗĭ ĭŔŐŊĴőŮő ŸňŏĭĜ ŉŋǝ ŉǝŏŅňŏ ŁĽŏŭĮŖŀģ Ÿņŀ ŸļīĞŖňŏĭŭ 
ŐŌŞŏŭ ĢŅĸŒ! ŐŀĴ Ōŏļŭ Łŭŉļ ňŌŁŌŗĭ ŃŏŐŝ ġŌŏ ŸŋĥĴőŞŏ ĿŏŀŐŀĮŀŭ ŀŞŀŏŐńŭŏŅ ľŔŉǝģ 
ŐņľŖŭ ŸļīĞŖňŏĭŭ ŃŒ˙ ĴŒŭ ŸŁňŏŃ ŁŏŐŭŐĳň; ļŏŭ ŃŏŐŌŖŭ ĢŭŒ Ģŀ ĩŖĭŏŖŮģ ŸļīĞŖňŏĭĭ 
ŸļŖŀľŖŭ ŋŒĮő ĭŐŭ ļŒŐňŃ Łŭŏ ŀŏŐĳňĜ Ņŏȃ ĲŌ ĭŐŭŃŭ ŃŏŖŃ ŸļīĞŖňŏŖĭ ŀŏıň (P lough) 
ŀŏŅŭ ĩŐŃĿ ŋĞĴŒŐň ŃǝŮŌŏŭ ĭŐŭŐĳňĜ ĢĿŒŐŀĭ ņŒįļ Ń̯Ŗļŏ ĭŔŊŖĭ ŸĮŐļŭ ŃŏŖŃ ŸǨȉŭ, ŁŏŮŏŭ 
ȃňŏŭ ĢŐľŭ ľŖŭ ĥɳļ ǳņŒŐȍ-ŐŃľǝŏŭ ŋŌŏŞ ňŞ ņŐľī ǡŏŅǝ ĴőŮŀŏľŉƨļ ġńǝ˃ ņŖĽʱ ŋğĮǝĭ 
ĭŔŊŖĭ ĩŐļŞŏī ĩģŐŃĿ ŋĞĴŒŐňŖĭ ŸļīĞŖňŏĭŭ ĭŔŐŊńœŐŅ ĲŌ ĭŭŏŭ ŃŏŖŃ ŃǝŮŌŏŭ ĭŖŭĜ įŏŐĻŐļĭ 
ľŔŐɦńğįőŖŭ ňȖǝ ĭŐŭŖň ĩģ ŀŏıň ŀŏŅŭ ŋĞĴŒŐňŐŃĿļ ŐǭŖĭŏĻŐŅŐļ (Trigonometry)ŭ ŃǝŮŌŏŭ 
ŁŐŭňŐȖļ ŌŞĜ ŸĮŐļŞĭŋĭŖň ŀŏıň ŋŏŖĴŏĞŖļ ļŏļ ©Ĥͦ ŅŏŐŭª ňįŏŞĜ ŃŏŐŭŊŏ ĢŭŒ ĮŭŏŐňŭ 
ŸȖǭļ ĩģ Ĥͦ ŅŏŐŭĹŏň ňŖįŏŮŏŭ ĩĭ ŐŀŐľƨʱ ŸĴŏĮ ĢŖĳĜ ŅŏŐŭĹŏň ŀŏıňŖķŏļ ňįŏīĞŖļ ǳĽŖŅ 
łŏňĳķŏŭ Ģįłŏňŭ ŉőŊƨŐŃɯŒ (Vertex)ŸķŏŭŁŭŏ ŀŏıň ĢŭŒ Ĥͦ ŅŏŐŭŭ ŸĭśŐĻĭ ŐŃɯŒ (Angular 
point)Źň ŸĴŏĮ ŸňŏŮŏ ŌŞ ĢŭŒ ļŏŭŐŁĳļ ŸĭśŐĻĭ ŐŃɯŒŖķŏŭŁŭŏ Ĥͦ ŅŏŐŭĹŏŖňŐľ Ÿŋģ ŋŅŏŀ 
ľœŭ˰ ĢįŃŏŐŝ ŸņŏŮŏ ŌŞĜ ŅŏŐŭĹŏňŭ ŐņŖķŏ ŐŃɯŒ (Point)ļ ĩģ ľœŭ˰Ŗķŏ ŸŉŊ ŌŞ, Ÿŋģ 
ŐŃɯŒŖķŏŭŁŭŏ ŋŅŏŀ ľœŭ˰ łŏňĳķŏŭ Ņœň ŐŃɯŒ (Point of origin)ŭ łŏŖň ĢįŃŏŐŝ įªŸň ĩģ 



158  
 

http://gonitsora.com  

ŐŀŐľƨɦ ŸĴŏĮŖķŏ łŏňĳķŏŭ ŉőŊƨŐŃɯŒŖķŏŭŁŭŏ ġňŁ ľœŭ ĢįŃŏŐŝ ĽŏŖĭĜ ĩģ ĢįŃŏŐŝ Ľĭŏ ŸĴŏĮŖķŏ 
ĢıŒŐňŭ ŐŌĲŏŁļ ŸňŏŮŏ ŌŞĜ ĢįŃŏŐŝ Ľĭŏ ŸĴŏĮŖķŏ ŧ ĢıŒň ŌªŸň ŸŃŐĳ ŸŃŏĭŏ Ņŏȃļ ĢŭŒ 
Ŧ ĢıŒň ŌªŸň ĭŅ ŸŃŏĭŏ Ņŏȃļ Ōŏň ŃŏŃŗň ŋŒŐŃĿŏ ŌŞĜ ŸĮŐļŞĭŋĭňŭ ńŏŊŏļ ĩģ ŸĴŏĮŖķŏĭ 
©Ÿŋīª ŃŒŐň ŸĭŏŮŏ ŌŞĜ ĩŞŏ ŃŏŐŭŊŏŭ ŀŏıňŭ ŸĴŏĮĜ ĮŭŏŐň ŅŏŌļ ̛ĭŏŀ Ņŏȃļ ĩģŖķŏ ŸĴŏĮŭ 
ŀŏıŖňŖŭ Ōŏň ŃŏŃ ŸŀŏŮŏŐŭ; ĭŏŭĻ įŭŒŭ ŸĸğŖĭģķŏ ̛ĭŏŀ Ņŏȃŭ īŁŭļŖŌ ĽŏŖĭ, ļňŗň ŸŋŏŅŏģ 
ŀŏņŏŞĜ ŸļŐļŞŏ Ŧ Ńŏ ŧ ĢıŒňŭ ŸĴŏĮŖķŏ ť ĢıŒňŗň ĭŅŏģ ŸňŏŮŏ ŌŞĜ ģŞŏĭ ©ĥ ª͞ ŃŒŐň 
ŸĭŏŮŏ ŌŞĜ Ĥͦ ŅŏŐŭĹŏň ŀŏıňŖķŏļ ŋğŖņŏį ĭŖŭŏĞŖļ Őĺňŏ ŀŌªŃŭ ŃŏŖŃ ŃŏĞŌŭ ŋŭŒ ķŒ˙ŭŏ ĩķŏ 
ňŖįŏŮŏ ŌŞĜ ģŞŏĭ ©Łŏȃª ŃŒŐň ŸĭŏŮŏ ŌŞĜ ©Ÿŋīª ŀŏıňŭ ŃŏŖŃ Ĥͦ ŅŏŐŭĹŏňŭ īŁŭłŏŖň ĢŭŒ 
©ĥ ª͞ ŀŏıňŭ ŃŏŖŃ Ĥͦ ŅŏŐŭĹŏňŭ ļňłŏŖň ĩģ ŃŏĞŌŭ ©ŁŏȃªŸĹŏĮŭ ňŖįŏŮŏ ŌŞĜ 

ŀŏıňŭ ŃŏŐŌŖŭī Ÿĭŏŭ ŉŏŖňŏŖļ, ġĽƨŏǂ Ÿĭŏŭŭ ŀŏň ňįŏīĞŖļī ŐǭŖĭŏĻŐŅŐļŭ ŃǝŮŌŏŭ ŸŌŏŮŏ ŸľĮŏ 
ņŏŞĜ Ÿĭŏŭŭ ŀŏňĹŏŖň ļňŭ łŏňŭ ŸňŏŌŏŭ ŃŌň ġğŉŭ ňįļ ũţǓ ŸĭŏĻ ĭŐŭ ĽŏŐĭŖň Ńŀ 
ŐĲ˙ĻŏŃŗň Ńŏ ŐŅŐŌŗĭ ˙ŐŭŃŗň ŋŒŐŃĿŏ ŌŞĜ 

ļľŒŁŐŭ łňŭ ńŭļ ŌŏŐň ġŌŏ įĳļ Ÿĺŏĭŏ ŐľīĞŖļī ŐǭŖĭŏĻŐŅŐļŭ ŃǝŮŌŏŭ ŸŌŏŮŏ ŁŐŭňŐȖļ 
ŌŞĜ ĥľŏŌŭĻ̮ŭœŖŁ, ĭňįĳ įĳ ĩŖĴŏŁŏŭ īŁŭ ġğŉŖķŏ ŸņŐļŞŏ ĭňŭ ©ŸĽŏĭªŸķŏŭ ńŭļ Ņŏȃŭ 
łŏŖň ŌŏŐň ŁŖŭ, ŸļŐļŞŏ įĳŖĴŏŁŏ ŸŁŏŀ ĭŐŭ ŭŏŐĮŃŭ ŃŏŖŃ ĩĹŏň ŃŏĞŌŭ ŅŏŐŭ įĳŖĴŏŁŏ ŌŏŐň 
Łŭŏ Őľŉļ ńœŐŅ(Ņŏȃ)ŭ Łŭŏ įŏ-įĳ(ĭňŖĽŏĭŭ īĲŭŗň)Ĺŏňŗň ňįŏģ ŐľŞŏ ŌŞĜ įĳŖĴŏŁŏģ 
ńœŐŅŭ ňįļ ŐņŖķŏ ŸĭŏĻ ĭŐŭ ŌŏŐň ŁŖŭ, ŸĺŏĭŏĹŏňŖĭŏ ńœŐŅŭ ňįļ Ÿŋģ ĩŖĭ ŸĭŏĻ ĭŐŭ ňŖįŏŮŏ 
ŌŞĜ ņŐľŖŌ įĳŖĴŏŁŏģ ńœŐŅŭ ňįļ ũţǓ ŸĭŏĻ ĭŐŭ ŌŏĥŐň ĽŏŖĭ, ŸļŖɫ ŸĺŏĭŏĹŏňŖĭŏ ńœŐŅŭ 
ňįļ ũţǓ ŸĭŏĻ ĭŐŭ ňŖįŏŮŏ ŌŞ ĢŭŒ ŸļŐļŞŏ įĳŖĴŏŁŏ, ŸĺŏĭŏĹŏň ĢŭŒ ģŌĞļŭ ŅŏĴŭ 
ŅŏȃŐĮŐŀŖŞ ĩķŏ ŋŅŃŏ̯ ŐǭńŒĴ (Equilateral triangle)ŭ ŋŔŐɦ ĭŖŭĜ ĢŖĭś, ņŐľ įĳŖĴŏŁŏģ 
ņŐľ ńœŐŅŭ ňįļ ŧŨǓ ŸĭŏĻ ĭŐŭ ŌŏĥŐň ĽŏŖĭ, ŸļŐļŞŏ ĩķŏ ŋŅŖĭŏĻő ŋŅŐ˶Ńŏ̯ ŐǭńŒĴ (Right 
isosceles triangle) ĥǂŁɳ ŌŞĜ 

Ńĳŭŭ ŐŃ̯Ŗķŏ ġŋŅőŞŏŭ ŃŒ˙ŭ ˙ķŒŅĜ ŐŃ̯ŗň ŸĭģŃŏŐľŀ ĽŏŖĭŏĞŖļģ ǡŏŅǝŏȷňļ ŸĺĞĭőŭ ŉʄģ 
ĮňĭŐŀ ŸļŏŖňĜ ŸĹĭŏ-ŃŒŝŏ-ĢľŌőŞŏ ŋĭŖňŏŖŭ Ņŀ Ģŀɯļ ŀŏŐĲ ĥŖĸĜ ĢŖŅŏľĴŀĭ ĭĽŏŖķŏ 
Ōªň Ÿņ, ńŏňŗĭ Ņŀ ĭŐŭŖň ĩģ ŸĺĞĭőŖķŏŖļŏ ĢŀŐĭ ĢŐŅ įŐĻļŭ ŃǝŮŌŏŭ ŸľŐĮŃŗň ŁŏīĞĜ 
ŸĺĞĭőŭ ŸĽŏŭŏŖķŏ ňįŏīĞŖļ ģŞŏĭ ŸĺĞĭőŖķŏŭ ňįļ ŬţǓ ŸĭŏĻ ĭŐŭ ňŖįŏŮŏ ŌŞĜ ĢŀŌŏŖļ ©ĢŊň 
ŉňŏªĹŏŖň (ŖĺĞĭőŖķŏ ĭķŭŏŖņŏŭŭ īŁŭļ Ń̯Ůŏģ ŭŏŐĮŃŭ ŃŏŖŃ ŸĺĞĭőŖķŏŭ ŅŏŖĴŖŭ łŒķŏ ĭŐŭ 
ňŖįŏŮŏ ŅŏŐŭ) ŸĺĞĭőŭ ňįļ ŤūţǓ ŸĭŏĻ ĭŐŭ ĽŏŖĭĜ 

ġŋŅőŞŏ ŐŉŐŁŀőŭ ŐŀŁŒĻ ĭŏŅ-ĭŏŖĴ ŐŃŖľŉŖļŏ ǳŉğŋŏ ŃŒķŐňŃŗň ŋȖŅ ŹŌŖĳĜ ŐŉŐŁŀőŋĭňŭ ĩģ 
ļŏĞļŉŏňĮŖŀī įŐĻļŭ ŃǝŮŌŏŭļŖŌ ŁœĻƨļŏ ŁŏŞĜ ļŏĞļŉŏňĮŀŭ Ņœň ĮŒĞķŏ ĲŏŐŭķŏŖŭ ĢŃŔļ ĸŏģŖĹŏĮŭ 
ĢŞļŖȖǭŏĭŏŭ ŹŌ ĽŏŖĭĜ ŸŃŏŮŀőŖŞ ŐņłŏŖň ŃŐŌ ļŏĞļ ŃŞ, Ÿŋģłŏňŭ ĮŒĞķŏŖņŏŭŭ ňįļ įŏŖļ 
ňŏŐį Ľĭŏŗĭ ©ŁŒŐň ĮŒĞķŏª ŀŏŅŭ ĩŖņŏŭ ŋŭŒ ĮŒĞķŏī ňįŏģ ŐľŞŏ ŌŞĜ ĩģ ŁŒŐň ĮŒĞķŏŖņŏŭŭ ňįļ 
ňŏŐį Ľĭŏ Ĺŏıŭ ĮŒĞķŏŖņŏŭļŗĭ Ģįłŏňŭ ĮŒĞķŏŖņŏŭ ĩĴŒňŐŭ (ĩŖŃŖįļ) ĲŏŁŭ ŌŞĜ ĩģ Ņœň ĮŒĞķŏ 
ľŒŖņŏŭ ŋğŖņŏį ĭŭŏ İŏļ İŏļ Ľĭŏ ŅŏŐŭĹŏňĭ ©ŋŏĞŖĭŏŅŏŐŭª ŸŃŏŖňĜ ĩģ ŋŏĞŖĭŏŅŏŐŭĹŏŖň ŁŒŐň 
ĮŒĞķŏŖņŏŭŭ ňįļ Ľĭŏ Ĺŏıŭ ĮŒĞķŏŖņŏŭŭ ňįļ ǳŏŞ ũţǓ Ņŏŀ ŸĭŏĻ ĭŐŭ ĽŏŖĭĜ ĲŏŐň-ŅŏŐŭ(ľŒģ 
ŋŏĞŖĭŏŅŏŐŭŭ ŅŏĴļ ŁĽŏŐňŗĭ Ľĭŏ ŅŏŐŭ)Ĺŏň, ŸķŏŖňŏĸŏŖķŏ ĢŭŒ ŭŏĞĲĮŀ ŋŅŏɫŭŏň (parallel) 
ńŏŖŮ ĽŏŖĭ; ģŌĞļ ĢķŏģŖĭģķŏģ Ņœň ĮŒĞķŏ ľŒŖņŏŭŭ ňįļ ŋŅŖĭŏĻ(Right angle) ĥǂŁɳ ĭŖŭĜ 
ļľŒŁŐŭ ļŏĞļŉŏňŭ ňįļ ĴŐŜļ Ģŀ ĩŐŃĿ ǳŖŞŏĴŀőŞ ŋĞĴŒŐň ņĞļŭ(Spinning wheel)Ÿļŏ 
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ŋŅŏɫŭŏň ŸŭĮŏ (Parallel line)ŭ ĿŏŭĻŏŖķŏ ǳŖņŏĴǝ ŌŞĜ ņĞļŭŭ Ĺŏıŭ ĲĭŭőŖķŏ ľŒķŏ ŋŅŏɫŭŏň 
ĮŒĞķŏŭ ŅŏĴļ İœŐŭŃ Łŭŏŗĭ ĩĹŏň ŅŏŐŭŭ ˶ŏŭŏ ŋğŖņŏį ĭŭŏ ŌŞ, ģŞŏĭ ©ĿŒŭŏ ŅŏŐŭª ŸŃŏňŏ ŌŞĜ 
ĩģ ĿŒŭŏ ŅŏŐŭĹŏň ńœŐŅŭ ňįļ ŋŅŏɫŭŏň ńŏŖŮ ĽŏŖĭĜ ņĞļŭŖķŏ ĿŐŭ ŭĮŏ ĮŒĞķŏŖņŏŭ ģğŭŏĴő ©Tª 
ĢĭŔŐļŭ ĭŏĸ ĩĲķŏŭ īŁŭļ ˄ŏŁŀ ĭŭŏ ŌŞĜ ĭŏĸĲķŏŭ ĢŀŖķŏ ŅœŭŖļŏ ĩŖņŏŭ ŋŭŒ ŋŅŏɫŭŏň 
ĮŒĞķŏ ˄ŏŁŀ ĭŭŏ ŌŞĜ ĩģ ĮŒĞķŏ ľŒŖņŏŭŭ ŅŏŖĴŖŭ Łŏŭ ĭŭŏ ŅŏŐŭĹŏňļ ĩķŏ ŋŭŒ Ĳĭŭő ŋğňȜ ŹŌ 
ĽŏŖĭ; Ĺŏıŭ ĲĭŭőŖķŏŭŁŭŏ ŋŭŒ ĲĭŭőŖķŏŗň ķŀŏ ŭĲőĹŏň İœŭŏīĞŖļ ŋŭŒ ĲĭŭőŖķŏŭ ňįŖļ ŅŏŐŭĹŏŖňŏ 
İœŖŭ; ŐņĹŏň ńœŐŅŭ ňįļ ŤūţǓ ŸĭŏĻ ĭŐŭ ĽŏŖĭĜ ĩģ ŅŏŐŭĹŏňļ Ņ̯ŭŏ(spindle)Ÿķŏ ňįŏģ 
Ņ̯ŭŏ łŒŖŭŏŮŏ (Ņ̯ŭŏļ ŋœļŏ ŸŅŐŭīŮŏ) ŌŞĜ 

įŔŌ ŐŀŅƨŏĻŭ ŸȖǭļ ĢŞļ ŸȖǭ (Rectangle) ĢŭŒ Ńįƨ ŸȖǭ (Square)ŭ ĿŏŭĻŏ ǳŖŞŏį ŸŌŏŮŏ 
ŸľĮŏ ņŏŞĜ İŭ ĩķŏ ŋŏŐĴŃŗň ňīĞŖļ ǳĽŖŅ ĲŏŐŭķŏ ĮŒĞȃ ŁŒŐļ ĢŞļŏĭŏŭ Ńŏ Ńįƨŏĭŏŭ İŭŖķŏŭ 
ĲŏŐŭŋőŅŏ ŐŀĿƨŏŭĻ ĭŐŭ ŸňŏŮŏ ŌŞĜ ĩŖŀ ŸȖǭļ ŐŅˁőŋĭŖň ĲļŒńŒƨĴ (Quadrilateral)Ÿķŏŭ 
ĭĻƨ(Diagonal) ľŒĹŏňŭ ŸĴŏĮ ňŞĜ ņŐľ ľŒŖŞŏĹŏň ĭĻƨ ŋŅŏŀ ŌŞ, ŸļŖɫ İŭŖķŏ ŋŏŐĴ ĥŐňīŮŏŭ 
ŸȖǭļ ŸĭŏŖŀŏ ġŋŒŐŃĿŏŭ ŋɴŒĮőŀ ŌªŃ ňįŏ ŀŌŞĜ ĩģ ĭĻƨľŒĹŏňŭ ŸĴŏĮ ŐŅŖňŏŮŏ ĭŏŅŖķŏĭ 
ŐŅˁőŋĭňŭ ńŏŊŏļ ©ŸĭŏĻőŞŏ ŐŅŖňŏŮŏª ŃŒŐň ŸĭŏŮŏ ŌŞĜ ģŞŏŭ ŃŏŖŃ ŸļīĞŖňŏŖĭ ©ŸĭŏĻőŞŏª ŀŏŅŭ 
ĩŐŃĿ ŋĞĴŒŐň ŃǝŮŌŏŭ ĭŖŭĜ ļľŒŁŐŭ Ĳĭő-ŖŅĴ ĢŐľ İŭŒŮŏ ĢĲŃŏŃ ĢŐľ ŐŀŅƨŏĻŖļŏ ĢŞļŖȖǭ 
ĢŭŒ ŃįƨŖȖǭŭ ĿŏŭĻŏ ŐŀŐŌļ Ľĭŏ ŁŐŭňŐȖļ ŌŞĜ 

ľŒŮŏŭ-ŐĮŐŭĭőŭ ŸǴŅ (Frame) ňįŏīĞŖļī ĩģ ©ŸĭŏĻőŞŏ ŐŅŖňŏŮŏª ǳŐǞŞŏŖķŏŭ ŋŌŏŞ ŸňŏŮŏ ŌŞĜ 
ľŒŮŏŭ-ŐĮŐŭĭőŭ ǳŐļŖķŏ ŃŏķŏŖŅģ ģŖķŏŖŮ ŐŋŖķŏŭ ňįļ ŬţǓ ŸĭŏĻ ĭŐŭ ĽĭŏŖķŏ ŃŏȷŀőŞ; ŀŌªŸň 
ģŌĞļŭ ŁŏʦŏŖŃŏŭ ŋŅŏŀ ŸĴŏĮļ ŀŏĮŏŃĜ ĭŏŖĴģ ĴŖŁŏŮŏ ĢŭŒ ŸĮŏňŏļ ġŋŒŐŃĿŏŭ ŋŔŐɦ ŌªŃĜ 

İŭŭ īĮ ĸŏģŭŁŭŏ Ṇ́ ŀŅŏŃŗň Ńŏ İŭŭ Ĳŏňŭ īŁŭŗň ĥȅŃŗň ŃǝŮŌŏŭ ĭŭŏ ĴĮňŏĹŏň 
ŋŏĞŖĴŏŖļī ĢŀŐĭ įŐĻļ-ŐŃȵŏŀŭ ĿŏŭĻŏ ǳŖŞŏį ŌŞĜ ĴĮňŏĹŏňŭ ľőİň ŋŅŏɫŭŏň ŃŏĞŌ ľŒĹŏňŭ 
ňįļ ńŐŭ Őľ ĥȅŃŗň ŃǝŮŌŏŭ ĭŭŏ ŉňĮŏŖĭģĹŏň ň̖ (perpendicular)ńŏŖŮ ĽŏŖĭĜ 

įŭŒĭ İŏĞŌ ŐľŃŗň ŃǝṴ̊ļ įĞŭŏň, Łň (Ņŏĳ ŅŏŖŭŏĞŖļ ŃǝṴ̊ļ ĩŐŃĿ ŋĞĴŒŐň) ĢŐľ ŋŏŖĴŏĞŖļ 
ŋľŏŞ ŐŃņŒŭőŞŏ ŋğĮǝĭ ĭŏ̵ ŸňŏŮŏ ŌŞĜ 

ǳŏŖŞŏŐįĭ įŐĻļŭ Ģķŏģļŗĭ ˝ŭŒ˰ŁœĻƨ ĢŭŒ ĢŖŅŏľĴŀĭ ŃǝŮŌŏŭŖķŏ Ōªň ŁŏŐĲ, ĮŭŏŐŌ ĢŐľ 
ŐŀŅƨŏĻļ -̄ŭ ǳŖŞŏįĜ ŁŏŐĲ Ńŏ ĮŭŏŐŌŭ ©Ńŏīª Ńɲŏ ĭŏņƨļ -̄ŭ ĿŏŭĻŏŖķŏŭ ġŮŐ˄Őļ ňȖǝĻőŞĜ 
ŁŏŐĲŭ Ńǝŏŋ (Diameter)ŭ Ŧ ̋ Ļ Źň ŃǝŏŋĹŏňŭ ĢĿŏļŗĭ ġňŁ ŸŃŐĳ ňªŸň ŸŁŏŮŏ ŸĴŏĮŖķŏŖŮ 
ŹŌŖĳ ŁŏŐĲŖķŏŭ īŁŭ ġğŉŭ ŁŐŭŐĿ (Circumference) ġĽƨŏǂ ©ŃŏīªĹŏňŭ ŸĴŏĮĜ ĩģ ŸĴŏĮŖķŏŭ 
-̄ŭ Ņŏŀ (value) Ŧ.Ťŧŭ ňįļ ŋŏŅȹŋǝ ŸľĮŏ ņŏŞĜ 

ĩģŖŃŏŭŭ ĥŁŐŭī įŔŐŌĻőŋĭňŭ Įŏľǝ ŋʓŏŭļ ġŀŒŁŏļ ĢŭŒ ŋŅŏŀŒŁŏļ (Ratio and Proportion) ŭ 
ŃǝŮŌŏŭ ĩĭ ĥŖʦĮŀőŞ ŐŃŊŞĜ ŸĭŏŖŀŏ ĩŐŃĿ Ńǝȹŀ ŭŏŖɲŏŖļ ŸĭĞĲŏ ŋŏŅǡőŭ ŁŐŭŅŏĻŭ ġŀŒŁŏļļ 
ŐŀŅĮ, ŌŏňŐĿ, Ÿļň, Ņĳňŏ ĢŐľ ĥŁŏľŏŀŋŅœŌ ŃǝŮŌŏŭ ĭŭŏ ŌŞĜ 

ĩŖŀľŖŭģ ǳŏŖŞŏŐįĭ įŐĻļŭ ǳļǝȖ ĢŭŒ ŁŖŭŏȖ ŃǝŮŌŏŭļ ĴŀĴőŮŀ ġńǝ˃ ŹŌ ŁŖŭĜ ŹľŀŐɯŀ 
ĴőŮŀļ įŐĻļŭ ĩģ ǳńŏŖŮ ĢŅŏĭ ĭªŃ ŸŀŏŮŏŭŏŗĭŖŞ ŋŔŐɦŭ ŸŋĥĴőŞŏ ŁĽŏŭĮŀļ ŸŁŖňŏŮŏ 
ǳŐļŖķŏ ĴőŁŏň ŸĮŏĴŖļ ŋŅĽƨŀ ĢįŃŝŏģ ĢŐŌŖĳĜ 
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ĶŗłŃŴ ōŖΉ ĩŴř ſŊĻŊŴřŵŖ 
Ĺ° ġȹň Ńŭŏ 

 

ǠőʱŁœŃƨ ťţţţ ġʄļ ŸŃŐŃŐňŞŀ ĢŭŒ ŐŅĲŭŭ ŋńǝļŏ ŐŃĭŏŉŭ ŋŅŞŭ Łŭŏģ įŐĻŖļ ŐŃŐńɳ 
ŁŐŭŮļƨŀŭ ŅŏŖĴŖŭ, ŀ- ŀ ŋœǭ, ŋŅőĭŭĻŭ ŅŏŖĴŖŭ Łŏŭ ŹŌ ĢŐŌ ĢŐĴŭ ġŮ˄ŏ ŁŏģŖĳŐŌŴ ŃļƨŅŏŀ 
ĢŅŏŭ ŹľŀŐɯŀ ĴőŮŀļ įŐĻļ ĩĭ ġŁŐŭŌŏņƨ ŐŃŊŞļ ŁŐŭĻļ ŹŌ ŁŐŭŖĳŴ įŐĻļŭ Ĺŏıŭ Ĺŏıŭ 
ŋŅőĭŭĻŋŅœŌ, ĴǝŏŐŅŐļ, ŐǭŖĭŏĻŐŅŐļŭ Ĵȃň ŋœǭŋŅœŌ ŹľŀŐɯŀ ĴőŮŀļ ǳŖŞŏį ŀŌªŸňī ŋŏĿŏŭĻ 
Ÿņŏį- ŐŃŖŞŏį, ŁœŭĻ- ŌŭĻĭ ĩŐŭ ŸĭŏŖŀŏ ŅŏŀŒŖŌ ŹľŀŐɯŀ ĴőŮŀ ĭŏņƨ ĲňŏŃ ŸŀŏŮŏŖŭŴ ŸŋŖŞ 
ŃļƨŅŏŀ įŐĻļĭ ŐŃȵŏŀŭ Ņœň ŐŃŊŞ ŃŒŐň ŸĭŏŮŏ ŹŌŖĳŴ 

įŐĻļ ŋŏŐŌļǝ ŀŌŞŴ Őĭ̋ Ņœļƨ Ńŏ˃Ůļŏŭ Łŭŏģ įŐĻļŭ ŐŃŐńɳ ŐŃŅœļƨ ŋœǭŋŅœŌ ĥľİķŀ ĭŐŭ 
ŋʍŐļ įŐĻļĭ ġŐĿĭ ĢĭŊƨĻőŞ ĭŐŭ Ÿļŏňŏ ŹŌŖĳŴ ŃļƨŅŏŀ ģɂŏŭŖŀķļ ġŀŒŋɲŏŀ ĭŐŭŖň 
ġŖŀĭ įŐĻļ ŐŃŊŞĭ ŭŋŏň ǳŃɲ ŁŐŝŃŗň ŸŁŏŮŏ ņŏŞŴ įŐĻļĭ ġŐĿĭ ĴŀŐǳŞ ĭŐŭ ļŒŐňŃŗň 
ŋŅŖŞ ŋŅŖŞ ĢŖňŏĲŀŏ-ĲǞ ġŀŒŐʳļ ĭŭŏŭ ňįŖļ ŐŃŐńɳ ǳŃɲ-ŋŏŐŌļǝ ĢŐľī ŭĲŀŏ ĭŭŏ 
ŹŌŖĳŴ ©įŐĻļ Ĳªŭŏªŭ ľŖŭ ġŀŒʳŏŀŋŅœŌ ĩŖŀ ǳŞŏŋŖŭ łĲň ŃŒŐňŃ ŁŏŐŭŴ ġŋŅőŞŏ ŋŏŐŌļǝļ 
įŐĻļ ŐŃŊŞĭ ǳĽŅ ǳŃɲ ŸĭŐļŞŏ ŭĲŀŏ ĭŭŏ ŹŌŐĳň ŸŋŞŏ ġŀŒŋɲŏŀŭ ŐŃŊŞŴ Őĭ̋ ĢŐĴŭ 
Łŭŏ ĩŉ ŐŃŉ Ńĳŭŭ ĢįŖļ ġŋŅőŞŏ ŋŏŐŌļǝŭ ĭŏɇŏŭő, ŋŏŐŌļǝŭĽő ňȔőŀŏĽ ŸŃĴŃŭŒŮŏģŖŞŏ 
ŸļīĞŭ ŭĲŀŏŭ ŅŏĴļ įŐĻļĭ ġŐĿĭ ŭŋŏňńŏŖŮ ĥŁ˄ŏŁŀ ĭŐŭŐĳňŴ ġŋŅőŞŏ ńŏŊŏ-ŋŏŐŌļǝ 
ĥɛŏŭŭ ŃŏŖŃ Ōŏļļ ĭňŅ ļŒŐň ŸňŏŮŏ ŸŃĴŃŭŒŮŏģ ġŋŅőŞŏ ŅŏŀŒŌĭ ŋŏŐŌļǝŭ ŅŏŖĴŖŭ Ÿľŉ-
ŐŃŖľŉŭ ŐŃŐńɳ ȵŏŀŖŭŏ ŋŖʓľ ŐľŐĳňŴ ŸļīĞŭ ľŔŐɦŭ Łŭŏ įŐĻļŭ ŭŋŏň ġȤī Ńŏľ Łŭŏ ŀŏŐĳň 
ĢŭŒ ļŏĭ ŋğǡŌ ĭŐŭ ŭŏŐĮŐĳňŴ ŸŃĴŃŭŒŮŏģ įŐĻļŭ ŐļŐŀķŏ ņŏľŒĭŭő łňŏłňŭ ŐŃŊŖŞ ŸĴŏŀŏĭő 
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ĢŖňŏĲŀőŭ ĲļŒĽƨ ńŏį-ľŉŅ ŋğĮǝŏļ ŐňŐĮŐĳňŴ ŸŃĴŃŭŒŮŏ-ǡɬŏŮňőŭ ļŔļőŞ Įɇŭ ťũŦũ ŁŔrŏŭ 
Łŭŏ ŸŃĴŃŭŒŮŏģ ŐňĮŏ įŐĻļŭ ġȤ ŐļŐŀķŏ Łŏĸĭŭ ŃŏŖŃ ĢįŃŖŝŏŮŏ Ōªň̄  

(Ť) ġɞŒļ ŦŪ ĢŭŒ ŪŦ: ŦŪ ġȤŖķŏĭ Ŧ, ũ, Ŭ, Ťť, ŤŨ, Ťū, ťŤ, ťŧ, ťŪ ĩģŖĭģķŏ ġȤŖŭ 
ŁœĻƨ ĭŐŭŖň, ŁœŭĻŭ łň ǳŖļǝĭŖķŏŭ ĩŖĭŏķŏ ġȤģ ŐļŐŀ Ńŏŭŗĭ İœŐŭ İœŐŭ īňŏģŴ ĢŖĭś Ÿŋģ 
ŐļŐŀķŏ ġȤ Ÿņŏį ĭŐŭŖň ŐņŖķŏŖŭ ŁœŭĻ ĭŭŏ ņŏŞ ŸŋģŖķŏ īňŏģŴ ŸĲŏŮŏ:-  

  ŦŪ 

   Ŧ 

  ŤŤŤ 

ŦŪ 

 ũ 

ťťť 

 ŦŪ 

  Ŭ 

ŦŦŦ 

ŦŪ 

 Ťť 

ŧŧŧ 

 ŦŪ 

 ŤŨ  

ŨŨŨ

ŪŦ ġȤŖķŏŖĭŏ Ŧ, ũ, Ŭ ĢŐľŖŭ ŁœŭĻ ĭŭŏ, Ģŀ ĩĭ ŭĭŅ ļňļ łň ŁŏŃŏŴ 

 

(ť) įŐĻļŭ ġȤ: ŬūŪũŨŧŦťŤ ġȤĭ ŧŨ Ÿŭ ŁœŭĻ ĭŐŭŖň ŧŧŧŧŧŧŧŧŧŧŨ ŸŁŏŮŏ ņŏŞŴ ňŒȃŞŏģ 
Źň ŤťŦŧŨũŪūŬ ĭ ŧŨ Ÿŭ ŁœŭĻ ĭŐŭŖň ŨŨŨŨŨŨŨŨţŨ ŸŁŏŮŏ ņŞŴ ŤťŦŧŨũŪūŬ ĭ ŧŨ 
ġȤŖķŏ ňŒȃŞŏģ Ũŧ ĭŐŭ ļŏŖŭ ŁœŭĻ ĭŭŏ ņŏŞ ŸļŖɫ ũũũũũũũũţũ īňŏŃŴ ĢŖĭś 
ŬūŪũŨŧŦťŤ ĭ Ũŧ Ÿŭ ŁœŭĻ ĭŐŭŖň ŨŦŦŦŦŦŦŦŦŦŧ ŸŁŏŮŏ ņŏŞ, ĢŭŒ ĢŐľ ġɫŭ ġȤ 
ľŒķŏ Ũŧ ŅŏĴŭŖŃŏŭ Ŧ, Ũŧ ŭ ĢĿŏ ťŪ Ÿŭ Ÿŋģ ġȤ Ÿĭģķŏĭ ŁœŭĻ ĭŐŭŖň ťũũũũũũũũũŪ 
ŸŁŏŮŏ ņŏŞŴģŞŏŭ Ņœŭŭ ĢŭŒ ŸŉŌŭ ľŒķŏ ťŪ ĢŭŒ ŅŏĴŭŖŃŏŭ ũ, ĢŖĭś ťŪ ĭ ňŒȃŞŏģ Ūť ĭŐŭ 
ŁœŭĻ ĭŐŭŖň ŪŤŤŤŤŤŤŤŤŤť ŸŋģľŖŭ Ģįŭ ĢŭŒ Łŏĳŭ ġȤ ľŒķŏ Ūť ĢŭŒ ŅŏĴŭ Ÿĭģķŏ ŤŴ 

(Ŧ) ŤŧťūŨŪ: ĩģ ġȤŖķŏ Ńŭ ġɞŒļŴ ģŞŏĭ Ť, ť, Ŧ, ŧ, Ũ, ũ ĩģ ġȤ Ÿĭģķŏŭ Őńļŭŭ 
Őņ ġȤŖķŏŖŭģ ģŞŏĭ ŁœŭĻ ĭŭŏ, łňŭ ġȤŐŃňŏĭ ĩŖĭģ ŌªŃŴ ġĽƨŏǂ ĩĭŭ Łŭŏ ĳŞŗňŖĭ Őņ 
ŸĭŏŖŀŏ ġȤŖŭģ ŁœŭĻ ĭŭŏĞ, łňŭ Őńļŭļ ŤŧťūŨŪ ĩģŖĭģķŏ ġȤ ĽŏŐĭŃģŴ ŸĭŮň Ÿņ ġȤŖŃŏŭ 
ĩŖĭ ŌŞ ĩŖŀ ŀŌŞŴ ŸŃŖňį ŸŃŖňį ŋğĮǝŏŭ ŁœŭĻ ĭŭŏļ ŁœŭĻ łňŭ ǳĽŅ ġȤŖķŏ ŸŃŖňį ŌªŃ 
Őĭ̋ Łŏĳŭ ġȤŐŃňŏĭ ŋĭŖňŏ ŁœŭĻ łňŖļģ Ģŭʓ ġŀŒŋŏŖŭ ȅĭ ŁŏŖĳ ŁŏŖĳ ŃŐŌŃŴ ŤŧťūŨŪ 
ĭ Ť ĩŖŭ ŁœŭĻ ĭŐŭŖň ŤŧťūŨŪ ŌªňŴ ť ĩŖŭ ĭŐŭŖň ťūŨŪŤŧ ŌªňŴ Ť ĩŖŭ ŁœŭĻ ĭŭŏļ Őņ 
łň ŹŌŐĳň, ť ĩŖŭ ĭŖŭŏŖļ łňŭ ġȤŖŃŏŭ ŸŋģľŖŭ ȅŖĭ ĢŖĳ, ŸĭŮň Ģŭʓ ŸŃŖňįŴ Ŧ ĩŖŭ 
ŁœŭĻ ĭŐŭŖň ŧťūŨŪŤ, ŧ ĩŖŭ ĭŐŭŖň ŨŪŤŧťū ŌªŃŴ Ũ ĩŖŭ ĭŐŭŖň ŪŤŧťūŨ ŌªŃŴ ũ ĩŖŭ 
ĭŐŭŖň ūŨŪŤŧť ŌªŃŴ Őĭ̋ ģŞŏĭ ņŐľ Ū ĩŖŭ ŁœŭĻ ĭŭŏ ņŏŞ ŸļŖɫ ĩķŏģŖŃŏŭ Ŭ ŌªŃ : 
ŬŬŬŬŬŬŴ ū ĩŖŭ ĭŐŭŖň ŤŤŧťūŨũ ŌªŃŴ ģŞŏŭ ǳĽŅ ġȤ Ť ĭ ŸŉŊ ġȤ ũ Ÿŭ Ÿņŏį 
ĭŐŭŖň ĢŖĭś Ÿŋģ ŤŧťūŨŪ ŌªŃŴ 

 

ġŋŅőŞŏ ŋŏŐŌļǝŭ ĩĭ ĪŐļŌŏŐŋĭ ŋŐɲȖĻļ ǳĭŏŐŉļ ©ŸĴŏŀŏĭőª ĢŖňŏĲŀőŭ ŁŏļŖļ ǳĭŏŉ ŸŁŏŮŏ 
ĩŖŀ ĿŭĻŭ įŏŐĻŐļĭ ŸňĮŏģ ġŋŅőŞŏ ŋŏŐŌļǝĭ ĲŌĭő ĭŭŏģ ŀŌŞ, ġŋŅőŞŏ ŋŏŐŌŐļǝĭŭ įŐĻļ 
ŋʏĭ˕Ş ŐĲɫŏ-ĲȬƨŏŖŭŏ Ģńŏŋ ǳľŏŀ ĭŖŭŴ 
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Numberland 
Bedanga Kakaty, Class X 
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Gonit Sora (ĶŗłŃ Ĺ½ŴŖ) 
Nilotpal Kakati, HS 2nd year 
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ĶŗłŃŴ ŅŝŴ ŒŴŏ ĩŴř ŗŇŌƯŏ İŝĴŖŝŵ œ½Ŋ ſŇŖŵŖŝŴ 
ļŭŏ, ĲļŒĽƨ ŸǻĻő 

 

 

 

  


